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ABSTRACT

Stress, waves pressure and motion data were
collected on a 1,000 ft Great Lakes Ore Carrier,
the ?I/V STEWART i. CORT, from mid October through
mid December 0)79. Response Anplittude Operators
(RAO's) calculated from thii ~ita; s'huN4 i te sipringing
response of such ships to he Aen ;tttvo to :;ip
speed, draft and wave to ship angle of encolvitlr.
Comparisons of measured RAO's froim the coll.etedt
-data with analytical RAO's calculated by the
Acerican Bureau of Shipptrvg (A311) an-i Webb Instititte
of Naval Architpeture (WEBB) show the ABS3 -spri.n- o
model to give good estilates of the ship midship
bending response, while the WEBB springing model
tends to over-estimate the ship bending vioulent.
response. A method for predicting the combined
wave induced and springing beitding stresses, based
on the statistical properties of the midship bending
stress response spectrum, gives a generally conservative
estimate of the maximum single amplitude midship
bending stress. The comb'ined lateral and vertical
bending stresses for bow sea headings examined is seen
to produce a maximum deck edge stress which averages
8 percent higher than the maximum vertical bending
stress. Torsional stresses were found to be negligible
for the head and how sea oaseos thts projoct cancentraited
on. Comparison of the on hoard wave neasuring system
system with wave rider buoys and visual estimates
of wave height indicates the on hoard systeml (3 Collins
radar altimeter) to be an acceptable method of wave
measurement. Further validation tests are requiredi.

ADMINtsTrRATIVF INFOR4iATIOI

The work described herein was performed by the.Ship Structures Division of

the Structures Department at the David W. Taylor Naval Ship R&D Center (DTNSRDC).

The wave and stress measurements and analysis of springing response o~as perforsited

under funds provided by the 1I.S. Co.ast Guard Ohiard 1IRZ7)-Bl 75.Thi.-

work was performed at D'TNSRT)C under work unit 1730-603. The ship motion a-,'d

pressure measurements were performed under funds provided by the Ship Structure

Committee MIPR-Z70099-0-O2259 and Project Order No. N6519779P090714. This work was

performed by DTNSRDC under work units 1730-400 and 1710-613.



INTRODUCTION

This report summarizes the data collected on board the Great Lakes Ore

Carrier H/V STEWART J. CORT during the 1979 fall shipping season and presents the

results-of the data analyses in an attempt to develop .a better understandin. of

springing i duced stresses. Data collected includes wave, ittess, motion and

pressure rzsponses from transducers located throughout the ship. Data was col-

lected from mid October through mid December 1979 as the CORT made round trip

transits between Burns Harbor, Indiana and Burlington Ore Docks-Superior, Wisconsin,

via Lakes Michigan and Superior. In all, data was collected during seven round trips.

Primary emphasis in this report is placed on the analysis of wave
JD

and stress data recorded during the data collection period to:

%1) Determine how springing and wave induced stresses combine and

(2) Evaluate the validity of existing analytical springing models.

Data runs were 25 minutes in duration with most data taken during periods when the

ship was encountering head or "nw seas. All analyses reported herein will be

concerned with these runs. Pressure data from 15 pressure transducers located in

the CORT's forward quarter were also recorded. A preliminary analysis of this data

was also performed and presented.

The bulk of the'data analysis, however, centered on the examination of the

midship vertical bending stresses and measured wave heights to calculate Response

Amplituae Operators (RAO's) to help develop a better understanding of springing.

Comparisons are made between calculated RAO's from the data collected and

analytically generated RAO's for the same ship conditions. The relationship be-

tween sprin ing and wave induced stresses and how these stresses combine to produce

a maximum i examined in the frequency domain. Measurements were also made of

midship lateral bending and torsional stresses since measurements concentrated
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on head and bow sea cases. The magnitudes of the torsional stresses recorded were

much smaller than the midship vertical bending stresses. Itagnitudes of torsional

stresses were very small (less than 200 psi) and are reported herein. Lateral

*bending stresses were combined with the midship vertical bending stress in the

time domain to determine the peak deck edge stresses recorded during certain

runs.

Comparisons are also made between the shipboard wave measuring system and

wave rider buoys launched in the near proximity of the ship. Two systems were

employed on board the CORT to measure wave heights during these trials. The first,

a Collins Radar Altimeter was mounted on the ships bow and the second, a microwave

radar previously used on the SEA-LAND MCLEAN (SL-7) evaluation (ref 1) %as mounted

on the CORT pilot house top. Both systems were configured and installed by the

Naval ResearchLaboratory (NRL). The NRL system was performing unreliably and

ceased functioning during the trials period. All wave measurements reported herein

are based on the Collins Radar Altimeter.

DATA COLLECTION

A complete list of measurements made on the CORT during the Fall 1979 trials

is listed in Table I and the locations of these measurands are given in Figures I

through 3. The data acquisition system (DAS) equipment locations for these trans-

ducers are given in Figure 2. Calibrations of transducers were performed at

DTNSRDC, where applicable, and shipboard regularly as part of the data collection

process. A description of calibrations performed and transducer sensitivities is

given in Appendix A.

All data collected was stored digitally on magnetic tape using data

acquisition softwave developed by DTNSRDC. A PDP 11/03 computer was used to

control the collection and storage of the digitized data on magne',.c tape. A

3



*description of the data format used in storing the data on tape is given in

f Appendix B. The data for each run was stored on magnetic tape in the form of

analog to digital (A/D) computer counts. All data analyses are computed using the

A/D counts and converted to engineering units (EU) after computations are completed

by multiplying the value computed in A/D counts by the Computer System Sensitivity,

which is the A/D computer counts to EU conversion factor. Sensitivities for all

data channels to convert from computer counts to engineering units can be found in

Appendix A.

A listing of ship conditions (draft, speed, heading, location), and sea

and wind conditions at the start of each data run are contained in header logs

which were stored on magnetic tape as part of the data for each run. A listing of

the header logs for all data runs conducted during the fall trials season is given

in Appendix C. Appendix C also briefly explains the entries into the header logs

and how each entry was determined.

All measurands were recorded during each data run made with the following

exceptions. Wave information from the wave rider buoy was collected only on the

runs designated as "buoy runs." These "buoy runs" were accomplished only when the

buoys were deployed from CORT by a U.S. Coai Guard helicopter. The helicopters

were stationed at the Traverse City, Michig:n and Chicago, Illinois USCGAS and

would rendezvous with CORT as conditions pe itted. The buoys would be picked up

from the CORT's deck by the helicopter, depioyed 3 miles forward of the CORT's

course, data were collected as the CORT approached and past the buoy, and the buoy

would be retrieved by the same helicopter and returned to the CORT deck. I all

only two such runs were completed. The NRL micro-wave radar ceased functioning

for the last two round trips and no NRL wave data is available for runs 91 through

119. Additionally, the NRL radar consistently had long periods of drop out

4
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(no signal) during sost data runs and for the data runs with little or no drop

out, the calculated wave heights from the NiL signal were far In excess of visual

estimates of the existing waves. The Collins Radar altimeter also exhibited

occasional drop outs but of such shorter duration and less frequently than did the

MRL. The Collins Radar drop outs were compensated for in the software by linearly

connecting the last valid data point before a drop out (of less than 2 seconds)

with the next valid data point after a drop out, interpolating for the missing

data, and then performing the wave height analysis. Runs with drop outs of more

than 2 seconds were not Included in the data analysis. For this reason, only the

wave heights arrived at using the Collins radar were employed for data analysis.

Pressure gages six and fourteen became unreliable during the data collection season,

even though both gages performed according to manufacturers specifications during

laboratory calibrations and upon installation In August of 1979. Gage fourteen

became unbalanceable shortly after the data collection season began. bridge resis-

tance values were checked for the gage and found to be out of the typical range of

resistances specified for these gages, indicating internal gage damage. All wiring

was checked from the instrumentation to the gage and found to be in good condition.

Pressure gage six was balanceable and gave the expected bridge output when shunted

with a calibration resistor. However, this gage exhibited occasicnal voltage jumps

in excess of those gages positioned In the near proximity of this gage. All

cabling and connections were checked and found to be good. Different sets of

signal conditioners were also used with this gage, with the same voltage jumps ex-

hibited. The gage should be considered unreliable for data analysis purposes. Re-

placement of these gages as trials progressed was deemed unfeasible since gage

replacement would require the use of divers. The reliability of the bottom bending

gage became questionable as data analysis progressed and is discussed in Appendix A.
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DATA ANALYSIS AND PRESENTATION

GENERAL OVVRVTEW

Data analysis was conducted with the main objectives of this investigation

in mind.

1) Evaluate the validity of existing analytical tools for computing

springing response and

2) Determine how springing and wave induced stresses combine as r axima.

The primary emphasis for data analysis was placed on head and bow sea data runs,

since these runs contained the maximum hull girder stresses recorded during data

collection. For the purpose of this report, data runs with wave to ship heading

angles of 0 to 15 degrees will be categorized as head sea runs and bow sea runs

will be categorized as runs with wave to ship heading angles of 15 to 45 degrees.

Data runs are further grouped into loaded and ballast runs to reflect the ship's

difference in draft for these runs. This categorization is done for the purpose

of grouping similar operating conditions together for the presentation of the data.

MIDSHIP BENDING STRESS RAO's

RAO's were calculated for the CORT main deck vertical bending stress and can

be converted to main !sck vertical bending moment using the CORT section properties
2

(CORT main deck section modulus - 94,800 in2- ft ). The' RAO's calculated, are done

so in terms of the ship's encounter frequency, fe" An RAO for the CORT midship ver-

tical bending stress is simply the response power spectral density SBm (midship

bending stress) at frequency fe divided by the forcing function power spectral

density SwH (wave height) at'frequency fe, and has units of psi / ftt Further, the

square root of the RAO values are used to facilitate comparison with the analytic-

ally generated RAO's and are presented as such. The calculation of the root RAO

is described by:

6
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where, .

- " - the root response amplitude operator as a

function of encounter frequency,

SI,(M) - the response spectral density (bending stress or

bending moment) as a function of encounter frequency,

and

* the wave spectral density as a function of encounter

frequency.

The spectral analyses performed were accomplished using the digital data

3tapes and an FFT algorithm programmed for the PDP 11/03 computer. The paravmters

of interest for the spectral analyses were a frequency range of from 0 to 2.5 Hz,

256 spectral lines in the specified range,, and 28 ensemble averages. ThetFFT

algorithm also processed two channels of data simultaneously and computed the co-

spectrum between the two channels. The data was digitized at a rate of 10 samples/

second for compatability with the NRL wave measuring system which outputs a digital

data signals at this rate.' A 5 Hertz sampling rate was used for data analysis by

skipping every other data point. If the NRL unit is not employed in future

efforts a lower sampling rate should be considered (on the order of 5 Hertz),

which would reduce the number of data points to be handled. A sample rate of 5

samples/second still adequately defines the frequencies of interest for this

vessel. A maximum ensemble size of 512 points was established for on board data

analysis due to the memory size of the PDP 11/03 and the data storage requirements

of computing the co-spectrum and power spectrum for two channels simultaneously.

7



With the sawpling rate of 5 Hertz for data analysis, the FFT algorithn used

(a full cosine window with 50% overlap), and a record length of 1500 seconds,

the spectral analyses performed resulted in 55 degrees of freedom per spectral

estimate. The power spectra thus calculated can be defined in terms of the RMS

peak to peak amplitude where:

leis"... 18' AREA UNER SPT1UM (2)

The term sw (5.) in equation (1) is not a term that can be arrived at

solely by computing the spectral density from eWher wave measuring system's range

signal. For the case of the Collins Radar, the horns were mounted rigidly to a

boom which extended 15 feet forward of the CORT bow and were angled 25 degrees

with respect to vertical. The extension and angling of the horns provided a target

area for the radar sufficiently forward of the ships' bow wake to eliminate

corruption of the encountered wave height ueasurement. 4  The spectrum of the ver-

tical com-onent of this signal can be calculated directly, but this calculation

does not take into account the error introduced intr this measurement due to the

motion of the ship's bow. To subtract the motion of the ship from the Collins

range signal spectrum and arrive at a true wave height spectrum for the Collins

radar, an approach using the cross spectrum between the Collins radar and Collins

vertical accelerometer was employed.5  This approach involves manipulations of the

Collins vertical acceleration spectrum (from the accelerometer mounted on the

Collins radar horns), the Collins range spectrum and the cross spectrum between the

two to result in a wave spectrum. The formulation to achieve this:

+ C.5(')-~ CA"Q (3)

litWO +W44 S(W CIJIWB



where:

W )wave spectral density as a function of

encounter frequency

SR(WO) - vertical component of Collins range sitnatl

spectral density as a function of encoounter

frequency

SA(W4) spectral density of the vertical accelerometer

mounted on the Collins radar horns as a

function of encounter frequency, and

CRA(W,). cross spectrum ofrS andSA a a function of

encounter frequency.

The measured roll of the ship for the data runs of interest (head and bow

seas) was smll (less than 10) and with the radar horns mounted on the ship lon8-

itudinal centerline,the error introduced is considered negligible. Equation (3)

was programmed into the onboard computer software to calculate a "corrected" wave

height spectrum and convert this sp".(:tr,1t to fe before the R4O W'-'s ,:x:lluted..

The of tne crre;itt, ra for ship bow motion waz generally ),'i t, ord.r of I

;aboit 5% the ratie- 4tonl. Figure 4 (a) illustrates the range spectrum,

acceleratin spectrum, and cross-spectrum between the range and acceleration

spectrum or a typical data run in the loaded condition. The corrected wave height

spectrum arrived at using equation (3) is illustrated in the Figure 4(b). The

midship bending stress spectrum is illustrated in Figure 4(c) and the resulting

4RA0 is shown in Figure 4 (d). All RAO's presented were arrived at in a similar

manner.

9
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Figures 5 through 8 give all the RAO's calculated from the fall trials data

for head and bow seas in both the loaded and ballast conditions. The RAO's are

given as the root of the RAO (midship vertical bending stress or moment/ foot of

wave height) versus encounter frequency, fe, (Hertz). The RAO's are grouped

according to heading (head or bow seas) and draft (loaded or ballast)'condition.

One will note the slight shift In the RAO peak between the loaded and ballast

condition. The shift in the RAO peak is due to the difference In ship draft bet-

ween the two conditions. This change in draft between the two conditions corres-

ponds to a change in the ship's displacement and the virtual mass of the water

acting with the ship; thus producing a change in the ship's natural frequency.

This can be seen as true if one considers the relationship between the ship's

natural frequency and the ship's actual and virtual mass. The ship natural

frequency is seen to vary as the inverse of the square root of the sum of the

actual and virtual displacement of the ship. In the fully loaded condition the

displacement and virtual mass of the CORT is approximately 200k tons, while in the

ballast condition, the displacement and virtual mass of the ship is approximately

175k tons.6 Using these values one can write:

JL@APBD - ACTflALIVIRTVAL (MALAST) (4.)

BeALLAST &VAC TUAL U(L@ADN@)

and

0.94

10



The shifting of theI'M peaks of approximately 6 percent between the loaded and

ballast conditions can be attributed to this phenomenon.

One will note the scatter in theIRAO peak magnitudes for the groupings given,

and that the peak in the IMO does not appear to be solely a function of vessel

speed, heading or draft based on the data analyzed. The frequency of thei'm 2

peaks is more consistent for each grouping given. To create a representative

springingJX for the four groupings given and to assess the variability in theJU'

for each grouping, an averagejIX and standard deviation from the averageIM were

calculated for each grouping. The averager'RAO and standard deviation are given in

Figures 9 through 12. Both the averagerRAO and standard deviation were calculated

by computing the average and standard deviation of the magnitude of the[RAO's for a

particular grouping at each frequency spacing. As one will note from the figures,

the magnitude of the standard deviation is about half of the magnitude of the

average JRAO demonstrating the different response characteristics for somewhat

similar ship conditions and indicating the sensitivity of springing response to

slight changes in heading, draft, and speed, or to possible uncertainty and

variability in the wave measurements.

To see if a relationship exists between the wave energy at the springing

frequency and the springing response, a plot was made of the peak magnitude of the

RAMO versus the square root of the area under the wave height spectrum eight

frequency lines to either side of the peak in the springing response spectrum.

This plot is given in Figure 13(a). A similar plot was made of the peak magnitude

of the MAO versus the measured significant wave height. This plot is given in

Figure 13(b). Plotting the data in either manner shows no discernable trend as to

a relationship between springing response and wave energy at the springing

11



frequency or springing response and overall wave energy. This is as expected since

theirw-'s exhibited large scatter for small changes in ship operating and environ-

mental conditions.

COMPARISON OF MEASURED AND THEORETICAL MIDSHIP BENDING MOMENT RAO's

Eight data runs were selected for comparison of measured and analytically

calculated RAO's. The selection of measured data runs for comparison was done

primarily on the basis of using those data runs where a predominant sca

existed from one direction (as best that could be visually determined) even

though it is realized that some wave spreading still occurs. Additionally,

it was desired to have as many ship operating parameters (draft, speed, heading)

varied as was possible in varying sea states, to see how the existing analytical

tools predicted the ship's response characteristics for these varying parameters.

The eight data runs selected are given in Table 2 along with the respective ship

parameters that existed when the data was taken. The measured significant wave

heights for these data runs are also given in Table 2.

The input parameters (ship speed, ship drafts forward, anidship, and aft,

and wave to ship angle) were supplied to the American Bureau of Shipping (ABS) and

Webb Institute of Naval Architecture (Webb) for the calculation of RAPO's for these

cases. The first mode natural bending frequency of the CORT was also supplied

to Webb as this parAmeter is also an input parameter for their analytical

formulation. The analytical RAO's and the measured RAO's for these cases are

given in Figures 14 through 21. (ABS - APPIDIX E; Webb - APPEDIX G)

To assess how each analytical model predicts the springing bending moment

response of the CORT, the analytical RAO's were squared and multiplied by the

measured wave spectrum for each case to arrive at a springing bending moment

response spectrum for the analytical RAO's. The springing bending moment response

12
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spectra thus arrived at from both analytical RAO's and the actual measured bending

moment response spectrum for each case are given in Figures 22 through 29. It is

worth noting that for some cases the WEBB response spectra are plotted to a dif-

ferent scale. The signtficant springing bending moment (average of the 1/3 highest

peak to peak variations) were calculated from these response spectra by taking'the

square root of the area under each spectrum and multiplying by four. The sign-

ificant springing bending moments thus arrived at are given in Table 3. From

Table 3 one will see that the ABS model's significant springing bending moments

compare fairly well with the measured bending moments, while the WEBB bending

moments tend to be larger than the measured bending moments by about a factor of

two. (For additional calculations see APPEDIX F (U. of Mich) & APPENDIX H (DnV))

COMBINING OF WAVE INDUCED AND SPRINGING STRESSES AS MAXIMA

The manner in which the wave induced and springing components of the midship

vertical bending stress combine was analyzed in the frequency domain. In the

frequency domain, the statistical properties of the midship vertical bending stress

spectrum were employed to see how these two components of the midship bending

stress spectrum combine to form a maxima. A typical response spectrum is shown in

Figure 4. The spectrum contains two peaks. The first peak at the lower frequency

is the wave induced portion of the vertical bending response and the second peak at

the ship hull natu~ral frequency (-" .34 Hz) corresponds to the ships springing

response.

For a narrow band single peaked spectrum the number E represents the mean

squared value of the peak to peak variations of the individual frequency components

which make up the ship's response. For a double-humped spectrum like the one given

in Figure 4(c), the area under each hump represents the sum of the squares of the

individual frequency components which make up that portion (springing or wave

13



induced) of the ship's response. Additionally, for a narrow band spectrum of a

random variable with a zero mean such as the springing and wave induced portions

of the midship bending moment, the area under the spectrum is equal to one eighth

the mean squared value of the peak to peak variations, so that:

N
A - area under power spectrum ,j . (5)

where:

Y1 - is the ith peak to peak variation (crest to trough), and

Ep - is the mean squared value of the peak to peak variations.

Further, if the sample contains N peak to peak variations (with N 100)

the probable maximum peak to peak value of Y is given as7 :

YMA EF 1094 N (6)

The use of Ep in equation (6) gives an estimate of the maximum peak to peak

variation in the set. However, this need not be indicative of the maximum single

amplitude excursion that occursSi.e., mean to peak). The midship bending response

is comprised of a springing component which has a relatively constant frequency,

but varying amplitudes and a wave induced component which has varying frequencies

as well as amplitudes. As such, the maximum single amplitude peak (with respect to

the mean) need not be (and generally is not) equal to one half the maximum peak to

peak variation in the record, but is somewhat larger. Therefore, a method for.

predicting how wave induced and springing stresses combine should be one which

predicts the maximum single amplitude peak in the record and should be compared

against the measured maximum single amplitude peak.

14



One can estimate the probable maximum peak value for either the springing or

wave induced component of the combined response by calculating the area under the

springing or wave induced portion of the combined response spectrum (Ep a 8 x Area)

determining the respective number of variations in the sample rec,,rd N, and

mploying the 'following relationship:

Y,.IIAI M., E, p N (7)

If one were to add the probable maximum peak responses calculated

using equation (7) for the springing and wave induced components of the

response spectrum, one would havew1E.ogNs .I4~ .. ...
Yun s X =yM.,,. •K' .o .AI WI[E 191Nsp4-s' E ..,65, NWAV (8)

Where,

YM41- .OMS' , is the probable maximum combined peak response when

the maximum springing and wave induced responses occur

simultaneously:

Esp -- i the mean squared value of the peak to peak spring-

ing variations:

Ewavm -is the mean squared value of the peak to peak wave

induced variations, and

-is the respective number of springing and wave induced

variations in the sample record. Each N can be approxi-

mated by multiplying the frequency at each respective

peak in the spectrum by the run length.

Using equation (8) one would arrive at the probable maximum peak

variation when the springing and wave induced components were both a

15



maximum and occurring simultaneously. The probability of this occuring is

l/(NspaNwAvt ) and leads to a generally, but not always conserv tive

estimate of the maximum bending moment response. Table 4 gives the

maximum peak remponses calculated from the data using equation (8). Also

given in Table 4 are the actual peak values recorded for that parti ular

data run and the ratio of calculated peak response to measured peak res-

ponse times 100 percent. As an *ndication of how equation (8) pred cts the

maximum peak response, the ratio of alculated expected maximum res onse

to actual measured maximum response x 100 percent is plotted versus! fre-

quency of occurrence in Figure 30. ihe existing data base is somew at

limited, but one can see that this method of combining springing and wave

induced responses, although somewhat empirical, generally provides A

conservative estimate of the expected maximum peak bending stress. If a

larger data base were available to better define the shape of the histogram

one would be able to assign a confidence limit factor to equation (8)

from the histogram so that one would be assured that equation (8) predicted

at least the maximum expected response a certain percentage of time. The

small data base and relatively poor definition of the histogram as it now

exists precludes the use of the foirmulation for predicting a maximum

response with any degree of certainy. A possible follow on effort to

increase the data base and better define the histogram shape would be to

similarly analyze the midship bending stress records collected from

previous seasons on the CORT. This additional data could then be incor-

porated with the 79 season data and an estimate of a confidence limit

factor arrived at for implementing equation (8).

16
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MAXIMUM DECK EDGE AND MIDSHIP TORSIONAL STRESS

Midship lateral bending stressev were recorded to determine tv.

magnitudes of these stresses and to determine whether these magnitudes

were sufficiently large to produce an unsafe deck edge stress when combined

with the midship vertical bending stress. A typical midship lateral

bending stress response spectrum is given in Figure 31. The lateral bend-

ing stress response spectrum is similar to the vertical bending stress

response spectrum in that it contains two peaks where the response energy

is concentrated. The first peak (low frequency) corresponds to the wave

induced lateral bending energy and the second peak (high frequency) corr-

esponds to the ships first mode lateral bending frequency. From the runs

analyzed, the first mode lateral bending frequency is approximately .76

Hertz In the fully loaded condition (27 foot draft) and approximately .92

Hertz in the ballasted condition (approx 19 foot forward draft). A listing

of the peak lateral bending stress (single amplitude) and the peak

vertical bending stress (single amplitude) for the bow sea runs examined

is given in Table 5. Also given in Table 5 are the peak deck edge stresses

measured for those same data runs. The deck edge stresses were arrived at

by adding the vertical and lateral bending stresses in the time domain to

produce a time history of the deck edge stress. A peak analysis of this

time history was then done to determine the maximum single amplitude deck

edge stress in the record. Based on this analysis, the lateral bending

stresses when combined with the vertical bending stresses tend to produce a

maximum deck edge stress which averages about 8 percent higher than the

S"maximum vertical bending stress recorded for these data runs.
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* Mitdship torsional stress was also recorded throughout these trials.

The midship torsional stresses recorded were very small and a single

* amplitude peak stress of greater than 200 psi was never attained. JI's

is due in part to the concentration of data collection on predominantly

head sea conditions, although large midship torsional stresses still

weren't realized for any -f the bow sea cases either. A listing of the

maximum single amplitude torsional stresses recorded is given in Table 6

for the bow sea runs examined.

COPARISON OF COLLINS RADAR AND WAVE RIDER BUOY MEASUREMENTS

Two data runs (runs 70, 71) were completed during the 1979 trials

season when a wave rider buoy was deployed in the immediate vicinity

of the ship by a USCG helicopter assigned to USCGAS Traverse City. The buoy

was picked up by helicopter from the ship's deck and deployed three miles forward

of CORT and directly on the ship's course. Data was collected from the buoy, in

addition to all other sensors comprising the CORT data acquisition system, as the

shlp approached the buoy and overtook it. Data collection was terminated when

the ship was out of signal range of the buoy. Both data runs were taken

one after the other while downbound on Lake Ktichgan, and were approximately

20 minutes in duration. Subsequtht-attempts" At obtainlng buoy correlation

data runs were unsuccessful due either.fb ship Alcation'during daylight hours,

(e.g. outside the range of- helicopter station) or to weather too severe

for safe helicopter operations.

Comparisons between wave height power spectral densities calculated

from the wave rider buoy and Collins radar for runs 70 and 71 are given in

Figures 32 and 33 respectively. These figures give the wave height power

spectral density as a function of wave frequency. To arrive at the Collins

18
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radar wave height power spectral density as a function of wave frequency,

the corrected (for ship motions) Collins wave height spectrum was first

calculated as a function of encounter frequency using equation (3) and

then converted to wave frequency using the relationship:

SWNW) : S." (we)J 1+ 2WVS Cos e (9)

The buoy wave height power spectrum was calculated by dividing the buoy

acceleration power spectral density as a function of Cj by its respective

frequency to the fourth power, or

S,,. (Wdsuov r- SA (10)8VY/ Wi (10)

One will note in both Figures 32 and 33 that the buoy spectra are

labeled "corrected." This is because the original signal sensitivity

supplied with the buoy and receiver was in error. A calibration of the

buoy in a NOAA dynamic wave rider buoy calibrator subsequent to the com-

pletion of fall trials showed the buoy calibration sensitivity to be

linearly increasing with increasing frequency with respect to the original

calibration sensitivity. This correction was applied to the originally

calculated buoy spectra to arrive at the buoy spectra shown in Figures

32 and 33.

As is evidenced by Figure 32 the buoy and Collins Radar wave heights

compare reasonably well, with the buoy indicating a significant wave height

of 2.32 ft and the Collins Radar indicating a significant wave height of

2.97 ft. These numbers agree well with the 2 to 4 ft waves visually observed.

The lesser agreement between the buoy and Collins radar for run 71 can be

attributed to the buoy passing to the ships leeward side for a portion of the

19



data run. The CODRT wake on this day was knocking down the waves for a few ship

lengths beyond the stern. The buoy spent a good portion of run 71 riding through

this relatively calm (with respect to the surrounding sea) stretch of water. Runs

70 and 71 were completed in succession and in less than one hour with the sea

diminishing. The significant wave height indicated by the Collins Radar is 2.13

ft for run 71 wh.le the buoy indicates a singificant wave height of 1.72 ft. It is

doubtful that the sea had diminished as much as is indicated by the wave buoy (and

visual estimates tend to reinforce this). Rather it is felt that the passage of

the buoy through the ship wake for most of the data run caused the buoy to indicate

the lower sea conditions. The ship's wake was not a consideration for run 70 as

the buoy passed the ship to the windward side and never entered the ship's wke.

Based on the reasonable agreement betueen the Collins Radar and wave

buoy significatit wave heights from these runs and the agreement of the

Collins radar with visual observations of wave heights throughout the fall

trials, it is felt that the Collins Radar altimeter gives a good represen-

tation of the existing sea. More buoy correlations would obviously lend

more credibility to both the Collins and the buoy as wave measuring devices

and should be planned for any future efforts.

FULL SCALE PRESSURE DISTRIBUTION MEASUREMENTS

Current Ship Structure Committee (SSC) computer programs deal primarily with

sea loads imposed on the hull girder. In addition, knowledge of pressures on the

hull surface is also needed to determine the required strength of local structures

to withstand maximum anticipated pressures at sea. Since computer programs for

calculating pressure distributions are available to the profession, it is worthwhile

to verify the results of computations by model and full scale experiments.

20
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The Coast Guard, considering the tential value of full-scale pressure

measurements, took advantage of the five-year drydocking/hull inspection yard

period, and with the cooperation of Bethlehem Steel installed 15 inserts in the

forward quarter length of the CORT hull plating. Pressure transducers were then

Installed in the inserts without a dryd~cking. The pressure gage locations were

given in Figure 3b. The results obtained from full-scale pressure measurements have

the pot ntial for wide use verification of computed theoretical pressures and

correlat on between full and model scal measurements.

The pressure data was collected in' conjunction with the wave/stress measure-

ments and stored on magnetic tape. Consistency end reasonableness of the col-

lected data was checked by examining pressure gage time histories and calculating

pressure power spectra and RAO's. Reduced data in the form of pressure power

spectra were delivered to ABS for the data runs they requested. These hull

pressure power spectra will be used by ABS to evaluate existing formulations of

potentid. theory computer programs.

Typical response spectra (from Run 77) calcuiated from the gages located

at Frame 9 are given in Figure 34. Also given in Figure 34 is the measured wave

spectr4 m from this data run. Figure 35 gives the resulting RAOs calculated for

these gages. The spectra given in Figure 34 and the RAO's in Figure 35 represent

the dynamic pressure fluctuations seen by the ship hull as it encounters wave[.

The static head due to the location of ithese gages below the waterline has been

electronically subtracted out using the data acquisition signal conditioning.

To get the actual pressure at a particular gage location, the pressure due to the

static head must be added on. It is wqrth noting that for any future use of these

data tapes, pressure gages six and fourteen should be considered unreliable

(see page 5).

21



C3n

0

Ul

00

M

- 3

**222



*cROwAVE RADAR
I.4mosit. ACM (LI

GL. IG14AL CO*D.

COLLINS RADAR

VERTS HORIZ. ACCEI.

S* 30

LOCATIONS FOR COMPUTER, -516NAL CONDITIONING,4
PRESSURE GAGES) AN4D WAVE. MILASUA~mr SYSraLMS

Figure 2 -Forward Measurands and Data Acquisition System Locations

23



MIOS140p SLICT1011 =2069%' "WON. GAGIS

coalm#06aS10

OTIC: ALL 4AG9% 166C*TtDpMIDWAY
UT WELN ?RANSVIERSt FOMqCS
LICEPT Wilton~ GIF40'1166*4E%
11104Cil ARE LOC ATfO A7 . Ati
PIIANSVEFIE FRAME SPAr.IN*

04~O FAC Ti TASVgpR.E 11AAS
Y4 9111IA5 IOCAt IINOIRCil.,
1.A11111A1 6RINGN &AGL ASS4

P ITCH R OLL GYRO ANE 149AVO ACCELE601111-IlA N11IFKL
WATCO 604 Lo6ervuaW1AL. CINVIIINLIML SILOW 14060ACKS

AT m'oslito

I PIT". ffsc. -tI

OAGI LOCAED SIAILAOLV AN

OR opi'1 SIGI5
LOCATIONS or Pircm, ROLL, AMD0 WEAVE SENSORS LOCATIONS Of MiOSNIP STRAIN GAGESt

FIGURE 3(a)
PWO514I0 MEASIJNANO LOC4T,0P0

III P IS r p

P-11P P14

IFR Zo LKG AFT

SAME GAGE ARRANGELLt4 BTW VRS 9/10 30/31

FIGURE 3(h
PRESSURE GAG.L LOCA71OIS ON MNV 5.1. CORT

Figure 3 - idship Measurand Locations



4ca-R~wN, AccahiPATI L 4. 10' -- -,F1  CC SPCRUM

7 7(R. ... ...] ._

1.7

W .... .. -

Ai) ,j BUN ot3A30f PEru

.4.

* , ~ ~ 5~WC, FRI!Q.("S.)

Figure 4 -Method of Wave Height and RAO Calculation

25



1q,.a,4.7
('70)c Z7,i) 2j

(4,,2,3.'1

-~ ~~~- Tm *,7)47~

!RAO's (46, S,27 ms.)'i

(41,71 L3.5)

'00

IajID

0) Z27/4-7)-

.10EtCOUNTefR pQUANCY (ii.

Figure 5 - Bending stress/Moment RAO's f or Head sea and Full Load Condition

26



..... ~ ~ .. . . .

.. ..... .. .j. '-7 7.o .

Ti:-

toj . . ... 4

to-.

-774"I

I _ U
11O M~ __QUIC 01%.

Fiur 6 Bending OAD StesMmn RA oIo: SaadFl.La odto

(Rv*~AV.iSIP)PD~AFT 5EE -I--f~±j27



......... .. ... . ......

ST. ....L
I IF

?2 40I

;A

S... 
.~ .... ..

I *''~ 1V

SAWIq44 '~ ~j''I :1
Figure~~~* 7 Bedn tesMmn A3 o edSaadBlatCniin

I~P I(f.Di,/6/ri28



20

IANj%.NP WOO Sftl) I

31 ... ... Is %

I IIs

I. ...~ .~ .... ..

UOWSE-SALAS1 I I~ low

(RWiA.S~p~t~Io~FIOANff(Mi

Fiue8 Bnin StesMmn A'fo Bo Seadlat I Codtin

29U



........ AVERAOE X AO
. EAD -EFULL LOAD.

_A r7

'i 

Iic

x ...... :: r

rS L
.. ...... . ...... _ _

~I L
t...

.. .... .. .

.3.

mmiw-y

Figure~~~[ 9AeaeROadSadrDvio... ed e n ulLodCniin

j.Cr~T::::± + A:z: .. I-- - - I 30 4



j::

........ ..

-ilL AVERAGE!RAO

L. LOA

. ..... . .....

iO

.... ........ p

1:1

A I II It

acjT T TI~ -t 7I ....- .... j T .

___ _ L__ _14_ .11::.: ..

. . . . . . . . . . . . .

..... .. . 4

Figure 10 -Average RAO andi Standard Deviation for Bow Sea Full Load Conditions

31



.. .. to_

. ..... N&AD SEA- BALLAST

.~~t ......

A ..

VA

I j 7t.7.

-' 
-------

r7

7--- 744 L9.w77:r
T o .i tF : 1 .

EJJouN4TER FREQUjIJC'i OWL) 4 *--t -

Figure 11 -Average RAO and Standard Deviation for Head Sea and Ballast Conditions

32



.. ..... t .. . . . ..

/ AVERAGE MA
* DOW SEA-5ALLASI

Ito

* I

aq
Fiue 2Aerg ROad tndr evaio o BwSe1n Blas odiin

S 33



I .0 READ !A -BLLAV,

~. i. .*** 9o~~~AALLAST
..... .... ...... HEAD SEA- LO4 D ,

:1.: N Sa *OSE,-L04DED

49 .... ..

t ...... ..

-L L

a.4 .I
LSE 7olI...l~ rTleOftPA

. - HEDSA-LAE

0

Sa **-0

00

Simvo***Va" W,-rr

Figur 13 AO Pak vesus av.-...g

0 __ ____ ____ ____ p34



. L7.

1- 77 ti'I
L L

T' 7 T"L

V - 77.. . .. ...

7 17-7
.-... ~~... ........ . .

.. :.. ......

~.3

335



.. ....... .....

] HE
I~7 7:.2:I.

i.171 IL

.. .. ...... ......

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

-+- -7 .7 ....i 7 = :1.

A~~~t717 1 *7L~~4A

ENCU1TE FRICC

Figure~~~~~~ 15Cmaio-fmaue n nltclROfrCs

-' ~ ii. t-36



77

77 . [ .*

40 
4

F.F

Ir-

3 0 C S . ...... 1 ' :-11r

-
I -

M E A S U R O D _ - _77

.. ~....

I I:, r 7- t lF

" T ' -------

10

LL. L ....

ENCOUUVER PRquaNCY 00i.4

Figure 16 -Comparion of Measured and Analytical RAO for Case 3

37



171
T'. L

..:. .. .. . .

... ..... .~

-7! ~ -- . 7!- -

I. ...... ...

......... ..~U

-4 . ...

0
EN!COUU1I falt y C mt)

Figure 17 -Comparison of Measured and Analytical RAO for Case 4

38



. .......

..... .. ......

IFL --

.... .. ..... ....... ....

7 7 ------
I.3 ..................................................

.. .. .. ... ... .

-M -7

iK~i~E 4;~....f~r ~ .. nt .... V...IT;

U --. .- W..4.... ...
... .: .. .. ..

TI

7.1 .. J7Ww

I~~~.. ........................... _ I

r7 M 7 t4TAURuwYG

Figure~~ ~~~ 18 - WoEpaISo ofIaue n nltclROfrCs

T 739



7 t

7~ -4

4CAS rr Ad h.

D -.- f .... 7 -
.. ...... . .

3 7

-- ----t .7- -17

4 4o



-1-7

.z 7

... ....... -
T-.

%.1 I }CASE.iIX76-9

[t 7I

:-: ___T7_

w Iw

1 [Ii~~w

7i 11

Figure 20 Coprio ofMaurdadAnltca.A orCs

41



i l -i. ..

... .... I.-

I~~ ...::~ . .. ..

1 7

t I . -1 77

I 'CkSE8Jo:4 0.. ......... ....

3£IV :7:I4 -2
77 ..

.. .......

-. 
-7 ti:t7L.j

7- k. 7!.-

.0........ 
.

Figure~ ~~ ~ ~~~~~~~. 21.Coprso.fMesre ...Aayicl.. o Cs



.. ..

.. .. . .I - i .

L1[____ M
-1. .. .. ..

.. CASE~~.

SPfINGINc-SENDING WM J~t S.P.........

fi ..j-_EAURED:

I "~ to

777 771.... ... ...

.:7' t V 1-.
.... .... .. ...-

1rr..:7 - 17

OF_1 Ir- 1 ,~

"CUNE PI I36C~

I 43



_7 ' 7:. **

"~ f

S1 OEPN OMN.SEI

Lti~ FIII)IE SUREDLVJ

7-- ... ....

7 7 1 J 1
---..- I I1

4-7:r

7 .... .......

1

--- -- L-7

F LA

INCOUNTER mpRILOCY (04)

Figure 23 -Measured and Analytical Bending Moment Spectra for Case 2

44h



- 77

-.. -. . . . .

dii

.L ...... EN IH .... T...TR ..

L lij -~~~i4EASURED. -I- r
I ~ ~ EBBj

77
77

*~~ 7- 11-- + l '-
.17 k4 -- -

.-- .... ....

..........-. .1.
a7~.:~ j j I

... .... ... 2[;..

/ ENCOUNTER P1REW~ENCY(NI)

Figure 24 -Measured arnd Analytical Bending Moment Spectra for Case 3

145



CASE. ...- 4 ......

.... - - - - -10-

464



71-

L +

KIRN6N B NDNG JiOMElt-PCTRK.:

4-MEASUJRED

.1-tWEBB (PLO1TWVy'-

{..-1 L

Oiit

ENCOUNTIER FOAAUKOC (1#0
Figure 26 Measured and Analytical Bending Moment Spectra for Case 5



-.- 7~I -

1:2%

4~~- 7- ..-.7.:. Ii~i i
g ..4E:1I:: CASE 1 71.

I e -tEAWOO2D

+4 ~ - WEB6-(PLo~rtWEO

IbI
71 . ..... ...

. .. . .....

Tigur 27..... TI
-Mesrdad(i. Analytical.. Moen Specra.or .Cse .



-iE
77 5:7

11 L T

L~ + I CASF

LL .IL~ ...... ...

... ... AO . f

0~17

.. _ .... .....

A ... ... -

* EWJCOUNTER F RE"CrI0)
*Figure 28 Measured and Analytical Bending Moment Spectra for Case 7

49I



-7 .74
-F ~ ..... T ..... ...fl 7.... ....... ....i

Tr-- C/Ei 7
l~ J 774

i 7 :7

S IrEDkl T Th'
.i ..-.....

... .. .... ..

*l n0......

.. . 7t.---.



0

00

cco

ILI



rc
.. .-. .

- -- --- -- ---
'a41

.... .... ... ... ..

# IJ
.. .. .. .. ..

AjS

... ....

Wel:110



t0 . ....

.........

--7 TLA . i~r

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

ii: I ~RUN'70 .u7
'1 I --- ~~BUOY (~R~E ~

L-COWLNSj::.

-7 . .. . . . .1

ILu~s 2.i0p# 4*

.11 ti .. ... 7 :.:F: IPH

'77-

Liffi
L4

~17

WAVE I &UCY.0")0
Figure 32 -Comparison of Wave Height Spectra Calculated from

Collins Radar and Wave Rider Buoy for Rum 70

53



J1... i 1

.. :.. .i ... .. ..

..... . .. ...

P-~ BUOY CETD

.. . ... . . . .. 'A i -lJ

_ _- ... ..-- - - - .Ji EYPICAfilLM/i9V III .....
..... ...

-Ow i-wo

.. .~ ..... .. .. ...
-71 .- 77

71~ 1

-7:7~ 7 -: --

.................. ..... .. .. .. .... .



.. .. . ..

-- T

.. .. ....

VA z 747
.. .........

.,M r..:Z 1
WN OUNMR .. ......... ..

Figure. .4 Prssr and Wave .. Spectr for Run.7

7155



II A.V

F~ Ii

44

.... ~. i. i ..... ...

LLF§I --1 m W I ' Tfiii 11
Fiue 5 -Prsue ae Repns praos fo u 7 .

56.. ...... ... ....



TABLE 1- SURANDS FOR M/V S.J, CORT FULL SCALE TRIALS

19 MICRO-WAVE RADAR*

2. COLLINS RADAR*

3. DOW VERTICAL ACCELERATION (AT COLLINS)*

4. DOW HORIZONTAL ACCELERATION (AT COLLINS)*

S. DOW VERTICAL ACCELERATION (AT MICRO-WAVE)*

6. DOW HORIZONTAL ACCELERATION (AT MICRO-WAVE)*

7. MIDSHIP DECK VERTICAL BENDING STRESS (COMBINED)

8. MIDSHIP DECK VERTICAL BENDIhG STRESS (WAVE INDUCED)

9. MIDSHIP DECK VERTICAL BENDING STRESS (SPRINGING)

10. M:DSRIP BOTTOM VERTICAL BENDING STRESS (COMBINED)

Ile MIDSHIP LATERAL BENDING STRESS

12, MIDSHIP TORSIONAL STRESS

13. ROLL

14. PITCH

15. HEAVE ACCELERATION

16. - 20. PRESSURES AT FRAME 9/10

21. - 25. PRESSURES AT FRAME 20/21

26. -- 30. PRESSURES AT FRAME 30/31

31o WAVE RIDER BUOY

NRL MEASURANDS FROM WAVE MEASURING SYSTEM
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TABLE 2 - INPUT PARANETERS FOR ANALYTICAL RAO CALCULATIONS AND

SIGNIFICANT WAVE HEIGHT MEASURED DURING EACH DATA RUN

Run Draft Ship-Wave Measured

Condition Number Speed Fwd Mid Aft Angle Wave Height

(mph) (degrees) (H 1/3-feet)

1 77 14.4 19'11" 20'7" 2210" 6 9.6

2 81 14.4 19'11" 20'7" 22'0" 11 8.3

3 90 14.7 27'0" 27t0" 2710" 6 3.7

4 119 14.2 2710" 27'0" 27'0" 9 5.6

5 116 13.5 27'0" 27'0" 27'0" 23 8.5

6 117 13.5 27'0" 27'0" 27'0" In 7.2

7 99 11.6 18'0" 19'11" 21'3" 0 6.0

8 101 11.6 19111 20'7" 22'0" 20 8.6
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TABLE 3 - PEAK TO PEAK SIGNIFICANT SPRINGING BENDING MOMENT

FROM ANALYTICAL RAO's AND MEASURED SIGNIFICANT

BENDING MOMENT FOR EIGHT CASES EXAMINED

Significant Springing Bending Moment

(rr-TONx1O
4)

CASE

Measured ABS WEBB

1 20.2 37.9 85.3

2 32.3 36.2 68.7

3 13.2 8.8 11.9

4 25.8 25.5 57.7

5 30.8 26.0 65.9

6 28.8 29.2 64.9
/

7 28.9 23.5 37.5

8 32.1 32.6 54.2
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TABLE 4 - COMPARISON OF MEASURED AND PREDICTED PEAK BENDING STRESS

Predicted Peak Peak Predicted

Run Number Measured Peak Bending Stress Divided By

Bending Stress Using Eqn (8) Measured Peak X1001

(KPSI) (KPSI) (Z)

27 3.84 2.77 72.0

28 3.57 3.24 90.8

29 2.48 2.36 95.0

30 .83 .86 103.7

32 2.64 2.43 92.1

35 2.92 3.18 108.9

37 2.97 2.87 96.7

38 3.74 3.88 103.9

39 5.36 6.96 129.8

40 6.27 6.22 99.2

41 5.52 6.62 120.0

42 4.21 5.01 118.8

43 7.00 5.60 79.0

45 4.74 4.51 95.2

46 .97 .89 91.2

50 5.38 5.85 108.7

52 4.87 5.18 106.3

53 5.56 5.57 100.1

54 4.38 3.77 86.2

64 3.03 3.43 114.5

66 1.05 1.15 109.0
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TABLE 4 - (Continued) - COMPARISON OF MEASURED AND PREDICTED 
PEAK BENDING STRESS

Predicted Peak Peak Predicted

Run Number Measured Peak Bending Stress Divided By

Bending Stress Using Eqn (8) Measured Peak XOO%

(KPSI) (KPSI) (M)

67 .61 .61 99.2

70 2.93 2.54 86.5

71 2.50 1.28 51.2

74 5.54 * 6.43 116.0

75 7.62 7.51 98.5

77 8.01 7.84 97.9

80 8.25 9.66 117.1

81 7.56 10.32 140.1

82 6.13 9.82 162.7

83 6.03 7.93 133.4

85 5.94 8.06 * 137.2

89 3.37 2.63 78.0

90 3.05 2.96 96.9

94 6.57 7.82 119.0

- - K 95 7.39 8.66 117.2

99 6.75 9.55 141.3

100 9.29 11.89 127.9

. 101 9.23 11.15 120.8

102 6.02 10.07 167.2

103 5.97 9.05 151.5

107 3.67 4.66 126.8

i6
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TABLE 4 - (Continued) - COMPARISON OF MEASURED AND PREDICTED PEAK BENDING STRESS

Predicted Peak Peak Predicted

Run Number Measured Peak Bending Stress Divided By

Bending Stress Using Eqn (8) Measured Peak X100%

(KPSI) (KPSI) ()

110 5.68 6.16 108.4

III 5.42 6.75 123.4

112 6.80 7.29 107.1

113 8.41 12.13 144.2

114 8.71 10.74 132.5

115 8.21 10.59 123.8

116 8.56 11.12 136.6

117 9.09 9.44 103.7

119 8.13 8.66 106.4
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TABLE 5 - PEAK SINGLE AMPLITUDE VERTICAL, LATERAL AND DECK

EDGE BENDING STRESSES FOR BOW SEA HEADINGS EXAMINED

Peak Vertical Peak Lateral Peak Deck Edge

Run Sending Stress Bending Stress Bending Stress

(PSI 2 10-2) (PSI x I0-2)  (PSI x 10-2)

29 24.8 8.4 27.8

30 8.3 4.2 9.7

38 37.4 11.2 39.0

39 53.6 11.9 58.4

43 70.1 15.6 75.0

45 47.2 19.2 55.3

100 92.9 7.9 93.0

101 92.3 9.4 93.0

103 59.8 10.6 61.3

111 54.7 20.1 63.2

112 68.0 15.7 75.9

114 87.1 16.9 87.5

115 82.1 12.3 91.5

116 81.6 15.5 85.7
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TABLE 6 - MAXIMUM SINGLE AMPLITUDE MIDSHIP

TORSIONAL STRESSES FOR BOW SEA RUNS

Run Maximum Torsional Stress

(PSI x 10-2)

29 1.04

30 .21

38 .85

39 1.17

43 1.17

45 1.32

100 1.74

101 1.59

103 1.34

.111 1.78

112 1.78

114 1.48

115 1.34

116 1.43
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APPENDIX A

TRANSDUCER CALIBRATIONS AND CALCULATIONS OF TRANSDUCER SENSITIVITIES

The total instrumentation package for the CORT full scale data collection program

consisted of 32 individdal measurements of wave height, stress, motion and pressure

(Table 1). Each of these measurands output an electrical direct current analog

signal to the PDP 11/03 analog to digital (A/D) converter for subsequent storage

of these digitized electrical signals on magnetic tape. The development of the

relationships for converting these electrical voltages to engineering units (EU)

follows. The computer system sensitivity (EU/count) can be arrived at by dividing

the voltage sensitivity (EU/volt) by 400 which is the number of counts per volt.

STRAIN GAGES

Four independent measurements of strain were made on the CORT. All measurements

were made at the CORT midship section. Measurements included stresses induced

by vertical bending, athwartship bending and hull girder torsion. Locations of the

gages at the midship section were given in Figure 3 of the text. The main deck

bending and lateral bending gages were installed for previous data collection on

the CORT. These gages were mounted in a dyadic configuration on the ship's hull

plating with the bridge configurations indicated in Figure Al. The existing hull

bottom vertical bending gage from previous data collection on CORT exhibited a low

resistance to ground and drift and was subsequently replaced at.the location

shown in Figure 3 of the text. The bridge configurations for the bottom bending

stress and torsional shear stress measurements are given in Figure A2.

Calibration of the stress measuring channels was accomplished by connecting

a calibration resistor across one leg of the Wheatstone bridge. Since long

lengths of cable where run between the gage and instrumentation, no matter where
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this shunt calibration is performed (at the gage site or at the instrumentation),

an error is introduced. If the shunt resistor is applied at the Instrumentation,

the signal due to connecting the shunt resistor is increased by 2RL/R, where R is

the nominal resistance of each leg of the bridge and RL Is the resistance of the

lead wire from the Sage to the instrumentation. Additionally, the output signal

to the instrument caused by strain in any Sage is attenuated by 2RL/R. These

conditions produce a calibration signal which is In error to the strain signal by

a factor of 4RL/R. A correction for this error can be made by multiplying the

nominal strain (or stress) that the nominal shunt calibration (performed at the

instrumentation) represents by (1+4 RL/R). Similarly, a sensitivity in terms of

stress per unit output voltage is corrected for lead wire resistance by calculating

the apparent stress that the shunt calibration represents, multiplying the nominal

stress by 1+4Rk/R, and dividing by the output voltage obtained when the shunt is

performed at the instrumentation. This type of error is inhercnt in any strain

Sage or transducer where a simple Wheatstone bridge is employed to measure a par-

ticular quantity and this correction was accounted for. This correction was

applied to all strain Sages and pressure gage channels in arriving at a sensitivity

&for them.

Onboard checks were made of the main deck bending stress data by obtaining the

ships neutral axis from time histories of the main deck and keel vertical bendIng

gages. Initially, these values agreed with section property calculations with

5z. Subsequent analysis of the bottom bending bridge raised questions about I

reliability and are discussed later.

The sain deck bending signal was filtered to isolate the wave induced and

springing components of the combined signal. These spAt signals were continuously

monitored to assess the relative magnitudes of the wave induced and springing
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components of the main deck bending stress and to aid in the determination of

when to take data runs. A block diagram of the stress monitor is giva in

Figure A3.

The wave induced component was provided by low pass filtering the combined

signal at a cut-off frequency of .2HZ, and the springing component was produced

by high pass filtering the combined signal at a cut-off frequency of .25HZ.

Each of the two filtered channels employed two Krohnhite variable filters which

were cascaded to produce a sharp roll of 96 db/octave.

The filters were calibrated in the lab, at DTNSRDC, with a function generator

to generate the phase delay and signal attenuation characteristics shown in

Figures A4 and A5. Additionally, all stress channels were low pass filtered at 10

Hertz to remove any high frequency noise in the signal. The filters used for this/

were 2-pole Butterwoth with 12 db/octave rolloff. The calculations for shunt

resistance simulated stress, lead wire correction and stress/voltage sensitivity

for all the stress measuring channels follows the text of this appendix.

Each pressure gage was calibrated at DTNSRDC in a dead weight tester over

its operating pressure range. The operating pressure ranges for each gage is

given in Table Al. The result of these calibrations is a linear relationship

between applied pressure and transducer output voltage. Each pressure gage was

also shunt calibrated in the laboratory with a known resistor and essentially

zero lead vire resistance. This shunt produced an electrical offset in the

pressure gage bridge which could then be thought of as a simulated pressure in

terms of the gage's pressure/voltage sensitivity. The same shunt calibration

resistor was applied at the gage site and the voltage offset recorded at the

instrumentation after the gages were installed on CORT. In this manner, the lead
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reistance of the cabling was established and accounted for. The onboard

sensitivity of each pressure gage, corrected for lead wire resistance and the

laboratory calibrated sensitivity values, for all pressure gages in given in

Table Al. It is worth noting that each pressure gage was balanced to zero volts

(pressure) when the ship was stationary and each gage had a finite static

pressure head on it. Thus all pressures recorded reflect fluctuations in pressure

about this static pressure head and the actual pressure on the hull would be the

pressure fluctuation plus the static head.

SHIP MOTIONS

The ship motions recorded consisted of amidship measurements of pitch, roll

and heave acceleration and bow measurements of lateral and vertical accelerations.

The pitch and roll gyro was calibrated in the lab at DTNSRDC by tilting the gyro

at various angles and measuring the output voltage. This calibration was also

performed on board to take into account the lead wire resistance on this measure-

ment and the shipboard cal was used for data analysis. The heave accelerometer

was calibrated by turning the accelerometer 1800 simulating a 2g downward accel-

eration and recording the output voltage. The results of these calibrations are

given in Table A2.

The lateral and vertical accelerations at the ship's bow were part of the

NRL wave measuring systems installed on CORT, Lateral and vertical accelerometers

were located at each wave measuring device. Acceleration to voltage sensitivities

were supplied by NRL for these measurements. On board calibrations of these mea-

surands were performed by tilting the accelerometers at various angles to assure

that these measurands were still functioning as calibrated in the NRL lab. A

listing of the NRL and Collins radar accelerometers and their sense is given in
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Table A3. Ad itionally, all NRL installed acceleration signals were low pass

filtered at 4 Hertz using a 4-pole Bessel filter.

COLLINS RADAR

Shipboarc calibrations of the Collins radar altimeter were performed

regularly to assure that this system was functioning as set up. The calibration

consisted of tilting the horns vertically to aim them directly at the water surface

and taking a 7oltage reading. The boom holding the horns was then swung in and

aimed at the ship deck and another voltage reading taken. The distance from the

ship's deck tp its baseline was known and by subtracting the distance from the

ship waterline to ship baseline (ship draft), the distance from the deck to the

waterline established. Dividing the change in distance from each measurement, by

the change in voltage, the sensitivity of the Collins radar (ft/volt) was checked.

A typical calculation is given in Figure A6. This calibration was performed when

the ship was in port or in the Soo Locks due to the need for calm conditions to

achieve this calibration.

WAVE BUOY CALIBRATION

The wave rider buoys and receiver employed in these trials were supplied by

Teledyne Engineering Services under USCG contract. The output voltage to accel-

eration sensitivity supplied with the buoys was 15 volts/g of acceleration. Static

on board calibration of the buoys was achieved by tilting the buoys at a known

angle, determining the acceleration from this angular tilting and recording the

output voltage. Results of these calibrations indicated output voltage to accel-

eration sensitivities of 15.3 volts/g and 16 volts/g for buoys #1 and #2 respec-

tively. Due to some uncertainty in the angle measurement during these cals a

voltage sensitivity of 15.0 volts/g was employed for the trials. After analyzing
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the buoy data and observing a large discrepancy between the buoy and Collins Radar

wave spectra, a dynamic calibration of the buoys was suggested. This calibration

was carried out by Messrs. M. Noll and D. Walden in the NOAA wave buoy calibrator

at the Washington Navy Yard. The dynamic calibration showed the buoy/receiver

system to have an increasing sensitivity with increasing acceleration frequency.

The results of this calibration are given in Figure A7 and were applied to the buoy

spectra given in the text.

ANOMALOUS BEHAVIOR OF BOTTOM BENDING BRIDGE

Initial onboard checks on the ratio of measured main deck to bottom bending

stress were found to be in the range of 1.10 to 1.20 (1.15 was expected based

on CORT section properties). Daily shunt calibrations and resistance to ground

checks indicated the bridges were functioning normally and calibration

sensitivities were never changed. Post trials analysis of the data shows that the

ratio of the main deck RMS stress to bottom bending RMS stress to be above the

expected range beginning in early November. This ratio grew larger (although not

constantly) as trials progressed. Since the main deck stress/wave height RAO's

remained fairly constant frcm run to run on any given day, whereas the ratio of

bottom to deck otress ranged widely for these same runs, it has been concluded

that the bottom strains observed are most likely faulty. It is planned to

resolve this issue, if further trials are to be conducted.
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BRIDGE CONPIOURATION tIAl DEcK Berittirr

'I ACIIVE
DYAD) C.

BRIDGe CowFIURAT~om L ATERAL B& wNPw4

AC71IE

yigiire Al -Lateral and Hain Deck Bending Bridge configurations
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BRtIDGE CONFIGURATION- MIDSHIP BO" TM E0"1

AA

Figure A2 -Torsion and Bottom Bending Bridge Configurationls
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Figure A3 -Midship Vert ical, Bending Stress Monitor/Data Acquisition Block Diagram
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COLLINS RADAR

V14-

DRAFT D.

PROCEDURE FOR COLLINs RADAR RANGE CALIBRATION
IP63s'IgoN RADAR HORNS VEIRTICALLY OVER WATER, TAKE VOLTASE RIROIM&..VM-w

L. SWING COLLINS 1469WS IN OVER DECIC AND TAKE SECOND REiADING - V
3RacwtD SHIP DRAFT

- RANGE SENSITIVITY Qo- DRAFr F (DECREASIM6 R46J36)
VAW- v.0 VOLT

TYPiCALLY1

SAUSgrlvITY (5-7 -19.67) -- 15 S'clv- (oiu. Ru9Ns)
(.0W -2.48) voivm

Figure A6 -Collins Radar Calibration Procedure
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TABLE Al -PRESSURE GAGE SENSITIVITIES

Gage Pressure Gage Lab Field*

Number Range, Sensitivity Sensitivity

(psi) (psi/volt) (s/ot

I"1 50 2.495 2.550

2 50 2.515 2.570

3 50 2.545 2.600

4 50 2.485 7.540

*5 50 2.520 2.575

6 25 1.225 1.255

V7 25 1.250 1.285

8 100 4.980 5.090

9 50 2o480 2.535

10 50 2.505 2.560

50 252 2.7

12 50 2o520 2.575

12 50 2.530 2.575

*13 50 2.530 2.585

15 50 2.520 2.575

*Field sensitivity arrived at by comparing instrument shunt in lab (Rj. 0)

with instrument shunt in field and calculating RL; then field sensitivity

arrived at by, field sensitivity - lab sensitivity x (1 + 2RL/R) Plus volts

is positive pressure against the hujll.
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TABLE A2 -PITCH, ROLL, AND HEAVE ACCELERATION SENSITIVITIES

Measurement Calibration Voltage Sensitivity

Pitch 100 Bov Up + .135 7.40 0 /volt

Roll 100 To Port + .146 6.83 0 /volt

Heave 2 g's Down +24.25 2.57 ft/sec 2/volt
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TABLE A3 - NRL INSTALLED TRANSDUCER SENSITIVITIES

MEASUREMENT SENSITIVITY SENSE

Collins Radar Range .15.50 ft/volt Increasing Range.

250 to Vertical

Collins Vertical Acceleration 1.855 ft/sec 2/volt Acceleration Up

Collins Horizontal Acceleration 3.240 ft/sec2 /volt Acceleration to STBD

NRL Range 24.61 ft/volt Increasing Range

NRL Vertical Acceleration 1.408 ft/sec 2 /volt Acceleration Up

NRL Horizontal Acceleration 2.512 ft!sec 2/volt Acceleration to Port
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APPENDIX B

MAGNETIC TAPE FORMAT FOR CORT DATA ACQUISITION

INTRODUCTION

The magnetic tape format description which follows was developed by the

DTNSRDC Central Instrumentation Department (CID) to facilitate data transfer

between the many minicomputers at the Center and so that data tapes generated

could be used for further analysis on the Center's large CDC machines. Some

initial investigations showed that the only constraint in the transfer of data

was with (surprisingly) the CDC machine. It could only handle record lengths of

less than or equal to 512 sixty-bit words on nine track tape (this is not a limit-

ation with their seven track tapes). This limitation was a great disappointment

since it was hoped to be able to use long record lengths in order to achieve high

data acquisition throughput rates (it is known that there exists a trade-off with

regard to the length of tape records and the length of the inter-record gaps).

With this in mind it was decided to use fixed length record lengths for the mag

tape format of 30720 bits or 1920 sixteen-bit words for minicomputers. This format

is currently used on our Hewlett-Packard, Raytheon and Digital Equipment Mini-

computers and the data tapes generated by these minicomputers have been used for

data analysis on the Center's CDC machines.

In the development of the standard for magnetic tapes, one had to keep in

mind that different systems have different capabilities in the number and kinds

of channels that can be acquired. The RAYTHEON system had the largest numbers of

A/D channels (128 channels) and so it was the de-facto standard. The mag tape

formats were, therefore, designed with 128 channel capability even though many

data acquisition systems including the one on the CORT have only 32 channels.
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MAG TAPE FORMAT OVERVIEW

The tape format is a fixed record length, file oriented tape. That

is to say that each record is a fixed length (1920 sixteen-bit words) and

that there are file marks between groupings of data for a particular data

collection run. The logical end-of-tape is signified by a double end-of-

file. Each file on tape also has a fixed format, where the first record

in the file contains constant, calibration, and identification (id) infor-

mation about the data that is to follow. The data records are next (fixed

length) and continue until an end-of-File is detected.

THE CONSTANT CALIBRATION AND ID (CCI) RECORD

In the following discussion, please note that the word length of the

minicomputer that we have is sixteen bits and so it may be assumed that when

word is specified, one assumes a sixteen-bit word length. Integer numbers

are stored in sixteen bits (using two's complement notation) while float-

ing-point numbers require multiple words. In the case of the PDP-11, the

floating-point numbers require two sixteen-bit words. If the mag tape is

to be read on a machine other than the machine where the data was recnrded,

the user will have to write a routine to convert the floating-point num-

bers into the other machine's internal floating-point format.

The CCI record is again divided into eight fields called 1) CONSTANTS,

2) SYSTEM SENSITIVITIES, 3) GAIN, 4) TRA'NSDUCER SENSITIVITIES, 5) ZERO,

6) REFERENCE, 7) CHANNEL ID, and 8) TITLE fields. These individual fields

will now be described.
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CONTAZ TS- This fi ld holds Integer content Information about the run

and is 64 Integer words in length.

Word I is the RM number assigned by the engineer to this particular

collection of data.

Word 2 Is called the POINT number. The POINT number is a unique and

sequential number identifier for the file of data, and it is possible to

have many data collection "points" within a particular "run".

Word 3 contains the total number of channels that were acquired. The

total number of chann 6ls is the sun of the total number of analog channels

being recorded and the total number of digital channels recorded.

Word 4 is the sample period that was requested by the user and is

stored as the number of milliseconds between scans of data. A scan Is

defined as one sweep of the A/D and all associated digital channels. When

data is collected, one scan is acquired as fast as possible to minimize

skew between channels. Then, the computer waits the sample period time

before acquiring the next scan of data. This is known as "burst" mode

data acquisition and Is quite different than the constant sample rate

acquisition mode that is more common.

Word 5 and word 6 contain the requested time of data collection, with

word 5 containing the requested seconds and word 6 containing the re-

quested number of miliiseconds.

Word 7 contains tae total number of channels used on the first A/D.

Word 8 contains' the total number of digital chann,'lc recorded.

Word 9 is used o indicate the number of frames stored in each 1920

data record. A frame is defined as the number of data channels in one

scan of data (word 3).
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Word 10 contains the number of the last channel of interest on the A/D.

Words 11, 13, 14, and 15 are reserved for system use and are currently

unused and should contain zeros.

Word 12 contains the total number of channels used on the second A/D.

Word 16 is unused.

Word 17 is a flag to indicate whether or#not data was acquired using the

internal precision clock or the SL-7 external time base. A "0" indicates that the

SL-7 external time base was used while a "1" indicates the use of the computer's

interal clock.

Word 18 is used to store the number of averages that are used in the

determination of the ZERO or the REFERENCE.

Words 19-29 are unused.

Words 30-33 are ASC II, a string of nine characters that describe the time at

which data collection began.

Words 34-39 are unused.

Word 40 contains a pointer update position number. The word 40 will dictate

where the title update begins (i.e., what column to begin)-moving it will allow

you to offly update a portion of the title field to effectively allow you to have

a title and a sub-title.

Words 41-51 contain header log information stored as follows:

41 - North Latitude in degrees (XX)

42 - North Latitude in minutes (XX)

43 - West Longitude in degrees (XX)

44 - West Longitude in minutes (XX)

45 - Vessel Speed in mph (XX.X)

46 - Vessel Heading in degrees (XXX)
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47 - Vessel Draft in feet (XX)

48 - Wind Direction in degrees (XXX)

- 49 - Wind Speed in knots (XX)

50 - Wave Direction in degrees (XXX)

51 - Wave Height in feet (XX)

Words 52-64 are unused.

SYSTEM SENSITIVITIES - This buffer (128 floating-point words - 256 sixteen-bit

computer words) contains the information that is required to convert A/D counts

into Engineering Units (EU). This field is floating-point in type (real-2 words

-format is machine dependent floating- point representation) and has units of

EU/count. The information is stored sequentially starting with channel 1.

GAIN - The gain buffer stores the gain of the signal conditioning. The buffer is

filled by the data collection program just prior to the collection of data if the

computer has remote gain read capability, else it must be manually filled by the

operator if no remote gain read is available. Normally, its value is "I" to

signify that no gain read is available. The units of this buffer are not really

GAIN but 1000/GAIN switch reading, or millivolts per ful iscale deflection (the

reason will become clearer later on when terms are combi d to calculate Engineer-

ing Units). Again 128 channels have been allocated (int ier type) starting with

channel 1. . -

TRANSDUCER SENSITIVITIES -This buffer is used by the system to compute the SYSTEM

SENSITIVITIES. The number entered here is the value of the shunt for the particular

channel (in Engineering Units) divided by either the millivolts per full scale (at

the time that the shunt is being performed) or 1000/GAIN switch reading (again at

the time of the shunt). The philosophy here is that the shunt gain may be different

than the gain used at the time of data collection. In order to compute SYSTEM

93

_ i--- -I



SENSITIVITY, t'e computer takes a base-line reading and then a shunt readin,.

This delta AiD count reading represents the number of counts that corresponds

tj the value stored in the TRANSDUCER SENSITIVITIES buffer. In order tc get LL'

count take the TRANSDUCER SFNSITIVITIES value and divide it by the delta coun.

read' .. This is then SYS-". SENSITIVITY. Again note the '28 channels of irfor-

nation have been alloted for this buffer and that the representation Is machine

dependent floating-point that occupies two sixteen-bit words per value. Zero

The ZERO buffe (128 channels of floating-point values) has the value of the

instrumuentation zero. This is normally filled prior to data collection and is

subtracted cut of the calculation for Engineering Unit conversion in order to get

rid of amplifier drift or offsets. The value stored in the buffer is A/D counts

multiplied by the GAIN (1000/GAIN switch reading or millivolt per full scale) of

the instrumentation when the ZERO was taken.

REFERENCE - In some tests, sufh as air cushion or wind tunnel tests, it is desir-

able to also include a reference level that will be used (somehow) in the calcula-

tions to compute Engineering Units. 128 chann.ls of floating-point values have

been reserved for this usage. Again, this buffer is stored as A/D ccounts times

GAIN at the time the reference was taken. Channel I is first as in all the other

fields.

CRANNEL ID This field contains ASCII data that is channel identifier inform-

ation. Ten characters have been allocated for up to 128 channels where two ASCII

characters may be stored in a sixteen-bit word. The total length of this field

is therefore 1280 words.

TITLE - This last buffer contains the title of the trial and may be used to store

information about the test, such as model name, ship name or other administrative

94



Information. 128 characters are available to store this Inforaation (again

ASCII character per word) so that 64 words are required for this field.

ENGINEERING UNIT CONVERSION CALCULATIONS

If we can assume that the data collection program has filled all the above

buffers correctly, the calculation of the actual Engineering Units is straight-

forward.

EU - ((( A/D counts * GAIN) - ZERO) * SYSTEM SENSITIVITY)

The units above work out to be Engineering Units. Note that in this case the

GAIN is I due to the fact that the computer has no remote gain read capability.

DATA RECORDS.

As noted above, the CCI record is written to tape at the start of data

collection, and is then followed by the data records. The data records appear

sequentially until an end-of-file mark. The data contain Word 9 frames of data

except the last record, which may not be completely filled. For this record, any

unused portions of the record are filled with a "fill" character which is a 27703

(decimal) or 111711 (octal).

The frames are stored as follows: one scan of the A/D channels appear first

(starting with channel 1), followed by the digital channel.

The one last detail of the data record is the fact that different A/D convert-

ers present the data to the computer in different forms. The DEC A/D converter

present the data as right justified (12 bits) counts in the range of 0-4095. In

order to get a +1- range of counts, the user has to subtract 2048 when the data is

read beck from tape' In many cases the data acquisition routine does not have

enough time to process this data in order to format it for the user before the data

is written to tape due to the high data throughput rates requested by the user. It

is for that reason that the data has to be reformatted by the applications program.
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DATA REDUCTION OF TAPES WRITTEN IN CID FORMAT

The data reduction process is not too involved when the date is written using

this format for magnetic tapes. First, the tape has to be positioned to the proper

file. Tape positioning may be done in any convienent way as each file has a unique

POINT number. So, determine the point number of interest from the data acquisition

log, and skip files until you find a file where the ID record (it is the first

record in the file) has the desired POINT and RUN number. Read in the entire ID

record as it will be required later for EU conversion and titling of output. Use

routine DREAD to read data records off the tape, and with the par& the parameters

passed back to the main routine, it is very easy to construct a double DO LOOP in

FORTRAN to sequentially process all the frames of data in the file. The qlibrouitiwes

are included in this appendix that show a set of routines to compute the MEAN, MIN,

MAX, and RMS of all channels on a CID standard data tape.

It is recognized that certain applications don't require that all the channels

on a data tape be processed. In that case, the user will have to consult the run

log to determine the position of the desired channels on the A/D patch list. Their

position on the A/D corresponds to its position in the data frame. For example,

we acquired 32 channels of analog Information and had one digital channel. We are

only interested in processing the last 16 channels on the A/D. So, we read in one

data record and instead of starting the data reduction with the first channel in

the frame, we add a bias of 16 to our buffer pointer. Therefore, the first. inel

we will look at is the seventeenth channel and we can proceed sequentially for the

16 channels of interest. Then, before we proceed to the next frame, we again add

16 to our buffer pointer in order to skip over the first 16 channels of the next

frame that we want to ignore.
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Oubroutine MMMRMS

SBROUTINE MMMRMJ

C
C
C THIS SUROUTINE READS A CID PDP DAIA TAPE
C IT CALCULATES MEAN MAX MIN & RMS FflrU EACH CHANNEL.
C IT EU'S THE RESULTS AND WRITES W1l TO THE LINE PRINTER.
C IT ALSO PUTS THE RESUL~rs IN A DISA FIL1E
.C
C WRITTEN BY JCD3 NOVEMBER 1970f
C
C
C----------------------------------------------------
C

INTEGER IPH(2),IIIMr4,DATEO).ITIM24,IGAOE(40)
INTEGER DBU'F'( 1920)
INTEGER RUN. PC)1PT,YV19
INTEGER MAX(10L 11M40)
REAL XBAR(40), AiAX(40),AMIN(40)
REAL MEAN. RMS
REAL COUNT(40)

C
C
C The following COMMON block if the CID ID record
C
C

COMMON KONS(64).SSENSu126),IGAIN(l20t3.Thfrl2B,ZERO(I2B3)
CommN REFu12)ICHID(5l23).ITITI ('4'

C
C
C THESE ARE ADDITIONS
C
C

LUMMhUN MEAN(.4),RMS(40) 1, 'AN
COMMON COUNTf

C
EQUIVALENCE( T1Mil ( 1),KONS(3)). IGAGE( 1l.RLI:8O))
EOUIVALENCFW UiE4'-KONS 22))
EQUIVALENCE~ (RUNKON.S(1)). (POINT, IO(NS5( .))
EQUIVALENCE (NCOMM.KONS(31)). (NADC.MflNS(1O))
EQUIVALENCE(MAX(l).AMAX(21)).(MIN(l),AMIN(21))
DATA IPH/' A'., BI

C
C
C_______
C
C
C OUTPUT CONSTANTS TO LINE PRINTER
C

CALL KONOUT(IDATE, ITIME)
C
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C READ DATA TAPE AND CALCUL.ATE ME.AN, MAX, MIN. &RMS IN COUNTS
C

CALL AVORMS(DDUFF# NCOMM, NADCo MEAN# RMS, MAX. MIN. COUNT)
c
C
C UTRACT THE ZERO AND CONVERT TO ENCINERR[NO UNITS
C

DO 569 Jm1,NCOPM
ROAtN-IQAIN( I)
RZERO m IERO(I
RSENS w SSENS(I)
XDAR( 1)s(MEAN( I)*ROAIN-RZERO)*RSI:NS,
AMAX(I )-(FLOAT(MAX(I) )*ROAIN-RZER'I)*RSFNS
AMIN( I)w(FLOAT(MIN(I) )*ROAIN--RZEHO)*RSENS
RMS( I )RMS( I)*ROAJNfrRSCNS

569 CONTINUE

C. CALCULATE TIME OF POINT

C USE CHANNEL 1 COUNT CAUSE THAT UHOULD NEVER BE
C ONE OF THE CHANNELS THAT IS SPFCIAL AND HAS
C ERROR INVICATIRS.

C

TTIME-FLOAU'K)N(4))*0 O01*COjUNT( I)

C

C. WRIIE HEADER TO LINE PRINTER

C WRITE(6,9110) (ITITL(I),I~L.164)

9110 FORMAT(/////. lX.64A,2)

WRITE(6,9100) IKONS(2).KONS(1),
1. ITIME2. [DATE. ITIME. KONS(4), TTIME

9100 FORMATW/ P 0 1 N T ', ,5X, 'R U N', 10,
I 'TIME OF RUN', 5X,4A2, //,
2 'TIME AND DATE OF ANALYSIG',5X.4A2.Ai.3X,4A2.//.
3 ' S C A N 11 E R 1 0 D r 15o' M S ', IOX.
4 ' DURATION OF POINT 'F15. 3, S L C'//)

C
C

WRITE(6. 90000)
90000 FOJRMAT(IX. 'C H ',JOX,''C H 1 11',

I t3IX.'M E A N', lOX, 'M A X'. lOX.
2 'M I N'. LOX, 'R M S', lO6. 'C0UNT',)

c:
c
C. WRIIE PARAMETERS TO LINI PRINJER
C

DO 1100 1-'1l,NCOMM
WRITE(6.9010) I. (ICHID( 12. I), I2ml-t,
1 XDAR( I). AMAX( I), AMIN( 1). HMf.C( 1).CflUNT(i1
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9010 FORMAT(I5, 13X, 5A2, tOX, IPEII 4.
1 5. X,IPEII.4,4,IPEl1. 4,4, IPEIJ. 4,4Xo IPEI1. 4)

1100 CONTINUE
WRITE(6, 9999)

9999 FORMAT(HI )
C

RETURN'

C

END

Subroutine AVORMS

SUBROUTINE AVGRMS(DDUFF, NCOMM, NADC, AVG. RMS, MAX. MIN, COUNT)
C
C
C
C
C
C

C WRITTEN BY JOHN DAVIES 15-MARCH-1976
C
C MOD 2 BY NEI) W. RHODES 11-MAY-76
C MOD 3 BY NED W, RHODES 15-MAY-76
C MOD 4 DY JOHN DAVIES 7-NOV-78
C MOD 5 BY NED FOR THE CORT 23-JUL-79

C THIS SUBROUTINE READS ONE FILE FROM A CID STANDARD DATA TAPE.
C IT COMPUTES THE AVERAGE, RMS, MA- & MIN FOR EACH DATA CHANNEL.
C THE PROGRAM COMPUTES AND RETURNS d.VERYTHING IN COMPUTER COUNTS!
C
C
C CALLING SE(JUENCE:
C
C CALL AVGRMS(DBUFF, NCOMM, NADC, AVG. RMS, MAX MIN COUNT)
C
(: WHERE:
C
C DBUFF A 1920 WORD INTEGER ARRAY IN THE CALLING
C PRO.RAM THAT WILL iE USED TO BUFFER THE DATA
C INTO IHE COMPUTER,
C
C NCOMM TOTAL NUMBER OF CHANNELS MULTIPLEXED IN DBUFF

C NADC NUMIER OF CHANNELS FROM THE ADC MUX
C
C AVG A REAL VECTOR WHERE THE AVERAGE WILL BE STORED

C RMS A REAL VECTOR WHRE THE RMS WILL BE STORED
/

./
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~C
C MAX AN INTEGER VECTOR WHERE THE- MAX WILL. BE STORED
C
C MIN AN INTEGER VECTOR WHI-RE THE MIN WILL BE STORED
C
C COUNT A REAL VALUE CONTrAINING " HE NUMiER OF AVERAGER
C PERFORMED IN AVGRMS
C
C
C
C

C NOTE:
C 1. THE CONSTANT RECORD MUSI BE READ BEFORE
C CALLING THIS SUJROUTINE

C
C
C

INTEGER DBUF (1)
DIMENSION AVG(I),RMS(1),MAX(1),NIlN(1)
REAL COUNT(32)

C
C
C. INII1ALIZE!
C
C

DO 1 I=1,NCOMM
COUNT(I) - 0.0
Av';(I)-O. 0
P°'S ( I )-0. 0
MAX (I )--32767
MIN( 1)=32767

I CONTINUE
C

C. READ THE NEXT DATA RECORD
C

C 5 CALL ] REED(DBUFF, NCOMMNADC, ISTA1 )
C

C
C. CHECK FOR END OF FILE
C

IF(ISTAT.EGM-)GO TO 30

C
C
C. SET POINTER WITHIN DAA BUFFER TO ZERO

C
IPT=O

C
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C
C COMPUTE THE SUM, SUM OF' THE SGUARES, 'tAX, MIN, & TOTAL OF SCANS

C.. OF EACH CHANNEL RECORD BY FE(OND
C:

DO 10 r-,, isTAr
DO 10 II.N(OMM
IP r=IPT4 I

I . , IVALUE.DI3UFF(IPF I)
VALUE m" IVAILUF
AVG( I )=AVG( I )+VAI.U[
RMS( I )=RMS( I )+VA UE ,VAl.UE
IF(IVALUF. GT MAXfr ) MA), I., .IVALUE

IF( IVALUE LT MI.I MI' I hl I IVALUE
COUNT'( I :CUNr f -- 1 0

1 C'NT I N.)F
(.

C
C GO READ ANOTHER DATA RECORD

GO TO 5
C:
C
(.

C. WHEN AN EOF OCCURS WE ovu HERE
C
C CAL.CULATE THE' AVERAGE" AND) RMS
C

30 DO 40 I=NCOMM
IF(COUNT(I) EQ.O 0) O00O 41
AVG(I)=AVG(I)/COUNF(y)
RMS( I ) =SGRT (A13S(RM5 ( I )/COUNT( I )-AVG ( I ) *AVG..( I )) )

GOTO 40
41 AVG( C) - 0 0

RMS(1) C). 0
40 CONTINUE

C

RETURN.

, brut .i np DR11))

SUBROUTINE DRtED( IDUFF, NCOMM, NAD(C, IOTAT)
C;

C ROUTINE TO READ A CID/PDP DATA TAPE. THIS

C ROUTINE WILL READ A DATA RE.CORD, SHIFT DATA

C AND LET CALLER KNOW HOW MANY ,CAN: JN TrHE RNC D.

C
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C CALL DRLAD(IBUFFNCOMMNADC, ISTAT)
(I

C IBUFF - 1920 WORD BUFFER IN CALLING PROGRAM TO HOLD DATA
C NCOMM - NUMBER OF CHANNELS COMMU7TATED
C NADr - NOT USED IN THIS VERSION
C ISIAT - RETURNED VALUL. + NUMBER OF SCAN/RECORD
C - ENT) UI: 1I LE ENCOUNTERED

DIMENSION IBUFF(i)
DATA IFILL/-27703/
DATA IM'T10/

C FILL. CHARACTER
C

I STAT 19.O/NCOMM
LPOS= I STAT*NCOMM

C

C READ DAIA RECORD

CALL BFINP(IMT, IBUVF, 1920)
IF(IEOF(IM72). GE. 0) GO TO 10

ISTAT:=-I
RETURN

C;

C CHECK FOR FILL CHAR IN LAST POSITION

C:
C

C FIND LAST SCAN OF GOOD DATA IN RECORD
C

4 J=LPOS-NCOMM+1
DO 5 I= t, J, NCriMm

6, 1,51 Ai:= (I I1 ) INC ()MM

C;
C
C FIX DATA BUFFER
C

3 IPT - 1
IDIF - NCOMM - NADC
DO 20 J 1 1 IS'AT
DO 21 1 1,NALIC
IBUFF(IPT) IDUFF(IPT) - 2040 !CONVERT TO 4/- COUNTS
IPT - Ipr + i

121 CCINTINUE
IPT - IPT + IDIF !SKIP OVER DIGITAL CHANNELS

20 C ONT I NUE
RETURN
END
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APPENDIX C

HEADER LOGS FOR M/V S.J. CORT DATA RUNS

A listing of the header logs for all data runs taken during the course of

the Fall wave/stress/pressure measurements on the CORT follows the text of this

appendix. These logs contain information as to the ship's speed, heading, loca-

tion and draft in addition to the observed wind and wave conditions existing at the

time of the data run. Also Included in the logs is information pertaining to the

date of the run, time of day and remarks before and after the run which might pro-

vide additional information about the run.

The location reported in terms of North latitude and West longitude is the

best estimate by the mate on watch as to the actual location of the ship at the

start of the data run. Vessel speed was determined by the mates on watch by log-

ging distance covered over a period of time. No direct reading of ship speed is

available. Vessel heading is that read directly from the ship gyrocompass. The

wind speed and direction are the true wind speed and direction existing at the

Start of the data run as computed at that tipe. Wave height and direction are

based upon visual estimates of the sea running at the start of the data run. The

wave height indicated is a visual estimate of the significant wave height (one

third highest) observed before the data run was begun. The wave direction indi-

cated as a visual estimate of the direction of the predominant sea running at the

time of the run and is given in terms of where the waves are coming from. As an

example of how to determine the wave to ship heading angle we will look at RUN 77,

The vessel heading is given as 256 degrees and the wave direction is given as 250

degrees. Then with the ship heading on a course of 256 and the waves coming from

250 degrees, the ship would be encountering the waves from 60 to PORT of the ships

bow.
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This would be classed as a head sea case in the groupings used in the text.

The vessel draft indicated is the draft at the ships' bow. To establish the

trim of the ship for a particular run, Table Cl should be employed to determine the

ships draft amidship and aft. For example, if the vessel draft indicated in the

log is 15 feet, the corresponding drafts for forward, amidship and aft would be

15'4" forward, 16'11" amidship, and 19'8" aft respectively. These drafts are based

upon the different ballast conditions that the ship operates at during the upbcund

trip. During the downbound or loaded part of the trip the ship draws 27 feet with

no trim.
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TABLE Cl - CORT DRAFTS FOR LOAD/BALLAST CONDITIONS

CONDITION LOG, ENTRY DRAFT FWD DRAFT AMID DRAFT AFT

Ballast Code I 12'-12' 12' -5" 15' -8" 19'-6"

Ballast Code 2 15'-16' 15'-4" 16'-11" 19'-8"

Ballast Code 3 17'-18' 17'-0" 18'-ii" 21'-3"

Ballast Code 4 191-20' 20'-7" 20'-7" 22'-0"

Ship Loaded 27' 27'-0" 27 ' -0" 27' -0"
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Maindeck and bottan strain gauge time
histories for the 8 zoxditions listed
in Table 2.

Notes: (a) DT in Run # stands for DTNSRDC

(b) 1800 second plot is total run
data plotted on single graph

(c) 550 seconds plot is the first
part of each run

(d) Note the assymmetries in the
maindeck data. The cause of this
is the subject of further
investigations

(e) Approximate engineering conversion
units:

Maindeck 19.52 psi/count

Bottom 19.21 psi/count
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American Bureau of Shipping

ABS has submitted updated versions of the
vertical bending moment transfer funtions
for the !/V1 STEWART J. CORT. These versions
are shown in Parts A, B, and C of this
Appendix. Part C is the most recent version
and was extracted from:

American Bureau of Shipping
Ocean Engineering Division
Technical Report OE-81001

"Evaluation of Analysis Methods for
Predicting Pull Girder Dynamic
Responses in Waves"

January 1981
Y. N. Chen
J. W. Chion

Part A: "'r~'ansfer Functiong of Vertical Bending
'loment Amidships for /V STEWART J. CORT" ...... pg. E-2

30 May 1980

Part B: Jodate - "I/V STEWART J. CORT Full Scale
Instrumentation - Comparison of Vertical
Bending Moments Amidships" ...................... pg. E-13

3 September 1980

Part C: Update - "Revised vertical bending moments
amidships for the original 8 conditions
listed in Table 2 of main report" ............... pg. E-34

January 1981
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Part A

Transfer Functions of Vertical Bending Moments
Amidships for M/V STEWART J. CORT

30 MaY 1980
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44 DL/ml

30 May 1980 RD-1

Lt. Mark Noll
U.S. Coast Guard Headquarters (G-DMT-l/TP54)
2100 2nd Street, S.W.
Washington, D.C. 20S93

Subject: Transfer Functions of Vertical Bending
Moment Amidships for M/V STEWART J. CORT

D.ar Lt. Noll:

Enclosed please find oilr theor-tical results of the subject
analysis, which are presented Ln both tabular and graphic
forms. The analysis was performed for the eight conditions
specified by Capt. Veillette's letter of 5 March 1980, addressed
to our Dr. H.H. Chen. In our calculation, the load distribution
which has to be input to our computer program was obtained by
adjusting the loading conditions that were sent to Dr. Chen
in a subsequent letter of 14 May 1980. The adjustment was made
so that the forward and aft drafts were the same as given in
the 5 March 1980 letter. Therefore, the load distribution
used in our calculation may be different from the actual case.

Kindly notice that in the tables enclosed herewith, we and w are
the frequency of encounter and the wave frequency, respectively.
Mv is the vertical bending moment amidships of the ship in a
wave of one foot amplitude. Thus, Mv is the transfer function
of vertical bending moment.

We understand that DWTNSRDC will compare the calculated transfer
function with the measured data. We would appreciate receiving
the final report on the correlation, whenever it becomes available.

TILEP04ONE:212-440-0300 CASLE ADDRESS RECORO'TWX:710-581-3089 TELEX! ITT 421966 RCA 232099 WUI 620353
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AMERICAN BUREAU OF SHIPPING PAGE Two aart. To: DL/ml

TO Lt. Mark Noll DATE 5/30/80 PiLt *it: RD-1

Should you have any questions regarding our calculation,

please feel free to contact Dr. Chen at (212) 440-0466.

Very truly yours,

AMRICAN BUREAU OF SHIPPING

Stanley G. Stiansrsn
Vice President

By: ~ i e

Chief Research)gne

E-4
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Part B

Update - '"V SdARr J. (XRr Full Scale Measurements-
Ccparison of Vertical Bending Mments Amidships"

3 September 1980
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4' . I... DL/HHC/Ml
September 1980 .LHRC-3

Captain H.M. Veillette
Chief, Marine Technology Division
U.S. Coast Guard
Washington, DC 20593

Subject: M/V STEWART J. CORT Full-Scale Measurement-
Comparison of Vertical Bending Moments Amidships

Dear Captain Veillette:

This is to acknowledge receipt of your letter of 19 August 1980,
addressed to our Dr. H.H. Chen, regarding the subject matter.
In your letter you forwarded materials on the comparison of
measured vertical bending moments amidships with the results
calculated by ABS and Webb Institute for the subject ship. It
was also requested that we provide you with the low frequency
dynamic bending moments computed with the program ABS/SHIPMOTION.
We have reviewed the comparison, and offer the following comments:

1) The transfer function of vertical bending moment that we
provided for the comparison was calculated by our program
SPRINGSEA-II. The agreement between our results and the
measured dat in the high frequency (springing) range, as
well as the significant value of springing bending moment
is, indeed, very encouraging.

2) The bending moment transfer functions computed by the program
SPRINGSEA-II are also valid in the low frequency range. In
order to demonstrate this point, we have employed ABS/SHIPMOTION
to calculate the low frequency transfer functions for the 8
conditions which are considered in the comparison. Results
obtained are superimposed over the transfer functions generated
by SPRINGSEA-II, mentiuned in item 1. These results are
dibplayed in Figures 1-8 enclosed herewith. Very close
agraement is evident. On account of the confidence accorded
to the ABS/SHIPMOTION results, the transfer functions of
SPRINGSEA-II in the low frequency range are thus judged to be
correct.

TELEPHONE 2 12 AA 0300 CABLE ADDRESS 'RErORD" TWX 710 581 3089 TELEX' ITT 421966 RCA 232099 WUI 620353
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AMERICAN BUREAU OF SHIPPING PAGE TWO tEFER TO: DL/HHC/ml

TO Captain H.M. Veillette DATE 9-3-80 FILE RtF: RD-3

3) We understand that the transfer function deduced from
measured data is taken to be the square root of the
measured bending moment spectrum divided by the measured
wave height spectrum. It is expected, in general, that
reliable results can be obtained from this procedure,
provided that both bending moment and wave spectral
ordinates are sufficiently large for producing non-biased
data. This is not the case in the low frequency range of
all 8 cases under consideration as evidenced by the small
values of the wave spectra transmitted to us by your letter
of 2 June 1980. In all cases, the wave energy in the low
frequency range is seen to be extremely small. Hence,
comparison should not be made in this range, unless similar
data can be gathered under much more severe sea conditions
where significant wave energy exists in the lower end of
the wave spectrum.

4) Possible discrepancy between the analytical results obtained
from Webb's computer program and the ABS programs had been
suspected during the course of development of the ABS 1978
Great Lakes Bulk Carrier Rule for longitudinal strength.
Attempting to resolve this issue, we had requested and
subsequently received a program from the Coast Guard. This
program was developed by Mr. T. Zelinsky at Webb, which, as
we understand, is for head seas only. Previous comparison
for Great Lakes vessels in head seas indicated that agreement
between programs in our possession and SPRINGSEA-II were quite
good in the high frequency range. This is illustrated for the
Cort in a ballast condition by the display of Figure 9 enclosed.
In the low frequency range, the Webb formulation is not expected
to be valid and the agreements are poor. This point was estab-
lished through our communication with Mr. Zelinsky at that time.
In regards to the poor agreement between the analytical results
obtained by ABS and Webb as exhibited in the comparison, it can
be traced to a number of possible sources, among which are the
appropriate use of the Webb program in non-head seas conditions
and the discrepancies among the several versions of Webb's
program. We have no ready means to investigate these pos-
sibilities.

-2-
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AMERICAN BUREAU OF SHIPPING PAOE Three trait To: DL/HHC/m1

TO Captain H.M. Veillette DATE 9-3-80 PILE REP: RD-3

We believe the enclosed comments will provide som explanation
as to the differences between the calculated and uieasured bending
moment transfer functions. If you have any questions regarding
our comments, please do not hesitate to contact Dr. H.H. Chen
at (201) 440-0466.

Very truly yours,

AMERICAN BUREAU SHIPPING

Stanley G. Stiansen
Vice President

By:AAA

Chief Research Engineer
Encl:

-3-
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7 April 1981 J RD-i

Captain H.M. Veillette
Chief, Marine Technology Division
United States Coast Guard
2100 Second Street, S.W.
Washington, DC 20593

Dear Captain Veillette:

With reference to our letter dated 17 March 1981, we have now
completed the technical report entitled "Evaluation of Analytical
Methods for Predicting Hull Girder Dynamic Responses in Waves",
Report No. OE-81001 by Y.N. Chen and J.W. Chiou. We are now
forwarding this report to you in the enclosure. The revised transfer
functions corresponding to the eight cases selected from the Coast
Guard's full scale stress and wave measurement program are contained
in Appendix B. In addition, comparisons have been made in this report
between our approach and the formulation of Goodman which has been
programed for the Coast Guard by Webb Institute. We would like to
thank you again for making the latter computer program available to us.

We hope this report would provide interesting reading. Meanwhile, we
are looking forward to receiving the draft-of the DTNSRDC report and/or
its appendix as mentioned in our 17 March letter.

Very truly yours,

AMERICAN BUREAU OF SHIPPING

Stanley G. Stiansen
Vice President

By: d
...Donald LiuK/I

Chief Research Engineer

Encl:

TELEPHONE. 212-440-0300 CABLE ADDRESS "RECORD" TWXV 710581-3089 TELEX: ITT 42f966 RCA 232099 WUI 620353
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SThe following pages are excerpts 3
*'frcm Technical Report below "

AMERICAN BUREAU OF SHIPPING
OCEAN ENGINEERING DIVISION

TECHNICAL REPORT

OE-8100i

EVALUATION OF ANALYTICAL METHODS

FOR
PREDICTING HULL GIRDER DYNAMIC RESPONSES IN WAVES

BY

Y, No CHEN

J, We CHIOU

JANUARY 1991-

Revised March 1981
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AMERICAN BUREAU OF SHIPPING

ABSTRACT

A step-by-step synthesis of the analys s for the dynamic
response of the hull girder to wave ex itation based on
various formulations is presented. As ects examined in
the present work include'those for the determination of
wave exciting forces, for the analysis of vibratory
motion, of the damping prediction, and those for the long-
term prediction in the realm of longitudinal strength
evaluation. Sources of discrepancy among analytical
methods are identified through quantitative comparison.
They are also compared with results deduced from full
scale measured data. The latter is analyzed by the
application of the modified "partial spectrum" method
for damping evaluation and by the Ochi long-term method
for extreme value extrapolation.

E-37
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(page 1)

I INTRODUCTION

A major consideration in the evaluation of a ship's longitudinal

strength is the dynamic response of its hull girder under the in-'

fluence of wave action. In this connection, the capability of the
/

hull girder is primarily measured by the combined effect of three

bending moment components, namely, the bending moment induced by

the direct action of the waves, the bending moment induced by the

rigid body motion of the ship, and the bending moment attributed

to the dynamic amplification of the hull structure's vibratory motions.

(page 3)

It is interesting to note that the Coast Guard has under-

taken a full scale wave and stress measurement project during

the 1979-80 season onboard of the Great Lakes bulk carrier

Stewart J. Cort which results in producing a number of transfer

functions (RAO) of bending moment. Preliminary comparison in-

dicates that the calculated results of SPRINGSEA-II compare

somewhat more favorably than the first method. Nevertheless,

such comparisons are not conclusive. Limited comparison between

analytical results obtained from the aforementioned computer pro-

grams indicates that the discrepancy near the springing peak of

- the transfer function may differ by a factor of 2 or higher. Al-

though this observation is by no means conclusive, the large dif-

ference in itself is a manifes-tion of how unsettled springing

analysis remains. . E-38
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(page 4)

In dealing with the synthesis of analytical determination

of the vibratofy motions, a simplified method, based upon the

classical Hamilton variational principle is developed. This

method, on account of its simplicity, offers the possibility

of investigating the step-by-step excursion of the two basic

methods of References (1, 2, 31, and Ref. [4).

In a way, the present energy method serves as a tracing

mechanism. In order to separate the issues of wave force cal-

culation and methods of vibration analysis, the computer program

for the energy method is designed to accept wave-induced forces

as input information but the motion (rigid body) induced force

is determined within the program. Other than this aspect, the

energy method can also stand on its own as a complete method for

the determination of the transfer function, valid throughout the

entire frequency range provided that the wave-induced force is

valid in such a range.

The pre3ent energy method has been used to calculate transfer

functions of bending moment of the Stewart J. Cort for eight load-

ing conditions in conjunction with the aforementioned stress mea-

surement project undertaken by the Coast Guard.

E-39
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VIII CONCLUSION

A step-by-step synthesis of the analysis for the dynzmic

response of the hull girder to wave excitation in the context of

longitudinal strength has been presented in the preceding sections.

The Great Lakes bulk carrier M/V Stewart J. Cort has been selected

as an illustrative example. Through the comparison of results at

various stages, the following conclusion can be drawn.

1. The discrepancy in the computation of transfer

function (or RAO) is traced to, primarily, the

method employed in the calculation of wave-

induced forces. As for which of these methods

is more preferable, it appears that the method

of Salvesen et. al employed in Ref. (133 should

b used by infeience to the comparison of long

term results. Other methods for computing the

wave-induced forces are valid in the low frequency

range but the corresponding wave excitation is

judged too high in the high frequency range.

E 4.0



AMRIUCAN BUREAU OF SF PPING

APPENDIX B

The present energy method has been utilized to compute

transfer functions for comparison with the USCG wave and stress

measurement project mentioned earlier. To the purpose, the theo-

retical transfer functions corresponding to the following eight

cases have been obtained.

DRAFT_______..... . Ship-Wave
Condition Speed (MPH) FWD MID AFT Anqle (Degrees)

1 14.4 19'11" 2017" 2210" 6

2 14.4 19'111 20'7" 22'0," 11

3 14.7 27'0" 27'00 27'0" 6

4 14.2 27'0" 27'0" 2710" 9

5 13.5 27'0" 27'0" 27'00 23

6 13.5 27'0* 27'0" 2710" 10

7 11.6 19'0" 19'i11 21'3" 0

8 11.6 19'11 20'7" 22'0" 20

The resulting transfer fw.tions of vertical bending moment

amidship are tabulated below and they are displayed in Figs. B-1

to B-8.

-87- E-41



AeqwLUTE FFEGIUENCT f'iz
D.Hs o. 0 0.29

M/V STEWART J. COAT

! TFNFER FNTO

DRFFT FWD uISFTIIIN

AFT a 22FT CIN

: 1 S~I pEnD = 1. MPFH

-,

. ..... .i N . ....... ....... ....... .......... ... ....... .. ....

cc a

--- ---7. ... .. ............K ...

..... ... .... .. ..

j
... .... ...... . ...... ...A... .  .........

.. .............. .. ........ .... .. .... _.. ...... ...

..-6 . ...... %.... ....

0.1!0 0.15s C. 2-. .2 0.30 0.34,
ENCOUNTER FR9EQUENCY NIZ)

Fig. El -Transfer Function, Case 1



ROSOLUTE FREQUENCY . ItZJ
6.30 3.05 * 0.09 0014 0.1e 0.2?? 0.25 0.29

M/V STEWART J. CORT

9 TRANSFER FUNCTION{ RAT FWD I9FTIIIN
St RAF AFT - 22FT DIN

s. SHIP SPEED - 1'&.' MPH .....
HRING ANGLE = 11.

A SE 2

........ ...... .... .. ... .. .... ..... ..... . ...

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

*0 50.15 0.20o 0.25 0.30 0.35
ENCOUNTER FREQUENCY (HZ)

Fpig. B2 Transfer function, Case 2
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RIOLUTE FR!LENC~ !HZ1
V9~ 0. ii 0.i .22 0.26 0.2Z9

M/VSTEWART J. CORT

VTFZN~rF9 FUNLCTION

0 RAF T NO - 27 FT.

AF -F F27 FT.

SM 5 IP SFEED - NL.7 XIH....... ...

P'~ S E E2

L-I

Lai

...... ...- . .....!.

.is 200.25 0.30 0.3
E N COU-NTER F P E 0U ENCY CHZI

Fig. B3 -Transfer function, Case 3
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-ABSOLUTE FREGUENCT (IIZI
0.00 1.05 0.09 0.1's 6018 0.22 0.26 0.29

M/V STEWART J. COAT-f -

3- TRANSFER FUNCTION

DRAFT FWD a 27 FT.
AFT a 27 FT.

4 SHIP SPEED - 14&.2 MPH____
HEADING ANGLE a 9.

~ tCASE 4~

O~. ........

- ~ ... ,.... -...- - -- " - - -.

E--5



ABSOLUTE FREOUENCT (HZ)
6.O0 0.05 0.09 0.1'I 0.10 .2 0.21 0.10

M/V STEWRT J. COAT

a THP.NSFEP FUNCTION

DRAFT FWD a-27 FT.

AFT a 27 FT.

C; SHIP SPEED a 13.5 MPH . .........-....

HEADING ANGLE a23.'

CrSE 5

-

,-0

C

Zn'

cb :1 01 .0 0.25 0.0 0.35ENCUNERFRECUENCY (HZ)



AB5OLUTE FREQUENCY IHZI
6.00 1.05 0.9 0.14 0.1e 02 0.2 0.10II 4 I ' I

Il/V STEWART J. COAT

8" TRANSFER FUNCTION S I

DRAFT FWD m 27 FT.

A FT a 27 FT.

SHIP SPEED a 13.5 MPH ___

HEADING ANGLE = 10.'

CASE 6

'S'

LL.

...... ...-

.. ..

s 's
C .

.05 0.1 0 .15 0.O ?O .e Os.30 0.35ENCOUNTER FREQUENCY IHZ)

rig. B6 - Transfer functiont Case 6-
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lBSOLUTE FREQUENCY (HZJ
.VT 1.05 0.;0 0014 .10 0.22 0.26 0.3j /V STEWART J. COAT

3- TRANFER FUNCTION

DRAFT FWD's IeFT OIN

F RT -2FT SIN

SHIP SPEED - 11.6 MPH __.........__

HERDING RNGLE - 0.'

CASE 7

CI . . ..... ....

.. ...

z *

.0

Lai
z|

I 11 1

;I I

_ _ i I _ _

-. 5 0.1 0.13 0.20 0.2u 0.50 0.35
ENCOUNTER FREQUENCY (HZ)

FiJg. B7 -Transfer functiton Case 7
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MDOUME FREQUENCT (hZJ
0.10 3.O5 0.10 O.M OS 0.22 0.V? 0.10

Il/V STEWART J. CORT

9 TRANSFER FUNCTIONI

DRAFT FWD - ISFTIIIN

AFT - 22FT DIN

5 SHIP SPEED - 11.5 MPH____ ___

HEADING ANGLE - 20.

CASE 8 f

i.

z

LISS 0.1 0. 020 0.2 es 0.3 0.35
ENCOUNTER FREQUENCY (HZ)

Fig.59 -Transfer function, Can~a 8
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University of Michigan - (Armin Troesch)

"Theoretical Estimate of the RAO for the
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THE UNIVERSITY OP MICHIGAN

DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING

NAiME BUILDING. NORTH CAMPUS
ANN ARBOR. MICHIGAN 40109

(13) 7644470

October 31, 1980

Lt. Mark Noll
G-DMT/TP54
U.S. Coast Guard
Washington, D.C. 20590

Dear Mark:

Please find enclosed the brief description of my method of predicting the
M/V SJ Cort response amplitude operator. The emphasis of the work is on veri-
fying the form of the equation of motion, and the magnitude of the excitation.
Both of these seem to be reasonably predicted by the approach shown. I am sorry
that I could not get the results to you earlier.

If there are anyquestions, just ask. Also have a good trip this November.

Sincerely,

Armin Troesch

AT:ab
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Department of Naval Architecture

and Marine Engineering

The University of Michigan
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Theoretical Estimate of the RAO for the M/V Stewart 3 Cort

Prepared by Armin W. Troesch, P.E.

University of Michigan

The purpose of this brief paper is to give a detailed description of how

the results of the ABS/MARAD funded Springing Project can be used to predict

the RAO for the midship bending moment of a Great Lakes bulk carrier. For the

sake of Lrevity, only the case of resonant response in head seas will be

considered. For the off-resonant frequencies, the method is essentially the

same.

As described by Troesch (1980), there is little or no coupling between

springing and the rigid body modes of motion of heave and pitch. Let us also

assume that 1) there is little coupling with the higher mode shapes and 2)

that some of the hydrodynamic aspects of full. scale flexible ship can be

approximated by the hinged model used in the experiments at the University of

Michigan. The uncoupled differential equation describing the normalized

springing response, q2 , for the hinged ship is then given as

q2 (a2 2 A 2 2 ) + q2 (b2 2 +B 2 2 ) + q2C22 = Mo('+A/1F) + E2  . (1)

For an explanation of the various coefficients see Troesch (1980). It is only

important here to note that

M0 - -ks(1 + LA/iF) q2 (2)

where M0  is the midship bending moment and k, is the internal spring

constant.

Now definp an internal spring constant, c2 2 , as

c22 - ks(1 + IA/IF)
2

and also the damping ratio, C , as

(b22+B22)w0 b22 + B22

2(c 2 2+C 2 2 ) 2/(c 2 2 +C2 2 )(a2 2 +A 2 2 )

where w0  is the natural Frequency in springinq.
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my using the above definitions and equation (2), the solution for the

springing response to sinusoidal excitation is

22* (3)~oq2 " -(,22+A22) a-,./o)1 o/ .0 3

Here L is used as an imaginary notation and equal to vT. By manipulating

the abov expressions, the bending moment at midship can be shown to be

no r 1
L(l -/2/W2)+i 2C./wJ.1 02(a 2 2+A2 2 ) )L+tw/t1

Troesch (1980) contends that there is little hope of theoretically

predicting the total springing damping, 1b22 + B22 ) , and so empherical

information must be used. 'n this study, we will use full scale data t3

estimate both the damping ratio, C; , and the natural frequency, w0 . The

other terms will be calculated or estimated from experiments,

If 12  in equation (4) represents the excitation due to an incident wave

of unit amplitude and frequency wne , then M0 can be written as M0 (we )

the response amplitude operator (RAO) of the midship bending moment. At

resonance (i.e. we-w0 ), the total bending moment becomes

KC) -- C2 2  15
0- -1+A/1)(12c) WI(a22 A22)j "

If we knew the values of the various terms in equation (5), we could

calculate the first order RiO. Noll (1980) gives a range of vaiues for C

ind W0  for the SJ Cort in various loading conditions. Restricting our.

attention to the full load condition, the average values are the following:

Cave 
- .0154

and

N0ave - .303 hz.

If the more recent data from the fall 1979 SJ Cort measurements are examined,

the full load natural frequency for that set is close to 0 ..32 hz. Both of

these natural frequencies, will be used in the calculations.
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The ship length to wave length ratio for a given frequency of encounter

and ship velocity can be found from the following expression:

I), - L(-9' + Vg +SwUw )2 /SwU 2  . (6).

Zn equation (6) the ship's length L s the gravitational constant g

and the forvard velocity U must all be in consistent units. The frequency

of encounter, I , s in cycles per second, I.e. hs. Setting me0N0303 he

or .32 ha and letting U take the values of 14.7 mph, 14.2 mph, and 13.5 mph

the LA ratios at resonance can be calculated and are shown in Table 1.

Table I L/A Values for w.w0

V L/A L

(mph) (w0 -.303 hz) (w0-. 32 ha)

14.7 5.95 6.43

14.2 6.08 6056

13.5 6.26 6.76

With these values for L/X and Figure 11 in Troesch (1980), the

magnitude of the first order excitation, N2 , for the model can be

determined. The hydrostatic restoring coefficient C2 2 can easily be

calculated and the model inertia and added mass, &2 2 +A2 2 , can be road from

Figure 6 in Troesch (1980). Equation (5) then can be used to determine the

magnitude of the first order transfer function, M0 (w0 ). Table 2 summarizes

the calculations for the RAOs.

Zn relationship to Table 2, there are two points worth noting. First,

the generalized excitation 12 and normalized mass coefficient a2 2+A 22 used

in equation (5) are for a hinged ship, i.e. two rigid halves connected by a

flexible 'pring at midships. This only approximates the full scale structural

dynamics. And secondly, the damping term r; is only an average. The actual

range of values varied from .006 to .025, a decrease of 39% to an increase of

621. Since 142 is inversely proportional to C, it also can only be

considered as an average.

If the RMO for other frequencies is desired, equation (4) can be used in

a fashion similar to that already shown. Such calculations for the model were
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Table 2- Various RAO's for the W Cort at Resonance

n .303 hz

U 2 (model) H2 (full scale)
(mph) (ft-lbs/ft) (it-tone/if)

14.7 93 169,200

14.2 37 67,300

13.5 58 106,000

wn .32 hz

U E2 (model) M2 (full scale)

(mph) (ft-lbs/ft) (ft-tons/f)

14.7 130 237,000

14.2 148 269,000

13.5 128 235,000

done by Troesch (1980) and the results plotted in Pigur6. 17 and 18 of that

work. (A copy of Figure 18 is included here as an illustration.) See Troesch

(1980) for details.
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CENTER FOR MARITIME STUDIES
WEBB INSTITUTE OF NAVAL ARCHITECTURE

CRESCENT BEACH ROAD 4LEN COVE. NEW YORK 11542

January 19, 1981

SPRINGING CALCULATIONS ON THE STEWART J. CORT

USING LINEP% THEORY

by R. D. Sedat

Spring ng is a wave induced vibration of a ship's hull which can

contribute ubstantially in certain circumstances to the total bending

moment. As' prediction of these bending moments in the design stage is

necessary to ensure adequate longitudinal strenqth, the U. S. Coast

Guard underteok a 'comparison of measured bending moments on the STEWART.

J. CORT and those predicted by linear springing theory.

The Center for Maritime Studies (CMS) staff at Webb Institute of

Naval Architecture has been working on the springing problem for some

time. They have utilized as their starting point the basic linear springing

theory proposed by Goodman (1). Hoffnan and van Hooff modified this

theory somewhat to take into account speed effects on added mass and

damping. Zielinski then programmed their work for ease in making predictions.

These modifications are thoroughly described, along with program- documentation,

in References (2, 3, 4 and 5), so they will not be reiterated here.

Under contract with the U. S. Coast Guard, Webb Institute of Naval

Architecture was asked to apply this program to predict springing induced

bending moment per foot of wave height for the. STEWART J. CORT, a 998'

Great Lake% ore carrier, under the following conditions:
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Draft

Case No. Speed (ft/sec) Fwd Mid Aft Offset File Heading 0 W

(rad/sec)

1 21.12 19'11" 20'7" 22'0" ofcor 3 174 2.205

2 21.12 19'11" 20'7" 22'0" ofcor 3 169 2.205

3 21.56 27'0" 27'0" 27'0" ofcor 1 174 1.960

4 20.83 27'0" 27'0" 27'0" ofcor 1 171 2.080

5 19.80 270" 27'0" 27'0" ofcor 1 157 2.073

6 19.80 27'0" 27'0" 27'0" ofcor 1 170 2.080

7 17.01 18'0" 1911" 21'3" ofcor 2 180 2.205

8 17.01 19'11" 20'7" 22'0" ofcor 3 160 2.205

.2 >we > 2.5 rad/sec

In order to calculate the springing response for these cases, Webb's

original head seas program was changed to account for other headings. This

principally involves a modification of certain terms in the exciting force

equation for wave headings which are not aligned with the ship's longitudinal

axis. Defining the heading angle as shown belod:

2 ikx(-cos B).
We = w+_ u (-cos 0) and e = . It can then be shown,.y e g ... .

(see Appendix I for sample derivation), that the following equations from

Report International Shipbuilding Progress, Vol. 23, June 1976.- No. 262,

pp. 192 - 193 become

G-3



Ori inal Eguation Updated

Equation 12(g) (-cos 0) * (Equation 12(g)Y

Equation 12(k) (-cos 6) * (Equation 12(k))

Equation 17(h) (-cos o) * (Equation 17(h))

Equation 17(m) (-cos 8) * (Equation 17(m))

(Appendix I also contains a comparison of the original head sea program,

SPM2Gl62, and the modified version, SPM2G163).

After modifying the computer program to include these changes,

preliminary calculations were carried out for all 8 cases. The results

of the full load predictions (Cases 3 - 6), plotted in AppendixIIl, are seen

to be slightly high, but in reasonable agreement with the peak bending moments

measured at resonance.

The preliminary results of the light load cases, however, were much

higher than the measured results. Accordingly, the remaining project effort

was directed towards explaining this discrepancy.

The offset files were available at fortyistations spaced between

perpendiculars. In the light load cases, however, the actual waterline

was slightly shorter. Since this change was ijss than 1% LBP, the available

offsets were-used to avoid having to interpol ie and fair new stations at

the ends.

Sensitivity studies showed that bending r.ic!,ents were not overly

sensitive to a precise calculation of the mode shape. Studies on heading

effects, however, revealed that calculated bending moments could be twice

as high at 1600 heading as at 1800.
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In several of the preliminary runs, the calculated speed dependent

added mass and damping v;ere of the wrong sign; i.e, overall damping should

increase and added mass decrease with forward speed. The program actually

carries out the integration of the local speed dependent sectional mass,

V oN' dm'
, and damping, -V (where N' and m' are the sectional

TX dx

hydrodynamic damping and added mass, respectively). It can be easily shown,

however, that if the added mass and damping at the bow are zero, then the

integrals, I dN' and I dm' reduce to the values of N' and m' at the stern.
dx dx

The program, however, approximates the derivatives by a simplified difference

method and the resultant numerical inaccuracy produces different answers.
*

The program was, therefore, modified so that the values of N' and m' at

the stern are used for the integrals. This change improved the agreement

between predicted and measured values slightly. Thus, data files for the

other light load cases were carefully checked and the program re-run.

The results of these calculations (Cases 1, 2, 7 and 8) are shown in Appendix III.

Conclusions

1. Webb's computerization of linear springing theory produces generally

satisfactory results for the STEWART J. CORT, at full load, operating in

mild sea conditions.

L.e., lines 1631 and 1632 of the program listing in Appendix I were inserted.

It can be seen, however, that the speed dependent terms are only a small
fraction of the total mass and damping.

Some errors were found in the interpolated added mass and damping values
used in the first set of runs. The correction of these errors showed that
calculated bending moments were also particularly sensitive to added damping.
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2. The calculation of speed dependent added mass-and damping was found to

be in error and has been corrected. Though these terms do not have a

large impact on the results, they show that the numerical techniques

used by the program for evaluating integrals involving dN' d m  and dX

involing ' d x dx

are highly approximate. Since integrals of these types also occur

in the calculation of the exciting force, there is a distinct likelihood

this calculation too contains significant numerical errors,

3. Heading effects appear significant and should be included in linear

springing theories.

4. Peak bending moments calculated by the Webb program for the light load

cases are significantly too high in three cases out of four. The

calculated exciting forces seem to be responsible for these high

bending moments. The following possible explanations are advanced:

a. Sensitivity studies have shown that results are quite sensitive

to variations in the hydrodynamic damping at the ends. Added mass

and damping in this study was determined by Frank Close-fit methods

at 40 stations between perpendiculars. At light drafts, LWL is

slightly different than LBP. To avoid interpolation of new stations,

and recalculation of added mass and damping coefficients, the

values calculated between LBP's were used.

b. Offset files were also created for 40 stations along the LBP.

c. Wall-sidedness about the waterline is assumed for the calculation

of exciting force. This assumption is more unrealistic for light

load than full, particularly at the ends of the ship.
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d. Calculated exciting forces may be subject to numerical inaccuracy,

as noted in Conclusion 2.

.Reasons a and b can be eliminated by use of exact station locations.

Reason d could be changed by using a cubic spline technique to evaluate

more accurate derivatives. Reason c, however, cannot be changed without

extensive modifications to the program. Thus, until these changes are

effected, light load predictions by Webb's linear spring program should

be regarded skeptically.

/
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SAMPLE DERIVATION

For example, the termi in Equation 12 becomes

-kd* f kd* e ikx(-cos 8) X(x) dx

Now integrate by parts,(-o Xx)dn

I..iW{ in V ekd e ik~o )X(x) L -j Jm' d (V ekd e Ik(c~8X(x))

Eqn. .12(h) A

-iwA-iw fi' kd* eIkx(-Cos 8) dX(x) + iw VJXx ' ek d~ L ikx(-cos 0)]
-iW iw fm e e d f Xx) m dx

Eqn. 12(i) B

B 2 iW Vfmu X(x) e-kd* e i kx(-cos s) (-ik-cos a) dx

-(-Cos 0) [-wVk fmu X (x) e-kd* e ikx(-cos s) dx I

Eqn. 12(k)

a (-cos 8) *Eqn. 12(k)
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COMPARISON OF HEAD SEAS PROGRAM4 (NO. 1) AND VARIABLE HEADING (NO.2)

14.227 SEC. 170 1/0)

READ)Y

TiEX

I:TC*R MATCH SIZE? 2
d 125 COMUMON MHEAD/ COSB, -1AVEN I ANSI (3) ,BETA1)

2 2 70 X X= -2. O*UOB*COS B/CRAV
2 271 IFC XX. CT .I.E-6)GO To 0
2 272 OXWEGAO=1EGAh
12 2 7-1CG To 7

2 74. CONTINUE
215,uEr=1 .O+2.OxXXwoMEGAE

2 276 IF(DEf. LT .O.)GO TO 9
2 27t 014 GA SO RT ( Ef-I . ) /X X

4 279 iCONTIIJUE
290 14 *eV EN=O()EGAw0:.4 EGA /G RAV

2 292 ;o ' ifA i CO
2 300 P-S ( I Z, 2 )2 .*P I/AV EI

I 2e70 XY=2.U*UO6/i;AV
1 280 OMGI= (SOT( .+2. *XX*O. tCAE)-1.0)/XX
1 290 A VE N =0M E3A xOME 'A./G;?A V
I .00 ilS ( IZ ,2)2 . xP InAV EN

le 352 AN'S I(I Z)=iETAD

k 442 GO To 10
2 444 9CONTINUE
;d 446 hP I TH(N TfAP E4,91
2 447 ;9WO5mAT(//D)X,.s6!-omCA IS UNDEFINd); CASF TE~owINATES. ,14X ,20H',tR'
2 44d &HEADING. )
2 449 1 CC0N ilINU

2 502 COhWit'N /HtAii/ COSb.JAVEN1 ,A14SI (j) ,FEThI

4 1192 *RITE(NTAPE4,I02)
;e 1194 ZEDCkJTAPh1 910) BETAC

2 119o COSb=CoS(PI*3EfAUi/I3C.0)

1311 102FO'.i.AT(lX,1HHiiEAL)IN0)
1312 ICjFOtMAT(FlO.O)

2 d42 CO,.M4044~ /HtEAU/ C0SB,.iA.VENI ANSI (3) BEtrAL)

2 2U9U CREMX()=CmPLXC-i4AVE.A*DST(1),bi.AVENI*Xl(I)
1 2090 CRE X IC.'1P LX (-wA V E!4*US ( I) N~AVl *X I I)
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2 219 0 FEX (5) =CO;.,P A*U(OB*ttAVEN I *CYd.PS
1 2180 CALLS.-'0'(..AVEN,1,CY.APS,Cc, IN,XL)EL)
1 21 90 FEX (5 )=C0i~PA*UOB*V,'AVEN*CYmPS

2 22 50 F EX (4) = -0 EUA *U )B *.N AV EN I *CYMP S
I 2240 CALLSPCOMP(.iAVEN,CYM'.PS,CO,I NH,XL;EL)

1 2250 F EX (4 )=-O"'EA*UOB*'# AV~ti*CYMiPS

le 2702 COMIMM; /HEAL)/ COSBO1 A VE11 ,ANSI (3) F PETAL)

;e 300O FqX ( I I ) =-CO,.iP A*Uob*,iA VEN)I *CY)APS
1 31 3%j FFX( I I )=-CO,4Ai)-kUOBAiVEN"*CY MPS

2e j ta F EX (4 ):,0. EGA*UOi3*i ' AVENI *CYIAP
1 31 80O F EX (4) =(MGA*UO*'fAV'EN*CYmPS

2 3782 C(,.*A) 4 ADI COSB,iA.VENI ,ANSI (3) ETAL)

2 3d 60 fP =,A V EIN IS- AC E
I j8 6 0 f1.= t VE N*b PACE

2 419,e COMMON /tAU/ COS8,.'lVENI , ANSI (-0 ,BETAD

2 4220 & uN! T!JD*o,uNIqrF*6 ,UNIrfbM*6,UNII'hL*6
d 4230 CHAPA CF ER DqAME *2 1 , ONAm E *2 1
2 42 4U OLME'16ION DIkAME(26)
2 4,25U LATAMM~ME/21t iS-HWPEiF * iAVE 'LEN($TH,
2 4z oO & 21iIEFFECTIVE 1. -AVE LENiJTH,

I 42e0 & UO! fND*O,UtJifF*6,JNll'bM*.. O
1 4230 CHARtCTER DiIAME*2I

I 4Z40 Uli4EN3ION UhA4, i(26)
1 4.?5u !jATAD;4AkE/21lSHIP/i-AVE LEN3TH

1 42 60 & 211iiAVE LENGTH'

2 4502 LDffAMiiAM1/2IHSHIP "EAUINo

2 4:5>1 L)rUIH/fUEG./

2 4o8,e 91IT F(NTA PE 4, 92D A-A E I ,U 11 H A NS I(U L=I,J)

12.352 SEC. 80 1/0
int AL)Y
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PROGRAM LISTING AND OFFSET FILES
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SPP2C163 29 DEC 8. 1.: U2

1f $:1:SPh2Ci63 IS AN UPDATE VERSION OF SPE:?C162.
ii $:::THE FORMER INCLUDES THE EFFECT OF HAVE HEADINGS.
133 REAL MUCCOR KM MOMI'AR
I1l COMPLEXCO CfM@4 FEX,FEXi,CREX
123 CHARACTERtAY PR6U
125 COMMON /HEADU CoSD WAVENt ANSi() TIETAD
135 COMMONDAY(2) PROM(4 ANS(3 26) IZ CALE NTAPEi NTAPE2 NTAPE3,NTAPE4
143 C.AMNONPI CRAO RO CAAMA ?kP XDfL ffl1ii Y(16lf DST(M~)

16l&UOB OMECAFMEGAE OMEIAR WAVEN hSIA MS
173 COMAONEPS FEX(20i FI4AR im PHI )MOMIAR ThI'AR CSMU
lei COMMONCAP ( 16l) Yb(2l,4i ),ZB(h141 ),hPTS(1l ) ,MUCCORENCOR,CREX(161) ,FEXt
196 DATAISN/1/ NPAGO/

236 CAILLINPUT(O1,DELV,NWE1 ,OMI,DELOM,NWE2)
216 11
220 DO9NFR~i NUEt
233 UOB=Vi ( AFR-1 )$ODELY
240 DOOIJizi,NWE2
250 IZ=IZ+i
263 ONECAE=OMI+( Ill-i)*DELOM
271 XX=-2. 0$U0IBCCSB/GRAV
271 IF(XX. CT ti,E-6)GO TO 6
272 OMEGA=DMEGAE
273 GO TO 7
274 6CONTINUE
275 DET~i. 0+2. 3*XX$OI1ECAE
276 IF(DET. LT .S.)GO TO 9
279 OMECA=(SQRT(DET)-t.)/XX
27? 7CONTINUE
293 WAVEN=OMECASOMECA/GRAY
292 WAVENiz-WAVEN$COSB
333 ANS( Z,2)=2.PI/AIS(WAVENi)
310 ANS(IZ,I)zBPL/ANS(IZ 2)
323 ANS IZ,2)=ANS(IZ,2)*RCALE
331 ANS(IZ,3)=OMECAE/SQRT(SCALE)
340 ANS(IZ,4)OMEAR/SQRT(SCALE)
351 ANS(IZ S)=SQRT(SCALE)*U09
3S2 ANSi( Ii)=PETAD
361 CALLSPADCR
371 CALLSPEXCI
393 CALLSPVIDM
393 IFIIZ.NE.3)GOTO8
433 CALLOUIPUTIISN,NPACE)
41 12=0
423 OCON71NUE
430 IZ=-IZ
441 CALLOUTPUT (ISN, NPACE)
442 90 7O 10
444 9CONTINUE
446 WRITE(NTAPE4 91)
447 91FORMAT(//5i,36HOMECA IS UNDEFINED; CASE TERMINATES.,/,f4X,20HTRY ANOTHER
448&HEADINC.)
449 IIONTINUE
453 SIOPODi
463 END
473 SUBROUTINEINPUT('J1 DELV NWEt GMi,DELOM,N1E2)
483 REALMUCCOR KM MOMBRR
493 COMPLEXCO UYMOS FEX FEXi CREX
S33 CHARACTER'FILNI FILNM2 OROb6 DAY FTLNM3
S12 COMMON /HEAD/ CUPI WAVE~tAA'4Sf(3) I4EIAD
513 COHMfONDAY(2) PRO(411 ANS(3 26) IZ OCLE NTAPEt NTAPE2 NTAPE3 NTAPE4
523 COMMONPI CRA(O RD GAAiA Wt XUtL fI(161 Y(Ibi$ DST(ilt
53049UAN1b1~(161) fii)DfiX(161) 6DDX(ii,WGT(iti),OC16ii,CO(16i),
S41&UOI OMEGA 6MECAE OME?;AR UAVEN ASIA MS
553 COIAONEPSAFX(20i FI4AR fMPHI'M1PAR ZBPIAR CSMU
563 COMMaNCAP*C161) Y~iU' 41)ZJB(h 41) APTS~iti),MUCCOR,ENCORCREXC161),FEXi
S73 DATAPI/3.10192056/ dRA)32. M7/ R6/i .9384/
S93 DATANTAPEi/0/,NTAPE2/1/,NTAPE3/2/,NTAPE4/0/
S13 SCALE~i. G1
613 DAY(i)=DATE



bei bAmmkl~tKAVKU 
1-

631 WkIHE(NIAPFi94
641 READ(NTAPEi IOD)FILNI
6SO OPEIJFILE NTJAPE2 F1LNft
660 READ(HAPE2,100frHO
673 EAD(NTAPE2,96)bPL,NSTA
690 PSTA=161
690 ISD.*NSTA4I
700 XDE:14PL/(NSTA-i)
711 DOS I1,NSTA
723 X1 1)=41-tiS)*XDEL
730 READCNTAPE2,96)OMECAR
749 READCNTAPE2,9b)CSMU
750 CSMU=U.
760 READ NTAPE2 10 t)(QUANT (1),1BEEP (1),VGT(I) ,CAPX(I) , 11,14STA ,4)

770 DO21i = NSTA,4
780 D021 K;1,3
790 IiI+IK-4
900 GUANIC IKi) = QUANT(1-4)+.2S*IXSCQUANT(I)-OUANT( 

1-4))

Oil 8EEP(IKi) =BEEP (1-4) +.25*IK$ (EEP () EEP(1-4) )

820 CAPX( IKi) = CAPX(I-4)+.2541X*(CAPX(1 )-CAPX( 1-4))
930 VGT(IK1)=WGT(I-4).'IK$(WT(I)-UGT(I-

4))
940 21CONTINUE
8e9 DXDXCi)=(CAPX(2)-CAP.X(1))/XDEL
96 DXDX(NSTA) =(CAPX (NSTA)-CAP X(NSTA-0)IXDEL
870 NNNSTA-1
980 D021=1 NMl
890 DXDX~i)=(CAPX(I+1)-CAPX(I-))/(XDEL+XDEL)
900 CLOSEFILE NTAPE2
910 WRITE(NTAPEi 95)
928 READ(NTAPEiI {0)FILNM2
930 OPENFILE NTAPE3 FI11112
940 READ(NTAPE3 90)tF,TA,NSTAOF
950 DOBI1i,NTA6F
960 11=01I-3
970 YJ1I)=0.
990 READ(NTAPE3 97)STANG,NON
I9 IF(NON.EQ. 0$ GOTO8

100 READ(NTAPE3,91)(ZB(J,1) 1
31,NON)

101 READ(NTAPE3 9 )Y4JI,1NN
1020 Y1I)=YI(N0A,1)
1030 8NPIS(1)=NON
1040 D0S8I15 NSTA,4
1050 DO88I=13

1073 YflXi)=Y(I-4)+.252*IK$tYCI)-Y(I-4))
1090 888CONTINUE
1090 CLOSEFILE NTAPE3
11$ WkITE(NTAPEi 92)
1110 READNTAPEi,

49)Vi,V2,DELV
1123 HUE1=1
1130 IF(DELV.HE. D)NWEi(V2-y1)/DELY+i
114 23WRITEiNTAPEi,93)
1150 0111:0.
1160 READ(NTAPEI ,99).11 ,012,DELOM
1170 NIIE21
1180 IF (DELOM.NE.)NWE2(OM2-OMI)/DELOM~i
1190 IF(0M1 .EQ0. )OM1=OM1EGAR
1192 WRITE(NTAPE4 102)
1194 READWNAP Et 103) EETAD
H196 COS =COS(PIiBETADfl80.0)
12100 26kETURN
1210 90 FGRMA1(1X,2F10.S,15)
1220 91 FORMATM MXF0.59
1M3 92FORMAT(IX HSPEED)
1240 93F0PMAT(IXSHFREO.
1250 94FORtATX i9HSHIP DATA FILE NAME)
1260 9SFORMAT(iX 21HOFFSET DATA FILE NAME)
1270 96F RMAT(F1

6.4 IS)
1280 97 FORMAT( iX F10. 4I5)
128S 9BFDorAT(i16HaUTNT FILE NAME)
1290 9?F0RMAT(F5 3 tX,F5. 3,IX,FS.3)
1300 WORMAT(44bi
1310 MOERMAT(4F0.

4)
1311 iFORMAT (I Ti HEADINC)
1312 .103URIAT(F1

6 .0
1320 END
1330 SUBROUTIISPADCR
1340 REALMLICCOR KM e1OMBAR
1350 COMPLEXCO,LYM4S,FEX,FEX1 1CREX
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13~6 HARACER DA 0P*O
137S OM9ONDAY2)0 "RO() ANS(3 26) IZ SCALE NTAPEi NTA122 N7APE3,NTAPE4

1380 COHMONPI CRA(O RD GAAMA BPL XDL ffi161$ m(6il DST(1li)
1390&QUANT(i6l) BSEWdL1) DtDXd161),6DDX(i61$,tdGT(1t1),O(16i,CO(161)
14001 UOB OMEGA OMEGAE,DMtGAR WAVEN NSTA MS
1410 UOMM6NEPS REX(20) FBAR KAPHI AOMBAk ZBBAR CSMU
1420 COMMDNCAP*(161 ),Yb(21,4i ,Z8(i1141) ,APTS(1&1 ),MU)CCORENCOR,CREX4161) ,FEXI
1430 N=NsrA
1441 IF(KK.GT.0)GDTO4
1450 D0111i N
1469 iO(I)= UANT(T)*CAPX(I)*t2
1470 UMN=~S1i(C,I,N,XDEL)
1480 DO21=1 N
1496 20(I)=4G7(I)*CAPX(I)S*2
1503 UMfSS14(O,1,N,XDEL)
1510 D031=i N
1520 30(I)=fEEP(I)*CAPX(I)aDXDX(1)
1530 UMF=Si141(0,i,N,XDEL)
1540 DOSI=I N
155. 50(I)=AEEP(1)CAPXCI)t*2
1560 CIH=Si4i(O,1,N,XDEL)
157 DO61=1 N
1580 6O(I)=dUANT(I)*CAPX(I)SDXDX(I)
1598 C2A=S14i(O I N XDEL)
1603 4UME=(8EEPINI*tAPX(N)**2-8EEP(1)SCAPX(1)s*2)
1610 UME=UOB*(UhE-2, SUMF)/OMECAR**
162 C2H=QUANT(N)*CAPX(N)$*2-QUANT(1 )tCAPX(1)*$2
1631 C2H=-UOB* (C2H-2.*C2A)
1631 UME=-BEEP Ci)tUOB/OMECAR**2
1632 C2H=DUANT( I)*UOB
164 MUtCCOR=U.IHiUP.SUME I
1656 C3H:(UMHtUMS)0SPEXEN(OMEAR ,CSMU)
1660 ENCOR=CiHtC2H4C3H
167 COMU=ENCOR/MUCCOR
1680 ANS( Z,6)=SCALE**3*U*I
1690 ANS( I,7)=SCALE**3*UMS
1700 ANS(IZ,9)=SCALE**3*UME
1710 ANS( IZ,9)=SCALE$**MUCCOR
1720 SCALE5SaRTCSCALE**S)
1730 ANS(IZ,i0)=SCALES$CiH
1740 ANS(l iZ):SCALES*C2H
1750 ANS( IZ,12) :SCALES*C3H
1760 ANS( IZ,13)=SCALES*ENCOR
1770 ANS(IZ :4)=COMU/SfQRT(SCALE)
V178 XK=KK+i
1790 RETURN
1900 END
1810 SUBROUTINESPEXCI
1920 REALMUCCOR KM MOMEPAR
1830 COMPLEXCO tYM S FEX,FEXi,FEX2,CREX,COIPA
1840 CHARACTER DAYPoO*6
1842 COMMON /HEAD/ COSB WAVENi,ANSi(3) SETAD
1850 COMMONDAY(?) PROM4 ANS'3 26) IZ kCALE NTAPEi NTAPE2 NTAPE3,NTAPE4
1866 COMMONPI GNi) RD GAAMA WP XDhL i*I1 Y(161i DST01i1)
1870&QUANTCI6f) IEtP(f61) DfDX(f6i),bDDXCi6B bGT(I~t),O(i6ii,CO(i61),
f880&U014 OMEGA OMEGAE OMEdAR WAVEN 9STA,MS,EP4,FEX(20),
i89O&FI4 KM PAI MOMB4R ZBBAA CSMU I
1900 COMM61NCAPX(I61),Y14i21,4ijZE(2i,4),NPS(161)JMUCCOR,ENCOR,CREX(161),FEXI
1910 N=NSTA
1920 COMPA=CMPLX(0 01.0)
1930 CALLSPSTAR(Y4,Z ,NPTS,41,WAVEN,D)
1940 DSTQi)=O(i)
1950 00861=2,41
1960 IXI=4*I-6
1970 1K2=4$1-3
1960 IKO=0
1990 DOBBIK=IKi,1K2
2000 IKO=IKO+i
2010 DST(IK)=O(I-i),IKOE.2S*(O(I)-0CI-1))
2020 98CO14TINUE
2030 DDDX(i)=(DST(2)-DST(t))/XDEL.
2040 DDDX(N)=(DST(N)-DST(N-1))/XDEL
20S0 NM=NSTA-i
2060 D08'=2 NM
2070 81-DDX(i)=(DST(14i)-DST(1-1))/(XDEL+XDEL)
2080 D00=1 N
2090 CREX(Ii=CMPLX-'AVEtl*DST(I) WAVFNI*XI(l))
2500 CO(I)=Y(I)$CAPX(I)ZCEXP(CREkCI))
2110 IC0ONTINUE
2120 CAILSPCOMP(WAVEN CYMPS,CO, 1,N,XDEL)
213 FEX(1)=2. *CAMHA*tYMPS
2t40 D021=i,N G-16
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2156 2C0(I)=DEEP (I) CAPX(I)*CEXP (CREX(M)
2161 CALLSPCOIP(IJAVEN CYMPS CO i N XDEL)
216 FEX(2)-COflPA*OMEIAsCymoS ,,
2196 FEX(5)rCOtIPA*U0b*UAVENi$CYIIPS
2206 W031zt,N
2216 3CO(1)=QUARfT(I)CAPX(1)SCEXP(CREX(1))
2226 CALLSPCOINP(UAVEN CYtIPS CO i)NPXDEL)
2236 FEX(3)z-OMECA*DhltCA*CYAPS,
2256 FEX(4)z-Or.EIASUO8*UAVEN1$CYlPS
2260 DD41=1,N
2270 4C0(I):OUANT(l)$DXDX(I)SCEXP(CREX(I))
2296 CALLSPCOMP(WAVEN CYMPS CO i N XDEL)
2290 FEX():OMPA0OMEWAUO8CYAPA
2301 DOSI~i,N
2310 SCO(I)=QUANT(I)*CAPX(1)6CEXP(CREX(I))SDDDX(l)
2326 CALLSPCOMP(WAVEN CYMPS CO i N XDEL)
2330 FEX(7)=-COflAOMCA*UOUAYtNkYlPS
2346 1061=i,N
2350 6CO(I)=8EEP(I)*DXDX(I)*CEXP(CREXCI))
2366 CAL1SPCC6P(UAVEN,CYhPS,CO,i,N,XDEL)
2370 FEX(8)zUOb*CY1PS
2380 DO7I1,N
2391 7C0(I):8EEP (1) CAPX(1) *CEXP (CREX (1) ) DDDX(1)
2466 CALLSPCDKP(UAVEN CYIIPS CO IN XDEL)
2416 FEX(9)=-IdAVEN*UU~*CYMA '
2426 FEX(10)=OUANT(N)*CAPXCN)*CEXP(CREX(N))
2436 FEX(1O)=FEXQi0) -QUART (i * CAPX( i)$CEXP (CREXCM)
2440 FEX(10)=-COMPAtOhECA*UOF*FEX(10)
24S6 FEX(11):8EEP(N)*CAPXCN)SCEXP(CREX(N))
2466 FEX(11)=-UOBV(FEX~l) )-DEEP (i)tCAPX(i) *CEXP (CREX(1)
2 476 FEXI=FEX(t)2490 W09J=2 ii
2490 9FEXIWEXI+FEX(J)
2560 EPS=SPANCL (AIMAC VEXi) , REAL (FEXi)
2516 FPAR=CABS(FEXi)
2520 ALP 1=0iEGAEtENCOR /(OMEGAR $*2*MUCCOR)
2530 ALP2=i. O-(0MECAE/OMECAR)$S2
2540 KK=SQRT(ALP2*$1tAPi**2)
2550 KM=I.0000/Kh
2560 PHI=SP.ANCL(ALPi AIP2)
2576 ZBPAR=KK*F PAR/ (6IECAR **2$MUCCOR)
25380 ANS(IZ,15)=PHJ
2590 ANS( Z,16)=KM
2600 ANS(12,17):SCALEt*3tREAL(FEXi)
2610 ANS(IZ,19)=SCALE*13*AIMACCFEXi)
2626 ANSCIZ,19):SCALE*Q3*FIIAR
2630 ANS(IZ,21)=EPS
2640 ANS(1Z,2i)=SCALE*288AR
2650 RETURN
2660 END
2670 SUBROUTINESPVTDN
2690 REALMUCCOR KM MOMBAR
2690 COlIPLEXCO ~tYMO FEX ABCOP(3),IIOMCOMPA,CREX,CEII
2706 CHA~rCTER DAY,POO*6'
2702 COMMON /HEAD/ COS? WAVENi ,ANSI (3) PETAD
2716 COMIIONDAY(2) PROW4 AtJS(3 26) iZ DCLE NTAPEi NTAPE2 NTAPE3,NTAPE4
2720 COMMIONPI GRAO RO CAAMA DRL XDUL * I1 Y(16ti DST(1i)
2730&QUANT(16fi#BEbf6t) DfDXif 16i),6DDX(16I UCT(I1i) O(061l,COmi6)
2740& UOBOMEGA't1M AFJ IJ? GAR,UJAVEN,NSTSEFX2,
2750&O9AR KM PHf ~iM1AR ZBPAR CSMU TSESFX2~
2760 COIMM6NCPX(1bi) YB121,4i$,ZI4("i,4i),NPTS(i6i),MUCCOR,ENCORCREX(16i),FEXi
2770 COMPA=CMPLX(6. ,I.)
2780 N=KS
2796 EPSi=PHI-EPS
2800 CEII=CEXP(COMPA*EPSI)
2810 DOiI=i N
2820 10C1P4(I)SCAPX(1)$XT(1)
21830 FEX(1) =CE 1i$2. tAMMA*Si 41 (0,1,N, XDEL)
2840 D021=t N
2850 2O(I)=IWG7CI).Q'JANT(I))$CAPXC1)SXI(1)
2n60 FEXf 14)=-CEI i*OMEGAE*OMECAE*Si4l (0, 1, N, XDEL)
2870 D031-1 N
2880 30OU)=IEEP (1))CAPX(1) 01 (1)
2890 FEX(13)=CEli1CDMPA*OMEGA~tSi4i(O I N XDEL)
2900 D=-OnECAE*UO8*(QUANT(N)tCAPX(N)*il(N$-QUANT~i )*CAPX(1 )*XliC))
?910 FEX(t8)=C6MPA*CFII*D
2'020 FEX(IS) =-CE I UaP* (PEEP (N)*CAPX (N) *X(N) -PEEP 0) *CAPX (t)*X (i)
2930 D04141 N
2940 40(1)=6UANT(I)SXI(T)*DXDXUl)
2950 FEY QW)CE I)C0MPA*OlEGAE*U1L*Sl 41 (0, i,N, XDEL) G1



2976 S0(I):EEP(I)SX1(I)SDXDXCI)
298 FE(17)=CEjj*U3k*S14i(O,I,N,%DEL)
2990 P061ci N
319 bQ(1)=bUAMTf1)$CAPXII)
3161 FEX(i?)=CEIISCOIPA*OMEGAE*U085S141(0,1,N,XDEL)
3026 0071=i N
30301 70(1)=EEP(I)*CAPX(1)
3040 FEX( 16)=CEI1SU08*Si41 W,1,N,XDEL)

3060 6CO(I)=yI1)*XItl)$KEXPtCREX(l))
3070 CALLsPCOMP (WAVEN CympShCOD 1,NXDEL)
3080 FEXC1)=2. IGAKiHAICYMPS
3090 D91-0,
3100 9CO(I)4BEEP(1)*XI(1)SCEXPCCREX(I))
311 CMISPCDMP(WAVEN M~PS CO,i,N,XDE))
312 VEX(2)=-COMP A*0K~CA*CYAP S
313 VEX( l1)=-COKPA*UO?4*WAVENI$CYhPS

3150 iOCo(i)!QUANT(I)*X1(I)*CEXP(CREX(I))
3160 CALLSPC0O1P(AVEN CYMPS CO,1,N,XDEL)
397 rEX(3)=OMECAI0MEA$CYAO9
3It0 FEX(4) :0?EA*U08*VAVENi$CYMPS
3190 FEX(S)=QUANT(N)$XI(N)SCEXP(CREX(N))
3210 FEX(S)=COMPA*OMEGA$U0B*(FEX(S)-QUANT(1)*XI(1)CEXP(CREX()))
3210 DOilI:1,M
3220 i1CO(I)!-QUANT(I)lCEXP(CREX(l))
3230 CALLSP COMP(WAVEN CYMPS CO iN XDEL)
3240 FEX(6)=-C0MP A*G0GAUsChiAS'
3250 D012Pt,N
3260 i2COUl)-QUANTCI)*XI(I)SCEXP(CRE)((I))*DDDX(l)
3270 CALLSPCOMP(WAVEN CYMPS CO, N XDEL)

3290 Do~z~
3300 13CO(1kI4EEP(I)*CEX'P(CREX(1))
3310 CALLSPCOMP (WAVEN CYMPS,CD, i,N,XDEL)
3320 FEXC9 i:-UOP*CYKP4
3330 FEXC9)=EE.hN)SX1(N)*CEXP(CREX(NI)
3340 FEX(6)=U0B*(FEX(8)IBEEP(i)*Xl(i)1CEXP(CREX(i)))
3350 bQI4I1,%
3360 14CO(I)=EEEP(I)*%IC1)$CEXP(CREX(l))$DDDX(l)
3370 CALLSPCUIP(IAVEN CYMPS CD,I,NXDEL)
3380 FEX(1OAENfURK*YNAP
3390 CO(iO)=(C. ,)
3400 D0161=i 20
3410 i6CO(i0PCG(iQ)+VEX(1)
3420 EPS2=SPANCL(AIMAG(CO(102),REAL(CO(10)))
3430 RK4M:C( O*BAR
3440 HMARCAP(MI

4)
3450 ANS( IZ,22)=EPSI
3460 ANS(IZ ,23)::SCALE*93XR'EAL(MOM)
3470 ANS(IZ,24)=SCALE$3AMAG(MOM)
3490 ANS( 1Z,25)=SCALE*3*MOt11AR
3490 ANS(IZ,26)=EPS2
3S00 RETURN
3510 END
3S20 FUNCTIONSi4tI NH1 N2,ADEL)
3530 DIMENSIONO(i6
3540 M~j
3550 syhPS=(o(Ni3+0(N2))
3560 NOP=Nll-i
3570 HEP=Ni~i
3580 DV11=NEP,NOP
3590 SYMPS=SYiPSt2. 10(1)
3600 iB=-p
3610 SiM=SYMiPS*S*ADEL
3620 RETURN
3630 END
3640 FUNCTIONSPANGLMYUM XDUM)
36S0 FEEDUMrAIAN "CDUM X6UM)
3660 IF(FEEDUM.Ll .0.0)EEDUM=6.2B3i8S+FEEDUM
3670 SPANGL--FEEDUM
3680 RETURN
3670 END
3700 FUNCTIONSPEXEN(0MECAR ,CSMU)

3710 DAIAC/50 ,95848346S11D/i .71497S94S4/
3720 CSMUI=CS)W -6)tU=MMGU/)*
3730 IF(CSMU.Ll.i.E1)SU(aEA/$l
3740 SPEXEN=CSMUT
3750 RETURN 01
3760 END 

G1
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3770 SUIROUTINESPCOMP(WAVEN CYMPS1CO1 Ni ,NEND,SPACE)
3780 COMPLEXCO,,CYhPS CTE CT6
3782 COMMON /HE AD/ C6SB%4AIJENi,ANSl(3),9ETAD
3790 DIIENSIONCO(161)
3850 C1E=S.S(CO(NEND)-CO(Ni))
3815 CTO=(O.5,S.5)
3821 NOP=Ni.1
3B30 D0101=NOP NEND 2
3840 CTE=CTE+C6 i-iJ
38S0 iSCTO=CTfl+CO( 1)
3860 TH=UAVENi*SPACE
3870 ST=SIN(TH)
3880 CT=-COS(TH)
3890 CA=THSTHSTH
3950 AJ..(TH(TH+ST*CT)-2. $STtST)/GA
3910 SE=(2.SCTH:1I.4CTsCT)-2.sSTSCT))/CA
3920 CA=(4.$(ST-TH*CT) )IGA
3930 CTE=I4E*CTE.CA*CTO
3940 CTO=ALSCCO(NEND)-CO(i))
39SO AL=SPACE*(AIMAC(CTO)+REAL (CTE))
3960 PE=SPACE*(-REALCCTO)+AIMAC(CTE))
3970 CYMPS=CMPLX(AL,4E)
3980 RETURN
3990 END
4101 SIJ800UTINESPSTAR(Y Z NPTS N K DSTAR)
410 DIMEHSIONDSTAR C16di,YC2i,41i ,i(21,4 ) ,NPTS( 161)
4120 REALK
4530 DOIJ-i N
4040 NP=NPT9(J)
4555 SUM=O."
4160 IF(NP.EQ.D)COTOi
4570 D021=2 NP
4080 ZP=.S4IZ(1,J)sZ(I-i,i))
4190 ZM= S*(Z(l J)-Z(I-i,J))
4150 YP-Y(l 3)+i'(I-i 3)
4110 ?SUM=ZA*YP$EXPU*~ZP)
4120 2SUM=SUIMfPSUM
4130 SUI=i.-K*SUM/Y(NP,3)
4140 SUM=-ALOG(SUM)/g
4150 iDSTAR(J)=SUM
4160 RETURN
4106 END
4180 SUBROUTINEOUTPUT(ISN,NPAGE)
4190 CHARACTERDAY PRO$6
4192 COMMON /HEAD/ C0SB WAVENI ANSi(3) BETAD
4200 COMMONDAY(2) PROM4 ANST326) J StALE NTAPEi NTAPE2,NTAPE3,NTAPE4
4210 CHARACTERUNIIACS5,UhITL*6'UNiF6$6 UNlTVL*6I6NIT~it6,
4220& UNITND*6,UNITFt6 UNITBM*l UNITHD*4
4230 CHARACTER'DNAME*21 DNAMEi*R1
4240 DIMENSION DNAME(265
42S0 DATADNAME/21HSHIP/EFF. WAVE LENGTH,
42604 2IHEFFECTIVE WAVE LENGTH,
4270& 21HENCOUNTER FREQUENCY
4280& 21HRESONANT FREQUENCY
4290& 21HSPEED
43006 21HHYDRODYNAMIC A.M.
4310& 2iHSHIP MASS
4320& 21HSPEED DEPENDENT A.M.
43306 21HTOTAL ADDED MASS
4340& 'iHHYDRODYNAMIC DAM PING
43506 21HSPEED DEPENDENT DAMP.,
4360& 21HSTRUCTURAL DAMPING
43706 21HTOTAL DAMPING
4380& 21HDAMPING/ADDED MASS
4390& 21HPHI-FORCE & MOTION
4400& 21HMAGNIFICATION FACTOR
44106 21HF COSCEPS)
44206 21HF SIN(EPS)
44306 21HF-WAVE EXCITING FORCE:
44406 21HEPS-FORCE & WAVE
44506 21HDEFLECTION AT STERN
44606 21HEPSI-WAVE 6 VIBRATION:
4470& 21HM COS(EPS2)
4480& 21HM SIN(EPS2)
44906 21HM-IiENDING MOMENT AMID:
45006 2iHEPS2-WAVE & B.h1
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4512 DATADNAMEi/2iHWAVE HEADINGI
4510 DATAVNITAG/6H RAD / UNITLI6H FEET /UN17FQ/6HIISEC.I,
45204 UNITVL/6HFT/SEC/*UNITN/6H SLUGS/, UNItND/6HNaN-D./
45306 UNITF/6H LBS I / NITBII/6HFT-LbS/
4531 DATAINITHD/6H DF6.I
4540 INDEX~i
4550 IFCJ.LE.3)INDEX=3
461 IF(ISN.EQ.-1.AND.J.EQ.O)C0T02
4570 IF(J.EQ.3)GOT03
4580 IF(ISN.NE.1)COTOt
4590 IF(J.LT.V)INDEX=-l
410 NPACE=NPACE+1I4613 WRITE(NTAPE4 91)PRO 'DAY(i),DAY(2),NPAGE
4620 iWRITE(NTAPEA,89)
4630 J=IABS(J)
4643 URITE(NTAPE4,92)DNAME( 1),UNITND,(ANS(L, i),L 1,)
4650 U21TE(NTAPE4,92)DNAME( 2),UNITL ,(ANS(L, 2),L=i J)
4660 VRITE(NTAPE4,92)DNAIE( 3),UNI Fg,(ANSCL, 3),L--,J)
4670 IRITE(NTAPE4,92)DNAME( 4),UNI7FQ,(ANS(L, 4),L=1,3)
4680 WRITE(NTAPE4,92)DAIE( 5),UNITVL (ANS(L S) L~i,3)
4682 VRITE(NTAPE4,92)DNAMEi ,UNITHD;(ANSic~b 'L~i,J)
4690 VRITE(NTAPE4,93)DNAME( 6),UNITH ,(ANS(L, 6),L~1,J)
4730 WRIIE(NTAPE4,93)AMIE( 7),UN TMI (ANS(L, 7),L- IJ)
4710 MR17E(NTAPE4,93)DNAME( 8),UNITI ,(ANS(L, 8),L=i,3)
4720 URITE(NTAPE4,93)DNAME( 9),UN TM (CANS(L, 9),L=IJ)
4730 WRITE(NTAPE4,94)DNAhE(ID),UN TM f(ANS(L,i8),L = )
4740 WRITE(NTAPE4,94)DNAIE(i1),UNITM ,(ANS(L,i0),L~i,J)
47S0 WRITE(NTAPE4,94)DNAME(12),uNITM ,(ANS(L,12),L=i,3)
4760 WRITE(NTAPE4,94)DNAME(13),UNITH ,(ANS(L,t3),L~t J)
4770 IRITE(NTAPE4,92)DNAME(i4),UNIIFQ,(ANS(L,i4),L=1,3
4780 WRITECNTAPE4,92)DNAMiE~iS),UNITAG,(ANS(L,15),L~1,J)
4790 WRITE(NTAPE4,93)DNAME(16),UNITN4D,(ANS(L,i6),L~1,J)
4800 WRITE(NTAPE4,93)DNAME(17),JNITF ,(ANS(L,17),L~i,J)
4810 WRITE(NTAPE4,93) NAIECI),UNITF ,(ANSCL,18),L=1J)
4820 URITE(NTAPE4,93)DNAIIE(19),UNITF ,(ANS(L,0),L=1J)
4830 WRITE(NTAPE4,92)DNAME(20),UNITAG,(ANS(L,20),L=1,J)
4840 WRITECNTAPE4,93)DNAMiE(21),UNITL ,(ANS(L,20),L~i,J)
'850 WRITE(NTAPE4,92)DNAIIE(22),UNITAC,(ANS(L,22),L=1,J)
4860 WRITE(NTAPE4,93)DNAMiE(23),UNITF (ANS(L 23) L=1 J)
4870 WRIIE(NTAPE4,93)DNAMiE(24),UNITF (ANS(I1 L 13
4880 WRITE(NTAPE4,93)DNAME(2S) VNITF ,(ANS(L,2S),L~i1)
4890 WR17E(NTAPE4,92)DNAME(26),UNITAG,CANS(L,26),L=iJ)
4900 ISN=-ISN
4910 SIF(INDEX)2 3 4
4920 2WRlTE(NTAPN4,9S)
4930 3WRITE(NTAPE4,96)
4940 4RETURN
4950 89FORMAT(//)
4960 W1ORM1AT(I//I/,lOC iH-) ,//,2X,5HSPIIZ,3X,4A6,5X,A8,4X,A8,SX,
4970& 4HPAGE 13 /)
4980 92FORt1Afi1,A21,1H(,A6,1H),4X,3Fi2.3)
4990 93FORMAT(iX,A21,iH(,A6,IH) 0X,03B12.4)
5000 94FORMAT(iX A21,1H(,A6,4H/6EC,1H),lPiEi2.4)
5010 95FORMAT(28(I))
5020 96FORMAT(3(/),iO(iH-),S(/))
5030 END
READY
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LIST

DFCORi 29 DEC 61 W437

27.00000 27.00000 41
-4.10001 -3.63300 -3.16701 -2.7W000 -2.23300 -1.76700 .00001

.00000 -1.30000

.00000 4.58700 9.!7400 13. 6100 19.34801 22.93500 40.96001
31.30806 27.52200
9.7500 19

-27.00000 -27.00000 -26.00000 -2?. 299 -18.66699 -15.00000 -10.64999
-6.30000 -S.88699 -5.47501 -5.0-200 -4.64999 -4.23700 -3.82500
-3.4200 -3.00000 -2.00000 -1. - '000 .00000

.00000 4.70000 S.60000 613700 7.13300 7.90000 7.95000
8.00000 12.42500 16.85001 21.27499 2S.70000 30.12500 34.F5000

38.97501 43.3999? 45.70000 46.33000 46-.83488
9.5000 21

-27.00000 -27.00000 -27.00000 -26.0 J000 -21.S3299 -17.06699 -12.6000
--12.15000 -11.70000 -11. 25000 -10.8 000 -10.35001 -9.89999 -9.45000
-9.00000 -8.00000 -7.00000 -6.00000 -S.00000 -1.30000 .00000

.00000 3.50000 7.00000 B.0H000 8.00000 8. 00000 8.00000
12.81200 17.62500 22.43700 27.25000 32.06200 36.87500 41.60700
46.50000 48.60001 49.50000 50.20000 50.60001 50.97399 51.00537

21SO
-27.00000 -19.00699 -19.33299 -19S00 2.00000 - .66699 - .3329 .00
-27.00000 -27.60000 -16.00000 -230 0-100000 - 2L66699 - 20.3329900
-17.00000 -16.0000 -15. 00000 -10.43300 -5.86700 -1.30000 .. 00000

.00000 7.00000 8. 00000 8.00000 B. 00000 12.44400 16.88901
21.33299 25.77800 30.22200 34.66701 39.11099 43.55600 48.00000
53.50000 51.60001 52.30200 52.30200 52.30200 52.30200 52.33961

9.00 2

-27.00000 -26.86000 -26.71999 -26.5S'999 -26.43999 -26.29999 -26.15999
-26.01999 -2S.87997 -25.73999 -25.59999 -25.00000 -24.00000 -23.00000
-22.00000 -21 .00000 -16.07500 -11.1500 -6.22501 -1.30000 .00000

.00000 4.80000 9.60000 14.40000 19 .20000 24.00000 28.80000
33.60001 38.39999 43.20000 48.00000 50 .10001 51.20000 51.80000
52* 00000 52.30200 52.30200 52.30200 52.30200 52.30200 52.33961

9.750 21
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -26.00000 -25.00000 -24.00000
-23.00000 -18.65999 -14.32000 -9.98000 -5.64000 -1.30000 .00000

.00000 4.70000 9.40000 14.10000 18.90000 23.50000 28.20000
32.89999 37.60001 42.30000 47.00000 50.00000 51.00000 51.60001
52.30200 52.30200 S2.30200 52.30200 52.30200 52.30200 52.33961

9.5000 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -26.00000 -25.00000 -24.00000
-19.45999 -14.92000 -10.38000 -5.84000 -1 .30000 .00000

.00000 4.90000 9.80000 14.70000 19.60001 24.5000 29.39999
34.30000 39.20000 44. i0001 49.00000 51.39999 52.00000 52.302C0
52.30200 S2.30200 52.30200 52.30200 52.30200 52.33961

8.2500 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27 .00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.1800 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51 .00000 51.80000 S2.30200
S2.50200 52.30200 52.30200 S2.30200 52.30200 52.33961

8.0000 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.1800 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 S2.30200
52.30200 S2.30200 S2.30200 52.30200 S2.30200 52.33961

7.7500 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.0000S -27.00000 -27.00000
-27.60000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.18000 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90M0 18.54500 23.1820i 27.81799
32.45500 37.09100 41.72701 46.36400 St1 00000 51 .80000 S2.30200
52.30200 52.30200 52.30200 5?.30N0 52:.50200 52.33961

7.5000 20
-27.00000 -27.00000 -27.00000 -27.00000 -27,00000 -27.00000 -27.00000
-27.00000 -27. 00000 -27. 00 0 00 -27.00000 -27.00000 -26.50000 -26.00000
-21.6000 -16.12000 -H1,18000 -6.14001 -1 .30 0 00 .00000

.00000 4 63600 9.27300 13.90900 18.54500 23.18201 27.91799
32.45500 37.09100 41.72701 46.36400 Si. 00000 51.80000 52.30200
52.30200 52 30200 52.30200 S2.30200 52'.30200 S2.33961

G-21.



7.2500 20

-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.06006 -27.00001
-27.00000 -27.00000 -27.00000 -27.00000 -27.0!00 -26.50009 -26.00001
-21.06000 -ib.i20G0 -1.1BO00 -6.24001 -1.30000 .00001

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.91799
32.45500 37.69100 41.72701 46.36400 St.00000 S1.80006 52.30201
52.30200 52.3021 .30200 52.30200 S2.30200 52.33961

7.00.0 2P
-27.10000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00001 -27.00006
-27.00000 -27.00000 -27.00000 -27.00000 -27.80000 -26.50006 -26.00006
-21.06000 -16.12000 -11.19000 -6.24001 -1.36000 -.0000O

.60000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09103 41.72701 46.36400 51.00000 5i.90000 52.30201
52.30200 52.30200 52.30200 52.30200 52.30200 52.3396i
6.7500 20

-27.00000 -27.00003 -27.00000 -27.00000 -27.00000 -27.00000 -27.00001
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -t.19000 -6.24001 -1.30000 .00000

.00000 4.63606 9.27300 13.90900 i.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 5i.00000 51.80000 52.30201
52.30200 52.30200 52.30200 52.30200 52.30200 52.33961

6.5000 20
-27.10000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.16000 -16.12000 -1.18600 -6.24001 -1.30000 .00000

.00000 4.63601 9.27300 13.90900 18.54500 23.18201 27.81799
32.45506 37.09100 41.72701 46.36400 51.00000 51.0000 52.30200
52.30200 52.30200 52.30200 S2.30200 52.30200 52.33961
6.2500 20

-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00006
-21.06000 -16.2000 -ii.8000 -6.241 -1.30000 .00000

.00000 4.63b05 9.27300 3.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.90000 52.30200
52.30200 S2.30200 52.30200 52.30200 52.30200 52.33961
6.0000 21

-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-2t.16000 -16.12000 -11.18OO -6.24001 -1.30000 .00000. .00000 4.63601 9.27300 13.90900 18.54500 23.19201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 S.90000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200 52.33961

5.7500 20
-27.00000 -27.00000 -27,00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.5000 -26.00000
-21.06000 -16.12000 -11.18000 -6.24001 -1.30000 .00000.10000 4.63601 9.27300 03.90900 t8.5400 23.18201 27.8i099
32.45500 37.09100 41.72701 46.36400 5i.00000 Si.80000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200 52.3396i

5.5000 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.000 -27.00000 -26.50000 -26.00006
-21.06000 -16.12000 -11.1BO0 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 i8.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 5i.00000 51.90000 52.30200
52.30200 52!30206 52.30200 52.30200 52.30200 52.33961

5.2500 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.18000 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.A8201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200 52.33961
S.0000 20

-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.09000 -27.00000 -27.0000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.18000 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 3.90900 18.54500 23.19201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 5i.0Wo0 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200 52.33961

4.7500 20
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -'7.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.i1000 -b.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.8799
32.45500 3.09100 41.72701 46.36400 51.00000 51,80000 52.30200
52.3D200 52.30200 52.30200 52.30200 52.30200 S2.330b1

G-.22



11-10

-2.5061 2.1 0 2.00 2.00 2.50 2.50 2.00
-27.311 -27.10000 -27.00000 -27.00000 -27.00000 -26.001 -27.00000
-21.66000 -16.12000 -11.1900 -6.24001 -1.31001 .00000

.10000 4.63611 9.27300 13.90908 1a .54508 23.18201 27.91799
RAM550 37.09101 41.727vi 46.36400 51.00000 51.80000 S2.30200
S2.31200 S2.30201 52.31205 52.30200 S2.30200 52.33961
4 2503 2

-27.1308 -2;70001 -27.01001 -27.00000 -27.10000 -27.00000 -27.00001
-27.0060 -27.10001 -27.00000 -27.00000 -27.00000 -26.50000 -26.00001
-21.36001 -16.12000 -11.1900 -6.24001 -1.36001 .00006
32:0000 4.63601 9.27300 13.90900 19.54500 23.18201 27.8179?
345500 37.69100 41.72701 46.36400 51.00000 51.90000 52.30200

52.30200 52.30201 S2.30200 52.30200 52.31205 52.33961
4,0001- 20 -

-27.10000 -27.10000 -27.00000 -27.00005 -27.00000 -27.00000 -27.00000
-27.000 -27.10000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00006
-21.06000 -16.12Q00 -11.1800 -6.241 -1.30000 .00000

.00000 4.63601 9.27300 13.90900 19.54500 2319201 .27.81799
32.45500 37.39100 41.72701 46.36400 51.00000 51.80000 S2.30200
52 30200 52.30203 52.30200 S2.30200 S2.30200 52.33961

J.7506 21
-27.0000 -27.00016 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.10000 -27.60000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.16000 -16.12000 -11.1800 -6.24001 -1.30000 .00000

.60000 4.63600 9.27300 13.90900 19.54500 23,19201 27.81799
32.45500 37.19100 41.72701 46.36400 51.00000 S1.80000 52.30200
S2.31200 S2.30200 S2.30200 52.30200 52.30201 52.33961

3.5903 26
-27.10300 -27.10000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00005
-27.30000 -27.80000 -27.00000 -27.00000 -27.08000 -26 50000 -26.00000
-21.36000 -16.12000 -11.1800 -6.24001 -1.30000 .00000

.0300 4.63601 9.27300 13.90900 19.54500 23.18201 l1.81799
32.45500 37.09100 41.72701 4636400 51.00000 51.80000 52.30200
S2.31200 52.30200 52.30200 52.30200 52.30201 52.33961

3.2506 23
-27.30000 -27.60000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.18000 -6.24001 -1.30000 .00000

.60000 4.63600 9.270 13.90900 18.54500 23.19201 27.91799
32.45506 37.39100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30206 52.30200 52.30200 52.30200 52.33961

3.0000 21
-27.10100 -27.10000 -27.03000 -27.00000 -27.00000 -27.00000 -27.00000
-27.10000 -27.10000 -27.06000 -27.00000 -27.00000 -26.50000 -26.00000
-21.6301 -16.12900 -11.1900 -6.24001 -1.31000 .000006

.10000 4.63603 9.27300 13.90900 19.54500 23.18201 27.91799
32.45506 37.19165 41.72701 46.36400 51.00000 51.90000 W2.30200
52.30200 52.31211 52.30200 52.30200 52.30200 52.33961

2.7916 21
-27.0010 -27.30001 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.10000 -27.00001 -27.00000 -27.00000 -27.00000 -26.50000 -26.00003
-21.66000 -16.12000 -11.18000 -6.24001 -1.30000 .00000

.10000 4.63603 9.27300 13.90900 19.54500 23.19201 27.81799
32.45500 37.09101 41.72701 46.36400 51.00000 51.80000 52.30206
S2.30200 52.30200 52.30200 52.30200 52.30200 52.33961

2.5000 23
-27.00000 -27.30000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.06000 -16.12000 -11.1800 -6.24001 -1.30000 .00000

.01000 4.63600 9.27300 13.90900 19.54500 23.19201 27.91799
32.45500 37.59100 41.72701 46.36400 51.00000 51.80000 52.30206
S2.30200 S2.30200 52.30200 52.30200 Si.30200 S2.33961

2.2500 26
-27.00000 -27.00002 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00800 -27.10000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-21.16000 -16.12000 -11.19000 -6.24001 -1.30000 .00000

.06000 4.63601 9.27300 13.90900 19.54500 23.18201 27.81799
32.45500 37.39100 41.72701 46.36400 51.00000 51.80000 S2.30200
52.31200 52.30201 52.30200 52.30200 52.30200 52.33961

G-23



II-11

2.0000 23
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.0D000 -27.10000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00001
-21.16000 -16.12000 -11.19000 -6.24001 -1.30001 .00000

.00000 4.63600 9.27300 13.90900 19.54500 23.18201 27.81799
32.45500 37.09101 41.72701 46,36400 Si.00000 5i.80000 52.30200
52.30200 2.30200 52.31200 52.30200 52.30201 52.33397
1 7500 20

-27.0000 -27.10000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00001
-27.10000 -27.10000 -27.00000 -27.00000 -27.00000 -26.S0000 -26.00000
-21.06000 -16.12000 -11.iO00 -6.24001 -1.30000 .00000

.00000 4.63600 9.27300 13.90900 t.54500 23.18201 27.81799
32.45S00 37.19100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30290 52.30201 52.30200 52.30200 52.33397

1.5000 21
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -26.50000 -26.00000
-2S.10000 -20.25999 -15.52000 -10.78000 -6.03999 -1.30000 .00000

.30000 4.54500 9.09100.i3.63600 19.18201 22.72701 27.27299
31.91799 36.36400 40.90900 45.45500 50.00000 51.20000 51.S0000
52.30200 52-30200 52.31200 52.30200 52.30200 S2.30200 52.33397

1.2500 21
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -27.00000 -26.00000 -25.00000 -24.00000 -23.00000
-22.00000 -17.85999 -13.72000 -9.58000 -5.44000 -1.30000 .00000

.00000 5.33300 i0.66700 16.00000 21.33299 26.66701 32.00000
37.33299 42.66701 48.00000 S0.00000 50.90000 51.S0000 51.80000
52.30200 52.30200 52.30200 52.30200 52.30200 52.30200 52.33397

1.0000 21
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00001
-27.00000 -27.00000 -27.00000.-26.S0000 -26.00000 -25.00000 -23.00000
-21.00000 -19.00000 -15.00000 -10.43300 -5.86700 -1.30000 .00000

.00000 4.88900 9.77800 14.66700 19.55600 24.44400 29.33299
34.22200 39.1i099 44.00000 47.20000 47.30000 48.50000 49.70000
S0.60001 51.50000 52.30200 52.30200 52.30200 52.30200 52.33397

.7S00 21
-27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-27.00000 -27.00000 -26.50000 -26.00000 -25.00000 -23.00000 -21.00000
-1.00000 -15.00000 -12.00000 -9.00000 -6.00000 -1.30000 .00000

.00000 4.75000 9.50000 14.25000 19.00000 23.75000 28.50000
33.25000 38.00000 40.00000 41.00000 42.50000 44.60001 46.20000
49.00000 49.00000 49.80000 S0.25000 50.70000 51.11800 5t.216025000 0
-27.60000 -2 .00000 -27.00000 -27.00000 -27.00000 -27.00000 -27.00000
-26.50000 -26.00000 -25.00000 -23.00000 -21.00000 -19.00000 -!S.00000
-12.00000 -9.00000 -6.00000 -3.00000 -1.30000 .00000

.00000 4.33300 8.66700 13.00000 17.33299 21.66701 26.00000
29.00000 30.30000 32.00000 34.60001 36.50000 38.89999 40.60001
41.70000 42.80000 43.55000 44.30000 .44.57201 44.77441

S .2500 8
-27.00000 -27.00000 -24.00000 -19.00000 -12.00000 -6.00000 -1.30001

.00000
.00000 9.96000 17.98000 23.30000 25.70000 27.30000 29.30000

29.55107
.0000 3

-1.25000 -.39200 .00000
.00000 1.70000 2.00277

READY

G-24



CFC02 29 DEC 81 1447

W6.01100 21.2500S 41
.0100 1

24.9501 1$
-21.168P5 -21. 16875 -20.1687S -16.5174 -12.8357 -9.1i6975 -4.919I4

-.4697S -.05574 .00000
.11000 4.70001 5.60000 6.36700 7.13301 7.90000 7.9500

810000 12.42500 13.02369
49.8999 19

-21.18749 -21.08749 -21.09749 -20.08749 -15.62049 -11.1449 -6.68749
-6.23749 -5.78749 -5.33749 -4.88750 -4.43750 -3.98749 -3.S3749
-3.09749 -2.08749 -1.08749 -.08749 .00000

.0000 3.50000 7.00000 9.00000 9.00000 9.00000 8.00000
12.81200 17.62G00 22.43700 27.25000 32.06200 36.97500 41.68706
46.50000 48.60001 49.000 50.20000 50.23499
74.50 19

-21.00624 -21.00624 -20.00624 -17.90624 -15.00624 -14.67324 -14.33924
-1400624 -13.67324 -13.33924 -13.00624 -12.67324 -12.33924 -12.00624

11:Ih0 0~I~ :S-1011S~B 12.44410 16.88901
21.33299 25.77800 30.22200 34.66701 39.1099 43.55600 49.00000
50.5000 51.60001 52.30200 52.30200 52.30200
99.8001 21

-20.92499 -20.78499 -20.64497 -20.50497 -20.36497 -20.22498 -20.08499
-19.94498 -19.90498 -19.66498 -19.52499 -19.92499 -17.92499 -16.92499
-15.92499 -14.92499 -9.99999 -5.07499 -.14999 .00000

.00000 4.80000 9.60000 14.40000 19.20000 24.00000 29.80000
33.60001 38.39999 43.20000 49.00000 50.1000 51.20000 51.80000
52.00000 52.30200 52.30200 52.30200 52.30201 52.30200
124.7503 19

-20.84373 -20.84373 -20.84373 -20.84373 -20.94373 -20.94373 -20.84373
-20.84373 -20.84373 -20.84373 -20.84373 -19.84373 -18.84373 -17.84373
-16.84373 -12.50373 -9.16373 -3.82373 .00000

.10000 4.70000 9.40000 14.10000 19.80000 23.50000 29.20000
32,89999 37.60001 42.30000 47.00000 50.00000 51.00010 51.60001
S2.30200 52.30200 S2.30200 52.30200 52,30200

-149.7000 18
-23.76250 -20.76250 -20.76250 -20.76250 -20.76250 -20.76250 -20.76253
-20.76250 -20.76250 -20.76250 -20.76250 -19.76250 -19.76250 -17.76253
-13.22250 -8.68250 -4.14250 .00000

.10000 4.90000 9.80000 14.70000 19.60001 24.5000 29.39999
34.30000 39.20000 44.10001 49.00000 51.39999 52.300010 S2.30200
52.30200 52.30200 52.30200 52.30200
t74.6499 18

-21.68124 -20.68124 -20.68124 -20.68124 -20.68124 -20.69124 -20.68124
-20.68124 -20.68124 -20.68124 -20.68124 -20.68124 -20.1812 -19.68124
-14.74124 -9.9012 -4.86124 .00000

.00000 4.63600 9.:2730! ~ ~ S
300 .00 52.30200 52.30200

199.6001 18
-20.5999 -20.59999 -20.59999 -20.59999 -20.59999 -20.59999 -20.59999
-20459999 -20.59999 -20.59999 -20.59999 -20.S9999 -20.09999 -19.59999
-14.65999 -9.71999 -4.77999 .00000

.00000 4.63600 9.27300 13.90900 19.54500 23A89201 27.81799
32.45506 37.09100 41.72701 46.36400 51.00000 51.80000 52.30201
52.30201 52.30200 S2.30200 S2.30200
224.5500 19
-20.51874 -20.1874 -20.51874 -20.51874 -20.51874 -20.51874 -20.51974
-20.51874 -20.51874 -23.51874 -20.51874 -20.51874 -20.01874 -19.51874
-14.S7874 -9.63874 -4.69874 .00000

.00000 4.63600 9.27300 13.90900 19.54500 23.19201 27.8179
32.4550 37.1910 41.72701 46.36400 51.10000 51.80000 52.30201
52.30200 52.30200 52.30200 S2.30201
249.5000 18
-21.43748 -20.43748 -20.43749 -20.43749 -20.43748 -20.43749 -20.43749
-20.43748 -20.43749 -20.43748 -20.43748 -20.43748 -19.93748 -19.43749
-14.49749 -9.55749 -4.61749 .00000

.00000 4.63601 9.27300 13.90900 18.540 23.18231 27.81799
32.45500 37.09101 41.72701 46.36400 5t10000 51.80010 52.30201
52.30200 52.30200 52.30200 52.30200

G-25



11-13
274.'0;O0 18

-20.35625 -20.35b25 -20.35625 -20.35625 -20.3Sb2S -20.35625 -20.35625
-20.3Sb2S -20.3S625 -20.35625 -20.35625 -20.35625 -19.85625 -19.35625
-14,41625 -9.4762S -4.53625 .00000

.00000 4.63600 9.27300 03.90900 18.54500 23.18201 27.81799
32.4S500 37.09100 41.72701 46.36400 51.00000 51.80000 S2.30200
S2.30200 52.30200 S2.30200 52.30200
*299.3999 18
-20.27499 -20.27499 -20.27499 -20.27499 -20.27499 -20.27499 -20.27499
-20.27499 -20.27499 -20.27499 -20.27499 -20.27499 -19.77499 -19.27499

M.j433490 -9.39499 -4.45499 .00000
.30000 4.63600 9.27300 13.90900 19.54500 23.10201 27.81799

32.45500 37.39100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.39200 52.30200
324.ZS01 18
-20.19374 -20.09374 -20.19374 -20.19374 -20.19374 -20.19374 -20.19374
-280374 -20.19374 -20.09374 -20.A9374 -20.19374 -19.69374 -. 19374
-1425*374 -9.31374 -4.37374 .00000

.00000 4.63600 9.27300 M390900 18.4S00 23.18201 27.8179
32.45500 37.09100 41.72701 4636400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200
349.3000 18
-20.H1249 -20.11249 -20.11249 -20.11249 -20.11249 -20.1149 -20.H1249
-20.11249 -20.M249 -20.11249 -20.11249 -20.11249 -19.6t249 -19.11249
-14.07249 -9.23249 -4.29249 .00000

.00000 4.63600 9.27000 13.90900 18.54500 23.18201 27,81799
32.45500 37.0910 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 S2.30200 521.30200
374.2500 18
-20.13M -20.0312 -20.03123 -20.03123 -20.03123 -20.0323 -20.0312
-20.03123 -20.03123 -20.03123 -20.03123 -20.03123 -09123 -19.03123
-14,09124 -9.15124 -4.2U124 .00000

.00000 4.63600 9.273N0 13.90900 18.54500 23.18201 27.81799
32.45500 37.091O004.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200
399.2000 19

-19.95O00 -19.95000 -19.950o0 -19.95000 -19.95000 -19.95000 -19.95000
-19.95000 -19.95000 -19.95000 -19.500 -19.95000 -19.45000 -18.95000
-14.O1000 -9.07000 -4,13000 .00000

.00000 4.63600 9.27300 B3.90900 18.54SCO 23,18201 27.81799
32.45560 37.09100 41.72701 46,36400 51.00090 51.80000 52.30200
52.30200 S2.30200 52.30200 S?.30200
4214.1499 18
-1 9.86874 -19.86874 -19.86874 -19.86874 -19.86874 -19.86874 -19.96974
-19.86874 -19.86874 -19.86874 -19 86874 -19.86874 -19.36874 -18.86874
-13.92874 -8.98974 -4.04874 Mco00

.00000 4.63600 9.27300 13.?0900 18.5450 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 S2.30200
449.1001 18

-19.78749 -A9.78749 -19.78749 -19.78749 -19.70749 -19.78749 -19.78749
-19.78749 -19.78749 -19.78749 -19.78749 -09.78749 -19.28749 -18.78749
-13.84749 -8.90749 -3.96749 .00000

.00000 4.63600 9.27300 13.90900 18.540 23.8M0 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80060 52.30200
52.30200 52.30200 52.30200 S2.30200.
474 0500 18

-19.70624 -19.70624 -19.70624 -19.70624 -19.70624 -19.70624 -19.70624'
-19.70624 -19.70624 -19.70624 -19.70624 -19.70624 -19.206214 -18.70624
-13.76624 -8.82240 -3.88624 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 S2.30200 S2.30200
499.0000 18
-19.62498 19.62499 -19.62498 -19.62498 -19.62,498 -19.62498 -19.62498
-0. 62498 -19.62498 -A9.62498 -19V6498 -19.62498 -19.12498 -18.62498
-13.68479 -8.74499 -3.80499 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.4S500 37.09100 41.72701 46.36400 51.00000 5W80000 52.302,00
52,30200 52 30200 52.30200 52.30200
523.9500 18

-19.54375 -19.5437S -19.54375 -19 SA37S -19.54375 -19.S4375 -19.54375
-19.54375 -19.54375 -19.S4375 -19 54375 -19.54375 -19.04375 -18.54375
-13.6037S -8.66375 -3.7237S .00000

.00000 4.63600 9.27300 03.90900 18.5450 23.18201 27.91799
32.45500 37.09100 41.72701 46 36400 51.060000 51.80000 S2.30200
S2.30200 S2.30200 S2.30200 S2.30200

G-26



S49.8999 19
-19.46249 -19.46249 -1?. 46249 -19.46249 -19.46249 -19.46249 -19.46249
-19.46249 -19.46249 -19.46249 -19.46249 -19.46249 -18.96249 -W. 46249
-13.52249 -8.59249 -3.64249 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23. 18201 27.81i799
32.45500 37.09100 41 .72701 46.36400 51.00000 51.90000 52.30200
52.30200 S2.30200 S2.30200 52.30200
573.8501 19
-19.38124 -19.38124 -19.38124 -19.38124 -19.38124 -19.38124 -19.38124
-19.38124 -19.38124 -19.38124 -19.38124 -19.38124 -10.88124 -18.38124
-13.44124 -8.5D124 -3.S6124 .00000

.10000 4.63600 9.27300 13.90900 19.5450 23.18201 27.91799
32.45500 37.89100 41.72701 46.36400 51.00000 51.80000 S2.30200
52.302100 52.30200 S2.30200 52.30200
598.8000 19
1929-19.29999 -1929999 - 1.29999 -19.2999 -19.29999 -19.2999
-19.29999 -192999 -19-29999 -19.2?999 -19.2M99 -18.79999 -18.29997
-13.35999 -8.41999 -3.47999 .00000.90000 4.63600 9.27300 13.90900 19.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 S2.30200 52.30200 52.30200
623.7500 19
-19.21873 -19.21873 -19.21873 -19.21873 -19.21873 -19.2873 -19.21873
-19,21873 -19.21873 -19.21873 -19.21873 -19.21873 -18.7873 -19.21873
-13.27874 -8.33874 -3.39874 .00000

.50000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
S2.30200 52.30200 52.30200 52.30200
648.7000 18
-19.13750 -19.13750 -19.13750 -19.13750 -19.13750 -19.13750 -19.13750
-19.13750 -19.13750 -19.13750 -19.1370 -19.13750 -18.63750 -18.13750
-13.157S0 -9.25750 -3.31750 .00000

00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32:45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.302100 52.30200
673.6499 19
-19.05624 -19.05624 -19.05624 -19.05624 -19.05624 -19.05624 -19.05624
-19.05624 -19.05624 -19.05624 -19.05624 -19.05624 -18.55624 -18.0624
-13.11624 -8.17624 -3.23624 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51 .00000 51.80000 52.30200
52.30200 52.30200 52.30200 S2.30200
699.6001 I8
-18.97499 -18.97499 -18.97499 -18.97499 -10.97499 -18.97499 -18.97499
-18.97499 -18.97499 -18.97499 -18.97499 -18.97499 -18.47499 -17.97499
-13.03499 -8.09491 -3.15499 .00000

.30000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51 .00000 S1.80000' 52.30200
52.30200 52.30200 52.30200 S52.30200
723.5500 19
-18.89374 -18.89374 -18.89374 -18.89374 -18.89374 -18.89374 -18.89374
-19.89374 -18.89374 -18.89%74 -18.89374 -18.89374 -18.39374 -17.89374
-12.95374 -8.01374 -3.07374 .00000

.00000 4.63600 9.27300 13.90900 18.5.4500 23.18201 27.81799
32.45500 37.09100 41.727u1 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200
748.5000 19
-1B81248 -18.81248 -t8.81248 -18.81248 -18.81248 -18.812'48 -18.8148
-19.8248 -18.81248 -18.81248,-18.81248 -18.81248 -18 31248 -17.8t248
-12.97249 -7.93249 -2.99249 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.89099
32.45500 37.09A0 41.72701 46.36400 51 .00000 51 .80000 52.30200
52.30200 52.30200 52L3U20 52.30200
773.4500 1W
-18.73125 -18.73125 -18.73125 -18.73125 -18.73125 -18.7312 -18.73125
-18.73125 -18.73125 -18.73125 -18.73125 -18.73125 -18.23125 -17.73125
-12.7912S -7.85125 -2.91125 .00000

.00000 4.63,600 9.27300 13.90900 18.54500 13.18201 27.81799
32.45500 37.09100 41.72~701 46 36400 51.00000 51.80000 52.30200
S2.30200 52.30200 52.30200 S2.30200
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11-15
798.3999 1H

-19.64999 -18.64999--18.64999 -18.64999 -18.64999 -18.64999 -18.64999
-18.64999 -16.64999 -19.64999 !9.64999 -18.64999 -18.14999 -17.64999
-12.70999 -7.76999 -2.82999 .00000

.00000 4.63600 9.27300 13.90900 19.54500 23.08201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
S2.30200 S2.30200 S2.30200 S2.30200
823.3499 18
-18.56874 -18.56874 -18.56874 -18.56874 -18.56874 -18.56VW -18.56874
-18.56874 -18.56874 -18.56874 -18.56874 -I8.5b874 -08.06r -17.S6874
-12.62740 -7.68874 -2.74874 .00000

.00000 4.63600 9.27300 13.90900 18.450 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 S1.80080 52.30200
52.30200 52.30200 52.30200 52.30200
848.2998 19
-18.48749 -18.48749 -18.48749 '-18.48749 -18.48749 -18.48749 -18.48749
-18.48749 -18.48749 -18.48749 -18.48749 -18.48749 -17.98749 -17.48749
-16.48749 -11.74749 -7.00749 -2.26749 .00000

.00000 4.54500 9.09100 13.63600 18.18201 22.72701 27.27299
31.81799 36.36400 40.90900 45.45500 50.00000 51.20000 51.50000
52.30200 52.30200 52.30200 52.30200 52.30200
873.2500 19
-18.40623 -18.40623 -18.40623 -18.40623 -18.40623 -18.40623 -18.A%,23
-18.40623 -18.40623 -18.40623 -17.40623 -16.40623 -15.40623 -i!.40623
-13.40623 -9.26623 -5.12624 -.98624 .00000

.00000 S.33300 10.66700 16.00000 21.33299 26.66701 32.00008
37.33299 42.66701 48.00000 S0.00000 50.80000 51.30000 51.80000
S2.30200 52.30200 52.30200 S2.30200 52.30200
898,2000 19

-18.32500 -18.32500 -18.32S00 -18.325SO0 -18.32500 -18.32500 -18.32500
-18.32500 -18.32500 -18.32500 -17.62500 -17.32000 -16.32500 -14.32500
-12.32500 -9.32500 -6.32500 -1.75800 .00000

.00000 4.88900 9.77800 14.66700 19.55600 24.44400 29.33299
34.22200 39.11099 44.00000 47.20000 47.30000 48.50000 49.70000
50.60001 51.50000 52.30200 52.30200 52.30200
923.1499 19
-18.24374 -18.24374 -18. 24.374 -014374 -18.24374 -18.214374 -18.24374
-18.24374 -18.24374 -17.74374 -17.24374 -16.24374 -14.14374 -12.24374
-9.24374 -6.24374 -3.24374 -.24374 .00000

.00000 4.75000 9.50000 14.25000 19.00000 23.75000 26.50000
33.25000 38.00000 40.00000 41.00000 42.50000 44.60001 46.20000
48.00000 49.00000 49.80000 50.25000 50.28656
948.0999 17
-18.16249 -18.16249 -18.16249 -18.16249 -18.16249 -18.16249 -18.16249
-17.66249 -17.16249 -16.16249 -14.16249 -12.162149 -9.162149 46.16249
-3.16249 -.16249 .00000

.00000 4.33300 8.66700 13.00000 17.33299 'N.60701 26.00000
29.00000 30.30000 32.00000 34.60001 36.50000 38.99999 40.60001
41.70000 42.80000 42.84062
973.0498 6
-18,08124 -18.08124 -15.08124 -9,081214 -3.08124 .00000

.00000 9.96000 17.98000 23.30000 25.70000 26.52165
998.000 0

READY
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11-16

LIST
OFCOR3 29 DEC 91 15:31

19.92000 22.10000 41
.0000 3I

24.9500 4
-21.00000 -21.00000 -9.JQOO0 .00000

.00000 5.00001 7.75000 8.00006
49.8999 S

-9.54000 -S.46000 -4.89000 -3.54000 .00000
.00000 32.30000 40.C0000 48.00000 SO.S0006

74.8901 4
-16.77000 -13.03000 -10.05000 .00000

.10000 48.00000 52.30200 S2.32000
99.9001 6

-22.00000 -22.00000 -20O.56000 -19.00000 -16.00000 .00000
.00000 6.00M0 48.00000 5i125000 52.32000 52.32000

124.7900 20
-21.73999 -21.73999 -21.73999 -21.73999 -21.73999 -21.73999 -2t .73999
-21.73999 -21.73999 -21.73999 -21i.73999 -20.73999 -19.73999 -18.73999
-17.73999 -13.39999 -9.05999 -4.71999 -.37999 .00000

.10100 4.70003 9.40000 14.10000 1A.80000 23.5000 29.20000
32.19999 37.60001 42.30000 47.00000 50.00000 51.00000 SibOOD0i
52.30200 52.30200 S2.30200 52.30200 52.30200 52.30200
149.7000 19

-21.68799 -21.b8799 -21.69799 -21.68799 -21.68799 -21.68799 -21.68799
-21.68799 -2t.68799--21.68799 -21.68799 -20.69799 -19.68799 -18.68799
-14.14799 -9.60799 -5.06799 -.S2799 .00000

.90000 4.90000 9.80000 1470000 19.60001 24.50000 29.39999
34.30000 39.20000 44.10801 49.00000 51.39999 52.00000 52.30200
S2.30200 52.30200 52.30200 S2.30200 52.30200
174.6499 19

-21.63599 -21 .63S99 -21 63599 -21.63599 -21.63599 -21.63599 -2i.63S94
-21.63599 -21.63S99 -21.63S99 -21.63S99 -21.63599 -21.1399 -20.6359Y
-15.69599 -107599 -5.B1S99 -.87599 .00000

.00000 4.63600 9.27300 13.90900 18.4500 23.19201 27.91799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 S2.30200. 52.30200 52.30200
199.6001 19

-21 .58398 -21.58396 -21.58398 -21 .58398 -21.58398 -21.58399 -21.58398
-21.58398 -2t.58390 -21.58398 -21.58398 -21.58398 -21.08398 -20.58398
-15.64398 -10.70398 -5.76399 -.82379 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200
224.5500 19

-21.53200 -21.53200 -21.53200 -21.53200 -21.53200 -21.53200 -2t.S3200
-21.S32C0 -21.53200 -21.53200 -21.53200 -21.S3200 -21.03200 -20.53200
-15.59200 -10.6200 -5.71200 -.77200 .00000

k9:3020 -: 3200 52.30200 52.30200 52.0U0
24.00 19

-21.48000 -21.48000 -21.48000 -21.48000 -21.490D0 -21.48000 -21.48000
-21.48000 -21.48000 -21.49000 -21.48000 -21.48000 -20.98000 -2,0.48000
-15.54000 -10.60000 -5.b6000 -.72000 .00000

.00000 4.63600 9.27300 03.90900 18.4500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 5t 80000 52.30200
52.30200 52.30200 52.30200 52.30200 S2.30200
274.4500 19
-21.42799 -21.42799 -21.42799 -21.42799 -21-.42799 -21.42799 -21.42799
-21.42799 -21.42799 -21.42799 -2t.42799 -21.42799 -20.92799 -20.42799
-15.48799 -10.54799 -5.60799 -.66800 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.820 27.81799
32.45500 37.0910 41.72701 46.36400 51.00000 51.80000 S2.30200
S2.30200 52.30200 S2.30200 52.30200 5S2.30200
299.3999 19
-21.37599 -21.37599 -21.37599 -21.37599 -21.37599 -21.37599 -21.37599
-21.37599 -21.37599 -21.37S99 -21.37599 -21.37599 -20.87599 -20.37599
-15.43599 -10.49599 -5.55599 -.61600 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.0910 41.72701 46.36400 St1.00000 51.80000 52.30200
S2.30200 52.30200 52.30200 52.30200 52.30200
324.3S01 19

-21.32399 -21.32399 -21.32399 -21.32399 -21.32399 -21.32399 -21.32399
-21.32399 -21.32399 -21.32399 -21.32399 -21.32397 -20.82399 -20.32399
-15.38399 -10.44399 -5.50399 -.56400 .00000

.00000 4.63600 9.27300 13.90900 19.54500 23.S8201 27.81799
32.45500 37.091 04.72701 46.36400 51.00000 51.80000 S2.30200 G-29
S2.30200 52.30200 52.30200 S2.30200 S2.30200



11-17

349.3000 19
-21.27199 -21.27199 -21.27199 -21.27199 -21.27199 -21.27199 -21.27199
-21.27199 -21.27199 -21.27199 -21.27199 -21.27199 -20.77199 -20.27199
-15.33199 -10.39199 -5.4519 -.51199 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.91799
32.45500 37.09100 41.72701 46,36400 51.0000 51.80000 52.30200
S2.30200 52.30200 52.30200 52,30200 52.30200
374.2500 19

-2t.21999 -21 .21999 -21.21999 -21.21999 -21.21999 -21.21999 -2t.21999
-21.21999 -21 .21999 -21.M1999 -21.21999 -21.219?9 -20.71999 -20.21999
-15.27999 -10.33999 -5.39999 -.45999 .00000

.00000 4,63600 9,27300 13.90900 18.54500 23.8201 21,80799
32.45500 37.09100 41.72701 4b.3b4OP 51.00000 51.80000 52.30200
52.30200 S2.30200 52.390200 52.30200J 52.30200
399.2000 19
-21,16800 -21.16800 -21.16800 -21.6800 -21.16800 -21.16800 -21.16800
-21.16900 -2 .16800 -21.16800 -21A16800 -21.16900 -20.66800 -20.16800
-15.22800 -10.28800 -5.34800 -.40800 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.820 27.80799
32.45500 37.09100 41.72701 46.36400 51.00000 51.90000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200
424.1499 19
-21.11600 -21.10600 -2t.11600 -21.1600 -21.11600 -21.11600 -21.160
-21.11600 -21.1160 -21.11600 -21.11OO -21.11600 -20.61600 -20.11600
-15.17600 -10.23600 -5.29600 -.3S600 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.820 27.81799
32.43500 37.09100 41.72701 46.36400 Si. 00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200 52.30200
449.1001 19
-21.06400 -21.06400 -21.06400 -21.06400 -21.06400 -21.06400 -21.06400
-21.06400 -21.06400 -21.06400 -21.06400 -21.06400 -20.56400 -20.06400
-15.240 -10.18400 -5.24400 -.30400 .00000

.00000 4.63600 9.27300 13.90900 18.S4500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51 .00000 51.80000 52.30200
52.30200 52.30200 52.30200 S2.30200 S2.30200
474.05OO00 1
-21.0199 -21.01199 -1.0199 -21.01199 -21.01199 -21.0199 -21.01199
-21.01199 -21.099 -21.0199 -21.01199 -1.019 -20.5119 -20.0199
-15.07199 -10.13199 -5.1919 -.2S200 .00000

.00000 4.63600 9.27300 13.90930 18.54500 23.101 27.81799
32.45500 37.09100 41.72701 46.36400 St1.00000 51.80000 52.30200
S2.30200 S2.30200 52.30200 52.30200 S2.30200
0~9.0000 19
-20.95999 -20.9S999 -20.95999 -20.95999 -20.95999 -20.95999 -20.9s999
-20.95999 -20.9S999 -20.95999 -20.6?999 -20.95999 -20.45999 -199599
-15.01999 -10.07999 -5.13999 -.20000 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 St1.00000 51.80000 52.30200
52.30200 52.30200 52.30200 5I2.30200 52.30200
523.9500 19
-20.90799 -20.90799 -20.90799 -20.90799 -20.90799 -20.9'0799 -20.90799
-20.90799 -20.90799 -20.90799 20.9D799 -20.90799 -20.40799 -19.907/99
-14.96799 -10.02799 -5.08799 1-.14800 .00000

.00000 4.U60 9.27300 i 13 90900 18.54500 23.18201 27.8179
32.43500 37.09100 41.72701 46:36400 51.00000 51.80000 S2.30200
S2.30200 S2.30200 52.30200 52.30200.2320
548.8999 19 5.00
-20.85599 -20.85399 -20.85599 -t0.85S99'-20.BS599 -20.85599 -20.85599

-0859-20.83599 -20.85599 -20.85599 -20.85599 -20.35599 -19.85599
-14.9199 -9.97599 -5.03599 -.09599 .00000

.00000 4.63600 9.27300 13.9090l0 18.S4500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 .51. 00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200 'S2.30200
573.8501 19
-20.80399 -20.80399 -20.80399 -20.80399 -20 80399 -20.80299 -20.80399
-20.80399 -20.80399 -20.80399 -20.80399 -20.80399 -20.30399 -19.80399
-14.86399 -9.92399 -4.98399 -.04399 .00CN0

.00000 4 63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51 .00000 S1.80000 S2.30200
52.30200 52.30200 52.30200 S2.30200 S12.30200
598.8000 18
-20.75198 -20.75198 -20.7519 -20.7519 -20.7519 -20.7S198 -20.75198
-20.73198 -20.75M9 -20O.7598 -20.75198 -20.7519 -20.25198 -19.75198
-14.91198 -9.87198 -4.93198 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.1020 1 27.81799
32AWO~ 37.09M004.727M 46.36400 Si. 00000 51.80000 52.30200
52 362A 52 30200 S2.30200 51.30200

G- 0



623.7500 is
-20.70000 -20.70000 -20.70000 -20.70000 -20.70000 -20.70000 -20.70000
-20.70000 -20.70000 -20.70000 -20.70000 -20.70000 -20.20000 -19.70000
-14.76000 -9,82000 -4.88000 .00000

.00000 4.63600 9.27300 13.90900 19.450 23,18201 27.81799
32.45500 37.09100 41.72601 46.36400 51.00000 51.90000 S2.30201
S2.30200 S2.30200 S2.30200 S2.30200
648.7001 19
-21.64799 -20.64799 -20.64799 -20.64799 -20.64799 -20.64799 -20.64799
-20.64799 -20.64799 -20.64799 -20.64799 -20.64799 -20.14799 -19.64799
-14.70800 -9.76800 -4.82800 .00000

.00000 4.63600 9.27300 03.90900 t9.54S00 23.18101 27.81799
32.45500 37.09100 41.?2701 46.36400 51.0000O Si.SDUD0 S2.30200
52.30200 52.30200 52.30200 52,30200
673.6499 18
-20.S9599 -20.9599 -20.59599 -20.59S99 -20.59599 -20.59599 -20.59599
Z~0.59599 -20.S9599 -20.59S99 -20.59S99 -20.59599 -20.09S99-1.99
-14.6SS99 -9.71599 -4.77599 .00000

.00000 4.63600 9.27300 13.90900 18 54S00 23.10201 27.81799
3'.4550 37.09100 40.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 52.30200
696.6001 18
-20.54399 -20.54399 -20.54399 -210.54399 -20.54399 -20.54399 -20.54399
-20.54399 -20.5439; -20.S4399 -20.S4399 -20.54399 -20.04399 -19,54399
-14.6039? -9.66399 -4.72399 .0000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
52.30200 52.30200 52.30200 S2.30200
723.5500 18
-20.49099 -20.49199 -20.49199 -20.49099 -20.49199 -20.49099 -20.49199
-20.49199 -20.49199 -20.49199 -20.49199 -20.49199 -19.99199 -19.49199
-14.519 -9.61199 -4.67199 .00000

.00000 4,63600 9.27300 13.90900 I8.5450 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 Si. 00000 51.90000 S2.30200
52.30200 52 30200 52.30200 52.30200
748.5000 18
-20,43999 -20.43999 -20.43999 -20.43999 -20.43999 -20.43999 -20.43999
-20.43999 -20.43999 -20.43999 -20.43999 -20. 43999 -19.93999 -19.43999
-14.49999 -9.55999 -4.61999 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 St1.00000 51.80000 52.30200
52.302n0 52.30200 52.30200 52.30200
773.4500 18

-2.8 20.38799 -20.38799 -20.38799 :20.38799 -210.38799 -20.38799
20.3799-203879 -2.3899 20.879 -203879 -9.8799-19. 38799

-14.44799 -9.50799 -4.S6799 .00000
.00000 4.62600 9.27300 13.90900 18.54500 23.18201 27.81799

32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 52.30200
S2.30200 52.30200 52.30200 52.30200
798.3999 18

-20.335M -20.33S98 -20.33598 -20.33598 -20.33598 -20.33598 -20.33S98
-20.33598 -20.33598 -20.33S98 -20.3359B -20.33598 -19.83598 -19.33598
-14.39S98 -9.45598 -4.51598 .00000

.00000 4,63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.4S500 37.09100 41./2701 46.36400 St1.00 000 51.80000 52.30200
S2.30200 52.30200 S2.30200 S2.30200
823 3499 18

-20.-.8400 -20.218400 -20.28400 -20.28409 -20.28400 -20.28400 -20.22400
-20.28400 -20.28400 -20.28400 -20.28400 -2V.28400 -19.79400 -19.28400
-14.34400 -9.40400 -4.46400 .00000

.00000 4.63600 9.27300 13.90900 18.54500 23.18201 27.81799
32.45500 37.09100 41.72701 46.36400 51.00000 51.80000 S2.3$0
52.30200 S2.30200 52.30200 S2.30200
848.2998 19
-20.23199 -20.23199 -20.23199 -20.23199 -20.2319 -20.23199 -20.1M99
-20.23199 -20.23199 -20.23M9 -20.23199 -20.23199 -19.73199 -19.23199
-18.23199 -13.49M9 -8.75200 -4.01199 .00000

.00200 4.54500 9 0910 13.63600 18.18201 22.72701 27.2729
31.81799 36.36400 40.90900 45.45500 50.00000 51.20000 51.50000
52.30200 52.30200 52.30200 521.30230 52.30200
873.2500 19
-20.17999 -20.17999 -20.17999 -20.17999 -20.17999 -20.A7999 -20.17999
-20.17999 -20.07999 -20.17999 -19.17999 -1817999 -17.17999 -16.799

-ISA999-110399 -.8997 2.7000 .0 0000
.00000 5.33300 10UM70 16.00000 21.33i99 26.66701 32.00000

37.33299 42.66701 48.00000 50.00000 SO WOO0 51.30000 51.80000
52.30200 52.30200 52.30200 52.30200 S2.30200

G-31



11-19
998.2000 19
-20.12799 -20.12799 -20,12799 -20.12799 -26.12799 -20V1799 -20.1279
-20.12799 -20.12799 -20,12799 -19.62799 -l*.12799 -19.1799 -16.12799
-14.12799 -11.12799 -8.12799 -3.56099 .00000

.00000 4.88900 9,77800 14.66700 19.55600 24.44400 29.33299
34.22200 39.1H099 44.00000 47.20000 47.30000 48.50000 49.70000
50.60001 51.50000 S2.30200 S2.30200 S2.30200
923.1499 19

-20.17S99 -20.17S99 -20.07S99 -20.07599 -20.07S99 -20.07599 -20.07599
-20.07S99 -20.07599 -i9.S599 -19.07599 -19,07599 -16.07599 -14.07599
-11.07599 -8.07599 -5.07599 -2.07599 ,.00000

.00000 4.75000 9.50000 14.2S000 19.00000 23.75000 28.50000
33.25000 38.00000 40.00000 41.00000 42.50000 44.60001 46,20000
48.00000 49.00000 49.80000 50.25000 50.56139
948.0999 17

-20.02399 -20.02399 -20.02399 -20.02399 -20.02399 -20.02399 -20.02399
-19.52399 -19.02399 18.02399 -16.02399 -14.02399 -11.02399 -8.02399
-S.02399 -2.02399 .00000

.00000 4.33300 8.66700 13.00000 17.33299 21.b6701 26.00000
29.00000 30,30000 32.00000 34.60001 36.50000 38.89999 40.60001
41.70000 42.80000 43.30600
973.0498 6
-19.97198 -19.97198 -16.97198 -10.9719 -4.97199 .00000

.00000 9.96000 17.98000 23.30000 25.70000 27.02S86
998.0000 0

READY

G-32



11-20

LIST

CASEI 18 DEC 80 14:14

S. J. CORT CSEi
998.0000 41
2. 2050
0.0000

825.3600 1038.6000 820.0000 1.0000
6226.1900 2020.184i 2350.0000 0.9200
882S.7000 123.7587 2400.0000 0.8160

10033.7300 4.8660 2380.0000 0.7400
10033.7300 4.8660 3772.0000 0.6240
10192.6100 3.8361 3772.0000 0.5530
10338.0400 1.3627 3772.0000 0.4S90
10481.4600 6.22S0 3772.0000 0.3630
10463.3199 6.3210 3772.0000 0.2720
10472.SS00 6.4150 4113.0000 0.i800
J0468.0699 6.4870 4113.0000 0.0880
10463.5900 6.S490 4113.0000 0.0000
10459.1100 6.6S70 4113.0000 -0.0980
104S4.6300 6.7400 4113.0000 -0.i9(c3
10450.i500 6.7850 4113. 0000 -0.2810
10445.6700 6.8460 41.3.0000 -0.3vs0
10441.1899 6.9490 4113.0000 -0.4680
10436.7100 7.0540 411.3.0000 -0.5620
10432.2800 7.3940 4113. 0000 -0 .6S40
10427.8000 7.4470 4113.0000 -0 ,750
10423.3199 7.3440 4113.0000 -0.8400
10416.6600 7.7600 4113.0000 -0.1550
10412.2800 7. 036 5-'0 4113. 0000 -0.6600
10407.7000O 7.73'3!* 0 411.3.0000 -0.5720
10403.2200 7.9000 4113.0000 -0.4790
103Y9.7400 8.0100 4113.0000 -0.3E60
10394.2600 8.1210 411,3.0000 -0.2920
10389.7000 8.1950 4113.0000 -0.1990
10385.3500 B.Z960 4113.0000 -0.1060
10380.8199 8.3940 411.3. 0000 -0.0150
10376.3900 8.501.0 4113. 0000 0 .0000
10370.7700 8.5840 4113.0000 0.1720
10365.1400 8.6970 4113.0000 0.2630
10362.95(00 8. 7:;10 4113. 0000 0.3580
10286.6300 1.3940 4113.0000 0.4500
10013.6300 9.1770 3810 .0000 0 .5400
94S4.1899 '56.1200 381. 0,.0000 0.6300
7973.9400 212.0896 4360.0000 0.7250
5260.6300 360.0577 4360.0000 0.s88
1858.5800 1186.8018 1300.0000 0.9000

00000 0.0000 0. 0000 1 .0 00 0
READY
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11-21

LIST

CASE 2 18 DEC 80 14:14

S, J1. CURT CSE 2
998.0000 41
2.2050j.00
0 .000013000

a,-1.3600 J038.6000 80..0000 0.9290

6226-19)0 2020.184i 23c000,098
885.00 23.-7S87 2400.0000 

D.Bibo

10033.700 6.6028.0000 0.7400

JOO053.7300 4.9 1660 23772.0000 0.6240

ii992.bloo 3.9361 3772.0000 0.4S90

1(1338.0400 1 3627 37 72 0 0 00 0.3630

i0491.4600 6 2250 3772.0000 0.2720

i0463,31'Y9 6.3;10 3772.0000 0.2720o

tQ472)500 6 b415 0 41.13.0000 0.1080

10468.06'99 6,4870 41.13.9000 0.080
10463.S900 6.5490 4013.0000 -0.090

104S9:11.00 6.6570 41,3.0000 -0.0980

1044 300 6.7400 0113-0000 -0.19i0

10450.1500 b. 78'50 41.13.0000 -0.291.0

10445.6700 6.8460 411-3.0000 -0.3650

10441.899 6.9490 4113-0000 -0.4680

M036.7/100 7.0540 4113,0000 -0 , b:30
10 432.190 0 7.-3940 4 11j530 0 00 -0.6540

10427.8000 7.4470 41l3.0000 
-070

104'?3.3i99 7.3440 41.13,0000 -0,8400

l04 116) 7 76 00 4113.0000 -0 7!3-50

10i . 0 '8t; 410.00 0. 6600

104 12. ,2000 7 . .3?0, 4113 -0 0 -0 5720
104U3.221 1 7.00 41.1.3,0000 -49

10340740 0 0.10 4.30000 -03860O

M032200 7 gooo 41.1.00 -023960

It)3yB9. 7 40 0 t3.(Y1,00 411i3:0000 -0 2920

103 9. 200 j3i5 . 0 4113.0000 -0.1 0
l03j3.51Y9 . 04113.0009 -0.106

1037(.9 B. ;oi0 4113.001)0 0.0800

10376.300 )180 ~3.0000 0 1720

(1036t;: 40)0 8 6 y7 0 4i 0 -.0000 0 . 380

10362.-950 0 9: JS10 4j 13.0000 0 45100

i0206b.6
3 0 0  1 -39,10 411.3 0 0 00 0. .)4 0 0

ic0013.6300 9.70 3ttO.0000 0.5400

?4c4-19399 ,6. 120f,391.0-0000 0.60
'/97.940 21.086 4360 .0000 0.75

52b6
0  3 L 60.05'77 4*360.000G.G8
-8853(J0 1 8.08300000 0.7080

0.0000 0.0000 0.0000 1~0

RE:ADY

G-341



11-22

LIST

CASE3 02 SEP 80 15:08

S. J7. CORT CASE3
998.0000 41

1.9600
0.0000

3108.4200 1054.0302 820.0000 1 .0000 S -

4980.9000 2402.2656 2350.0000 0.94S2
6957.4900 868.4435 2400.0000 0.8355
926S.9700 81.0149 2380.0000 0.7257

10325.3101 5.5770 5791.0000 0.6161
10477.8500 4.6830 5791.0000 0.5071

/10607.2i00 2.7610 5791.0000 0.3992 *I
101~83 00 1.7160 5791.0000 0.2930

10719.8300 1.7160 5791.0000 0.1893
10719.8300 1.7160 5791.0000 0.0891
10719.8300 1.7160 5791.0000 -0.0067
10719.8300 1.716G S791.0000 -0.0972
10719.8300 1.7160 5791.0000 -0.1812
10719.8300 1.7160 5654.0000 -0.2S79
10719.8300 1.7160 5654.0000 -0.3264
10719.8300 1.7160 5654.0000 -0.3859
10719.8300 1.7160 5654.0000 -0.43S6
10709.8300 1.7160 5654.0000 -0.4749
10719.8300 1.7160 5654.0000 -0.S033
10719.8300 1.7160 5654.0000 -0.5204
10719.8300 1.7160 5654.0000 -0.5261
10719.8300 1.7160 5654.0000 -0.5202
10719.8300 1.7160 5654.0000 -0.5028

10719.8300 1.7160 5654.0000 -0.4741
10719.8300 1.7160 5654.0000 -0.4347
10719.8300 1.7160 5654.0000 -0.3848
10719.8300 1.7160 5654.0000 -0.3252
10719.8300 1.7160 5654.0000 -0.2567

I10719.8300 1.7160 5654.0000 -0.1799
10719.8300 1.7160 5654.0000 -0.0958
10719.8300 1.716 5654.0000 -0.0055
10719.8300 1.7160 5654.0000 0.0912
10720.0300 1.7150 5386.0000 0.1903
10720.2300 1.7140 5386.0000 0.2937

-VV96-. 27 00 2.148C 5386.0000 0.3996
10449.3199 5.4510 S386.0000 0.5072
9975.5900 28.0782 5386.0000 0.6158
8569.9000 123.9159 5936.0000 0.7249
5816.4500 234.7966 5936.0000 0.8348
2176.0200 93.1999 1300.0000. 0.9443 .o

13.614251 33
READY

.G-35



11-231

LI ST

CASE4 02 SEP 80 10:18

S. J. COJRT CASE4
998.0000 41

2.080.0
0.0000

3096.1200 998.4755 820.0000 1.0000
S047.2700 220S.6653 23c;0.0000 0.9452
7102.7800 690.6144 2400'.0000 0.8355

9379.7500 48.4175 2380.0000 0.7257
10404.2400 1.7790 S791.0000 0.6161
1.0554.0601 1.4810 579f.0000 0.S07i

10680.9900 0.6110 5791.0000 0.3992

1079i.8S00 0.2550 5791.0000 0.2930
10.791.8500 0.2550 5791.0000 0.1893
10791.8500 0.2550 S791.0000 0.0891
1079i.8SO0 0.2550 5791.0000 -0.0067
10791.B500 0.2550 5791.0000 -0.0972
10791.8500 0.2550 5791.0000 -0.1812
10791.B500 0.2550 S654.0000 -0.2579
10791.8500 0.2550 5654.0000 -0.3264
10791.8500 0.2550 5654.0000 -0.3859
1079t.8500 0.2550 5654.0000 -0.43S6
1079i.8S00 0.2350 56S4.0000 -0.474n

1079i.BS00 0.2550 5654.0000 -0.5033
10791.8500 0.2550 5654.0000 -0.5204
1079i.8S00 0.2550 S654.0000 -0.5261
1079i.Bq00 0.2550 5654.0000 -0.5202

1079i.BSOO 0.25S0 5654.0000 -0.5028
10791.SSO0 0.2550 5654.0000 -0.4741

10791.BS00 0.2550 S654.0000 -0.4347
10791.BS00 0.2550 5654.0000 -0.3848
10791.8S00 0.2550 565*4.0000 -0.3252
10791.8S00 0.2550 5654.0000 -0.2567
1079t.8500 0.2550 5654.0000 -0.1799
1079i.85O0 0.2550 5654.0000 -0.0958
10791.,8500 0.2550 5654.0000 -0.0055
10791.BS00 0.2550 5654.0000 0.0912
10791.8500 0.2470 5386.0000 0.1903
10791.8400 0.2390 5386.0000 0.2937
10739.7800 0.4720 5386.0000 0.3996
1052S.8700 2.0270 5386.0000 0.5072
10062.5601 16.1005S 5386.0000 0.61S8
8671.2100 87.3448 S9.36.0000 0.7249
S907.9200 178.3923 5936.0000 0.8348
2122.2400 66.20934 1300.0060 0.9443

12.9300 34.4547 0.0000 1.0536
READY

(1-36



11-24

LIST

CASES 02 SEP 80 11:04

S. J. CORT CASES
998.0000 '41

2. 0730
0. 0000

3096.7000 1001.6884 820.0000 1.0000

S043.3600 2216.9408 2350.0000 0.94S2

7094.7500 700.3909 2400.0000 0.8355
9373.8199 50.0512 2380.0000 0.72S7

10400.1600 1.8980 5791.0000 0.616l
10550.1100 1.5810 5791.0000 0.5071
10677.1600 .0.6700 5791.0000 -0.3992

10788.1100 0.2830 5791.0000 0.2930
10788.1i00 0.2830 5791.0000 0.1893
10788.1100 0.2830 5791.0000 0.0891

10788.110 0.28305-791.0000 -0.0067

10788.1100 0.2830 5791.0000 -0.0972

10788.1100 0.2830 5791.0000 -0.182
10788.1100 0.2830 5654.0000 -0.2579,
10788.1100 0.2830 5654.0000 -0.3264
1078b.1100 0.2830 5654.0000 -0.38S9
107B8.1100 0.2830 5654.0000 -0.43S6
10788.1100 0.2830 56S4.0000 -0.4749

10788.1100 0.2830 5654.0000 -0.5033
10788.1100- 0.2830 5654.0000 -0.5204

1078.110 0.2830 5654.0000 -0.5261
50788.1100 0.2830 5654.0000 -0.5202

10788.1100 0.2830 5654.0000 -0.5028
10788.1100 0.2830 56S4.0000 -0.4741

10788.1100 0.2830 5654.0000 -0.4347

10Th8.it00 0.2830 5654.0000 -0.3848
10788.1100 0.2830 5654.0000 -0.3252
10788.1100 0.2830 5654.0000 -0.2567

1078(8.1100 0.2830 5654.0000 -0.1799

10788.1100 0.2830 56S4.0000 -0.0958
10788.1100 0.2830 5b54.0000 -0.0055

10788.ii00 0.2830 5654.0000 0.0912

107883.1100 0.2760 5386.0000 0.1903
1078.110 0.2690 5386.0000 0.2937

t0736.0i00 0.517 5386 0000 0.3996

10521.8800 2.3809 5386.0000 0.S072
10058.0100 16.6851 53836.0000 0.61S8

8665.8800 89.2469 5936.0000 0.7249
5903.0000 181.4056 5936.0000 0.8348

2218.8700 67.6795 1300.0000 0.9443

12.9600 34.4213 0.0000 1.0536
READY

G-37



11-25

LIST

CASE6 02 SEP 80 t11S7

S. J. CORT CASE6
998.0000 41
2.0800

0.0000
3096.1200 998.4755 820.0000 1.0000

5047.2700 2205.6653 2350.0000 0.9452

7102.7800 690.6144 2400.0000 0.8355

9379.7S00 48.4175 2380.0000 0.7257

10404.2400 1.7790 5791.0000 0.6161

10554.0601 1.4810 5791.0000 0.507i

10680.9900 0.6110 5791.0000 0.3992

1079i.8500 0.2550 5791.0000 0.2930

10791.8500 0.2550 579i.0000 0 .893

1079i.8500 0.2550 579t.0000 0.0891

1079i.8500 0.2550 5791.0000 -0.0067

10791.8500 0.2550 5791.0000 -0.0972

1079i.8500 0.2550 5791.0000 -0.i8i2

107918500 0.2550 5654.0000 -0.2579

10791.8500 0.2550 5654.0000 -0.3264

i079i.8500 0.2550 5654.0000 -0.3859

10791.8500 0.2550 5654.0000 -0.4356

i079i.8500 0.2550 5b54.0000 -0.4749

1079i.8500 0.2550 5654.0000 -0.5033

1079i.8500 0.2550 5654.0000 -0.5204

10791.8500 0.2550 5654.0000 -0.5264

10791.8500 0.2550 5154.0000 -0.5202

10791.8500 0.2550 5654.0000 -0.5028

10791.8500 0.2550 5654.0000 -0.4741

1079.8500 0.2550 5654.0000 -0,4347

10791.8500 0.2550 5654.0000 -0.3848

10791.8500 0.2550 5654.0000 -0.3252

10791.8500 0.2550 5654.0000 -0.2567

10791.8500 0.2550 5654.0000 -0.1799

i0791.8500 0.2550 5654.0000 -0.0958

1079i.8500 0.2550 5654.0000 -0.0055

10791.8500 0.2550 5654.0000 0.0912

10791.8500 0.2470 5386.0000 0.1903

10791.8400 0.2390 5386.0000 0.2937

10739.7800 0,4720 5386.0000 0.3996

i0525.8700 2,0270 5386.0000 0.5072

i0062.5601 16.i005 5386.0000 0.6158

8671.2i00 87.3448 5936.0000 0.7249

5907.9200 178.3923 5936.0000 0.8348

2122.2400 66.2934 1300.0000 0.9443

12.9300 34.4547 0.0000 1.0536

READY
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11-26
LIST
CASE7 29 DEC 9f M422

S. J. CORT CASE7
998.0000 41

2.2050
24.00 324.5150 920.0000 1.0000

6064.640 2321.7050 2350.0000 1.9280
8694.8600 182.1530 2400.0000 6.9160
"950.9700 7.1980 2380.0000 1.7401
101111000 5.2650 3772.0000 1.6240
13111.7000 5.26S0 3772.3000 1.5S30
10260.9700 1.8990 3772.0000 1.4590
10397.6500 8.1030 3772.0000 0.3635
19390.2300 9.1930 3772.0000 1.2720
10382.8500 8.3S30 011.0000 1.1000
10375.4900 8.4940 413.0000 0.0880
10369.0800 8.6100 4113.0000 0.0000
11360.4700 8.8080 4113.0000 -0.0980
if3S3.090 8 .9440 4H13.0000 -1.000
10345.4900 9.1390 W1300 -0.2810
10338.110 9.2590 41130000 -0.3759
10330.5000 9.4330 413.0000 -0.4680
10322.6700 9.5990 4113.0000 -01.5620
1031.0601 9.M9 4113.0000 -0.6540
1$307.3300 1.0390 M13.0000 -0.7500
10299.6300 10.2360 4113.000 -1.8400
15291.8101 10.4480 411.0000 -0.7550
10284.2000 10.6450 413000 -0.6600
1*276.6899 10.8480 4113.000 -0.5720
10268.8101 11.0590 4W3.0000 -1.4790
11261.2300 11.2520 4113000 -1.3860
1023.7800 11.4860 4113.0000 -0.2920
1024S.7300 t1.710 4W3.0000 -3.1990

10237.9000 11.9600 W13.000O -01060

10229.8500 12.190 4113.0000 -0.0150
10214189 12.6980 4113.0000 1.1720
10206.2300 12.9640 4113.0000 1.2630
1018.400 13.1610 413.0000 0.3580
103.2600 13.4840 4113.0000 0.45C0
9828.1300 018.740 380.0000 0.5400
9243.5900 89.b14g 3810.0000 0.6300
7728.1500 294.6100 4360.0000 0.7250
5043.8000 471.5780 4360.0000 0.8180
1748.0400 240.2810 0300.0000 0.9080

0.0000 0.0000 0.0000 1.0000
READY

G-39



11-27

LIST
CASES 18 DEC 60 14:33

S. J. CORT CASES
998.0000 41
2.2050
0.0000

825.3600 1938.6020 820.0000 1.0000
622S.2600 209.9070 2350.0000 0.9280
81825.3000 123.4490 2400.0000 0.8160
10034.2300 4.8670 2380.0000 0.7400
10034.2300 4.8670 3772,0000 0.6240
10193.2800 3.7870 3772.0000 0.5530
10338.1000 1.3280 3772 .0000 .4S90
10482.3800 6.2240 3772.0000 8.3630
10477.6899 6.3210 3772.0000 0.2720
10473.2100 6.4149 4113.0000 0.1800
104613.7400 6.4880 4113.0000 0.0880
10464.2700 6.5490 4113.0000 0.0000
104S9.6300 6.6580 4113.0000 -0.0980
10455.0900 6.7390 4113.0000 -0O.1900
104S0.3900 6.7840 4113.0000 -0.2810
10446.0100 6,8460 4113.0000 -0..37S0
10441.2700 6.9460 4113.0000 -0.4680
1(1436.7500 7.054'0 4113.0000 -0.5620
10431.2500 7.3940 4113.0000 -0.6540I
10426.9100 .7.4470 4113.0000, -0.7500
10422.6600 7.3450 4113.0000 -0.8400
10417.0699 7.7600 4113.0000 -0.7550
10412.3700 7.8660 4113.0000 -0.6600
10408.5699 7.7320 4113.0000 -0.5720
10403.8900 7.8990 4113.0000 -0.4790
10399.4000 8.0110 4113.0000 -0.3860
10394.5699 8.t210 4113.0000 -0.2920
10390.0000 8.1940 4113.0000 -0.1990
10385.3000 8.2950 4113.0000 -0.1060
10380.3800 8.3950 4M1.0000 -0.0150
1(3375.7300 8.5000 4113.0000 0.0800
i0370.GS00 7,9310 4113.0000 0V1720
10366.0601 8.6970 4113.0000 0.2630
10361.8199 8.7520 4113.0000 0.3580
10287,1200 1.3950 4113.0000 0.4S001003.2200 .9.1790 3610.0000 0.5400
9453.5"00 S6.1WB0 3810.0000 0.6300
7973.0100 211.8300 4360.0000 0.7250
5259.S400 3S9.7990 4360.0000 0.8180
1858.9400 186.6540 1300.0000 0.90&J0

0.0000 0.0000 0.0000 1.0000
R :ADY
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SPM2G163 18 DEC 00 13:52 III-1

SHIP DATA FILE NAME? L.SE"
OFFSET DATA FILE NAME? OFCOR3
SPEED? 21.12021.120
FREQ.t 1.50503.0050.i
HEADING? 174.

SPM2Z S. J. CORT CASEI 12/18/80 13:$3:06 PAGE i

SHIP/EFF. WAVE LENGTH(NON-D.) 4.289 4.707 5.133
EFFECTIVE WAVE LENGTH( FEET ) 232.675 21,2.026 194.428
ENCOUNTER FREGIUENCY (i/SEC.) i.sos 1.605 1.705
RESONANT FREQIENCY (i/SEC.) 2.205 2.205 2.205
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEG. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3S93E+06 2.3593E+06
SHIP MASS ( SLUIS) 9.S377E+05 9.5377E+05 9,5377E+05
SPEED DEPENDENT A.M. (SLUGS) -4.SiiSE+03 -4.51iSE+03 -4.5ilSE+03
TOTAL ADDED MASS ( S[,U(S) 3.3086E+06 3 3006E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7. i702E+04 7.1702E+04 7.1702E+04
SPEED DEPENDENT DAMP. ( SLUGS/SEC) i .7432E+04 i . 7432E+04 i.7432E+04
SIRUCTURAL DAMPING ( SLUtJS/SEC) i.51F2E+04 1. S82E+04 1.51|.2E+04
TOTAL DAMPING ( SLUf;S/SEC) i 0432E+05 i. 0432E+05 i.0432E+0S
DAMPING/ADDED MASS (i/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 0.0t8 0.022 0.027
MAGNIFICATION FACIOR (NON-D. ) I .87191+00 2.i263E+00 2.4060E+00
F COS(LPS) L lBS. ) 2. 6002E+04 -1 . Si63E+05 -7.786SE+04
F S.[N(EPS) L tiS. ) 2.5464E+04 i.6981.E+05 9.7726E 04
F-WAVE EXCITIJG, FORCE( LD'S. ) 3.6394E+04 2.299E-05 i.2495E+05
EPS-FORCE & WAVE ( RAD. ) 0.775 2.306 2.244
DEFLECTION Al SIERN ( IELT ) 4.23491r-03 3.0269E-02 1.931iE-02
EPSi-WAVE & VJBRAI0N( RA). ) -0.757 --2.284 -2.216
M COS(EPS2) ( LBS. ) 2.98SiE+06 -2.i20tE+07 -1.2975E+07
M SIN(EPS2) ( LBS. ) -2.6253E4.06 -2.6109E+07 -i.9435E 07
M--BENDING MOMI'NT AMID( LBS. ) 3.9753E+06 3.3635E+07 2.3368E+07
EPS2-WAVE & B.M. ( RAD. ) 5.562 4.030 4.124

SHIP/EFF. WAVE LENGTH(NON-D.) 5.567 6.008 6.455
EFFECTIVE WAVE LENGTH( FEET ) 179.279 166.120 154.600
ENCOUNTER FREQUEN'Y (i/SEC.) 1.605 1.905 2.005.
RESONANT FREQUEI-NCY (I/SEC.) 2.205 2.205 2.20S
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEG. ) 174 000 174.000 174. 000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3593E+06 2.3593E+06
SHIP MASS ( SI, U;S) 9.5377E+05 9.5377E+0S 9.5377E+05
SPEED DEPENDENT A. M. ( SI..UGS) -4. Si I SE+03 -4.5.15E+03 --4. 5115E+03
TOTAL ADDED MASS ( SLGS) 3 3086E+.06 3. 3036E+06 3.3006E+06
HYDRUDYNAMIC D( M( (SLIIGS/SFEC) 7. 1702E04 7. 17021'-04 7.1702E+04
SPEED DEPENDENT DAMP .( SIUGS/SEC) I 7432E+04 i. 74324+04 1. 7432E+04
STRUCTURAL DAMPIING; ( 1..UGS/LSEC) I 518217+04 1.51,82E+04 i.S182E+04
TOTAL DAMPING (S IJ(GS/SEC) I .0432E+05 i.0432E+S 1. 0432E+05
DAMPING/ADDED MASS (i/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 0.035 0.049 0.075
MAGNIFICATION FA(IIOR (NON-I). ) 3.02931+00 3.9386E+00 5.7502E+00
F COS(EPS) C I BS. ) I . 4SISE+0S i . 9I7+05 -6. 0758E+04
F SIN(EPS) ( I.BS ) -1. UB46E+05 -i . 6534E-05 I.1800E+04
F-WAVE EXCITING FORCE( LBS, ) 1 .81201">,.05 2. 300FE+05 6.1906E+04
E*S-FORC & WAiVE ( RAD. ) S.641 S.48i. 2.949
DIFLECTION Al STERN ( FEET ) 3.4122E-02 5. 63i2E--02 2.2160E-02
EPSi-W(,VE & VILo.fifJON( RAD. ) -5.606 -5.432 -2.874
M COS(EPS2) ( LBS. ) 3.87i9E+07 5.7772E+07 -3.9940E407
M StN(EPS2) ( LBS. ) 3.30l94E+07 6.9S521+07 -.t.4i29E+07
M.-.BFilDING riOMUNT AMID( I.BS. ) 5.i4S9E+07 9. 04 161-07 4.2365E+07
EPS2.-WAE. k B.M. ( RAI). ) 0.719 0.878 3.482
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111-2
SPM2Z S. J. CORT CASEi 12/18/80 .3:S306 PAGE 2

SHIP/EFF. WAVE LENGTH(NON-D.) 6.909 7.369 7.83S
EFFECTIVE WAVE LENGTH( FEET ) 144.442 13S.427 127.381
ENCOUNTER FREQUENCY (i/SEC.) 2 t0 2.205 2. s05
RESONANT FREQUENCY (I/SEC.) 2.205 2.205 2.O5
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEC. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3593E+06 2.3593E+06
SHIP MASS ( SLUGS) 9.5377E+05 9.5377E+05 9.5377E+05
SPEED DEPENDENT A.M. ( SLUGS) -4.SiSE+03 -4.SIISE+03 -4.SIiSE+03
TOTAL ADDED MASS ( SLUGS) 3.3086E+06 3.3086E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.t702E+04 7.1702E+04 7.i702E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) i.7432E+04 i.7432E+04 It7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.5i82E+04 t.5182E4"04 i.5i82E+04
TOTAL DAMPING ( SLUGS/SEC) i.04321-"+05 1.0432E+05 i.0432E+05
DAMPING/ADDED MASS (i/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 0.153 1.571 2.982
MAGNIFICATION FACTOR (NON-D.) 1.1i49E+Oi 6.9936E+01 1.0643E+01
F COS(EPS) ( LBS. ) -i.54541+05 3.032iE+04 1.7449E+05
F SIN(EPS) ( LBS. ) i.6423E+05 6.7008E+04 -1.2087E+0S
F-WAVE EXCITING FORCE( LBS. ) 2.2S50E+05 7.3549E+04 2.1227E+0S
EPS-FORCE & WAVE ( RAD. ) 2.326 1.146 5.677
DEFLECTION AT STERN ( FEET ) i.S630E-0i 3.i976E-0i i.4044E-0i
EPSI-WAVE & VIBRATION( RAD. ) -2.173 0.425 -2.696
M COS(EPS2( ( LBS. ) -i.7439E+08 6.5786E+08 -2.9955E+08
M SIN(EPS2) ( LBS. ) -2.6b6SE+08 3.$590E+08 -i.7iS7E+08
M-BENDING MOMENT AMID( LBS. ) 3.i86iE+08 7.4796E+08 3.4S2iE+08
EPS2-WAVE & B.M. CRAD. ) 4.133 0.496 3.662

SHIP/EFF. WAVE LENGTH(NON-D. ) 8.306 8.781 9.262
EFFECTIVE WAVE LENGTH( FEET ) 120.160 11.3.650 107.753
ENCOUNTER FREOIJENCY (i/SEC.) 2.40S 2.505 2.60S
RESONANT FREQUENCY (i/SEC.) 2.205 2.205 2.205
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEC. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3S93E-406 2.3S'931E+06 2,3593E+06
SHIP MASS ( SLUGS) 9.5377E+0S 9.5377E+05 , 9.5377E+05
SPEED DEPENDENT A.M. (SLUGS) -4.5J.iSE+03 -4.SIISE+03 -4.51i5E+03
TOTAL ADDED MASS ( SLUGS) 3.3086E+06 3.3086E+06 3.3086E+06
IYDRODYNAMIC DAMPING CSLUGS/SEC) 7.1702E.+04 7.17021-+04 7..702E+04
SPEED DEPENDENT DAMP . ( SLU;S/SEC) i . 7432E+04 I . 743,,21--+04 t. 7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.5182E+04 i.Si132E+04 I.Si82E+04
TOTAL DAMPING ( SLUGS/SEC) i.0432E+05 1.0432E+0S i.0432E+05
DAMPING/ADDED MASS (i/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 3.060 3.086 3.099
MAGNIFICATION FACTOR (NON-D. ) 5. 2556E+0 0 3. 43.-'6E+00 2.S247E+00
F COS(EPS) C LBS. ) 3.6503E+04 -I.3;986E+0S -4.5807E+04
F SIN(EPS) LBS. ) -i.0707E+05 6.6640E+04 I.i002E+05
F-WAVE EXCITING FORCE( LBS. ) i.i3.21E+05 1.4863E+05 i.ii7E4'0S
EPS-FORCE & WAVE ( RAI). ) 5.041 2.677 i.965
D1E.FLECTION AT STERN ( FEET ) 3.6958C-02 3. 174317-02 i.8704E-02
EPSI-WAVE & VI'RAI'ION( RAD. ) -1.98i 0.409 1.134
M CUS(EPS2) ( LBS. ) -3.6.S7E+07 8.349517+07 2.310)E+07
M SIN(EPS2) ( LBS. ) -9.7518E+07 4.19771:+07 5.74EsC+07
M--BENDING MOMENT AMID( LBS. ) i.0404E+08 9.3453E+07 6.i996E+07
EPS2-WAVE & B.M. ( RAD. ) 4.3S6 0.46ti i 88

/

G-45



SPM2Z S. 3. CORT CASE1 1 12/1B/80 13 S3;06 FAGE 3

SHIP/EFF. WAVE LENGTH(NON-D.) 9.747 10.236 10.730
EFFECTIVE WAVE LENGTH( FEET ) 102.391 97.496 93.013
ENCOUNTDR FREQUENCY (i/SEC.) 2.70S 2.B09 2.905
RESONANT FREQUENCY (i/SEC.) 2.205 2.205 2.20S
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEG. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3S93E+06 2.3593E+06
SHIP MASS I SLUGS) 9.S377E+0S 9.377E+0S 9.S377E+05
SPEED DEPENDENT A.M. ( SLUGS) -4.Si15E+03 -4.5iSE+03 -4.SIiSE+03
TOTAL ADDED MASS ( SLUGS) 3.3086E+06 3.3086E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7,1702E+04 7.i702E+04 7.1702E+04
PEED DEPENDENT DAMP:( SLUGS/SEC) 1.7432E+04 1.7432E404 1.7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) t.5182E+04 i.Si82E+04 i.Si82E+04
TOTAL DAMPING ( SLUGS/SEC) t.0432E+05 i.0432E+OS t.0433E+OS
DAMPING/ADDED MASS (i/SEC.) 0.032 0.032 a.032
PHI-FORCE & MOTION ( RAD. ) 3.107 3.J12 3.116
MAGNIFICATION FACTOR (NON-D.) i.9793E+00 i.6i67E+00 i.3SO8E+00
F COS(EPS) ( LBS. ) i.t872E+0S 6.8538E+04 -7.3891E+04
F SIN(EPS) ( LBS. ) -2.4660E+04 -9.OS2iE+04 4.187iE+03
F-WAVE EXCITING FORCE( LBS. ) i.212SE+0S 1.1354E+05 7.4OiOE+04
EPS-FORCE & WAVE ( RAD. ) 6.078 S,360 3.085
DEFLECTION AT STERN ( FEET ) 1.4919E-02 i.14iE-02 6.2SiSE-03
EPSI-WAVE & VIBRATION( RAD. ) -2.972 -2.248 0.031
M COS(EPS2) ( LBS. ) -S.076SE+07 -2.5678E+07 2.$4i6E+07
M SIN(EPS2) ( LBS. ) -i.0961E+07 -3.SS62E+07 1.7i49E+06
N-BENDING MOMENT AMID( LBS. ) S.193SE+07 4.3864E+07 2.5474E4.07
EPS2-WAVE & B.M. C RAD. ) 3.3S4 4.087 0.067

.SHIP/EFF. WAVE LENGTH(NON-D.) 1i.227
EFFECTIVE WAVE LENGTH( FEET ) 88.893
ENCOUNTER FREQUtJENCY (i/SEC.) 3.005
RESONANT FREQUENCY (i/SEC.) 2.205
SPEED (FT/SEC) 21.120
WAVE HEADING ( DEG. ) 174.060
HYDRODYNAMIC A.M. . ( SLUGS) 2.3593E+06
SHIP MASS ( SLUGS) 9.S377E+05
SPEED DEPENDENT A.M. ( SLUGS) -4.5ii5E403
TOTAL ADDED MASS ( SLUGS) 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1702E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) i.7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.5i82E+04
TOTAL DAMPING ( SLUGS/SEC) i.0432E40S
DAMPING/ADDED MASS (i/SEC.) 0.032
PHI-FORCE & MOTION ( RAD. 3.119
MAGNIFICATION FACTOR (NON-D.. I.i662E+00
F COS(EPS) ( LBS. ) -4.4508E+04
F SIN(EPS) ( LBS. ) 6.5763E+04
F-WAVE EXCITING FORCE( LBS. ) 7.9409E+04
EPS-FORCE & WAVE ( RAD. ) 2.166
DEFLECTION AT STERN ( FEET ) 5.7S69E-03
EPSi-WAVE & VIBRATION( RAD. ) 0.953
M COS(EPS2) ( LBS. ) i.3828E+07
M SIN(EPS2) ( LBS. ) 2.1449E407
M--BLNDING MOMENT AMID( LBS. ) 2.5520E+07
EPS2-WAVE & B.M. C RAD. ) 0.998

134.706 CRU
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SPM2Ci63 16 JAN 1 155S6

-SNIP DATA FILE NAME? CASE2

OFFSET DATA FILE AME? OFCOR3

Hf.ADING? 169.

SPM2Z S. J. CO 7 CASE2 01/16/81 15:56:15 PAGE I

SHIP/EFF. WAVE LEKGTH(NON-D.) ,4.264 4.680 S.104
EFFECTIVE WAVE LEGTH( FEET ) 234J!5L. 23. 247 19S.521
ENCOUNTER FREQUENCY (I/SEC.) s. Z rtr/'.4605 .705

RESONANT FREQUENCY (t/SEC.) e"215 2.20S 2.205
SPEED (FT/SEC) 21.120 2t.120 21.120
WAVE HEADING ( DEG. ) 16.000 169.000 169.000
HYDRODYNAMIC A.M. C SLUGS) 2.3593E 06 2.3S93E+06 2.3593Et06
SHIP MASS ( SLUGS) 9.5377E+05 9.5377E.0S 9.5377E+OS
SPEED DEPENDENT A.M. ( SLUGS) -4.51S5E+03 -4.5ttSE+03 -4.5115E+03
TOTAL ADDED MASS I (SLUGS) 3.3086E406 3.3086E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1705E+04 7.170SE+04 7.170SE 04
SPEED DEPENDENT DAMP.( SLUGS/SEC) i.7432E+04 1.7432E+04 1.7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) I 5182E+04 I 5182E+04 I.Si82E+04
TOTAL DAMPING (SLUGS/SEC) 1.0432E+05 1.0432E+0S 1.0432E 05
DAMPING/ADDED MASS (/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD ) 0.018 0.022 0.027
MAGNIFICATION FACTOR (NON-D.) 1.8719E+00 2.1263E.00 2.4860E+00
F COS(EPS) ( LBS. ) 3.8603E+04 -l.5172E+0S -9.1489E 04
F SIN(EPS) ( LBS. ) 1.2601E+04 t.6693E+05 1.1096E405
F-WAVE EXCITING FORCE( LBS. ) 4.0608E+04 2.2557E+0S 1.43BtE 0S
EPS-FORCE & WAVE ( RAD. ) 0.316 2.308 2,260
DEFLECTION AT STERN ( FEET ) 4.7252E-03 2.9817E-02 2.2225E-02
EPSI-WAVE & VIBRATION( RAD. ) -0.297 -2.286 -2.233
N COS(EPS2) ( LBS. ) 4.1993E+06 -2.1037E*07 -1.S456E 07
N SIN(EPS2) ( LBS. ) -1.112E 06 -2.SB03E+07 -2.2070E+07
N-PENDING MOMENT AMID( LBS. ) 4.3439E+0- 3.3292E+07 2.6943E+07
EPS2-WAVE & D.M. , ( RAD. ) 6.024( 4.028 4.101

SHIP/EFF. WAVE LENGTH(NON-D.) S.536 5976 6.422
EFFECTIVE WAVE LENGTH( FEET ) . 180.263 167.012 155.412
ENCOUNTER FREOUENCY (1/SEC.) 1.805 1.905 2.005
RESONANT FREQUENCY (i/SEC.) 2 205 2.205 2.205
SPEED (FT/SEC) 21.120 21.120 21.120
WAVE HEADING ( DEC. ) ' .169.000 169.000 169.000
HYDRODYNAMIC A.l. ( SLUGS) 2.3593E+06 23593E+06 2.3593E.06
SHIP MASS ( SLUGS) 9.5377E+05 9.5377E+05 9.5377E+05
SPEED DEPENDENT A.M. ( SLUGS) -4.SiSE403 -4.SiSE+03 -4.S511E+03
TOTAL ADDED MASS ( SLUGS) 3.3086E+Ob 3.3086E+06 3.3086E 06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.170SE+04 7.170SE+04 7.1705E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.7432E+04 i.7432E+04 i.7432E+C4
STRUCTURAL DAMPING ( SLUGS/SEC) 1.5182E+04 i.S182E+04 1.5182E04
TOTAL DAMPING ( SLiGS/SEC) 1.0432E+05 i.0432E+05 1.0432E+05
DAMPING/ADDED MASS (1/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 0 035 0.049 . 0.07S
MAGNIFICATION FACT9R (NON-D.) 3.0293E+00 3.9386E+00 S.7582E+00
F COS(EPS) ( LS. ) 1.3645E+05 1.7i86Et0S -4.5503E404
F SIN(EPS) I ( LS. ) -9.5586E+04 -1.7176E+OS -6,0SIE+03
F-WAVE EXCITING FORCE( LS. ) 1.6650E+05 2.4298E+05 4.5904E+04
EPS-FORCE & WAVE ( RAD. ) 5.672 5.498 3.274
DEFLECTION AT STERN ( FEET ) 3 1373E-02 5.9490E-02 1.6431E-02
EPSI-VAVE & VIERAIION( RAD. ) -5 637 -S.449 -3.199
h CO3(EPS2) ( LBS. ) 3,6537E+07 6.2771E+07 -3.1182E407
N SIN(EPS2) ( LBS. ) 3.0336E+07 7.255BE+07 -9.2091E405
M-ENDING MOMENT AMID( LPS. ) 4.7489E+07 9.5941E+0? 3.1195E+07
EPS?-VAVE & R.M. C RAD. ) 0.693 0.858 3.171
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......... 111-5

SP 2Z S. J. CORT CASE2 WIW6/BI IS:S:6zS PACE 2

SHIP/EFF. WAVE LENGTH(NON-D.) 6.874 7.332 7.796
EFFECTIVE WAVE LENGTH( FEET ) 145.8S 13b.l1 128.011
ENCOUNTER FREQUENCY (I/SFC.) 2.i05 2.215 2.30S
RESONANT FREQUENCY (,/SEC.) 2.205 2.255 2.205
SPEED (FT/SEC) ji 21.121 21.120
VAVE HEADING ( DEC. ) 9.0 169.050 169.005
HYDRODYNAMIC A.M. ( SLUGS) 2,3593E.06 2.3593E+06 2.3593E+06
SHIP MASS ( SLUGS) 9.5377E 0S 9,S377E+05 9,5377E+05
SPEED DEPENDENT A.l. ( SLUGS) -4.SIISE+03 -4.S115E+03 -4.SiiSE+03
TOTAL ADDED MASS ( SLUGS) 3.3086E+06 3.3096E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.170SE+04 7.170SE+04 7.170SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) i.7432E+04 1.7432E+04 i.7432E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.5182E+04 1.Si82E+04 i.$182E+04
TOTAL DAKPING ( SLUGS/SEC) i.0432E05 1.0432E-05 1.0432E+05
DAMPING/ADDED HASS (/SEC.) 0.032 0.032 5.032
PHI-FORCE & MOTION ( RAD. ) 0.1S3 1.571 2.982
MAGNIFICATION FACTOR (NON-D.) i.1i49E+Oi 6.9933E+01 1.1643E+01
F COS(EPS) ( LOS. ) -t.6124E+05 i.2082E+04 1.7594E+05
F SIN(EPS) ( LOS. ) I.6117E+05 9.4000E+04 -1.1008E+05
F-WAVE EXCITING FORCE( LBS. ) 2.2798E+0S 0.4864E+04 2.0754E+05
EPS-FORCE & WAVE ( RAD. ) 2.356 1.428 5.724
DEFLECTION AT STERN ( FEET ) 1.901E-0i 3.6894E-01 i.3732E-01
EPSI-WAVE & VIBRATION( RAD. ) -2.204 0.143 -2.742
N COS(EPS2) f LRS. ) -1.8S67E+08 8.3490E408 -2.9974E+08
K SIN(EPS2) f LBS. ) -2.6517E+08 1.8994E+08 -1.5236E+08
M-NENDING MOMENT AMID( LBS. ) 3.2372E+08 8.S624E408 3.3624E+08
EPS2-WAVE & O.1. C RAD. ) 4:102 0.224 3.612

SHIP/EFF. WAVE LENGTH(NON-D.) 8.26s 0.740 9.219
EFFECTIVE WAVE LENGTH( FEET ) 120.744 114.193 109.259
ECOUNTER FREQUENCY (il/SEC.) 2.40S 2..sos 2.60S
RESONANT FREQUENCY (i/SEC.) 2.20S 2.20S 2.205
SPEED (FT/SEC) 2i.126 21.120 21.120
WAVE HEADING ( DEC. ) 169.000 169.000 169 000
HYDRODYNAMIC A.M. ( SLUGS) 2.3S93E 06 2.3S93E+06 2.3593E+06
SHIP MASS ( SLUGS) 9.5377E+0S 9.$377E+05 9.5377E+05
SPEED DEPENDENT A.M. (SLUGS) -4.5115E+03 -4.SitSE+03 -4.511SE403
TOTAL ADDED MASS ( SLUGS) 3.3096E06 3.3086E+06 3.3086E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.170SE404 7.i7OSE+04 7.1705E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.7432E+04 1.7432E+04 1.7432E+64
STRUCTURAL DAMPING ( SLUGS/SEC) 1.5182E+04 '.Si82E+04 1.5i82E+04
TOTAL DAMPING ( SLUGS/SEL) l.0432Et05 1.0432E+0S 1.0432E+0S
DAMPING/ADDED MASS (/SEC.) 0.032 0.032 0.032
PHI-FORCE & MOTION ( RAD. ) 3.060 3.086 3.099
MAGNIFICATION FACTOR (NON-D.) 5.255E+00 3.4356E+00 2.5247E+00
F COS(EPS) ( LBS. ) 5,$783E 04 -1.2901E+0S -6,3284E+04
F SIN(EPS) C LBS. ) -i.i922E+05 5.1978E+04 1.1643E+05
F-WAVE EXCITING FORCE( LBS. ) 1.3i63E+05 i.3909E+05 1.3252E+0S
EPS-FORCE & WAVE ( RAD. ) S.is 2.759 2.069
DEFLECTION AT STERN ( FEET ) 4.3004E-02 2.9706E-02 2.0799E-02
EPSI-WAVE 4 VIBRATION( RAD. ) -2.090 0.327 1.030
A CJS(EPS2) ( LOS. ) -5.361SE+07 8.10S9E+07 3.i943E407
0 SIN(EPS2) ( LBS. ) -i.0836E+08 3.2350 E07 6.092IE+07
H-BENDING hOMENT AMID( LBS. ) 1.2090E+08 0.7276E+07 6.8787E+07
EPS2-WAVE & .. C RAD. ) 4.253 0.380 1.088
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Ill-b
SP02Z S. 3. CORT CASE' 11/16/91 15*56:15 PACE 3

SHIP/EFF. VAVE LENGTH(NON-D.) 9.702 10.19 11,6892
EFFECTIVE WAVE LENGTH( FEET ) 182.864 97.940 93.429[ C 8 U N T R E /

SPEED (FT/SEC) 21.121 21.121 21.121
SAVE HEADING DEC. 169.001 169 000 t69 000HYDRODYNAMIC ANM. i SLUGS) 2.3S93E3E6 23S9366 2.3593+06IP MASS f SLUGS) 9.S377E 05 9.S377E+05 9.S377E 0SPEED DEPENDENT A.M. ( SLUGS) -4.5115E+03 -4.5115E+03 -4.311SEs03TOTAL ADDED MASS ( SLUGS) 3.3086E+06 3.3086E406 3.3086EobNYDRODYNAMIC DAMPING f SLUGS/SEC) 7.700E+04 7.i70SE.04 7.i705E+04SPEED DEPENDENT DAMP.f SLUCS/SEC) 1.7432E+04 1 7432E.0 1:7431E+04STRUCTURAL DAMPING "SLUGS/SEC) .7i8E+.04 t: 4 I4S12Ee04TOTAL DAMPING ( SLUCS/SEC) 1.0432E 0S i.0432E+OS 1.0432E+05IAMPING/ADDED MASS (1/SEC.) 6.032 0.032 0.032PHI-FORCE f MOTION ( RAP. ) 3.107 3.12 3.116MAGNIFICATION FACTOR (NON-D.) 1.9793E+00 1.6167E+00 J.3588E+00F COS(EPS) ( LeS. ) 1.1188E+0S 8 3304E+04 -6.6206E+04FSIN(EPS) ( Les. ) -9.9136E+03 -9.2679E+04 -6.3578E+03, -UAVE EXCITING FORCEf LBS. ) 1.1232E+0S 1.2462E+05 6.6732E+04LS-FORCE & WAVE * RA. ) 6,195 5.445 3.267EFLECTION AT STERN f FEET ) 1.3B20E-02 1.2524E-"! 5.6368E-03[PSI-WAVE & VIBRATION( RAD. ) -3.088 -2,332 -.15N COS(EPS2) f C LOS. ) -4.913EI17 -3.229E+07 2.2844E+07N SIN(EPS2) ( LeS. ) -4.4302E 06 -3.6483E+07 -2.7042E+06INBENDING MOMENT AMID( LBS. ) 4.8127E 07 4.9024E+07 2.3004E+07[PS2-MAVE £ N.H. C RAD. ) . 3.234 4.004 6.165
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III-7

SPM2Z S. J. CORT CASE3 09/03/80 11:33108 PAGE I

SHIP/EFF. WAVE LENGTH(NON-D.) 0.926 1.208 1.511

EFFECTIVE WAVE LENGTH( FEET ) 1077.68S 826.149 660.291

ENCOUNTER FREQUENCY (1/SEC.) 0.560 0 660 0.760

RESONANT FREQUENCY (i/SEC.) 1.960 1.960 1.960

SPEED (FT/SEC) 21.S60 21.560 21.S60

WAVE HEADING ( DEG. ) 174.000 174.000- 174.000

HYDRODYNAMIC A.M. ( SLUGS) 1.9074E+06 1.9074E+06 i.9074E+06

SHIP MASS ( SLUGS) 1.0tt7E+06 t.0tt7E+06 t.017E+06

SPEED DEPENDENT A.M. ( SLUGS) -2.8S96E+03 -2.8S96E+03 -2.8S96E+03

TOTAL ADDED MASS ( SLUGS) 2.9t62E+06 2.9162E+06 2.9162E+06

HYDRODYNAMIC DAMPING C SLUGS/SEC) 9.036SE+04 9.036SE404 9.036SE+04

SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04

STRUCTURAL DAMPING ( SLUGS/SEC) i.0930E+04 i.0930E+04 i.0930E+04

TOTAL DAMPING ( SLUGS/SEC) 1.4956E+05 t.49S6E+0S i.4956E+0S

DAMPING/ADDED MASS (i/SEC.) 0.0s1 0.051 0.0S1

PHI-FORCE & MOTION ( RAD. ) 0.008 0.010 0.012

MAGNIFICATION FACTOR (NON-D.) 1.0889E+00 1.t278E+00 1.t769E+00

F COS(EPS) ( LBS. ) -i.2&62E+06 -i.i186E+06 -5.4S41E+OS

F SIN(EPS) ( LBS. ) -9.7653E+04 -2.3893E+04 6.4672E+04

F-WAVE EXCITING FORCE( LBS. ) 1.2700E+06 t.ii89E+06 5.4923E+05

EPS-FORCE & WAVE ( RAD. ) 3.219 3.163 3.024
DEFLECTION AT STERN ( FEET ) t.2343E-01 t.t264E-Ot 5.7697E-02

EPSI-WAVE & VIBRATION( RAD. ) -3.210 -3.153 -3.012

M COS(EPS2) ( LBS. ) -S.9442E+06 -2.115+7 -9.2334E+06
M SIN(EPS2) ( LOS. ) -4.6237E+07 -1.4286E+07 3.87t9E+06

M-BENDING MOMENT AMID( LBS. ) 4.6618E+07 2.552SE+07 1.0012E+07

EPS2-WAVE & B.M. ( RAD. ) 4.585 3.736 2.745

SHIP/EFF. WAVE LENGTH(NON-D.) 1.834 2.172 2.52S
EFFECTIVE WAVE LENGTH( FEET ) 544.286 459.44i 395.t7S
ENCOUNTER FREQUENCY (1/SEC.) 0.860 0.960 1.060
RESONANT FREQUENCY (i/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21.560 21.$60 21.560

WAVE HEADING ( DEG'. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. .(SLUGS) 1.9074E+06 t.9074E+06 1.9074E+06
SHIP MASS (SLUGS) 1.0117E+06 1.0117E+06 1.0117E+06

SPEED DEPENDENT A.M. ( SLUGS) -2.6596E+03 -2.BS96E+03 -2.8596E+03
TOTAL ADDED MASS ( SLUGS) 2.9t62E+06 2.9162E+O6 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.0365E+04 9.036SE+04 9.036SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) t.0930E+04 1.0930E+04 1.0930E+04
TOTAL DAMPING ( SLUGS/SEC) 1.49S6E+0S 1.49S6E+05 i.4956E+O5
DAMPING/ADDED MASS (i/SEC.) 0.051 0.051 0.0S1
PHI-FORCE & MOTION ( RAD. ) 0.014 0.017 0.020
MAGNIFICATION FACTOR (NON-D.) 1.2383E+00 1.31S4E+00 1.413iE+00
F COS(EPS) ( LBS. ) 7.3126E+04 3.1219E+0S i.05iiE405
F SIN(EPS) ( LBS. ) t.0932E+05 7.3250E+04 -i.8t57E+04
F--WAVE EXCITING FORCE( LBS. ) t.3tS2E+OS 3.2067EiOS i.0666E+05
EPS-FORCE & WAVE ( RAD. ) 0.981 0.230 6.112
DEFLECTION AT STERN ( FEET ) 1.453GE-02 3.76S2E-02 1.3454E-02
EPSI-WAVE & VIBRATION( RAD. ) -0.967 -0.214 -6.092

M COS(EPS2) ( LBS. ) 6.8iS7E4,05 8.98SSE+06 3.8365E+06
M SIN(EPS2) ( LBS. ) 1.i062E+06 '6.2S13E+0S -i.8319E+03
M-BENDING MOMENT AMID( LBS. ) 1.2993E+06 9.0072E406 3.8365E+06
EPS2-WAVE & B.M. (RAD. ) 0G-50 1.0i9 0.069 6.283
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SPK?Z S. J. CORT CASE3 09/03/80 11:33:08 PAGE 2

SHIP/EFF. WAVE LENGTH(NON-D.) 2.892 3.270 3.6S9
EFFECTIVE WAVE LENGTH( FEET )345.105 30S.19S 272.73S
ENCOUNTER FREQUENCY (1/SEC.) 1.160 1.260 1.360
RESONANT FREQUENCY (1/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21.S60 21.S60 21.S60
WAVE HEADING ( DEG. )174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9074E+06 1.9074E+06 1.9074E+06
SHIP MASS ( SLUGS) i.Oii7E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.8596E+03 -2.8S96E+03 -2.BS96E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06 2.9162E+06 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.0365E+04 9.036SE+04 9.036SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING CSLUGS/SEC) i.0930E+04 1.0930E+04 i.0930E+04
TOTAL DAMPING CSLUGS/SEC) i.49S6E+05 1.4956E+05 i.49S6E+05
DAMPING/ADDED MASS (1/SEC.) 0.051 0.051 0.051
PHI-FORCE & MOTION C RAD. ) 0.024 0.029 0.03S
MAGNIFICATION FACTOR (NON-D.) i.S387E+00 1.7036E+00 1.9273E+00
F~ COS(EPS) ( LBS. ) -1.8978E+05 -1.93SSE+05 6.0463E+04
F 9IN(EPS) ( LBS. ) -8.8299E+04 -7.4736E+04 8.3237E+03
F -WAVE EXCITING FORCE( LBS. ) 2.0932E+CS 2.0748E+0S 6.1033E+04
EPS-FORCE & WAVE ( RAD. ) 3.S77 3.S10 0.137
DEFLECTION AT STERN ( FEET ) 2.874SE-02 3.1552E-02 i.CSOOE-02
EPSi-WAVE & VIBRATION( RAD. ) -3.553. -3.481 -0,.102
M COS(EPS2) ( LBS. ) -I.0515E+07 -1.S940E+07 S.9717E+06
M SINCEPS2) ( LBS. ) 1.S158E+06 4.4927E+06 3.0298E+OS
H-BENDING MOMENT AMID( L-BS. ) 1.0624E+07 i.656iE+07 S.9793E+06
EPS2-WAVE & D.H. CRAD. ) 2.998 2.867 0.051

SHIP/EFF. WAVE LENGTH(NON-D.) 4.058 4.466 4.883
EFFECTIVE WAVE LENGTH( FEET ) 245.922 223.4S4 204.396
ENCOUNTER FREQUENCY (1/SEC.) 1.460 i.S60 1.660
RESONANT FREQUENCY (1/SEC.) 1.960 1.960 1.960
SPEED (FI/SEC) 21.560 21.560 21.560
WAVE HEADING ( DEG. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9074E+06 i.%074E+06 1.9074E+06
SHIP MASS ( SLUGS) i.Oii7E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.8596E+03 -2.8596E+03 -2.8596E+03
TOTAL ADDED MASS I SLUGS) 2.9162E+06 2.9ib2E+06 2.9ib2E+06
HYDRODYNAHIC DAMPING ( SLUGS/SEC) 9.0365E+04 9.0365E+04 9.036SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04 1.0930E+04 i.0930E+04
TOTAL DAMPING ( SLUCS/SEC) i.4956E+O5 i.4956E+OS 1.4956E+0S
DAMPING/ADDED MASS (1/SEC.) 0.051 0.051 0.051
PHI-FORCE & MOTION ( RAD. ) 0.044 0.057 0.078
MACNIFICATION FACTOR (NON-D.) 2.2444E+00 2.7240E+00 3.S26bE+00
F COS(EPS) ( LBS. ) 2.097iE+O5 6.6023E+04 -i.4229E+0S
F SINCEPS) C LBS. ) 7.7S02E+04 6.1259E+04 -2.i92SE+04
F-WAVE EXCITING FORCE( LBS. ) 2.2357E+D5 9.Ofl6SE+04 1.4396E+05
EPS-FORCE & WAVE ( RAD. ) 0.354 0.749 3.294
DEFLECTION AT STERN ( FEET ) 4.4790E-02 2.1899E-02 4.53i9E-02
EPSi-WAVE & VIBRATION( RAD. ) -0.310 -0.691 -3.216
M COS(EPS2) C LBS. ) 3.2764E+07 I.S500E+07 -4.56S8E+07
H SINCEPS2) C LBS. ) -7.272SE+06 -t.199tE+07 2.1123E+0S
M--BENDING MOMENT AMID( LBS. ) 3.3561E+07 i.9S97E+07 4.S6S9E+07
EPS2-WAVE & B.M. (RAD. ) G-51 6.06S 5.625 3.137
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SPM2Z S. 3. CORT CASE3 09/03/80 11,33:08 PAGE 3

SHIP/EFF. WAVE LENGTH(NON-D.) S.307 S.738 6.77
EFFECTIVE WAVE LENGTH( FEET )" 18.0S7 173.918 16i.S79
ENCOUNTER FREQUENCY (i/SEC.) 1.760 1.860 1.960
RESONANT FREQUENCY (1/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21.$60 21.560 21.560
WAVE HEADING ( DEG. ) 174.000 74.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9074E+06 i.9074E'06 1.9074E+06
SHIP MASS ( SLUGS) 1.0117E+06 1.01l7Ef06 i.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.8596E+03 -2.BS96E+03 -2.8S96E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06 2.9162E+06 2.9t62E+0O
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04 9.0365E:+04 9.0365E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.0930E+04 1.0930E:+04 1.0930E+04
TOTAL DAMPING ( SLUGS/SEC) i.49S6E+05 1.49S6E+05 t.49S6E+0S
DAMPING/ADDED MASS (1/SEC.) 0.051 0.15t 0.051
PHI-FORCE & MOTION ( RAD. ) 0.121 0.24S i.571
MAGNIFICATION FACTOR (NON-D.) 5.1259E+00 9.7569E+00 3.8216E+01
F COS(EPS) C LBS. ) -1.2403E+0S 5.6164E+04 i.i545E+05
F SIN(EPS) ( LBS. ) -7.63S5E+04 -3.S4t6E+04 5.0742E+04
F-WAVE EXCITING FORCE( LBS. ) 1.456SE+OS 6.6398E+04 t.261tE+OS
EPS-FORCE & WAVE ( RAD. ) 3.693 5.721 0.414
DEFLECTION AT STERN ( FEET ) 6.6639E-02 S.782DE-02 4.3Oi9E-D1
EPSI-WAVE & VIBRATION( RAD. ) -3.S73 -5.476 1.157
M COS(EPS2) ( LBS. ) -7.2694E+07 S.0926E+07 2.5t49E+08
M SIN(EPS2) ( L.BS, ) 3.0195E+07 5.7971E+07 5.9842E+08
M-BENDING MOMENT AMID( LBS. ) 7.87i5E+07 7.7162E+07 6.49t2E+08
EPS2-WAVE & B.M. ( RAD. ) 2.748 0.850 1.173

SHIP/EFF. WAVE LENGTH(NON-D.) 6.621 7.072 7.528
EFFECTIVE WAVE LENGTH( FEET ) 150.731 141.129 132.578
ENCOUNTER FREQUENCY (1/SEC.) 2.060 2.160 2.260
RESONANT FREQUENCY (1/SEC.) 1.960 1 1:960 .. 1.960
SPEED (FT/SEC) 21.560 21.S60 21.S60
WAVE HEADING C DEC. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. (SLUGS) 1.9074E+06 1.9074E+06 1.9074E+06
SHIP MASS (SLUGS) i.0117E+06 i.Oii7E+06 i..Oii7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.8S96E+03 -2.8596E+03 -2.8596E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06' 2.9162E+06 2.9t62E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04 9.0365E+04 9.0365E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4'.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04 t.0930E+04 1.09:30E+04
TOTAL DAMPING ( -SLUGS/SEC) i.4956E+OS 1.4956E+05 1.4956E+05
DAMPING/ADDED MASS (i/SEC,) 0.0S1 0.051 0.051
PHI-FORCE & MOTION ( RAD. ) 2.885 3.008 3.050
MAGNIFICATION FACTOR (NON-D.) 9.2424E400 4.6206E+00 3.02i8E+00
F COS(EPS) ( LBS. ) -bWiS20E+02 -7.8658E+04 -.t.6335E+04
F SIN(EPS) ( LBS. ) 6.7289E+04 -i.2003E+04 -7.3963E+04
F-WAVE EXCITING FORCE( LBS. ) 6.7294E+04 7.9568E+04 7.S745E+04
EPS-FORCE & WAVE ( RAD. ) i.S83 3.293 4.495
DEFLECTION AT STERN ( FEET ) 5.5S17E-02 3.2817E-02 2.0431E-02
EPSI-WAVE & VIBRATION( RAD. ) 1.302 -0.285 -i.445
M COS(EPS2) ( LBS. ) 2.3273E+07 5.9260E+07 6.t33SE+06
M SIN(EPS2) 4. LBS. ) 8.9797E+07 -i.6231E+07 -4.i976E+07
M-BENDING MOMENT AMID( LBS. ) 9.2/64E+07 6.t443E+07 4.2422E+07
EPS2-WAVE & B.M. ( RAD. ) G-52 1.317 6.016 4.857
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SHIP/ErF. WAVE LENGTH(NON-D.) 7.989 8.455 8.926
EFFECTIVE WAVE LENGTH( FEET )124.922 118.033 111.904

ENCOUNTER FREQUENCY (1/SEC.) 2.360 2.460 2.560
RESONANT FREQUENCY (1/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21.S60 21.560 21.S60
WAVE HEADING ( DEG. ) 174.000 174.000 174.000

HYDRODYNAMIC A.M. ( SLUGS) i.9074E+06 i.9074E+06 1.9074E+06
SHIP MASS ( SLUGS) 1.0117E+06 1.0il7E+06 1.0117E+06

SPEED DEPENDENT A.M. ( SLUGS) -2.8596E+03 -2.9596E+03 -2.8S96E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06 2.9162E+06 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.0365E+04 9.0365E+04 9.0365E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04 1'.0930E+04 1.0930E+04
TOTAL DAMPING ( SLUGS/SEC) 1.49S6E+O5 1.49S6E+0S 1.49S&E+0S
DAMPING/ADDED MASS (1/SEC.) 0.051 0.051 0.051
PHI-FORCE & MOTION ( RAD. ) -3.072 3.08S 3.093
MAGNIFICATION FACTOR (NON-D.) 2.2177E+00 1.73S5E+00 1.4i49E+00
F COS(EPS) ( L!4S. ) A.3582E+04 8.4134E+03 -2.iS9iE+04
F SINCEPS) C LBS. ) -2.23ioE+04 6.5861E404 4.6889E+04
F-WAVE EXCITING FORCE( LBS. ) 4.896iE+04 6.6396E+04 S.162iE+04

EPS-FORCE & WAVE ( RAD. ) 5.810 1.444 2.002
DEFLECTION~ AT STERN ( FEET ) 9.692iE-03 1.0285E-02 b.5194E-03
EPSI-WAVE & VIBRATION( RAD. ) -2.738 1.641 1.091

M1 COS(EPS2) ( LBS. ) -2.0258E+07 -2.329SE+06 8.0244E+06
M SIN(EPS2). ( LBS. ) -9.0939E+06 2.57E35E+07 1.6043E+07
M BENDING MOMENT AMID( LBS. ) 2.220SE407 2.5890E+07 1.7938E+07

EPS2-UAVE & B.M. CRAD. ) 3.S64 1.661 l.107

SHIP/EFF. WAVE LENGTHCNON-D.) 9.402 9.882 10.366
EFFECTIVE WAVE LENGTH( FEET ) 106.149 100.995 96.280

ENCOUNTER FREQUENCY (1/SEC.) 2.660 2.760 2.960
RESONANT FREQUENCY (1/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21.560 21.S60 21.S60

WAVE HEADING ( DEC. )174.000 174.000 174.000
HYDRODYNAMIC A.M. ( SLUGS) i.9074E+06 i.9074E+06 1.9074E+06
SHIP MASS C SLUGS) 1.0117E+06 i.01i7E+06 i.0117E+06
SPEED DEPENDENT A.M. ( SL-UdS) -2.8596E+03 -2.8596E+03 -2.8596E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06 2.9162E+06 2.9i62E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04 9.O36SE+04 9.0365E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04. 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04 i.0930E+04 i.0930E+04
TOTAL DAMPING ( SLUGS/SEC) i.49S6E+05 i.49S6E4-0S 1.49S6E+OS
DAMPING/ADDED MASS (1/SEC.) 0.051 0.051 0.051
PHIl-FORCE & MOTION ( RAD. ) 3.099 3.104 3.108
MAGNIFICATION FACTOR (NON-D.) i.i86BE+O0 1.0167E+00 8.9506E-0i
F COS(EPS) C LBS. ) i.04S8E+04i .264SE+04 -3.1456E+04
F SIN(EPS) C LBS. ) -S.2142E+04 -6.2686E+04 3.8043E+04
F--WAVE EXCITING FORCE( LBS. ) 5.3i80E+04 6.3949E+04 4.9363E+04
EPS-FORCE & WAVE ( RAD. ) 4.910 4.911 2.262
DEFLECTION AT STERN ( FEET ) S.6339E-03 5.8033E-03 3.8998E-03
EPSI-UAVEi & VIBRATION( RAD. ) -1.811 -1.807 0.8346
M COSCEPS2) ( LBS. ) -3.6i90E4+06 -4.i348E+06 8.756SE+06
M SIN(EPS2) ( LBS. ) -i.6422E+07 -i.B3fl7E+07 i.03SIE+07
M--FENDING MOMENT AMID( LBS. ) i.681.6E+07 i.81346E+07 i.3558E+07
EPS2-WAVE & P.M. (RAD. ) G3 4.49S 4.491 0.869

4 -G-53
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SPM2Z S. 3. CORT CASE3 09/03/80 1t133'08 PAGE S

SHIP/EFF. WAVE LENGTH(NON-D.) 10.853
EFFECTIVE WAVE LENGTH( FEET ) 91.953

ENCOUNTER FREQUENCY (i/SEC.) 2.960
RESONANT FREQUENCY (i/SEC.) 1.960
SPEED (FT/SEC) 21.560

WAVE HEADING ( DEG. ) - 174.000

HYDRODYNAMIC A.M. ( SLUGS) i.9074E+06
SHIP MASS ( SLUGS) 1.Oii7E+06

SPEED DEPENDENT A.M. ( SLUGS) -2.9S96E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04

SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04
TOTAL DAMPING ( SLUGS/SEC) 1.49S6E+0S

DAMPING/ADDED MASS (i/SEC.) 0.051
PHI-FORCE & MOTION ( RAD. ) 3.1i1
MAGNIFICATION FACTOR (NON-D.) 7.8044E-01

F COS(EPS) ( LBS. ) -1.2663E+04

F SIN(EPS) ( LBS. ) 7.22i9E+04
F-WAVE EXCITING FORCE( LBS. ) 7.3321E+04
EPS-FORCE & WAVE ( RAD. ) 1.744
DEFLECTION AT STERN ( FEET ) 5.i078E-03
EPSi-WAVE & VIBRATION( RAD. ) 1.366

M COS(EPS2) C LBS. ) 3.6373E+06
M SIN(EPS2) C LBS. ) 1.896SE+07
M-BENDING MOMENT AMID( LBS. ) 1.931iE+07
EPS2-WAVE & B.M. ( RAD. ) 1.391
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SPM2Z S. J. CORT CASE4 09/02/80 10,21a00 PAGE I

SHIP/EFF. WAVE LENGTH(NON-D.) 0.989 t.279 1.591
EFFECTIVE WAVE LENGrH( FEET ) 1009.283 780.087 627.106
ENCOUNTER FREQUENCY (1/SEC.) 0.$80 0.680 0.780
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING C DEG. ) 171.000 171.000 171.000
HYDRODYNAMIC A.M. CSLUGS)- 1.9232E+06 1.9232E+06 1.9232E+06
SHIP MASS (SLUGS) t.0tt7E+06 t.Oii7E+06 t.0it7E+06
SPEED DEPENDENT A.M. ( SLUGS) z2.4i4tE + O-2.4141E+03 -2.4i4tE+03
TOTAL ADDED MASS ( SLUGS) 2.T132SETV06 2.932SE+06 2.932SE+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.?473E+04 7.9473E+04SPEED DEPENDENT DAMP.( SLUGS/SEC) A S73SE+D5) 4.S73SE+04 4.$73SE+04

STRUCTURAL DAMPING ( SLUGS/SEC) t.2t68E+04 1.2168E+04 i.2t68E+04
TOTAL DAMPING C SLUGS/SEC) 1.3738E+0S 1.3738E+OS 1.3738E+0S
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD.') 0.007 0.008 0.0t0
MAGNIFICATION FACTOR (NON-D.) t.0843E+00 1.1t9E+00 1..i636E+00
F COS(EPS) ( LBS. ) -1.2686E+06 -9.9662E+OS -3.63i3E+05
F SIN(EPS) ( LBS. ) -7.70S8E+04 4.4S59E+03 8.1620E+04
F-WAVE EXCITING FORCE( LBS. ) 1.2710E+06 9.9663E+0S 3.7219E+0S
EPS-FORCE & WAVE ( RAD. ) 3.202 3.137 2.920
DEFLECTION AT STERN ( FEET ) 1.0862E-0i 8.79SE-02 3.4t34E-02
EPSI-WAVE & VIBRATION( RAD. ) -3.19S -3.129 -2.9ii
M COS(EPS2) ( LBS. ) -t.0273E+07 -t.6644E+07 -4.3770Es06
M SIN(EPS2) ( LBS. ) -3.4SI.4E+07 -6.02S5E+06 2.9S39E+06
M-BENDING MOMENT AMID( LBS. ) 3.60t0E+07 1.770tE+07 5.280SE+06
EPS2-WAVE & B.M. C RAD. ) 4.423 3.489 2.548

SHIP/EFF. WAVE LENGTH(NON-D.) 1.922 2.270 2.633
EFFECTIVE WAVE LENGTH( FEET ) S19.i46 439.646 379.107
ENCOUNTER FREQUENCY (i/SEC.) 0.880 0.980 1.080
RESONANT FREQUENCY (i/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING ( DEG. ) 171.000 171.000 171.000
HYDRODYNAMIC A.M. ( SLUGS) t.9232E+06 1.9232E+06 i.9232E+06
SHIP MASS ( SLUGS) 1.01i7E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.414iE+03 -2.4t4tE+03 -2.4t4iE+03
TOTAL ADDED MASS ( SLUGS) 2.932SE+06 2.9325E+06 2.932SE+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.$735E+04 4.$73SE+04 4.573SE+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2i68E+04 i.2t68E+04 t.2i68E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3738E+OS 1.3738E+0S 1.3738E+0S
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 0.012 0.014 0.016
MAGNIFICATION FACTOR (NON-D.) i.2t79E+00 1.28S2E+00 i.3689E+00
F COS(EPS) ( LBS. ) 1.8690E+0S 2.8t04E+05 -4.7S62E+03
F SIN(EPS) ( LBS. ) 9.9047E+04 4.ttSiE+04 -4.4S34E+04
F-WAVE EXCITING FORCE( LBS. ) 2.tiS2E+0S 2.8404E+0S 4.4788E+04
EPS-FORCE & WAVE C RAD. ) 0.487 . 0.145 4.606
DEFLECTION AT STERN C FEET ) 2.030SE-02 2.8773E-02 4.832SE-03
EPSI-WAVE & VIBRATION( RAD. ) -0.476 -0.132 -4.590

COS(EPS2) C LBS. ) 2.4230E+06 7.4637E+06 -1.916iE+0S
M SIN(EPS2) ( LBS. ) 1.6t83E+06 -2.07S3E+OS 8.9704E+0S
M-BENDING MOMENT AMID( LBS. ) 2.9137E+06 7.4666E+06 9.1727Ef0S
EPS2-WAVE & B.M. C RAD. ) G-55 0.589 6.255 1.781
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SHIP/EFF. WAVE LENGTH(NON-D.) 3.008 3.396 3.79S
EFFECTIVE WAVE LENGTH( FEET ) 331.740 293.842 262.948
ENCOUNTER FREQUENCY (I/SEC.) 1.180 1.280 1.380
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING ( DEG. ) . 171.000 171.000 171.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9232E+06 i.9232E+06 i.9232E+06
SHIP MASS ( SLUGS) i.Oii7E+06 1.0117E+06 i.OiT7E+06
SPEED DEPENDENT A.M., ( SLUGS) -2.4i4iE+03 -2.414iE+03 -2.4i4iE+03
TOTAL ADDED MASS ( SLUGS) 2.932SE+06 2.932SE406 2.932SE+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.573SE+04 4.573SE+04 4.5735E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.216E+04 1.2168E+04 1.2i68E+04
TOTAL DAMPING ( SLUGS/SEC) i.3738E+OS 1.373BE+OS 1.3738E+OS
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 0.09 0.022 0.027
'MAGNIFICATION FACTOR (NON-D.) i.4743E+00 i.6091E+00 i.7857E+00
F COS(EPS) ( LBS. ) -2.3187E+OS -i.14iOE+OS I.Sii6E+OS,
F SIN(EPS) ( LBS. ) -8.3434E+04 -4.2937E+04 3.4208E+04
F-WAVE EXCITING FORCE( LBS. ) 2.4643E+O5 i.219iE+O5 1.5498E+OS
EPS-FORCE & WAVE ( RAD. ) 3.487 3.502 0.223
DEFLECTION AT STERN ( FEET ) 2,8636E-02 i.5462E-02 2.i8i3E'-02
EPSi-WAVE & VIBRATION( RAD. ) -3.468 -3.479 -0.196
M COS(EPS2) ( I.BS. ) -i.2074E+07 -8.0040E+06 i.3675E+07
M SIN(EPS2) ( LBS. ) t.SB73E+06 2.6977E+06 -7.226iE+05
M-BENDING MOMENT AMID( LBS. ) 1.217SE+07 8.4464E+06 1.3694E+07
EPS2-WAVE & B.M. ( RAD. ) 3.011 2.817 6.230

SHIP/EFF. WAVE LENGTH(NON-D.) 4.205 4.623 5S.050
EFFECTIVE WAVE LENGTH( FEET ) 237.3SO 215.872 197.61S
ENCOUNTER FREQUENCY (i/SEC.) 1.480 i.S80 1.680
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FI/SEC) 20.830 20.830 20.830
WAVE HEADING DEC. 1171.000 171.000 171.000
HYDRODYNAMIC A.M. SLUGS) 1.9232E+06 i.9232E+06 1.9232E+06
SHIP MASS ( SLUGS) i.Oii7E+06 1.Oii7E+06 i.Oii7E+06
SPEED DEPENDENT A.M. C SLUGS) -2.4141E+03 -2.4141E+03 -2.4i4iE+03
TOTAL ADDED MASS SLUGS) 2.9325E+06 2.932SE+06 2.932SE+06
HYDRODYNAMIC DAMPING SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.$735E+04 4.$73SE+04 4.573SE+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.216BE+04 i.2168E+04 i.2168E404
TOTAL DAMPING ( SLUGS/SEC) 1.3738E+OS 1.37313E+0S 1.3738E+05
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 0.032 0.040 0.052
MAGNIFICATION FACTOR (NON-D.) 2.0244E+00 2.3622E+O 2.8727E+00
F COS(EPS) ( LBS. ) 1.84513E+OS -3.7425E+04 -1.7343E+0S
F SIN(EPS) ( LBS. ) 7,0083E+04 2.9290E+04 -4.2014E+04
F-WAVE EXCITING FORCE( LBS. ) 1.9743E+0S 4.7S24E+04 1.7844E+OS
EPS-FORCE & WAVE ( RAD. ) 0.363 2.478 3,379
DEFLECTION AT STERN ( FEET ) 3.1503E-02 8.8484E-03 4.0404E-02
EPSi-WAVE & VIBRATION( RAD. ) -0.330 -2.437 -3.327
M COS(EPS2) ( LBS. ) 2.4139E+07 -S.6488E+06 -4.2645E+07
M SIN(EPS2) ( LBS. ) -6.6866E+06 -S.6945E+06 5.4781E+06
-BENDING MOMENT AMID( LBS. ) 2.5048E+07 8.0210E+06 4.2996E+07

EPS2-WAVE & B.M. RAD. ) G-56 6.013 3.931 3.014

/ '
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SHIP/EFF. WAVE LENGTH(NON-D.) S.48S 5,928 6.377
EFFECTIVE WAVE LENGTH( FEET ) 181.939 168.355 i56.488
ENCOUNTER FREQUENCY (i/SEC.) 1.780 1.880 1.980
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING ( DEG. ) 171.000 171.010 171.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9232E+06 1.9232E+06 i.9232E+06
SHIP MASS ( SLUGS) 1.0117E+06 t.0117E+06 t.0it7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.414iE+03 -2.4141E+03 -2.4i4tE+03
TOTAL ADDED MASS ( SLUGS) 2.932SE+06 2.9325E+06 2.932SE+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.S735E+04 4.S73SE+04 4.$73SE+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.2168E+04 1.2166E+04 t.2t68E+04
TOTAL DAMPING ( SLUGS/SEC) i.3738E+05 i.3738E+05 i.3738E+OS
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 0.072 0.111 0.225
MAGNIFICATION FACTOR (NON-D.) 3.7264E+00 S.4292E+00 1.0388E+01
F COS(EPS) ( LBS. ) -4.3S66E+04 i.i947E+OS 7.it26E+04
F SIN(EPS) ( LBS. ) -6.090tE+04 -2.363iE+03 S.9490E+04
F-WAVE EXCITING FORCE( LBS. ) 7.4880E+04 1.19SOE+OS 9.272SE+04
EPS-FORCE & WAVE ( RAD. ) 4.091 6.263 0.697
DEFLECTION AT STERN ( FEET ) 2.i993E-02 5.1135E-02 7.592SE-02
EPSi-WAVE & VIBRATION( RAD. ) -4.020 -6.153 -0.472
M COS(EPS2) ( LBS.-)- -i,7879E+07' 6.9701E+07 *i.0726E+08
M SIN(EPS2) ( LBS. ) 2.01S4E+07 i.22S6E+07 -S.0761E+01
M-BENDING MOMENT AMID( LBS. ) 2.6942E+07 7.0770E+07 1.i866E+08
EPS2-WAVE & B.M. C RAD. ) 2.296 0.174 S.841

SHIP/EFF. WAVE LENGTH(NON-D.) 6.834 7.296 7.764
EFFECTIVE WAVE LENGTH( FEET ) 146.043 136.791 t28.54S
ENCOUNTER FREQUENCY (i/SEC.) 2.080 2.iSO 2.280
RESONANT FREQUENCY (i/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 • 20.830 20.830
WAVE HEADING ( DEG. ) 171.000 171.000 71.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9232E+06 1.9232E+06 i.9232E+06
SHIP MASS ( SLUGS) i.0tt7E+06 i.0ti7E+06 t.0tt7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.414iE+03 -2.4t4tE+03 -2.414iE+03
TOTAL ADDED MASS ( SLUGS) 2.932SE+06 2.932SE+06 2.9325E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.573SE+04 4.573SE+04 4.573SE+64
STRUCTURAL DAMPING CSLUGS/SEC) 1.2t68E+04 1.2t68E+04 1.216BE+04
TOTAL DAMPING C. SLUGS/SEC) i.3738E+OS i.3738E+OS 1.373BE+0S
DAMPING/ADDED MASS (1/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) i.571 2.906 3.020
MAGNIFIC;TION FACTOR (NON-D.) 4.440tE+01 9.876tE+00 4.9247E+00
F COS(EPS) ( LBS. ) -6.7784E+04 -6.2662E+04 3.6SS4E+04
F SIN(EPS) ( LBS. ) 3.7439E+04 -4.1284E+04 -S.7226E+04
F--WAVE EXCITING FORCE( LBS. ) 7.7436E+04 7.S039E+04 6.7904E+04
EPS-FORCE & WAVE ( RAD. ) 2.637 3.724 5.281
DEFLECTION AT STER11 ( FEET ) 2.7100E-01 S.8412E-02 2.63SBE-02
EPSi-WAVE & VIBRATION( RAD. ) -1.066 -0.818 -2.261
M COS(EPS2) ( LBS. ) 2.3770E+08 7.8864E+07 -3.4743E+07
4 SIN(EPS2) ( LBS. ) -4.0748E+08 -8.01S7E+07 -4.4233E+07
K-BENDING MOMENT AMID( LBS. ) 4.717SE+0, i.124SE+0 S.6247E+07
EPS2-WAVE & B.M. C RAD. ) 5.240 5.490 4.047

G-57
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SHIP/EFF. WAVE LENGTH(NON-D.) 8.237 8.716 9.200
EFFECTIVE WAVE LENGTH( FEET ) 121.1S6 J14.S03 108.484
ENCOUNTER FREQUENCY (i/SEC.) 2.380 2.480 2.s80
RESONANT FREQUENCY (i/SEC.) 2.0-80 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING ( DEG. ) 171.000 171.000 171.000
HYDRODYNAMIC A.M. ( SLUGS) i.9232E+06 i.9232E+06 t.9232E+06
SHIP MASS (.SLUGS) t.0117E+06 i.0t17E+06 i.0ti7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.4141E+03 -2.414iE+03 -2.414tE+03
TOTAL ADDED MASS ( SLUGS) 2.932SE+06 2.932SE+06 2.9325E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.5735E+04 4.573SE+04 4 S73SE+U04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2168E+04 t.2t68E+04 t.2t68E+04
TOTAL DAMPING ( SLUGS/SEC) i.373GE10S i.3738E+OS i.3738E+0S
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 3.058 3.078 3.090
MAGNIFICATION FACTOR (NON-D.) 3.2223E+00 2.367tE+00 i.8S43E+00
F COS(EPS) ( LBS. ) 3.99i9E+04 -2.4797E-t4 -t.S496E+04
F SIN(EPS) ( LBS. ) 2.0ii4E+04 6.S820E*04 -2.3438E+03
F-WAVE EXCITING FORCE( LBS. ) 4.4700E+04 7.0336E+04 i.S672E+04
EPS-FORCE & WAVE ( RAD. ) 0.467 1.931 3.292
DEFLECTION AT STERN ( FEET ) i.13S3E-02 i.3i23E-02. 2.290SE-03
EPSi-WAVE & VIBRATION( RAD. ) 2.592 1.147 -0.202
M COS(EPS2) ( LBS. ) -2.3105E+07 i.3218E+07 6.36tBE+06
M SIN(EPS2) ( LBS. ) i.34t6E+07 3.1220E+07 -. iSi1E+06
H-BENDING MOMENT AMID( LBS. ) 2.67i7E+07 3.1903E+07 6.46SiE+06
EPS2-WAVE & B.M. C. RAD. ) 2.616 1.170 6.104

SHIP/EFF. WAVE LENCTII(NON-D.) 9,688 iO.i8O 10.677
EFFECTIVE WAVE LENGTH( FEET ) 103.017 98 032 93.470
ENCOUNTER FREQUENCY (i/SEC.) 2.680 2.780 2.880
RESONANT FREQUENCY (i/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 20.830 20.830 20.830
WAVE HEADING ( DEG. ) 171.000 171.000 171.000
HYDRODYNAMIC A.M. ( SLUGS) i.9232E+06 i.9232E+06 i.9232E4Ob
SHIP MASS ( SLUGS) i.Oii7E+06 t.0117E+06 i.0t7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.4141E+03 -2.4141E+03 -2.4141E+03
TOTAL ADDED MASS ( SLUGS) 2.952SE+Ol6 2.9325E+06 2.9325E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.573SE+04 4.5735E+04 4.573SE+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2168E+04 1.21i68E+04 1.2168E+04
TOTAL DAMPING ( SLUGS/SEC) i.3738E+0S 1.3738E+0S i.3738E+0S
DAMPING/ADDED MASS (i/SEC.) 0.047 0.047 0.047
PHI-FORCE & MOTION ( RAD. ) 3.098 3.i03 3.i08
MAGNIFICATION FACTOR (NON-D.) I.S134E+00 1.2708E+00 1.0897E+00
F COS(EPS) ( LBS. ) 2.5674E+04 -6.065OE+03 -3.280BE4.04
F SIN(EPS) ( LBS. ) -6.B717E+04 -i.0S59E+04 6.9.324E+04
F-WAVE EXCITING FORCE( LBS. ) 7.33S6E+04 i.2175E+04 7.6967E+04
EPS-FORCE & WAVE ( RAD. ) S.n70 4.191 2.011
DEFLECTION AT STERN ( FEET ) 5.7502E-.03 1.2195E-03 6.6106E-03
EPSI-WAVE & VIBRATION( RAD. ) -1.972 -I.088 1.096
M COS(EPS2) ( LBS. ) -9.8945E+06 i.9197E+06 i.0326E+07
M SIN(EPS2) ('LBS. ) -2.4939E+07 -3.5443E+06 2.1325E+07
M-BENDING MOMENT AMID( LBS. ) 2.6830E+07 4.0308E+06 2.3694E+07
EPS2--WAVE & B.M. C RAD. ) 4.335 S.209 1.120

G-58
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SHIP/EFF. WAVE LENGTH(NON-D.) 11.178

EFFECTIVE WAVE LENGTH( FEET ) 89.282

ENCOUNTER FREQUENCY (i/SEC.)/ 2.980

*RESONANT FREQUENCY (1SEC.) 2.080

SPEED (FT/SEC) 20.830

WAVE HEADING ( DEG. ) 171.000

HYDRODYNAMIC A.M. ( SLUGS) i.9232E+06

SHIP MASS ( SLUGS) i.01i7E+06

SPEED DEPENDENT A.M. ( SLUGS) -2 .44iE+03

TOTAL ADDED MASS C SLUGS) 2.9325E+0b

HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04

SPEED DEPENDENT DAMP.( SLUCS/SEC) 4.S73SE+04

STRUCTURAL DAMPING ( SLUCS/SEC) i.2168E+04

TOTAL DAMPING ( SLUGS/SEC). 1.3738E40S

DAMPING/ADDED MASS (1/SEC.) 0.047

PHI-FORCE & MOTION ( RAD. ) 3.111

MAGNIFICATION FACTOR (NON-D.) 9.49S8E-Oi

FCOS(EPS) ( LBS. ) 2.4366E+04

F. SINCEPS) ( LBS. ) i.8944E+04

F-WAVE EXCITING FORCE( LBS. ) 3.0844E+04

EPS-FORCE &WAVE ( RAD. )0.661

DEFLECTION AT STERN ( FEET ) 2.3i00E-03

EPI-AV &VIB4RATION( RAD. )2.450

M COS(EPS2) ( LBS. ) -6.8778E+06

H SIN(EPS2) ( LBS. ) S.S627E+0b

H-BENDINGMOMENT AMID( LBS. ) 8.13450E+06

E-PS2-UAVE-& S.M. (RAD. )2.462

G-59
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SIIIP/EFF. WAVE LENGTH(NON-D.) 0.943 1.228 I.S36
EFFECTIVE WAVE LENGTH( FEET io105.5132 812.S27 649.S40
ENCOUNTER FREQUENCY (i/SEC.) 0.573 0.673 0.773
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.600
WAVE HEADING ( DEG. ) IS7.000 157.000 157.000
HYDRODYNAMIC A.M. ( SLUGS) i.924SE+06 i.9245E+06 £.924SE+06
SHIP MASS ( SLUGS) t.0117E+06 t.0i17E+06 t.0il7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03 -2.3127E+03 -2.3i27E+03
TOTAL ADDED MASS ('SLUGS) 2.9339E+06 2.933?E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.0071E+04+ 8.0071E+04 8.0071E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4,3903E+04 4.3903E+04 4,3903E+04
SlRUCTURAL DAMPING ( SLUGS/SEC) 1.2iO3E+04 1.2i03E+04 i.2i03E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3b08E+05 i.3608E+0S i.3608Efr0
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046
PHI-FORCE 4 MOTION ( RAD. ) 0.007 0.008 0.010
MAGNIFICATION FACTOR (NON-D.) i.0827E+00 i.1178E+00 i.i6i4E+00
F COS(EPS) ( LBS. ) -1.2156E406 -i.019OE+06 -4.3467E+OS
F SIN(EPS) ( LBS. ) -8.7421E+04 -i.2320E4,04 6.8707E+04
F--WAVE EXCITING FORCE( LBS. ) .2i88E+06 i.0191E+06 4.4007E+OS
EPS-FORCE & WAVE ( RAD. )3.2t3 3.iS4 2.985
DEFLECTIOIN AT STERN ( FEET ) 1.0466E-O1 9.03S0E-02 4.0540E-02
EPSI-WAVE & VIBRATION( RAD. )-3.207 -3.146 -2.97S
M COS(EPS2) ( LBS. ) -6,3669E+06 -1.6317E407 -S.7157E+06
M SIN(EPS2) ( LBS. ) -3.5849E+07 -8.9!iE+06 2.9382E+06
H-BENDING MOMENT AMID( LBS. ) 3.64i0E4-07 1.8606, +07 6.4267E+06
EPS2-WAVE & B.M. CRAD. ) 4.537 3.643 2.667

SHi-P/EFF. WAVE LENGTH(NON-D.) 1.865 2.211 2.S72
EFFECTIVE WAVE LENGTH( FEET ) 535.226 451.479 387.986
ENCOUNTER FREQUENCY (1/SEC.) 0.873 0.973 1.073
RESONANT FREQUJENCY (1/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.000 19.800 19.900
WAVE HEADING ( DEC. ) 17.000 157.000 157.000
HYDRODYNAMIC A.M. ( SLUGS) 1.924SE+06 i.9245E+Ot i.924SE+06
SHIP MASS C SLUGS) 1.0117E+06 i.oi17E+06 i-OiiYE+06
SPEED DEPENDENT A.M. ( SLUGS) -2.35.27E+03 -2.3i27E+03 -2.3127E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC D)AMPING ( SLUGS/SEC) 8.0071E+04 8.0071E+04 8.0071E4.04
SPEED DEPENDENT DAMP. ( SLUGS/SEE) 4.z 903E+04 4.3903E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2i103E+04 i.2ifl3E+04 i.2i03E+04
TOTAL DAMPING ( SLUGS/SEE) i.3608E+05 i.3608E+OS i.3608E+05
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION (RAD. ) .011 0.013 0.016
MAGNIFICATION FACTOR (NON-D.) i.2iSSE+00 .282 '4E+00 i.365BE4+00
F COSCEPS) C LBS. ) i.2990E+05 2.78itiE+0S 2.4920E+04
F SIN(EPS) ( LPS. ) 9.9847E+04 5.5662E.04 -2.8i36E+04
F-WAVE EXCITING FORCE( LBS. ) i.63B4E+OS 2,8369E+0S 3.7SOSE+.04
EPS-FORE: & WAVE ( RAD. ) 0.6SS 0.197 5.437
DVFI.ECTION AT STERN ( FEET ) i.5796E-02 2,8857E-02 4.07iSE-03
EPSI--UAVE & VIBRATION( RAD. ) -0.644 -0.184 -S.421
M COS(EPS2) C BS 4434E+06 7.2i9BE+06 7.3900E+05
M SIN(EP 32) CLBS. ) i.l0BiE+06 -i.4503E+OS5S.728BEi05
M BENDING MOMENT AMTD( LBS. ) i.8i97E406 7.22i2E+06 9.3S04E+OS
U1PS2-WAVE & P.M. CRAD. ) 0.655 6.263 0.b59
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K SHIP/EFF. WAVE LENGTH(NON-D.) 2.949 3.337 3.738
j EFFECTIVE WAVE LENGTH( FEET ) 338.498 299.036 266.963

ENCOUNTER FREQUENCY (1/SEC.) 1.173 1.273 1.373
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) IS7.000 iS7.000 157.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9245E+06 1.9245E+06 1.924SE+06
SHIP MASS ( SLUGS) 1.0it7E+06 1.0117E+06 i.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03 -2.3127E+03 -2.3i27E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.007iE+04 8.0071E+04 8.0071E+04

7 SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E+04 4.3Y03E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2iO3E+04 1.2t03E+04 1.2103E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3608E+OS 1.3608E+OS 1.360BEf-0S
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.019 0 022 0.026
MAGNIFICATION FACTOR (NON-D.) i.4707E+00 i.6050E+00 i.7809E+00
F COS(EPS) ( LBS. ) -2.1B3E+O5 -1.3i30 OS t.3178E+05
F SIN(EPS) ( LBS. ) -7.9346E+04 -5.4447 +04 1.8876E+04
F-WAVE EXCITING FORCE( LBS. ) 2.3240E+0S 1.42i4i+0S .1,3312E+0S
EPS-FORCE & WAVE ( RAD. ) 3.490 3.53S 0.142
DEFLECTION AT STERN ( FEET ) 2.7110E-02 1.809SE-02 i.8804E-02
EPSi-WAVE & VIBRATION( RAD. ) -3.471 -3.S13 -0.116
M COS(EPS2) ( LBS. ) -i.0968E+07 -9.t403E+06 i.586E+07
M SIN(EPS2) ( LBS. ) i.4i67E+06 3.31S4E+06 2.0081E+0S
M-BENDING MOMENT AMID( LBS. ) i.IO6OE+07 9.7230E+06 i.iS88E+07
EPS2-WAVE & B.M. ( RAD. ) 3.013 2.794 0.017

SHIP/EFF. WAVE LENGTH(NON-D.) 4.150 4.572 5.003
EFFECTIVE WAVE LENGTH( FEET ) 240.470 2iS.?78 199.464
ENCOUNTER FREQIUENCY (i/SEC.) 1.473 1.$73 1.673
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.890 19.800

H WAVE HEADING ( DEG. ) 157.000 iS7.000 i57.000
HYDRODYNAMIC A.M. ( SLUGS) i.9245E+06 i.924 E+06 i.9245E+06
SHIP MASS ( SLUGS) 1.0i17E+06 i.OiTg+06 i.01i7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3i27E+03 -2.3127F+03 -2.3127E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SIUGS/SEC) 8.0071E+04 8.0071E+04 8.0071E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E+04 4.3903E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) t.2t03E+04 t.2103E+04 t.2t03E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3608E+05 i.3608E+OS 1.3608E+OS
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.032 0.040 0.0S2
MAGNIFICATION FACTOR (NON-D.) 2.0188E+00 2.3554E+00 2.8641E+00
F COS(EPS) ( LBS. ) i.866BE+OS -2.3iSiE+04 -i.6533E+05
F SIN(EPS) ( LBS. ) 6.6873E+04 4.ii67E+04 -2.9703E+04
F-WAVE EXCITING FORCE( LBS. ) i.9830E+OS 4.7230E+04 i.6797E+0S
EPS-FORCE & WAVE ( RAD. ) 0.344 2.083 3.319
DEFLECTION AT STERN ( FEET ) 3.17S2E-02 8.8236E-03 3.8i59E-02
EPSi-WAVE & VIBRATION( RAD. ) -0.312 -2.043 -3.268
M COS(EPS2) ( LBS. ) 2.4009E+07 -3.i428E+06 -3.9934E+07
M SIN(EPS2) ( LBS. ) -6.2295E+06 -7.3317E+06 3 0380E+06
M-BENDING MOMENT AMID( LBS. ) 2.4804E+07 7.9769E+06 4.0049E+07
EPS2-WAVE & B.M. ( RAD. ) G-61 6.029 4.307 3.066

... ,,
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SHIP/EFF. WAVE LENGTH(NON-D.) S.443 S.891 6.347
EFFECTIVE WAVE LENGTH( FEET ) 183.343 169.400 IS7.240
ENCOUNTER FREQUENCY (i/SEC.) 1.773 1.873 1.973
RESONANT FREQUENCY (1/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) 1S7.000 157.000 1S7.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9245E+06 1.924SE+06 1.9245E+06
SHIP MASS ( SLUGS) t.0tt7E+06 t.0tt7E+06 i.0tt7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03 -2.3127E+03 -2.3127E+03
TOTAL ADDED MASS ( SLUGS) 2 9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.0071E+04 8.0071E+04 8.0071E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E+04 4.3903E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.2103E+04 1.2103E+04 1-.2103E+04
TOTAL DAMPING ( SLUGS/SEC) 1.36.08E+05 t.3608E+OS t.3608E+OS
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.071 0.110 0.222
MAGNIFICATION FACTOR (NON-D.) 3.7tStE+00 5.4125E+00 t.0360E+0i
F COS(EPS) ( LBS. ) -4.4683E+04 1.1255E+OS 6.iS4iE+04
F SIN(EPS) ( LBS. ) -6.3384E+04 -1.5092E+04 S.4954E+04
F-WAVE EXCITING FORCE( LBS. ) 7.7550E+04 1.t356E+05 8.2506E+04
EPS-FORCE & WAVE ( RAD. ) 4.098 6.1S0 0.729
DEFLECTION AT STERN ( FEET ) 2.28StE-02 4.8750E-02 6.7793E-02
EPSI-WAVE & VIBRATION( RAD. ) -4.027 -6.040 -0.S06
H COS(EPS2) ( LBS. ) -t.8069E+07 6.4241E+07 9.2809E+07
H SIN(EPS2) ( LBS. ) 2.0883E+07 1.83t8E+07 -4.8536E+07
M-BENDING MOMENT AMID( L.BS. ) 2.76i6E+'7 6.6802E+07 1.0473E+08
EPS2-WAVE & B.H. ( RAD. ) 2.264 0.278 5.801

SHIP/EFF. WAVE LENGrH(NON-D.) 6.810 7.279 7.755
EFFECTIVE WAVE LENGTH( FEET ) 146.56 137.105 128.69S
ENCOUNTER FREQUENCY (i/SEC.) 2.073 2.173 2.273
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) 157.000 157.000 157.000
HYDRODYNAMIC A.M. ( SLUGS) i.9245E+06 1.9245E+06 1.9245E+06
SHIP MASS ( SLUGS) i.0117E+06 1,0i17E+06 1.0i17E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3i27E+03 -2.3127E+03 -2.3127E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.007iE+04 8.OO7E+04 8.007tE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E+04 4.3903E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.2103E+oA i.2i03E+04 1.2103E+04
TOTAL DAMPING ( SLUGS/SEC) i.3608E+V. i.3608E+0S i.3608E+05
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 1.571 2.909 3.021
MAGNIFICATION FACTOR (NON-D.) 4.4695E+0i 9.8473E+00 4.9080E+00
F COS(EPS) ( LBS. ) -6.8660E+04 -4.8844E+04 4.5017E+04
F SIN(EPS) ( LBS. ) 4.6i23E+04 -3.4582E+04 -6.i7i6E+04
F-WAVE EXCITING FORCE( LBS. ) 8.2714E+04 5.9847E+04 7.6390E+04
EPS-FORCE & WAVE ( RAD. ) 2.550 3.758 5.343
DEFLECTION AT STERN ( FEET ) 2.9322E-01 4.6743E-02 2.9737E-02
EPSi-WAVE & VIBRATION( RAD. ) -0.979 -0.849 -2.322
M COS(EPS2) ( LBS. ) 2.8966E+08 6.0597E+07 -4.t883E+07
M SIN(EPS2) ( LBS. ) -4.i3O4E+08 -6.5654E+07 -4.7082E+07
M-BENDING MHMENT AMID( LBS. ) 5.0448E408 8,9344E+07 6.30i5E+07
EPS2-WAVE & ..M. C RAD. ) 5.324 5.458 3.985
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SHIP/EFF. WAVE LENGTH(NON-D.) 8.236 8.724 9.216
EFFECTIVE WAVE LENGTH( FEET ) 121.169 114.400 108.285
ENCOUNTER FREQUENCY (I/SEC.) 2.373 2.473 2.S73
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) 157.000 i57.000 i57.000
HYDRODYNAMIC A.M. ( SLUGS) 1.924SE+06 £.924SE+06 t.9245E+06
SHIP MASS ( SLUGS) i.Oi17E+06 i.Oti7E+06 i.Oii7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03 -2.3127E+03 -2.3t27E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.0071E+04 8.0071E+04 8.007TE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E+04 4.3903E+04 4.3903E+04
SIRUCTURAL DAMPING ( SLUGS/SEC) 1.2103E+04 1.2103E+04 i.2i03E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3608E+OS i.3608E+0S i,3608E+05
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION C RAD. ) 3.0S9 3.079 3.090
MAGNIFICATION FACTOR (NON-D.) 3.21i0E+00 2.3586E+00 i.8475E+00
F COS(EPS) ( LBS. ) 2.6207E+04 -3.7197E+04 -2.7871E+03
F SIN(EPS) ( LBS. ) t.5036E+04 6.7943E+04 -1.012E+03
F--WAVE EXCITING FORCE( LBS. ) 3.02i4E+04 7.74S9E+04 2.96S2E+03
EPS-FORCE & WAVE ( RAD. ) 0.521 2.072 3.490
DEFLECTION AT STERN ( FEET ) 7.6949E-03 1.4490E-02 4.3450E-04
EPSI-WAVE & VIBRATION( RAD. ) 2.538 1.007 -0.400
M COS(EPS2) ( LBS. ) -i.5046E+07 1.9155E4.07 1.i331E+06
M SIN(EPS2) ( LBS. ) 9.8607E+06 3.1878E+07 -4.4884E+05
H-:BENDING MOMENT AMID( LBS.- ) i.7989E+07 3.7i90E+07 i.2t87E+06
EPS2-WAVE & B.M. C RAD. ) 2.56i 1.030 5.906

SHIP/EFF. WAVE LENGTH(NON-D.) 9.714 10.217 10.724
EFFECTIVE WAVE LENGTH( FEET ) 102.736 97.682 93.062
ENCOUNTER FRFOUENCY (i/SLC.) 2.673 2.773 2.873
RESONANT FREQUENCY (i/SEC.) 2.073 2.073 2.073
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) iS7.000 157.000 157.000
HYDRODYNAMIC A.M. ( SLUGS) 1.924SE+06 i.9245E+06 i.9245E+06
SHIP MASS ( SLUGS) i.Ohi7E+06 i.0ii7E+06 i.Oii7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03 -2.3i27E+03 -2.3i27E+03
10JTAL ADDED MASS ( SLUGS) 2.9339E+06 2.9339E+06 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.0071E+04 8.0071E+t04 8.0071E+04
SPEED DEPENDENT DAMP.( SLUG;S/SEC) 4.3903E+04 4.3903E+04 4.3903E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.2103E+04 1.2103E+04 i.2i03E+04
I10TAL DAMPING ( SLUGS/SEC) 1.360B8E+OS 1.3608E+05 i.3608E+O5
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE &. MOTION C RAD. ) 3.098 3.104 3.108
MAGNIFICATION FACIOR (NON-D.) i.S077E+00 i.26S9E+00 1.0854E+00
F COS(EPS) ( LBS. ) 3.7874E+04 -i.9088E+04 -4.1272E+04
F SIN(EPS) ( LBS. ) -7.0479E+04 -7.0562E+03 7.2425E+04
F--WAVE EXCITING FORCE( LBS. ) 8.00liE+04 2.0351E+04 8.3360E+04

/ EPS-FORCE & WAVE ( RAD. ) 5.205 3.496 2.089
DFFLECTION AT STERN ( FEET ) 9.$680E-03 2.V434E-03 7.1767E-03
EPSI--WAVE & VIBRATION( RAD. ) -2.i07 -0.392 1.019
M CUS(EPS2) ( LBS. ) -t.432BE+07 6.2077E+06 1.2930E+07
M SIN(EPS2) ( LIBS. ) -2.539iE+07 -2.4824E+06 2.2079E407 -
M-BENDING. MOMENT AMID( LBS. ) 2.9iS4E+07 6.68S6E+06 2.$587E+07
EI'S2-WAVE & B.M. ( RAD. ) G-63 4.199 5.903 1.041
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SHIP/EFF. WAVE LENGTH(NON-D.) - 1.236
EFFECTIVE WAVE LENGTH( FEET )88.824
ENCOUNTER FREQUENCY (i/SEC.) 2.973
RESONANT FREQUENCY (i/SEC.) 2.073
SPEED (FT/SEC) 19.800
WAVE HEADING ( DEG. ) 157.000
HYDRODYNAMIC A.M. ( SLUGS) i.924SE+06
SHIP MASS ( SLUGS) I.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.3127E+03
TOTAL ADDED MASS ( SLUGS) 2.9339E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 8.0071E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3903E4-04

&STRUCTURAL DAMPING ( SLUGS/SEC) i.2i03E+04
TOTAL DAMPING ( SLUGS/SEC) i.3608E405S
DAMPING/A.DDED MASS (i/SEC.) 0.046
PHI-FORCE & MOTION ( RAD. ) 3.111
MAGNIFICATION FACTOR (NON-D.) 9.4S82E-0i
F COS(EPS) ( LBS. ) 3.9686E+04
F SIN(EPS) ( LBS. ) 9.8871E+03

F-AEEXCITING FORCE( LBS. ) 4 .0899E+04
EPS-FORCE & WAVE ( RAD. ) 0.244
DE~FLECTION AT STERN. ( FEET ) 3,0682E-03
EP'Si-WAVE & VIBRATION( RAD. ) 2.867
M COS(EPS2) C LBS. ) -i.i242E+07
M SIN(EPS2) C LBS. ) 3.038iE+06

G-64J
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SHIP/EFF. WAVE LENGTH(NON-D.) 1.005 1.303 1.623
EFFECTIVE WAVE LENGTH( FEET ) 992.8S8 766.146 6iS.030
ENCOUNTER FREQUENCY (i/SEC.) 0.590 0.680 0.780
RESONANT FREQUENCY C/SEC.) 2.080 2.080 2.080
'SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEC. ) 170.000 170.000 170.000
HYDRODYNAMIC A.M. ( SLUGS) i.9232E+06 1.9232E+06 1.9232E+06
SHIP MASS ( SLUGS) 1.0117E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2i6BE+04 i.2t6BE+04 1.2i8E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3Si1E+OS i.35iE+OS 1.3SiIE+O5
DAMPING/ADDED MASS (/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.007 0.008 0.0i
MAGNIFICATION FACTOR (NON-D.) 1.0843E+00 1.1196E+00 1.1636E+00
F COS(EPS) C LBS. ) -i.2628E+06 -9.5702E+OS -3.0326E+0S
F SIN(EPS) -CLOS.).**. -7.i926E+04 i:i926E+04 'S:60siE+04
F--WAVE EXCITING FORCE( LBS. ) 1.2649E+06 9.5709E+OS 3.1523E+05
EPS-FORCE & WAVE ( RAD. ) 3.198 3.129 2.865
DEFLECTION AT STERN ( FEET ) i.081OE-Oi 8.4458E-02 2.8910E-02
EPSi-WAVE & VIBRATION( RAD. ) -3.192 -3.121 -2.855
M COS(EPS2) ( LBS. ) -i*.0948E+07 -i.S58tE+07 -3.2574E+06
M SIN(EPS2) ( LBS. ) -3.2668E+07 -4.2329E+06 2.737SE+06
M-BENDING MOMENT AMID( LBS. ) 3.44S3E+07 i.6i46E+07 4.2549E+06
EPS2-WAVE & B.M. ( RAD. ) 4.389 3.407 2.443

SHIP/EFF. WAVE LENGTHINON-D.) 1.963 2.320 2.693
EFFECTIVE WAVE LENGTH( FEET ) 508.SS 430.167 370.56S
ENCOUNTER FREQUENCY (i/SEC.) 0.880 0.980 1.080
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080

" SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) 170.000 170.000 170.000
HYDRODYNAMIC A.M. ( SLUGS) t.9232E+06 1.9232E+06 t.9232E406
SHIP MASS ( SLUGS) t.0tt7E+06 i.Oii7E+06 1.01t7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E104
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E+04
SIRUCTURAL DAMPING ( SLUGS/SEC) 1.2168E+04 1.2168E+04 t.2t68E+04
TOTAL DAMPING ( SLUGS/SEC) i.3SttE+OS 1.351tE+0S 1.35ttE+OS
DAMPING/ADDED MASS (i/SEC.) ' 0.046 0.046 0.046
PHI-FORCE & MOTION C RAD. ) 0.011 0.013 0.016
MAGNIFICATION FACTOR (NON-D.) i.2i79E+00 !.2852E+00 1.3689E+00

r F COS(EPS) ( LBS. ) 2.2054E+0S 2.5687E+OS -5.2443E+04
F SIN(EPS) ( LBS. ) 9.4360E+04 2.8t06E+04 -S.5349E+04
F--WAVE EXCITING FORCE( LBS. ) 2.3987E+OS 2.5840E 0S 7.6248E404
EPS-FORCE & WAVE ( RAD. ) 0.404 0.109 3.954
DEFLECTION AT STERN ( FEET ) 2.3026E-02 2.6t74E-02 8.2268E-03
EPSI-WAVE & VIBRATION( RAD. ) -0.393 -0.096 -3.938
M COS(EPS2) ( LBS. ) 3.0474E+06 6.686SE+06 -i.6422E+06
M SIN(EPS2) ( LBS. ) 1.7282E+06 -4.6233E+0S 8.1670E+05
M-BENDING MOMENT AMID( LBS. ) 3.5033E+06 6.702SE+06 i.B34tE+06
EPS2-WAVE & B.M. ( RAD. ) G-65 0.516 6.214 2.680
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SHIP/EFF. WAVE LENGTH(NON-D.) 3.080 3.481 3.892
EFFECTIVE WAVE LENGTH( FEET ) 323.974 286.730 2S6.392
ENCOUNTER FREQUENCY (1/SEC.) 1.18 129 1.380
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. ) 170.000 106.000 170.00
HYDROD 'YNAMIC A.M1. ( SLUGS) 1.9232E+06 1.9232E+06 1.9232E4+06
SHIP MASS ( SLUGS) 1.0117E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.*2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2i68E+04 i.2168E+04 i.2168E+04
TOTAL DAMPING ( SLUGS/SEC) i.35iiE+05 1.3SiiE+05 1.3SiiE+05
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.019 0.022 0.026
MAGNIFICATI'ON FACTOR, (NON-D.) i.4743E+00 1.609iE+00 i.7857E+00
F COSCEPS) ( LBS. ) -2.3247E+OS -S.8362E+04 i.8363E+05
F SINCEPS) ( 'LBS. ) -8.0183E+04 -2.629iE+04 4.8239E+04
F-WAVE EXCITING FORCE( LBS. ) 2.4S9iE+OS b.4011E+04 i.8986E+OS
EPS-FORCE & WAVE ( RAD. ) 3.474 3.565 0.257
DEFLECTION AT STERN ( FEET ) 2.8574E-02 8.1162E-03 2.672iE-02
EPSi-WAVE & VIBRATION( RAD. ) -3.45S -3.S43 -0.231
M COS(EPS2) C LBS. ) -1.219iE+07 -4.0079E+06 1.699iE+07
M SIN(EPS2) ( LBS. ) 1.9686E+06 1.761SE+06 -i.8275E+O6
ti-BENDING MOMENT AMID( LBS. ) i.2349E+07 4,3779E+06 1.7089E+07
EPS2-WAVE & B.li. CRAD. ) 2.981 2.728 6 176

7-SHIP/EFF., WAVE LENGTH(NON-D.) 4.315 4.748 5.18f9
EFFECTIVED-WAVE LENGTH( FEET )231.282 210.212 192.321
ENCOUNTER FREQUENCY (i/SEC.) 1.480 1.580 1.680
RESONANT FREQUENCY (i/SEC.) 2.080 2.080 2.080

-. SPEED CFT/SEC) 19.8300 19.800 19.800
WAVE HEADING ( DEG. ) 070.000 17 0. 0 00 170.000
HYDRODYNAMIC A.M. ( SLUGS) i.9232E+06 1.9232E+06 1.9232E+06
SHIP MASS ( SLUGS) 1.0117E+06 1.01i7E+06 i.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+.04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.216B3E+04 1.21,6BE+04 1.2i68E+04
TOTAL DAMPING ( SLUGS/SEC) i.3SiiE+0Y 1.3511E+05 1.3SiiE+O5
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 0.032 0.040 0.051
MAGNIFICATION FACTOR CNON-D.) 2.0244E+00 2.3623E+00 2.8729E+00
F COS(EPS) ( LBS. ) 1.3802E+OS -9,7499E+04 -i.S232E+O5
F SINCEPS) ( LBS. ) b.S077E+04 7.93S4E+03 -S.58581_+04
F-WAVE EXCITING FORCE( LBS. ) i.S59E+05 9.7822E+04 i.6224E+O5
EPS-FORCE & WAVE ( RAD. ) 0.441 3.060 3.493
DE FLECTION AT STERN ( FEET ) 2.4347E-02 1.8213E-02 3.673SE-02
EPSi-WAVE & VIBRATION( RAD. ) -0.409 -3-021 -3.442
M COS(EPS2) C LBS. ) i.8012E+07 -i.S990E+07 -3.787iE+07
M SIN(EPS2) ( LBS. ) -6.9772E+06 -3,2614E+06 9.9724E+06
ti-BENDING MOMENT AM-IDC LBS. ) i.93i6E+07 i.63i9E+07 3.9i62E+07
EPS2-WAVE & B.M. (RAD. ) G-66 S943.343 2.884
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SHIP/EFF. WAVE LENGTH(NON-D.) S.639 6.098 6.S63
EFFECTIVE WAVE LENGTH( FEET ) 176.968 163.672 IS2.062
ENCOUNTER FREQUENCY (1/SEC.) 1.780 1.880 1.980
RESONANT FREQUENCY (i/SEC.) 2.080' 2.080 2.080

- .SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. )170.000 170.000 170.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9232E+06 1.9232E+06 i.9232E+06
SHIP MASS ( SLUGS) 1.0117E+06 1.0117E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E+04. 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E4.04
STRUCTURAL DAMPING C SLUDS7SEC) 1.216BE+04 1.2168E+04 1.2168E+04
TOTAL DAMPING - SLUGS/SEC) 1.3511E+0S 1.3SiIE+0S 1.3Si1E.OS
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046

I.PHI-FORCE & MOTION ( RAD. ) 0.071 0.109 0.221
MAGNIFICATION FACTOR (NON-D.) 3.7268E+00 5.4302E+00 1.0397E+01
F COSCEPS) C LBS. ) 2.S534E+04 1.234SE+OS 9.2060E+03
F SINCEPS) ( LOS. ). -4.6942E+04 2.S718E+04 6.1912E+04
F-WAVE EXCITING FORCE( LBS. ) S.3438E+04 I.26i0E+0S 6.2593E+04
EPS-FORCE & WAVE ( RAD. ) .211 0.20S 1.423
DEFLECTION AT STERN ( FEET I .S696E-02 S.397CE-02 S. 1292E-0^2
EPSI-WAVE & VIBRATION( RAD. )-S.140 .-0.096 -1.202
M COS(EPS2) ( LBS. ) 7.I852E+06 7.4602E+07 3.0905E+07
M SIN(EPS2) ( LBS. ) .77i6E+07 -4.6039E+06 -7.3728E+07
Il-BENDING MOMENT AMID( LBS. ) 1.911BE+07 7.4743E+07 7.9943E+07
EPS2-UAVE & B.M. (RAD. )1.185 6.222 5.109

SHIP/EFF. WAVE LENGTHCNON-D.) 7.036 7.515 9.000
EFFECTIVE WAVE LENGTH( FEET )141.850 132.807 124.7Si
ENCOUNTER FREQUENCY (i/SEC.) 2.080 2.180 2.280
RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 19.800 19.800 19.800
WAVE HEADING ( DEG. )170.000 170.000 170.000
HYDRODYNAMIC A.M. ( SLUGS) 1.9232E+06 1.9232E+06 1.9232E+06
SHIP MASS ( SLUGS) 1.01-17E+06 1.Oii7E+06 1.0117E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E4-03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06 2.9326E+06 2.9326E4.06
HYDRODYNAMIC DAMPING ( SLUCS/SEC) 7.9473E+04 7.9473E+04 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E+04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING (SLUGS/SEC) 1.216BE+04 1.2i68E+04 i.2168E+04
TOTAL DAMPING CSLUGS/SEC) 1.351iE+0S 1.3511E+0S 1.3SiiE+05
DAMPING/ADDED MASS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 1.571 2.910 3.022
MAGNIFICATION FACTOR (NON-D.) 4.5146E+01 9.8848E+00 4.9259E+00
F COS(EPS) ( LBS. ) -8.4645E+04 -i.3829E+04 S.2443E+04
F SINCEPS) ( LBS. ) 3.9918E+03 -6.i926E+04 -2.F7?4E+04
F-UAVE EXCITING FORCE( LBS. ) B.4739E+04 6.3452E+04 S.t224E+04
EPS-FORCE & WAVE ( RAD. ) 3.094 4.493 5.834
DEFLECTION AT STERN ( FEET ) 3.0i52E-01 4.9434E-02 2.260SE-02
EPSi-WAVE & VIBRATION( RAD. ) -1.524 -1.583 -2.812
M COSCEPS2) ( LBS. ) 3.SS8OE+07 9.6286E+05 -4.5342E+07
Ml SIN(EPS2) ( LBS. ) -S.2280E+08 -9.5260E+07 -i.66ibE+07
M-BENDING MOMENT AMID( LBS. ) S.2381E+08 '9.5265E+07 4.829iE+07
EPS2-WAVE & B.M. (RAD. G -67 4.780 4.722 3.493
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SI/F.WAVE LENGTH(NON-D.) 8.4, 1 8.988 9.489

EFFECTIVE WAVE LENGTH( FEET ) -l7.S 6 i11.042 10S.170

ENCOUNTER FREQ~UENCY (i/SEC.) 2. 80 2.480 2.580

RESONANT FREQUENCY (i/SEC.) 12:080 2.080 2. 080
SPEED (FT/SEC) 9. 00 19.800 19.800

WAVE HEADING ( DEG. 0 10., 00 170.000 170.000

HYDRODYNAMIC A.M. ( SLUGS) i.9232E4 06 i.9232E406 1.9232E+06

SHIP MASS ( SLUGS) 1.0117E4 06 I.Dii7E+06 i.0117E+06

SPEED DEPENDENT A.M. ( SLUGS) -2.2947E4 03 -2..2947E+03 -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E 06 2.9326E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUCS/SEC) 7.9473E4:.43E+04 7.9473E+04

SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E' 04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.2 .6GE404 1.2i68E+04 1.216BE+04
TOTAL DAMPING ( SLUGS/SEC) i.3SiiE405 i.3SiiE+OS i.3SiiE+O5
DAMPING/ADDED M$SS (i/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTJ ON (RAD. )3.060 3.079 3.091
14AGNIFICATION Fj TOR (NON-P.) 3.2227Et00 "..3673E+D00 I.8544E+00

F COS(EPS) CLBS. ) 2,3776E+03 -2.9208E+04 1.5134E+04

F SIN(EPS) *(LBS. ) S.7024E+04 3.8377E+04 -S.2991E+04
F-UAVE EXCITING FORCE( LBS. ) S.7074E+04 4.8228E+04 S.Sii0Et04
EPS-FORCE & WAVE ( RAD. ) 1. 29 2.221 4.991
DEFLECTION AT STERN ( FEET ) i.4497E~-02 B..9983E-03, 8.0547E-03
EPSI.-WAVE & VIBRATION( RAD. ) 1.531 0.858 -1.900
K I COS(EPS2) ( LBS. ) 6.2362E405 i.489SE+07 -6.8226E+06
M SIN(EP32) ( LBS. ) 3.4143E+07 i.7899E+07 -2.162bE4i07
M-BENDING MOMENT AMID( LBS. ) 3.4i49E+07 2.32136E+07 2.2677E+07

*EPS2-WAVE & B.M. CRAD. ) i.553 0977 4.407

SHIP/EFF. WAVE kENGTH(NON-D.) 9.996 10.508 11.024
EFFECTIVE WAVE LENGTH( FEET ) 99.837 94.977 90.531
ENCOUNTER FREQUENCY (i/SEC.) 2.680 2.780 2.880

*RESONANT FREQUENCY (1/SEC.) 2.080 2.080 2.080
SPEED (FT/SEC) 19.1800 19.800 19.800

WAVE HEADING ( D EG. ) 70.000 170,000 170.000
HYDRODYNAMIC AI~M. ( SLUGS) i.9232E+06 1.9232E+06 i.9232E+06
SHIP MASS 1. C SLUGS) 1.Dii7E+06 i.O.Ii7E+06 1.0117E+06
SPEED'DEPENDENT A.M. ( SLUGS) -2.2947E+03 -2.2947E+03 -2.2947E+03
TOTAL ADDED MASS C SLUGS) 2. 93,26E+06 2.93"36E+06 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.9473E-404 7.9473E4-04 7.9473E+04
SPEED DEP3ENDENT DAMP.( SLUGS/SEC) 4,3474E+04 4.3474E+04 4.3474E+04
STRUCTURAL DAMPING (SLUGS/SEC) i.2i68E+04 i.2i68E+04 1.2168E+04
TOTAL DAMPING CSLUGS/SEC) i.35liE405 i.3511E4-05 i.3511E+OS
DAMPING/ADDED MASS (1/SEC.) 0.046 0.046 0.046
PHI-FORCE & MOTION ( RAD. ) 3.098 3.104 3.108

ifMAGNIFICATION FACTOR (NON-D.) i.5134E+00 1.2708E+00 i.0397E+00

F COS(EPS) ( L.BS. ) 1.,1772E+04 -3.3228E+04 3.7365E+03
F SIN(EPS) C LBS. ) -4,S5402E+04 S.202SE+04 .. 8440E+04
F--WAVE EXCITING FORCE( LBS. ) 4.7039 +04 6.i73iE+04 4.8584E+04
EL'S-FORCE & WAVE ( RAP. ) 4.96S 2.139 1.494
DEFLECTION AT STERN ( FEET ) S.6109E-03 b.i83OE-03 4.i727E-03
EF'SI-WAVE & VIBtRATION( RAP. ) -1.867 0.96S 1.614

M COS(EPS2) ( LBS. ) -4.7696E+06 t.12S6E+07 -8.2340E+OS
K SIN(EPS2) ( LBS. ) -i.6S62E+07 i.7080E+07 1,4953E+07
N-BENDING MOMENT AlD( LBS. ) i.723SE+07 2.0456E+07 1,4976E+07
EPS2-WAVE & B r . CRAP. ) G-68 4.432 0.988 1.626
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SHIP/EFF. WAVE LENCTH(NON-D.) 11.544
EFFECTIVE WAVE LENGTH( FEET 8 6.450
ENCOUNTER FREQUENCY (i/SEC.) 2.980

1/RESONANT FREQUENCY (I/SEC.) 2.080
SPEED .(FT/SEC) 19.800
WAVE HEADING C DEC. )170.000
HYDRODYNAMIC'A.M. ( SLUGS).......9232E+06
SHIP MIASS ( SLUGS) 1.Oii7E+06
SPEED DEPENDENT A.M. ( SLUGS) -2.2947E+03
TOTAL ADDED MASS ( SLUGS) 2.9326E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC). 7.9473E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.3474E-'04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.2168E+04
TOTAL DAMPING ( SLUCS/SEC) 1.3SiiE+OS
DAMPING/ADDED MASS (i/SEC.) 0.046
PHI-FORCE & MOTION ( RAD. ) 3.111
MAGNIFICATION FACTOR (NON-D.) 9. 4959E-01
F COSCEPS) CLBS. ) 4.8926E+04
F SIN(EPS) CLBS. ) -S.4342E+04
F-WAVE EXCITING FORCE( LBS. ) 7.312iE.04
[PS-FORCE & WAVE ( RAD. ) S.445
DEFLECTION AT STERN ( FEET ) S.4726E-03
EPSI-WAVE & VIBRATION( RAD. ) -2.334
M COS(EPS2) ( LOS. ) -1.4164E+07
M SIN(EPS2) ( LBS.' ) -i.SSOBE+07
N-BENDING MOMENT AMID( LBS. ) 2.1003E+07
[PS2-WAVE & P.N. .CRAD. ) 3.972

G-69
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SPM2Gt63 29 DEC SB 14:26

* SHIP DATA FILE MAKE? CASE7
OFFSET DATA FILE NAh1E? OFC02
SPEED7 17.0i9I7,0t#
FRE . l.00S03.0050.l
HEADING? 180.

SPMi2Z S. J. CORY CASE? t2/29/80 14:26:42 PACE

SHIP/EFF. WAVE LENGTHCNON-D.) 2.603 3.009 3.448
EFFEC71VE WAVE LENGTH( FEET ) 383.337 330.717 289.432
ENCOUNTER FREQUENCY Cl/SEC.) 1.005 1.ios 1.205
RESONANT FREQUENCY (1/SEC.) 2.205 2.20S 2.20S
SPEED (FT/SEC) 17.910 17.010 17.010
VAVE HEADING ( DEC. ) 80.000 180.000 190.000
HYDRODYNAMIC A.M. C SLUGS) 2.3482E+06 2.3482E+06 2,3482E+06I
SHIP MASS ( SLUGS) 9.S377E+DS 9.5377E+05 9.S377E+CS
SPEED DEPENDENT A.M. C SLUGS) -i.13S3E+03 -i.13S3E+03 -i.1353E+03
7OTAL ADDED MASS ( SLUGS) 3.3009E+06 3.3C09E+06 3.3009E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.5469E+04 7.S469E+04 7.S469E+04
SPEED DEPENDENT DAMP.C( SLUGS/SEC) 4.8323E+04 4.8313E+04 4.8323E+04
STRUCTURAL DAMPING ( SLUCS/SEC) 1.5i32E+04 i.5132E+04 i.5132E.04
TOTAL DAMPING C SLUGS/SEC) i.3892E40S i.3892E+05 1.389?E+0S
DAMPlNG/ADDED MASS Cl/SEC.) 0.042 0.042 0.042
PHI-FORCE.& MOTION C RAD. )0.01i 0.013 0.015
MAGNIFICATION FACTOR (NON-D.) i.262iE+00 i.33S2E+00 i.42S7Es00
F COSCEPS) C LBS. ) 2.2660E+04 -7.8986E+04 i.3316E+04
F SINCEPS) C LBS. ) i.408iE405 2.1127E+04 -1.S2i7Et05
F-WAVE EXCITING FORCEC LIIS. ) i.42b2E+05 8.1763E+04 I.527SE+C5
EPS-FORCE & WAVE C RAD. ) t.411 2.880 4.800
DEFLECTION AT STERtI C FEET ) i.1?16E-02 b.802SE-03 1.3Sb9E-02
EPSI-WAVE & VIBRATION( RAD. ) -1.400 -2.867 -4.785
N COS(EPS2) C LBS. ) 1.0451E+06 -2.52i2EtO& 4.iS62E+05
M SIN(EPS2) C LBS. ) -3. 1364E+06 -9.1904E+05 7.0247E+06
H-PENDING MOMENT AMID( LBS. ) 3.3060E+06 2,6834E+06 7.0370E+06
EPS2-WAVE & 3.11. C RAD. ) 5.034 3.491 1.512

SNIP/EFF, WAVE LENGTH(NON-D.) 3.893 4.3S2 4.923
EFFECTIVE WAVE LENGTHC FEET ) 2S6.333 229.311 206.906
ENCOUNTER FREQUENCY Cl/SEC.) 1.305 1.405 1.505
RESONANT FREQUENCY Cl/SEC.) 2.205 2.205 2.205
SPEED (FT/SEC) 17.010 17.010 17.010
VAVE HEADING C DEC. ) 190.000 180.000 180.000
HYDRCDYNAMIC AXN C SLUGS) 2.3482E+06 2.3462E+06 2,3482E+064
SHIP MASS C SLUGS) 9.5377Ei-0S 9.S377E+05 9.5377E+05
SPEED DEPENDENT A.M. C SLUGS) 411353E+03 -1.13S3E+03 -i.1353E+03
TOTAL ADDED MASS C SLUGS) 3.300?E+06 3.3009E+06' 3.3009[40b
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.5469E404 7.S4b9E+04 7.S469E+04
SPEED DEPENDENT DAMP.C SLUGS/SEC) 4.8323E+04 4.8323E+04 4.6323E+04
SIRUCTUPAL DAMPING C SLUGS/SEC) 1.Si32E+04 1.Si32E+04 t.S132E+04
TOTAL DAMPING C SLUGS/SEC) i.3892E+05 i.3892E405 i.3892E+05
DAMPING/ADDED MASS Cl/SEC.) 0.042 0.042 0.042
PHI-FORCE & MOTION C RAD. ) 0.010 0.020 0.024
NAG1JIF1CATION FACTOR (1104J-D. ) 1.S389E+00 i.6832E400 i.87ibE+00
COSCEPS) C LBS. ) 1.DSbDE+05 6.4012E+03 -8.6394E+04I

F SINCEPS) C LBS. ) -i.2465E405 9.9465E+04 1.8079E40S
F-WAVE EXCITING FOJRCE( LBS. ) 1.6337E+05 9.967iE+04 2.0037E+05
EPS-FORCE & WAVE C PAD. ) S.41S 1.507 2.007
DEFLECTION AT STERN C FEET ) 1.5bbSE-02 1.04S3E-02 2.3367E-02
EPS1-WAVE & VIBRATIONC RAD. ) -S.398 -1.486 -1.992
M1 COSCEPS2) C LS. ) 6.it49E+06 6.S792E+C5 -8.5942E+06
h1 SINCEPS2) C LPS. ) 7.8572E406 -8.37S6E406 -1.9696E+07
H-PENDING MOMENT AMIDC LBS. ) 9.9563E+0b 8.40t4Et0b 2.1489E+07
EPS2-WeAVE & P.M1. CRAD. )0.909 4.791 4.301

G-70
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SHIP/EFF. WAVE LENCTH(NON-D.) 5.306 5.800 6.303
EFFECTIVE WAVE LENGTH( FEET )199.079 172.074 158.329
ENCOUNTER FREQUENCY (1/SEC.) .605 1.705 1.805
RESONANT FREQUENCY (1/SEC) 2.20 2.205 2.20S
SPEED (FT/SECd 01710 17.010 17.010
WAVE 14EADINC ( DEG. ) 190.005 190.000 180.00.
HYDRODYNAMIC A.M. ( SLUGS) 2.3482E+06 2.3482E+06. 2.3482E+06
SHIP NASS ( SLUGS) * .5377E+05 9.5377E+IS 9.S377E405
SPEED DEPENDENT A.M. ( SLUGS) -1.13S3E+83 -1.1353E+03 -1.i3S3E+03
TOTAL ADDED MASS I SLUGS) 3.3409E+06 3.3009E+06 3.3009E+06
HYDRODYNAMIC DAMPING ( SLUCS/SEC) 7.S469E+04 7.5469E+04 7.S469E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8323E+04 4.9323E+04 4.8323E+04
STRUCTURAL DAMPING ( SLUGS/SEC) I.5132E+04 1.5132E+04 1.5132E+04
TOTAL DAMPING ( SLUCS/SEC) 1.3892E+S0 1.3892E+DS 1.38920
DAMING/ADDED MASS (1/SEC.) 1.042 1.042 1.042
PHI-FORCE At MOTION ( RAD. )0.031 0.037 0.047
MAGNIFICATION FACTOR (NON-D.) 2.i2S9E+00 2.48S3E+00 3,1278E+00
F COS(EPS) ( LI'S. ) 2.3473E+04 1.1544Et0S -4.6624E+03
F SIN(EPS) ( LI'S. ) -3.492iE+04 -1.9367E405 -9.2S81E+03
F-WAVE EXCITING IOC(LIS 4.2076E+04 2.2547E.05 9.4833E+03
EPS-FORCE 4 WAVE f RAD. S .304 5.250 4.108
DEFLECTION AT STERN ( FEET ) 5.5737E-03 3.4916iE-02 1.7B91E-03
EPSi-IAVE At VIB'RATION( RAD. ) -5.275 -S.213 -4.151
H COS(EPS2) ( LI'S. ) 3.4304E+06 2.1394E+67 -1.5564E+06
N SIN(EPS2) ( LIDS. ) S.4967E*06 3.8525E+07 2.142iE406
N-PENDING MOMENT AMID( LI'S. ) 6.4793E+06 4.4066E+07 2.6478E+06
EPS2-WAVE & D.M. ( AD. ) 1.013 1.064 2.19

SHIP/EFF. WAVE LENGTH(NDN-D.) 6.916 7.339 7.860
*EFFECTIVE WAVE LENGTH( FEET ) 146.414 136.005 126.945
ENCOUNTER FREQUENCY (1/SEC.) 1.905 2.16S 2.105
RESONANT FREQUENCY (i/SEC.) 2.205 2.21S 2.20S
SPEED (FT/SEC) 17.010 17.010 17.010
WAVE HEADING ( DEC. ) 180.000 10.:000 180.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3482E+06 2.3482E+06 2.3482E+06
SHIP MASS ( SLUGS) 9.S377E.05 9.S377E+OS 9.5377E+0S
SPEED DEPENDENT A.M. ( SLUGS) -1.i3S3E.03 -1.1353Et03 -1.13S3E+03
TOTAL ADDED MASS ( SLUGS) 3.3009E+06 3.3009E+06 3.3009E+06
HYDRrJDYNAMIC DAMPING ( SLUCS/SEC) 7.5469E+04 7.5469E+04 7.S4b9E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8323E+04 4.8323E+04 4.8323E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.5132E+04 1.Si32E+04 i.5132E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3892E*05 1.3892E+05 i.3892E+0S
DAMPING/ADDED MASS (1/SEC.) 1.042 0.042 1.042
PHI-FORCE & MOTION ( PAD. ) 0.06S 1.100 0.203
MAGNIFICATION FACTOR (NON-D.) 3.9349E.0lS5.74S6E+00 1.i050E+01
F COS(EPS) ( LI'S. ) -8.2343E+04 4.8946E+04 9.4776E+04
F SIN(EPS) ( LI'S. ) 1.9523E+0S 2.20i3E+04 -i.7037E405
F-WAVE EXCITING FORCE( LI'S. ) 2.027iE+05 S.3668E+04 i.9496E+05
EPS-FORCE & WAVE ( PAD. ) 1.989 1.423 S.225
DEFLECTION AT STERP ( FEET ) 4.970CE-02 1.9213E-02 1.3423E-01
EPSI-WAVE & VIB'RATION( PAD. ) -1.924 -0.323 -S.007
N COS(EPS2) ( LI4S. ) -2.SIiSE+07 3.S434E+17 *.19i7E+07
N SIN(EPS2) ( LI'S. ) -7.6109E+07 -7.9S44E+06 2.62S6E.08
H-BENDING MOMENT AMID( LI'S. ) B.1137E+a7 3.6806E+07 2.7504E+08
EPS2-WAVE A, B.M. CRAD. ) 4.358 6.00? 1.269
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SHIP/EFF. WAVE LENGTH(NON-D.) 8.406 8.950 9.102
EFFECTIVE PAVE LENGTH( FEET ) 118.732 111.512 10S.026
ENCOUNTER FREQUENCY (1/SEC.) 2.20S 2.305 2.40S
RESONANT FREQUENCY (I/SEC.) 2.245 2.205 2.20S
SPEED (FT/SEC) 17.010 17.010 17.011
WAVE HEADING ( DEC. ) 18.006 190.0! 168.000
HYDRODYNAMIC A.II. ( SLUGS) . 2.3482E+06 2.3482E+06 2.3482E+06
SHIP HIASS ( SLUGS) ?.5377E+05 ?.S377E+05 9.S377E+05
SPEED DEPENDENT A.M. ( SLUGS) -1.0353E+03 -1.1353E+53 -1.i3S3E+03
TOTAL ADDED HASS ( SLUGS) 3.3CC9E+06 3.3009E+56 3.3009E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.546?E+04 7.S469E+64 7.S469E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4,8323E+04 4 8323E+04 4.8323E+04
STRUCTURAL DAMPING ( SLUGS/SEC) i.S132E+04. t.S132E+04- I.S132L04
TOTAL DAMPING ( SLUGS/SEC) £.3892E+05 1.3892E+05 i.3892E405
DAMPING/ADDED MIASS (1/SEC.) 6.042 4.042 0.042
PHI-FORCE & MGTION ( RAP. ) 1.571 2.930 3.032
MAGNIFICATION FACTOR (NON-P.) S.2392E+gi 1.0535'EtCi 5.2419E+00
F COS(EPS) ( LPS. ) -4.b72SE+04 -S.043SE*04 9.1118E+04
F SINIEPS) ( LSS. ) -i.0919E+04 1.SI2bE40S -i.8288E+04
F-WAVE EXCITINC FORCE( LBS. ) 4.7984E.04 1.5944E+05 e.3i54E404
EPS-FORCE & WAVE ( RAP. ) 3.371 1.693 6.061
DEFLECTION AT STERN ( FEET ) 1.S664E-l1 1.0471E-Di 2.7iS9E-02
[PSI-WAVE & VIBRATION( RAD. ) -1.900 1.137 -3.029
A COS(EPS2) ( LBS. ) -8.229SE+07 i.29??E+08 -7.3879E407
N SIN(EPS2) ( LBS. ) -3.5848E+08 2.3794E+08 -9.80SSE+06
$-BENDING MOMENT AMID( LBS. ) 3.6781E.08 2.7076E+08 7.4S27E407
[PS2-WAVE & B.M. IRAD. ) 4,487 t.073 3.274

SHIP/EFF. WAVE LENGTH(NON-D.) 10.061 10.626 11.196
EFFECTIVE UAVE LENGTH( FEET ) 99.106 93.924 89.136
ENCOUN7ER FREQUENCY (1/SEC.) 2.505 2.605 2.705
RESONANT FREQUENCY (1/SEC.) 7.205 2.205 2.20S
SPEED (FT/SEC) 17.010 17.010 17.010
WAVE HEADING I PEG. ) 180.000 180.000 180.000
HYDRODYNAIiC A.M. ( SLUGS) 2.348"E+06 2.3482E+06 2.3482E+D0&
SHIP MASS ( SlUGS) 9.S377E+OS 9.S377E+OS 9.S377E*05
SPEED DEPENDENI A.M. ( SLUGS) -1.13S3E403 -1.0353E03 -1.13SKE03
TOTAL ADDED MASS ( SLUGS) 3.3009E+06 3.3009E+06 3.3009E+06
HYDRODYNAMIC DAMPING ( SLUGS!SEC) 7.S469Es04 7.S4b9E+04 7.S469E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8323E+04 4,8323E+04 4,8323E+04
STRUCTURAL DAMPiNG ( SLUGS/SEC) i.5132E+04 1.5t32E*04 i.St32E+04
TOTAL DrMPING ( SLUGS/SEC) 1 3892Et05 i.3892E+CS 1.3892E+0S
DAMPING/ADDED MASS (1/SEC.) 0.042 1.042 6.042
PHI-FORCE & MOTION ( RAP. ) 3.067 3.085 3.095
MAGNIFICATION FACTOR (NON-P.) 3.4314E+00 2.5229E+00 i.9783E+00
F COS(EPS) ( LBS. ) 2.9896E+04 -6.7S22E404 3.1388E+04
F SINCEPS) ( LBS. ) -1.2390E+D5 S.6243E+04 9.4065E+04
F-WAVE EXCITING FORCE( LES. ) 1.2746E,-05 8.7B8EtD4 8.9734E+04
EPS-FORCE & WAVE f RAD. ) 4.949 2.447 1.213
DEFLECTION AT STERN ( FEET ) 2.72SiE-02 1.3915E-02 10blE-02
[PSi-WAVE & VIBRATION( RAP. ) -1.882 0.639 t.882
N COS(EPS2) f LBS. ) -2.3940E+07 3.5752E.07 -1.2S88E.07
M SIN(EPS2) ( LBS. ) -8.0920E+07 2.812SE+07 3.8039E+07
f-BENDING MOMENT AMID( LBS. ) 9.4387E+07 4.54B9E+07 4.0068E+07
[P52-WV M RP 4.425 1.667 1.890
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SPr2Z S. 3. CORT CASE7 12/29/93 14:26:42 PAGE 4 111-30

SNIP/EFF. WAVE LENCTH(HON-D.) 11.773 12.3S5 12.941
EFFECTIVE WAVE LENGTH( FEET 8 4.772 90.791 77.116
ENCOUNTER FREQUENCY (1/SEC.) 2.905 2.915 3.105
RESONANT FREQUENCY (I/SEC.) 2.21S 2.215 2.205
SPEED IF7/SEC) 17.113 17.316 17.016
WAVE H4EADING ( DEC. )190.303 196.033 180.033
NYDRODYNAMIC A.M. ( SLUGS) 2.3482E+06 2.3482E.C6 2.3482E+06
SHIP MASS ( SLUGS) 9.5377E+SS 9.537,E+65 9.5377E+05
SPEED DEPENDENT A.N. ( SLUGS) -1.0353+63 -1.13S3E+13 -1.i353E+03
TOTAL ADDED MASS ( SLUGS) 3.3009E+06 3.3009E~lb 3.3009E+06
HYDRODYNAMIC DAMPING.( SLUGS/SEC) 7.S469E+04 7.S469E.04 7.S469E+04
SPlEED DEPENDENT DANP.1 SLUGS/SEC) 4.8323E+04 4.8323E+04 4.9323E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.5132E404 i132E+64 1.5132E+04
TOTAL DAMPING ( SLUGS/SEC) 1.3892E40S 1.3B92E405 1.3892E+D5
DAhPING/ADDED MASS (1/SEC.) 1.042 1.042 1.042
PHI-FORCE & MOTION ( RAD. )3.102 3.197 3.111
MAGNIFICATION FACTOR (NON-D.) 1.6162E+33 1.3SBSE+1 i166OE+lS
F COS(EPS) ( LOS. ) 6.0920E+04 -b-1202E+l4 -5.2379E.03
F SINIEPS) I LOS. ) -8.7064E+04 -2.7919E+04 ?.5746E+04
F-WAVE EXCITING FORCE( LBS. ) i.D626E+0S 6.7270E+04 9.S899Es04
EPS-FORCE & WAVE ( RAt). ) S.323 3.570 1.625
DEFLECTION AT STERN ( FEET ) 1.3701E-02 5.6940E-03 6.9664E-03
EPSi-WAVE 4 VIBRATION( RAO). ) -2.221 -0.462 1.486
N COS(EPS2) ( LOS. ) -2:42a5E+D7 2.1272E+07 2.1646E+06
hI SIN(EPS2) ( LBS. ) -3.3639E+07 -1.0349E+07 3.1490E+07'
H-BENDING MOMENT AMID LOS. ) 4.16SiE+07 2.365&E+17 3.1564Et$7
EP92-VAVE 4 B.N. (PAD. ) 4.891 S.830 1.502



111 -31

SPM2G163 1 DEC 80 14:23

SHIP DATA FILE NAME? CASES
OFFSET DATA FILE NAME? OFCOR3
SPEED? 17.O10i7.0t0
FREQ.t 1.50S03.0050.1
HEADING? 160.

SPM2Z S. 3. CORT CASES 12/18/A0 14:23:58 PAGE I

I
SHIP/EFF. WAVE LENGTH(NON-D.) 4.671 S.149 S.632
EFFECTIVE WAVE LENGTH( FEET ) 213.373 193.813 177.197
ENCOUNTER FREUIJENCY (I/SEC.) t.SOS 1.605 1.705
RESONANT FREQUENCY (i/SEC.) 2.20S 2.20S 2.205
SPEED (FT/SEC) 17.0t0 17.010 17.010
WAVE HEADING ( DEG. ) tb0.O00 160.000 160.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3S93E+06 2.3593E+06
SHIP MASS ( SLUGS) .9.5377E+05 9.S377E+05 9.5377E+0S
.PEp DEENDENT A.M. C SI.U) -3.6336E+0 -3. 6336E+03 -3.&336E+03

A ED MASS SLU S.34+0 3.3094E+06 3.3094E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.i679E+04 7.i679E+U4 7.1679E*#04
SPEED DEPENDENT DAMP.( SLUt;S/SEC) i.4039E+04 1.4039E+04 1.4039E+04
SIRUCTURAL DAMPING ( SLUGS/SEC) i.Si82E+04 i.Si2E+04 1.5182E+04
TOTAL DAMPING ( SLUCS/SEC) i.0U9OE+0S i.0090E+05 1.0090E+05
DAMPING/ADDED MASS (I/SEC.) 0.030 0.030 0.030
PHI-FORCE & MOTION ( RAD. ) 0.018 0.021 0.027
MAGNIFICATION FACTOR (NON-D.) i.8719E+00 2.1264E+00 2.486iE+00
F COS(EPS) ( L[IS. ) -i.3304E+0S rS.t93iE+04 i.6092E+0S
F SIN(EPS) ( I.BS. ) 1.6307E+0S 8.8966E+04 -i.2923E+OS
F-WAVE EXCITING FORCE( L11S. ) 2.i04SE+0S I.030iE+0S 2.0639E+0S
EPS-FORCE & WAVE ( RAD. ) 2.255 2.099 5.607
DEF'r-LECTION AT STERN ( FEET ) 2.4483E-02 1.3613E-02 3.188E-02
EPSi-WAVE & VIBRATION( RAD. ) -2.237 -2.078 -5.580
1 COS(EPS2) ( L.BS. ) -i.4273E+07 -6.?201E+06 3.i664E+07
M SIN(EPS2) ( LIBS. ) -i.8365Ef0 -1.2669E+07 2.7492E+07
M-BENDINC MOMFI'NT AMID( LBS. ) 2.32S9E+07 i.4117E+07 4.1933E407
EPS2-WAVE & P.M. C RAD. ) 4.052 4.25S 0.715

SHIP/EFF. WAVE LENGTH(NON-D.) 6.i25 6.628 7.139.
EFFECTIVE WAVE LEN(;']H( F:EET ) i62.9Z6 tS0.584 139.800
ENCOUNTER FREOUENCY (i/SEC.) 1.BO5 1.905 2.00S
RESONANT FREQUELNCY (1/SEC.) 2.205 2.205 2.205
SPEED (FT/SR'C) 17.010 17.010 17.010
WAVE HEADING ( i)EG. ) 160.000 160.000 160.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3593E+06 2.3593E+06 2.3S93E+06
SHIP MASS ( SLUGS) 9.$377E405 9.5377E+0S 9.$377E+OS
SPEED DEPENDENT A.M. ( SLUGS) -3.6336E+03 -3.6336E+03 -3.6336E+03
TOTAL ADDED MASS ( SLUGS) 3.3094LA+06 3.3094E+06 3.3094E+06
HYDRODYNAMIC DAMPING ( SLLGS/SFC) 7.ib79E+04 7.167c9E+04 7. i679Ei04
SPEED DEPENDENT DAMP. (SLJGS/SEC) 1.4039Ef04 1.4039E+04 1. 4039E+04
STRUCTURAL DAMPING ( SLUGS/SFC) 1.5102E+04 I.St[32E+04 I .182E+04
TOTAL DAMPING ( SLUG;S/sE') i.0090E+0S 1.0090E+05 1.0090E+05
DAMPING/ADDED MASS (C/SEC.) 0.030 0.030 0.030
PHI-FORCE & MOTION ( RAD. ) 0.034 0.047 0.072
MAGNIFICATION FACTOR (NO{]-D.) 3.0294E400 3.9389E+00 S.7592E+00

F--WAVE EXCITING FORICE( L.IS. ) 1.64E7/E+05 1.5284E+OS 1.58390E+OS
EPS-FORCE & WAVE ( RAD. ) 5.352 2.534 2.037
DFFLECTION AT STERN ( FEET ) 3.t021E-02 3.7414E-02 5.6874E-02
EPSI-WAVE & VI['RAlION( RAD. ) -5 317 -2.487 -1.965
M COS(EPS2) ( .EIS. ) 2.3713E+071-4.9S67E+07 -3.6308E+07
M SIN(EPS2) ( LEIS. ) 3.6046E+07 -3.9729E+07 -9.4322E+07
M-4FNDING MO11FrNT AMID( LBS. ) G-74 4.3t46E+07 b.3524E+07 1.OtiOE+-08
EPS2-WAVE & 11M. R FAD. ) 0.989 3.817 4.344

j
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SPM21 S. J. CORT CASES 12/16/80 14: 23: S8 PAGE 2

SHIP/EFF. WAVE LENGTH(NON-D.) 7.659 8.196 8.721
EFFECTIVE WAVE LENGTH( FEET ) 130.314 121.917 114.439ENCOUNTER FREOUENCY (1/SEC.) 2 ..0 2.20S ? 30S
RESONANT FREQUENCY (1/SEC.) 2.20S 2.20S z .205
SAVEED N (FT7SEC -47.010 17.010 17.010WAEHEDN DEG. ) 160.000 160.000 160.000HYDRODYNAMIC A.MN. (SLUGS) 2 3S93E+06 2.3593E+06 2 3593E+06
SNIP MASS (SLUGS) 9.5377E+O5 9.S377E+O5 9.5377Ei-09
SPEED DEPENDENT A.M. (*SLUGS) -3.6336E+03 -3.6336E+03 -3.6336E+03
TOTAL ADDED MASS ( SLUGS) 3.3094E+06 3.3094E+06 3.3094E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1679E+04 7.1679E+04 7.1679E+04SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.4039E+04 1.4039E+04 1.4039E4-04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.Si82E+04 I.S1B2E+04 1.Si82E'04
TOTAL DAMPING ( SLUGS/SEC) 1.0090E+05 1.0090E+OS 1.0090E+OS
DAMPING/ADDED MASS (1/SEC.) 0.030 0.030 0.030PHI-FORCE & MOTION ( RAD. ) 0.148 1.571 2.987
MAGNIFICATION FACTOR (NON-D.) 1.1158E+01 7.2321E+01 1.0652E+01
F COS(EPS) ( LI'S. ) 1.4S8SE+OS 8.3440E+04 -1.i682E+OS
SIN(EPS) f LI'S. ) -5.608iE+04 -1.3011E+05 3.9397E+04F-WAVE EXCITING FORCE( LI'S. ) 1.S626E+OS 1.S457E+O5 1.2329E+05

EPS-FORCE & WAVE ( RAD. ) S.916 ' 5.283 2.816
DEFLECTION AT STERN f FEET ) 1.0836E-01 6.9474E-01 8.1618E-02EPSI-WAVE & VIBRATION( RAD. ) -S.768 -3.712 0.171
M C(JS(EPS2) ( LI'S. ) 1.9668E+,08 -1.3S23Ei09 1.9S27E+08
N SIN(EPS2) ( LI'S. ) 1.1863E+08 7.SS3OE+08 4.ii3SE+07
K-PENDING MOMENT AMID( LI'S. ) 2.2969E+08 1.5490E+09 i.99S6E+08
EPS2-WAVE & I'.K. (RAD. ) 0.543 2.632 0.208

SHIP/EFF. WAVE LENGTH(NON-D.) 9.263 9.81 St10.366
EFFECTIVE WAVE LENGTH( FEET ) 107.743 101.7t8 96.273
ENCOUNTER FREQJUENCY (1/SEC.) 2.40S 2'.505 2.605RESONANT FREQUENCY t1/SEC.) 2.20S 2.205 2.20S
SPEED (FT/SEC) 17.010 17.010 17.010
WAVE HEADING ( DEG. ) 160.000 160.000 160.000
HYDRODYNAMIC A.M. ( SLUGS) 2.3S93E+06 2.3593E4-06 2 3S93E+06SHIP MASS ( SLUGS) 9.S377E405 9.5377E-oOS 9*S377E+OS
SPEED DEPENDENT A.M. C St-UGS) -3.6336E+03 -3 6336E+03 -3.6336E+03
TOTAL ADDED MASS ( SLUGS) 3.3094E+06 3.3094E4-06 3.3094E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1679E+04 7.1679E+04 7.1679E+04SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.4039E+04 1.4039E+04 1.4039E+04
STRUCTURAL DAMPING I SLUGS/SEC) 1.5182E+04 I .5182E+0O 1.5i82E+04
TOTAL DAMPING (SLUGS/SEC) 1.0090E+0S 1:0090E+01 i.0090E+OS
DAMPING/ADDED MASS (1/SEC.) 0.030 0.030 0.030PHI-FORCE 4 MOTION ( RAD. ) 3.062 3.088 3.100
MAGNIFICATION FACTOR (NON-D.) S.2567E+00 3.43S9E.00 2.S249E+00F COSCEPS) ( LtBS. ) -4.2340E+04 1.i886E+0S 2.8242E+04
F SIN(EPS) ( LI'S. ) 1.0507E+O5 -3.4257E+04 -7.2447E+04
F-WAVE EXCITING FORCE( LI'S. ) 1.1328E+OS 1.2370E+OS 7.775CE+04.
EPS-FORCE & WAVE CRAD. ) 1.954 6.003 5.084DEFLECTION AT STERN (FEET ) 3.7008E-02 2.6414E-02 1.2202E-02
EPSI-WAVE & VIBRATION( RAD. ) 1.108 -2.915 -1.984M COSCEPS2) f LI'S. ) 4.1E16BE+07 -7.52413E+07 -1.4700E+07M SIN(EPS2) ( LI'S. ) 9.4b17E-+07 -2.0210E+07 -3.7477E+07
K-BENDING MOMENT AMID( LBS. ) 1.0347E+0B 7.7915E+07 4.02036E+07
EPS2-WAVE &D.K. CRAD. ) 1.154 . 3.404 4.337
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111-33

SHIP/EFF. WAVE LENGTH(NON-D.) 10.927 i.494 12.067
EFFECTIVE WAVE LENGTH( FEET ) 91.330 86.826 82.708
ENCOUNTER FREQUENCY (1/SEC.) 2.70S 2.805 2.905
RESONANT FREQUENCY (1/SEC.) 2.205 2.20s 2.205
SPEED (FT/SEC) 17.010 17.010 17.010
WAVE JEADING DEGS ) t. 160t000 6 O0 "
HYDRODYNAMIC A.M. S 2.3 06 2.3 93 +09 0
SHIP MASS ( SLUGS) 9.5377E+05 9.$377E+0S 9.S377E+OS
SPEED DEPENDENT A.. ( SLUGS) -3.6336E+03 -3.&336E+03 -3.6336E+03
TOTAL ADDED MASS ( SLUGS) 3.3094E+06 3.3094E+06 3.3094E+04
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1679E+04 7.1679E+04 7.1679E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.4039E+04 1.4039E+04 1.4039E+04
SrRUCTURAL DAMPING (SLUGS/SEC) 1.$182E+04 i.St82E+04 t.St82E+04
TOTAL DAMPING( SLUGS/SEC) 1.0098 E+OW t.090E+OS 1.0090E+OS
DAMPING/ADDED MASS /S C.) .03 0.030 0.030
PHI-FORCE & MOTION ( RAD. ) 3.108 3.113 3.117
MAGNIFICATION FACTOR (NON-D.) 1.9793E+00 1.6i68E+00 1.3OE+00
F COS(EPS) ( L-BS. ) -7.9483E+04 1.4464E+04 S.62iSE+04
F SIN(EPS) ( LBS. ) 3.469SE+04 3.8748E+04 -3.072SE+04
F-WAVE EXCITING FORCE( LBS. ) 8.6726E+04 4.i360E+04 6.4064E+04
EPS-FORCE & WAVE f RAD. ) 2.730 1.214 5.783
DEFLECTION AT STERN ( FEET ) 1.0668E-02 4.ISS9E-03 S.41OtE-03
EPSI-WAVE & VIBRATION( RAD. ) 0.378 1.900 -2.666
M COS(EPS2) ( LBS. ) 3.4249E+07 -S.S317E+06 -1.9379E+07
M SIN(EP!32) ( LBS. ) 1.SOttE+07 1.4976E+07 -t.0784E+07
M-BENDING MOMENT AMID( LBS. ) 3.7394E+07 i.S965E+07 2.2i77E+07
EPS2-WAVE & B.M. ( RAD. ) 0.413 1.92S 3.649

SHIP/EFF. WAVE LENGTH(NON-D.) 12.644
EFFECTIVE WAVE LENGTH( FEET ) 78.930
ENCOUNlER FRE(DUENCY (i/SEC.) 3.005
RESONANT FREQULIENCY , (/SEC.) 2.20S
SPEED (FT/SKC) 17.010
WAVE HEADING ( DEC. ) 160.000
HYDRODYNAMIC A.M. CSLUGS) 2.3593E+06
SHIP MASS (SLUGS) 9.5377E+0S
SPEED DEPENDENT A.M. ( SLUGS) -3.6336E+03
TOTAL ADDED MASS ( SLUGS) 3.3094E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 7.1679E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) i.4039E+ 04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.S182E.+04
TOTAL DAMPING ( SLUGS/SEC) 1.0090EOS
DAMPING/ADOED MASS (i/SEC.) 0.030
PHI-FORCE & MOTION ( RAD. ) 3.120
MAGNIFICATION FACTOR (NON-D.) 1.1662E+00
F COS(EPS) ( LBS. ) -2.3tt4E+04
F SIN(EPS) ( LBS. ) -7.9375E+03
F-WAVE EXCITING FORCE( LBS. ) 2.4439E+04
EPS-FORCE & WAVE ( RAD. ) 3.472
DEFLECTION AT STERN ( FEET ) 1.7713E-03
EPSI-WAVE & VIBRATION( RAD. ) -0.3S3
M COS(EPS2) ( LBS. ) 7.3933E+06
M SIN(EPS2) ( lBS. ) -2.5214E+06
M-BENDIN(; MOMFNT AMID( LBS. ) 7.1iBt4E+06
EPS2-WAVE & B.M, ( RAD. ) S.95S

134.715 CRU
READY

OLD CASES
READY
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Det rorske Veritas -- (Kare Lindemiann)

"Calculation of Dynamnic Vertical Bending
Mmtvrnt for the Great Lakes Carrier
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Command nt (G-F'HT-4/TPl3) DET NORSKE VERITAS
U.S. Co st Guard NOKAWy
Washing Lon, DC. 20593Mm ..

POSTAM. M an P.OI M0.- I=0 #WM.

USA OKA NORWAY

CAUS MOUDA VIMA& OSLO
TIUM. sN11 M N

Oft NOROE CRIDIIAN
ACCOUNT NO. 7131.06.0M
mJ.UMAIMf AMU OSLO
A(MIT NO 1 =0

Y"W M. OUR A. OATI
FDIV/KLin/EBE 29. January 1981

TECHNICAL REPRESENTATIVE/DTCG23-80-C-20007

Enclosed please find our final commnents to the comparisons.between computed -.nd
measured springing RAO's. As noted in the write up, we have by removing the aft
transverse section from the analysis obtained a substantial change in the results.
This change in modulation is justified since the linear theory applied dots not
account for sections inclined to the sea surface. Such sections has as noted a
serious influence on the results which obviously tend to disturb the balance of
forces.

We hope that you find cur comments of interest and if additional cleadrification
is needed please let us know as soon as possible.

Yours faithfully
'F for Det norske Veritas

Kire Lindemann
Senior R iesearch Engineer
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U.S.C.G. Springing Project

Coimnents to comparisons:

The springing calculations performed by VERITAS were purely based on

theoretical considerations, applying a new and advanced computer program,

/I/.

However, this progr#m which is linear can not account for transverse

sections inclined to the sea surface. This was the case for the sections

in the afterbody of "S.J. Cort". A redefined model of the hull without

these aftermost sections gave more than 50% reduction of the peak bending

moment and a slight increase in the resonance frequency, leading to a con-

siderably better agreement with the measured data, (See enclosed figure).

It should further be noted that the amplification factor for bending moment

near springing resonance change rapidly. Hence the calculations does not

necessarily reveal the true behaviour of the response, unless a fine sub-

division of the frequencies are chosen in this region. It may therefore

be questioned whether or not the comparisons between different programs are

representative, as long as the computations have been done for different

frequencies, with unequal subdivisions, near resonance.

/1/ SkJordal, S.O. and Faltinsen, O.1.:

A linear theory of springing.

Journal of Ship Research Vol. 24, No.2 June 1980pp. 74-84.
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S.J. CORT CON D. I

* DRAFT FWD a 19' 11"
DRAFT AFT a 22' 00"
SHIP SPEED a 12.S KNOTS

TRANSFER FUNCTION - '5EAK ANALYSIS
DYNAMIC VERTICAL BENDING MOMENT AMIDSHIPS

SHIP LENGTH/WAVE LENGTH
6.04 5.2? 6.49 G671 6.92

3~~ S.0 x 1O4
ITONSxFT/PF)x10 d

~ 00. . a 3.0 u 10
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z
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i 200-
44 FIGU 2
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SPRINGING IN SHIPS
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1. INTRODUCT ON

Theoretical caLculations of the vertical dynamic bending

moment amidshi s have been carried out for the Great Lakes

carrier "S.J. ORT". Originally, the purpose was to perform

these calculat ons for 8 different casest

_0 DRAUGHT HEADING

COND. SPEED (MPH) R  FWD MID AFT ANGLE (DEG.)

1 14.1 19'i1" 20' 7" 22'0" 6
I 2 14.4 19'11" 20' 7" 22'0" 11

3 14.7" 27' 0" 27' 0" 27'0" 6

4 14.2 27' O 27' 0" 27'0" 9

5 13.1 27' 0" 27' 0" 27'0" 23

6 13.5 27' 0" 27' 0" 27'0" 10

7 11.6 18' 0" 19'11" 21'3" 0

8 11.6 19'11" 20' 7" 22'0" 20

TABLE 1

The bending moments were to be calculated for a frequency

rainge 0.2 - 2.5 (rad/sec) with increments of 0.5 (rad/sec).

However, the actual computer program "NVSPRING" is based on

the springing theory of Skjordal and Faltinsen (ref. /1/),
which is valid for head waves only. This eliminates the

heading angle dependence in Table 1 and reduces the number
of different conditions from 8 to 6:

We have interpreted the notation "11PH" as "English miles

(1609 meters) per hour".
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'__ DRAUGHT
COND. SPEED (MPH) FWD MID AFT

1 14.4 19'11" 20' 7" 22'0"

3 14.7 27' 0" 27' 0* 2710"

4 14.2 27' 0" 27' 0" 27'0"

5 13.5 27' 0" 27' 0" 27'0"

7 11.6 18' 0" 19'11" 21'3"

8 11.6 19'11" 20' 7" 22'0"

TABLE 2

Calculations for condition 1 revealed that a large number

of frequencies was necessary to produce a meaningful RAO

for the bending moment. Especially near resonance the program

"NVSPRING" had to be run for small frequency steps in order

to detect the resonance peak.

We therefore decided to concentrate the efforts on performing

rather accurate calculations for condition 1. It is not ex-

pected that the other conditions will show any major discre-

pancies from these results, since the variations in speed

and draught are rather small. However, we suggest that addi-

tional bending moment calculations near resonance may be

performed for case 3, 5, and 8 on your request, when we have

* received some feed-back from the comparisons with measurements

for condition 1.
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2. COMMENTS ON THE THEORY

The theory behind the computer program "NVSPRING" is outlined

in ref. /1/. However, some basic assumptions inherent in this

theory should be emphasized:

1. The theory is linear, only valid for (infinitely) small

oscillations. This is generally a good approximation

in the high frequency region, since the wave-induced

motions are small. However, the assumption may cause

some problems for hull sections not intersecting the

free surface normally.

This is the case of the aftermost stations of "S.J. CORT",

since the aft body sections are inclined to the still

water line. These sections will contribute with a

considerably amount of wave damping, even in the high

frequency domain.

2. The theory is developed for regular, head waves only.

However, for "nearly head waves" with a heading angle

from 00 to about 100 the variations in the results are

expected to be small.

3. The calculations of excitation forces are based on a
"short wave" assumption. This may create some inaccu-

racies for waves longer than the shiple'gth.

For springing calculations, however, th assumption is

highly relevant. In fact, this theory S the most ad-

vanced springing theory developed today 'since it is

based on slender body methods to calculate the wave

diffraction potential, rather than any strip theory

or relative motion hypothesis.

4. The forced motion potentials have been calculated simi-

larly to the Ogilvie and Tuck /2/ formulae. Added mass

and damping in heave motion are evaluated by the use of

a two-parameter Lewis-form technique.
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5. The formulation includes a variable distributionof mass
arnd stiffness along the hull beam. However, in the case

of " S.J. CORTI a uniform weight and stiffness have been
applied.
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3. DA14PING

At resonance the peak will be determined by excitation forces

and damping, since the mass forces and restoring forces will

cancel. The damping in "NVSPRING" comes from two different

sources:

1. Wave damping, due to formation of surface waves from the

ship's forced motion in otherwise calm water.

2. Material damping in the steel structure. This structural

damping is difficult to predict, since it is generally a

function of several parameters, and it can only be mea-

sured experimentally. Skjordal and F6ltinsen have sug-

gested that the structural damping could be included by

introducing a linear Voight-type visco-elastic material

by writing the Young's modulus on a complex form:

- E(i + kd)

According. to Lazan /3/ the actual range of kd is:

5-10 - 4 < kd ' 3.10- 3

Our calculations have been carried out with three different

values of kd:

k d 5.10 , 1.75.10 - , and 3.10 -

The results in fig. 2 show no significant discrepancies between
the bending moment curves drawn for the different choices of kd.

The model run by Skjordal and Faltinsen, however, displayed

a more significant dependence on kd.

The reason is probably that the wave damping contribution in

our case is the dominating part, due to the special aft body

sections of "$.J. CORT" and the large beam/draught ratio
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(about 5), while the model of Skjordal and Faltinsen inter-
&acted the still water surface normally everywhere and had a

smaller beam/draught ratio.
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4. PRESENTATION OF RESULTS

The main data for *S.J. CORT" used in cond. 1 ist

Length L a 1000 (305 m)

Beam 3 - 104.5' (31.88 m)

Draught fwd. t dF - 19,11 (6.07 m)
a mid. do a 20170 (6.27 m)

a aft dA - 22'0" (6.70 m)

Displacement t A a 56.608 L. Tons

(55.717 metric tons)

Speed s U a 14.4 MPH

(12.5 knots - 6.45 mS
1 )

Froude number I Fn - 0.12

Second moment of

inertia of midship sections I - 2.401106 in2ft 2

(144.0 m4)

The vertical dynamic bending moment as function of the encounter

frequency is presented in the attached figures 1 and 2. Note

that the moment is the sum of the wave bending moment and the

springing moment and is given per wave amplitude. The unit

is (L. Tons x FT)/FT x 103 .

The wave bending moment is small at a frequency about 2 (rad/

sec), so there will be a significant contribution from springing

near this frequency.
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