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ABSTRACT

Continued full scale wvave and stresss msasurements were coanducted
on a 1000 £t Great Lakas ors carrier to incresse the 1979 trials data
base. The nsed for a larger dace base was decided based on the limited
agreeuant between the full scale results froa the 1979 trials and
anslytical predictions,

Also as part of the 1981 trials effort & hull girder calibration
vas performed which case within 10T of the expected results. A check
of the calculated nsutral axis <howad very good agreement with the
asutral axis location of the calibrated stresses. Limited funding
pravented all of the dataz from being analyzed, axcept for the hull
girder calidbration which is presented. This report is therefore a
susmary of the 1981 springing response trials with descriptions of
the changes made since the 1979 trials, the data runs taken, and a2
discussion of the hull girder calibrstion. Wo trials dats, «xcept
for the hull girder calibration, is presented.

ADMINISTRATIVE INFORMATION
The work described herein was performed by the Ship Structures Division at the

David Taylor Naval Ship BRAD Center (DYNSRDC) under fuuds provided by the U.S. Cosst

Guard MIPR-2-70099-8-85117 under work unit 1730-603.

INTRODUCTION
This report is an account of the 1981 effort intc the centinued investigation
of springing responses on the Great Lakes ore carrier M/V STEWART J. CORT. In tto
fall 1979, full ocgla trials were conducted on the CORT from which response aaplitude

operators (RAO's) were developed between midship atress and wave height measure-

]
- ———— o 3 o - -
ee::e;1 Thaze RAQ's wers Coapared with ©

oteiical RAD's computed Dy the American
Buresu of Shipping (ABS) and Webb Institute of Naval Architecture. These initial
coaparisons did oot completely agree in some cases, indicating the need to more fully
understand the structural response of Great Lakes ore carriers. The 1981 trials

were intended to continue the measurement of midship stresses and wave height, and

generate a larger data base of RAQ's for comparison with the analytical predictions.

1" peferences are listed on page l7 .




The overall objective of tha resaarch effort is to accurately predict springing and
vave irduced rasponses of ore carriers #0 that the longitudinal strength standards
can be validated, to insure adequate longitudinal strength for longer (thsn 750 ft)

ore carriers.

TEST OBJECTIVES

The original test objectives of the fall 198l trials season of simultansous wave
and stress nmeasurements were to:

l. Continue simultareous full ecale measurements of wave and stress during the
1981 fall shipping season.

2, Continue the data analysis and develop RAO's using the midship deck stress
and the collins radar altimeter.

3. To complete the springing iesearch o the CORT and to arrive at some
specific conclusions concerning wave induced and springing stress combinatiom.

As part of the approach to arrive at the sbove cbjectives, a atatic wertical
calibretion of the ships hull girder was to be performed at some time during the
trials season. The results of this calibration were to be used to obtain a reiation-
ship between applied bending moment and stresses in the deck and keel, and to offer
a check of the actual neutral axis against the calculated neutral axis and section
moduli.,

The test objectives uere revised vhen funds remaining to complete the project
became unavailable. 4s pur sponsor requeast, simulitsneous full scale measuremsuts
of wave and stress during the 1981 fall season were to continue and ths static
calibration of the hull girder woull be performed, ian lieu of gcneraéins RAO'S
betwean the midship strescss and messured wave height. Thes ides being that the
data, once collected, could be anslyzed at & later date when funds became svailabla,

The wtatic hull girdsr calibration data was analyzed and the results are presented

2
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ia Appendix A of this report. Alsc included in the report is a summary of tha trials
preparation, full scale trials and tha hull girder calibrition. Information om the
calibration of all tranducers used in these trials is given in Appendix B and a list
of the header logs for each of the runs taken is presented in Appendix C. Thase
header logs contain the ship conditious (speed, heading, location and draft) and the

wind and wave conditions existing at the start of esach run,

FALL 1981 PULL SCALF MEASUREMERTS
MEASUREMENTS AND INSTRUMENTATION
The 1981 fall trials were a continuation of the 1979 trials effort; the primary
measureaents being midship vertical bending stresses and wave haight, both of which

are used to caiculsie thm RaAG's. The samc two wave height messuring svetems used in

¢

the 1979 trials were used sgain during tha 1981 trials. Both were configured and
installed by the Naval Research Laboratory. The first, a Collins Radar Altimeter
wvas sounted on a bocn which extended about 4,5 meters off the ships bow. Tha second,
a nicrowave radar unit wvas mounted on the port side oa top of the pilot house.

As will be described later, the NRL microwave radar unit developed problems
early in the trials and stopped functioning altogether, exhibiting continuous loss
of signal. All wave height data is therefore based on the collins radar altimeter

- =
Woasuramsae

A total list of transducer measureuents {s given in Table 1, and shown (n
Pigures | through 3. The list includes midship stresses (main deck bottom and
latersl bending and torsion), wave height, and corresponding vertical and horirzontal

sccelerations of the wave helight measuring units.

Tha major changes between the 1979 trials and 1981 trials, besides the static

hull girder calibration are that, in 1981;
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TABLE | - MEASUREMENTS FOR MV §.J. CORT FULL SCALE TRIALS ' .
1. MICRO-WAVE RADAR®
2. COLLINS RADAR®
3. BOW VERTICAL ACCELERATION (AT COLLINS)*

4., BOW HORIZONTAL ACCELERATION (AT cou,ms)*'

. e ot et
i E D liamaate

$. 30W VERTICAL ACCELERATIQON (AT MICRO-WAVE)*
6. BOW HORIZONTAL ACCELERATION (AT MICRO-WAVE)*

7. MHIBSHIP DECK VERTICAL BENDING STRESS (COMBINED) .

TIER T

8. MIDSHIP DECK VERTICAL BENDING STRESS (WAVE IKDUCED)

SWIP DECK VERTICAL REMDING STRESS {SPRINCING)

- ﬁ‘:—‘?‘ﬁ'i'

10. MIDSHIP BOTTC{ VERTICAL BENDING STRESS (COMBINED)

11. MIDSKRIP LATERAL BENDING STRESS
!

12. MIDSHIP TORSIONAL STRESS

* NRL INSTALLED MEASUREMENTS

]
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LOCATIONS FOR COMPUTER, SIGNAL CONDITIONING,
AND WAVE MEASURING SYSTEMS

Figure 2 - Forward Section with Wave Measuring Devices snd Instrumentation




MAIN DECK BENDING GAGES
MIDSHIP SECTION P
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.
NOTE: ALL GAGES LOCATED MIDWAY

BETWEEN TRANSVERSE FRAMES d

EXCEPT BOTTOM BENDING GAGES

VHICH ARE LOCATED AT .211 d

x TRANSVERSE FRAME SPACING .

FROM THE TRANSVERSE FRAME )

TO ELIMINATE LOCAL BENDING. .
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i~ LATERAL
BENDING
"} GAGES
1T 1 1 = . . | e T T,
BOTTOM
GAGES LOCATED SIMILARLY BENDING

ON OPPOSITE SIDE GAGE

Figure 3 - Midship Strain Gage Locations




1, PFull scale pressure measurements in the bow ware not recorded. The
pressure transducers were removed and replaced with plusl‘ently in 1981 while the .
CORT was laid up for the winter.

2. Midship motions (pitch, roll, sad heave) were nnt measured end,

3. Buoy wave height-uenlurcnentl vere omitted, since the czollins radar
altigeter and the m‘crowave radar units sere validated (using the 1979 trisls buoy
data and buoy data obtained again in 1980 by the Coast Guard see Reference 2) using
helicopter deployed buoys.

A shakedoun trial was conducted on the CORT during the summer of 1981 to
reestablish tlhe entire data collec:ion and snalysis system in preparation for the
fall trisls.

Problras with the keel strain gages (which had begun to drift toward the end of
tr 2 1975 trials season), and ons of the main deck dvadic gages (which failed during
the 1980 Cosst Guard wave height correlation tests) dictated a partial reinstrumen-
ﬁation cf the CORT prioz to auny datz collectiown.

All main deck acd keel strain gages located at midships were replaced, and
duplicate gages were placed in the same vicinity and orientation as backups.

The main deck gages and spares were placed in a dyadic configuration approxi-
mately on foot forward of the gagas used in the fall 1979 trials. The bottom
bending gages and spares were placed on the top of the stiffener on the bottoam
plating, hecause of water lying on the plating surface. The bottom bending gages
are in the same location as those used in the 1979 trials to eliminate local
bending (i.e. 0.211 x transverse frzme spacing). _

The midship torsion and latersl bending strain geges, although not replaced,

showed desired high rcsistance to ground and proper resistance tirough the gages

theaselves. The lateral berding gages are also laid out in a dyadic configuration.




MLTE W

e

All strain bridges, accelercmeters, and vave height radar units were calibrated
and functioning properly at the beginning of the 1981 trials (Appendix B gives
details of tracsducer calibrations). The NRL microwave radar unit, when turned oa,
displayed th; usual peaked oscilloscope display; slthough not specifically
calibrat~d o biard, it is assumed working properly when the peaked oscilloscope
display is seen. Occasional signzl drop-out occurred as the NRL microwave radar
unit was tracking approximately 2 foot waves.

The PDP 11/03 computer, which was used to control the collection and storage of
the digitized data on magnetic tape, was loaded on board at the end of the shake-
down trials. At this time the computer was not fully operational in that it was
unable to collect, new data but was sble to reduce and anslyze previously collected
data. An attempt was msde to identify and correct the computer problea before the
fall trials began but the results did not confirm the computer would be operational
by the start of tha trials. As a precsutionary measure, an snalog tape recorder was
brought on board and added to the instrumentation package at the start of the fall
trials as backup to the digital tape system. The probleas affecting the computer

were identified and corrected during the first few days of the dedicated trials.

DATA COLLECTION

Over fifty data runs of 25 winute duraiion each were collected on board the
CORT. The data collected consisted of roughly m even mixture of head and oblique
sea headings. Most of the rougher weather was encountered in obiique sea conditions,
On the last day of trials, however, when rough following seas prevented the ship from
entering Burns Harbor, the Captain turned the ship around and headed back up Lake
Michigan, allowing a series of head and bow sea runs to be recorded. Although the
ship was traveling st a reduced speed, the waves were probably the highest and
longest of any data runs collected during the 197¢ and 1981 trials.

9
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Mcst runs (Runs 1-40) ware recorded on oscillograph traces to check for data
consistency as well as baing recorded on snalog and digital tape. The remaining
runs (41-57) vere ouly recorded on digital taps and oscillograph traces.

The NRL microwave radar unit ceasad functioning at the beginning of the trials
and exhibited the same signal loss and dropout characteristics as {t é;d during the
1979 triale, Daily attempts to bring the unit up and working failed, and subge-
quently nc wave height data from the NRL microwave unit were collected. %he hori-
zontal accelerocmeter mounted on the NRL microwave unit began functioning unreliably
after run #9.

The runs recorded on digitsl tape wera digitized at 5 samples per second, (10
sanples per second was used in 1979 to be compatable with the NRL -i_crouve digical
output signal, and then the data would be analyzed using &very other dats noint to
establish an effective digitizing Tate of 5 samples per second).

Since the NREL microwave radar unit was not functioning properly, the digitiging
rat: was set at 5 saaples per second, and evary d:n:: point would be used in the
data analysis, thus reducing the number of data points being handied and the amsunt
of compute: time required for data analysis. A ssaple rate of 5 samples per second
still adequately defines the frequencies of interest for this vessel.

The Collins radar unit exhibited sca: drop out (loss of return radar signal),

but these occurred very infrequentiy. Tha signal dres out 1s none-the-less

compensated for in the scftware (1f less than 2 seconds in duration) by linearly
connecting the last data point before the dropout with the next data point after
the dropout, and interpolating the missing dats points before proceeding with the

analysis. If the drcp ocut is more then 2 seconds in duration the software prints

a statement to that effect and stops the analysis.

10
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A description of the dsta format used to store the data on the digitel

nagnetic tape can be found in Appendix B of Reference 1.

g

STATIC CALIBRATION

As part of the f£all 1981 full scale trisls effort, a longitddinnl huil gilfde.r .
bending moment calibration of the CORT was performed. During the 1981 season oﬁly
one calibration wvas performed due to ship schedule. More than one would have been’
attenpted had the oppoz;tunity to do so become available, The purpose of t.:hil;
calibration was to establish a relationship between a statically appl:l.éd bending '
moment and the response of the main deck and bottom bending strain gages., In thil' '
way, induced bending moments can be derived from strains measured duriné.thi fall |

1981 shipping season. The results of this calibration were also used ss a check

Ve

against the calculated neutrsl axis and section moduli.

The cgiibration was performed by selecrively changing ballué :Ln the éve_n
middle ballast tanks as outlined in Reference 3. With minimal interference to
the ships schedule, the calibration was performed dockside at &Jrni-.mrbot with
the ship initially in the code 1 ballast condition ready for .depart.uu.

The whole calibration took approximately 3 hours, starting at 1730 hours with
the initial code 1 ballast condition, to the specified callbu.tion ballast condition
and then back again to the code 1 ballast condition,

Through the two step calibration, the main deck, \;otton bending and.toriionnl
strain bridges were monitored, in addition te the draft meters (forward, snidshipe,
and aft), teaperature (deck, air, and water) and athwartship trim lights iocated on
the engine room deckhouse. The torsion bridge output and the trim lights indicated

the secord step was not fully complete as the ship was preparing for departure, and

vas therefore mot used in the calculations.

inalMbLdy




The weather conditions during the calibration were overcast during the day with
drizzlinog rain beginning in the late aftermoon and countinuing through the nighc,

The main deck and keel (water) teaperatures (38° and 44° Pahrenheit respectively)
remained constant during the calibration, with the air temperature fluctuating only
one degrse Pahrenheit (37° to 36°). Since tha main deck and water temperatures
remained constant during the calibrstion, any effect of diurnal stresies on the
calibration was assumed to be negligibls,

The ballast level in each ballast tank was checked by looking down the scuttle
hatch at the top of the tank and counting dow the number of ladder rungs to the
ballast surface. The rungs are spaced one foot apart, the first rung being one foot
of € thg..botton of the tack, and the top rung being twenty seven feet off the bottoa.

Uhc':h the ballast in each of the tanks was at the specified level, the lines
noiding the shuip ©o the dock ware slaskad an that the friction between the ship and
dock would not interfere with the calibration. Voltage outputs from the main deck
bending, bottom bending and torsion bridges wers then wonitored at the signal
conditioning in the forward machinery room, the terminal strip on the back of the
computer, and were recorded on digital tape. All three voltage readings were
consistent, at each step of the calibration. Shunt calibrations of the strain gage
circuits were also performed at each of the calibration steps to insure the signal
conditioning, ampli:iiers, etc. were working properly.

The shin was not intended to trim or change draft, but the change in drsft
resdinge indicated by the ships draft gages, showed that it did set slightly deeper
in the water and trimmed slightly by the bow, cogparing the change froa the initial
code 1 ballast condition to the calibration ballast condition, Drafts were initially
12'6" FWD, 16'3" AMID, 20'6" AFT and changed to 12'7 1/2" FWD, 16'8 1/2° AMID and

20'3" aft at the calibration ballast condition. Soas change in draft resdings is

12
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attributable _to bending of the hull due to the induced loading, as will be discussed

later, ss well as tha combined effects of the free vater surface of the ballast and
the sccuracy to which the ballast can be loaded to thea nominal mcﬁ.ﬁed depth. The
remaining changes are felt to be errors in the draft gage readings theaselves, as
vill be dinc\uud'la:er in Appendix A. The effeacts of these changes were taken into
account in the calculations and plots given in Appendix A;

Tha bending moment; based on the nominal change in bsllast, draft sand trim was
found to be bounded batween 235,100 and 198,000 Ft-Ltons (SAG) at the gage locations.

Based on the voltage outputs froa the main deck and keel bending strain bridges,
the gages read stresses of 5.125 ksi compression in the deck plating and 4.437 ksi
tension on top of the bottom plating stiffener, corresponding to an average bending
soment of 217,836 Ft-Ltons (SAG).

Comparing the average bending moment obtained from the strain gage outputs with
the actual applied bending moment limits based on the nominal ballast changes and
corrected for any draft and trim charges, the actual comes within 10X of that seen
by the main deck and bottom bending strain gages.

The neutral axis location was calculated to be 23.01 ft above the baseline, and
basad on the recorded stresses during the calibratica, was found to be located 23,10
feet above the baseline; a very good comparison.

It should be kept in mind that the above calculations relating stress at a
point on the cross section of the ship with the hending moment acting on that croass
section assuned a uniform stress di;tribution along the width of the ship, with
little or no lateral restraint, |

The effects of & non-uniform stress distribution (shear l2g effect) would
produce slightly higher than nominal stresses near the edgu' of the ship (vhere

the strain gages are located) and near the edges of the cargo hatches due to the

13
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longitudinal bulkhaads, wizh slightly lower then nominal strasses occurring at the
uid points. Tha material between the hatches {s assumed to be ineffective in
carrying load. The actual shape and magnitude of the stress diutibutign across
, the wvidth of the ship with respect to the nominal stress is not known, but could :
-» be determined from a simple finite element model. »
The affects of mill tolerances, which on the average produces plating and
scantlings slightly above the nominal dimensiouns, can slightly reduce aeasured
i responses below tha nominal calculated values.
% Soma error was undoubtably introduced in ballasting the tanks to the nowinal
i

specified leveles, dus not only to the difficulty of sighting the water level

down inside the tanks, but also the effect of the size of the tanks (large surface
ares) has on the bsllast weight based on the depth resdings.

Another factor to be considered in the comparison would be electronic drift of

the instrumentation when readings are taken with respect to the same initial

reference over a long period of time.

SUMMARY AND RECOMMENDATIONS
Dedicated fall trials have besn coaplated for the 1981 shipping season. Over

fifty datu runs of 25 minute duration each were collected on board the CORT. The

data collected contains roughly an evenr mixture of head, bow and cblique sea
headings. Host of the rougher weather was encountered in oblique seas, except for
a series of head and bovw 22a rune ohrained on the last leg of trlals in very rough
seas. Most of the data remains to he analyzed dus a change in project objectives
and available funding.
As part of the fall 1981 trisls effort, a longitudinsl tull girder banding .

moment calibration of the CORT was parformed by recording hull strains while making

14
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known changes in the ship's ballast condition. The actual bending ﬁent, after
baing corrected for changes in the buoyancy distribution caused by the deflected
shape and slight draft and triam changes, agreed to within 10%Z of ths sverage seen
by the main deck and bottom bending strain gages. ‘ '

The correction due to the buoyancy dhttibu?ian was fouxd to ha batwsen ‘5.51
and 28.8% of the uncorrected bending moment distribution. Tha measured stresses
show this correction to ba 21,7%.

Possidle explanations for the 10X dissgreement include the effect of shear lag
in the plating, which aheds load {rm the unsupporiced sections og the plate to the
edges which are supported by longia;udinal bulkﬁeadl, effcc:iveiy increasing th.
::::.-.:e- in thaas arass: mill tolerancel of plating and acentlicvgs vhich can be
slightly above nomwinal; error introduced frem the draft gage resdings; error intro-
duced in ballasting the tanks to specified levels due to the large size of the tanks
and the difficulties in sighting the depth from the scuttle hatch at the top of the
tank; and errors inherent in auy elactronic signal conditioning when resdings are
takan with respect to the same initial reference over a loug period of tine.

A comparison of the calcuiated neutral axis location, 23.01 feet above the
base line and the neutral axis locstion determined experimentally during the hull
girder calibration, 23.10 feet above the base line shows very good agreezent,

To establish some definite conclusicns about sprianging aud wave induced
stresses, (their combination to produce a maximum, consistency of tha thsoretical
and measured RAO's, assymetry of the measured main deck and bottom beuding time
history dltl"s). a concerted effort is recommended to reduce and analyze ths

resmaining data collected during the 1981 trials, and along with ths data collected

during the 1379 trials, be coarared and collectively analyzed.
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Included in this effort, in addition to developing RAO's, histograms of the
verticel bending channels (main deck combined, wave inducéd, epringing, and bottoa
bending) should ba analyszed to delermine their actusl distribution, which is
importsut when maximim expected values are determined from the ares under the
Tesponse spectra.

A brief anslysis of scme of the dats collected early in tha 1981 trials
suggests the distribution of the dats is not quitm a Rayleigh distribution as was
i{nitially assuued, but rather a more general Yeibull distribution, (of which a
Rayleigh distribution is a specific form). .

At the end of the 1981 triale season, all instrumentation and equipment
associated with thesa trials was rqovcd, and the CORT was restored to pre-trials

condition, The digital data tapes vwill be i'v:p'ilnble at DTNSRDC for future anslysis.
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APPENDIX A
STATIC CALIBRATION CALCULATIONS

The bending moament produced from the change in ballast lo.ding.hna to be
corrected to account for the change in buoyancy distribution reacting any change
in trim, draft or deflected shape. This net bending moment, the bending momen: due
to the change in ballast ainus the bendicg moment due to the change in buoyancy

distribution, is the actual bending moment being applied to the ship.

Although the ship was not intended to trim or change draft, the dreft readings
indicated that it did set slightly deeper in the water and trim slightly by the {
bow. Slight changes car ' attributed tc the bending of the hull due to the induced

i T e s o e St kv, bl

loading as well as the combined effect of the free water surface in the ballast tank

and the accuracy to which the ballast can bs lcaded to the noninal specified depth,

e S

and are accounted for in the calcul'ationa. The draft readings themselves are also

— T

felt to be slightly in error, as will be discussed later., Overall trim, f.e.

nominally 8 ft by the sterm, appears to be correct.
The calculations are based on the initial assumption that the draft meters were
reading the draft accurstely. The draft meters are located 447,92' fud P ,33.67°'

fud n and 425.25° lft'n; and initially read 12'6" fwd, 16'3" amid, 20'6" aft and

changed to 12' 7 1/2" fwd, 16'8 1/2" amid, and 20'3" aft at the calibration ballast

coadition. : ‘
The overall trim of the CORT, in the initial ballast condition, indicated by |
the fore and aft draft gages vas 8 ft by the stern, which gives a ballast depth
differential of 0.88 ft inside each ballast tank, the ballast level at the aft end
of the tank being 0.88 ft deeper than the forward end.
The overall trim of the CORT, in the calibration ballast condition, was YA
1/2* by the stern, which gave a ballast depth differential of .84 ft inside each

ballast tank, Taking the specified depth at ‘the ladder (located 10 1/2 feet from
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the aft end of the tank) to be the nominal depth of bellast in the tank, ses Tabla
Al, the ballast depth at the fore and aft ends of each tank could be determined, and
an average weight of ballast calculated for each tank at the in.tial and calibration
ballast conditions. The difference betweean the two conditions is the nominal
calibration loading, which is nearly 300 Ltons of exceas weight, the calibration
condition being heavier than the initisl condition. By integrating tha change in
load diagram once, the shear force disgram is developed. Integrating once again,
the bending moment diagram due to the change in ballast loading is developed. For

the saks of comparison, the tmnding momect diagram due only to tha change in ballast

loading is shown in Figure Al. This is not the only bending moment that 1s acting
on the skip. There is a reaction due to the change in buoyancy distribution
corresponding to the deflected shape, and change in trim and draft of the ship.

Using the bending womsat dus only '.‘: the change in loading as a3 starting point,
an approxinste deflécted shape was obtained by integrating the bending moment
distribution twice; the stiffness EI, was assumed to be constant along the length of
the ship. The deflection curve thus obtained was forced to fit through the three
changes 'in draft teadings and indicates the change in draft along the length of the
ship, wvhich was used to obtain a change in buoyancy diagram.

The ship was divided up into twenty stations of fifty foot lengths, and the
average buoyancy force was calculated at the midpoint of each station. By adding
ths loe ue to the change in ballast loading (say amidships) to the load
diagraa dus to the buoyancy reaction of the loading (hog amidships) the first
iteration to the actua) load acting on the ship was obtained. Integrating the
change in load diagram once gave the shear force diagram, and integrating twice

gave the bending moment diagram due to the combined buoyancy reaction and change in

the ballast loading acting on the ship.
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This nev bending wogent diagram was then integrated twice to obtain s new
deflected shape, which in turn was used to obtain s new change in bucyancy distri-

bution. When added to thea load disgram dua to the change in ballast loading, new

shear and noment disgraas dus to the coabined load distribution ware obtained. Each

cycle of the iteration gave a slightly better estimate of the deflected shape. The
deflection diagras due to the combined load distribution were found to bs quite
ingensitive to each successive iteration; converging to nearly the same valuas
after each iteration, Each time there vas found to be about 600 Ltons of excess
buoyaney at an LCG of about 170 ft FWD# . The amount of excess weight from the
free surfacze effect of the ballast loading, about 300 Ltons, at a LCG of about
11 fc WD ¥ had l.lnlaady been accounted for‘. The remaining 300 Ltons, difference
(less than &4 I of the total ballast chnnée), was considered to be partially the
effect of the actual .ballast depth with respect to the specified nominal ballast
depths, the accuracy to which the ballast can ba added to the tanks and partially
the effect of the nominal draft re&ding..

It seeus most likely, from the discrepancy in the LCG locations of the change
in ballast and resulting buoyancy distributions, that most of the error is due to
the draft readings (particularly the forward reading) since the LCG of the
buoyancy distribution disagrees the most from the nominal axpected values.

Purther, for exanple, even if the actual ballast depths were off by as much
as 1 1/2 inches from the specificd levels in the tanks, in both the initial and
final condition, in such a wvay as to shift the LCG of the ballast forward toward
tha LCG of the buoyancy reacticn, the ballast weight only incresses to 393.4 Ltons
and the LCG of the ballast moves to 55.36 £t FWD Jf . )

A solution vas therefore obtained by bo&ndi:g the problem within upper and

lower limits. A lower linit was obtained by using the measured draft readings,
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evan though wers fele to they contein some ervor, and using the sbove specified
changes in ballast (corrected for the fres surfaca affect) conservatively assuaing
tham to be off by as much as 1 1/2 inches, so that the LCG of the ballast would be
closer to that of the buoyancy distribution, Tha moment dicgfan was foreed to
closs, effectively forcing equilibrium., Bven this conssrvative lower limit
(198,000 Ft-Lton at the gage location) is within 10X of the measured valua. See
Figure Al for bending moment distribution., It should be ooted that as the LCG's of
the ballast and buoyancy distributions approarh esch other, the bending moment
diagraa spproaches the msasured valus.

An upper limit was obtalved by calculating a reactive buoyancy distribution to
match the change in bsllast distribution (corrected for the free surface effect) and
using these distributions to obtain a moment diagram. The firot estimate of the
buoyancy distribution was obtained by substituting the measured ctre;lec into equa-
ticus 1 and 2 of reference 6 which relate midship stress in terms of midpoint to bow
or stern Aeflectlon, averaging ths results and scaling tha pravious deflected shape.
Saibsequant deflections warse obtained by integrating the shsar and bending momeat
diagram (sece reference 7 for details) of the combined ballast and buoyancy loadings
to obtain a consistent midpoint to bow or stern deflection. The resulting deflected
shape was then positioned using the TPI and MTI obtained from the ships hydrostatic
plans for a mean draft of 16'6" (TPI=224.5 Ltons/in and MII=16,130 Ft~Ltona/in) to
achieve equilibrium between the change in ballast loads and the change in buoyancy
reaction. This upper limit (235,100 Ft-Ltons at the gage locatioa) is within 8% of

the aeasured value. Ses Pigure Al for the upper limit bending mcaent distribution.

BENDING MOMENT CALCULATIONS FROM STRAIN GAGE READINGS
' Changes in stress were monitored from the main deck and bottom bending straio

gages as the ballast in ths middle seven ballast tenks was changed from the initial
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code 1 ballast condition to the calibration ballast condition (the torsion gages
were also nonitored but had a negligible change in o{x:put voltage, as expectedi,

A change in stress of 5.125 ksi compression and 4.437 ksi tension were
recorded from the main deck and bottom bending strain gages respectively. The
deck gages were located on top of the deck plating and the hottom gagea were
located ou top of the stiffenmer on the bottom plating (.67 feet above the outside
bottem plating). The section properties given in Referenca 2 were recalculated
with greater sccuracy and are given in Table A2. Based on the recalculated section
properties of the midship cross section, these changes in stress can be couve;ted
to & bending moment. Assuming the stress distribution along the width of the ship
to be uniform when a vertical bending moment i3 applied, the vertical bending moment
based on the recorded changes in stress were found to be 217,055 Ft-Ltons s&nd

215,619 Ft-Ltons for the deck and bottom bending osages respectively. The averagas

.vertical bending momeat based on the ~utput from the strain gages is therefore

217,835 ft-Ltous (sag).

Comparing the actusl vertical bdending moment calcalated from the nominal
balisst loading and draft readings with that obtained from the strain gage outputs,
the actual bending moments come within 102 of the bending wmowent obtained from the
strain gage outputs.

A8 a comparison of the upper and lewer limit curves, and the measured bending
moment shown between them on Figure Al, it is seen that the upper limit curve
employs a 15.5% correction, dua to buoyancy, of the uncorrected bending moment
curves shown in Figure Al; the lower limit curve, a 28.8% correction; and tChe
nescured bending moment, between the two lim‘ts, & 21,72 correction due to the

change in buoyancy distribution which is a coubinszion of deflection, sinkage and

trinm,

23

R iRty Fuwi=revs Jiresirts OISR SN

e e —n e —— T e

IR

bw




As a check on the calculated neutral axis (calculated to be 23,01 ft above the
outside bottom plating, or baseline) the stresdes recorded during tha calibration

ware used to determine the measured neutral axis location. With a compressive

stress of 5.125 ksl located 49 feet above the baseline and a tensile stress of

RPN i IlIH‘

4.437 ksi located 0.67 feet above the baseline, the location of zer» stress or the
neutral axis is found to be 23.10 feet above tha baseline, which agrees fairly well

with the calculated neutral axis location.

AT
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TABLE Al - SOUNDING DEPTHS OF TANK BALLAST
BEFORE AND DURING CALIBRATION

TANK SOUNDING (FT)
(SHIP IN BALLAST CODE 1)
1 16
2 14
3 15
4 25
5 26
6 25
7 21
8 21
9 21

SOUNDING (FT)
(DURING CALIBRAITON)

16
1

22

9.5
21

TABLE A2 - INERTIAL PROPERTIES AT CORT MIDSHIP SECTION*

MOMENT OF INERTIA ABOUT N.A.
DISTANCE FROM N.A. TO DECK
DISTANCE FROM N.A. TO KEEL
SECTION MODULUS DECK

SECTION MODULUS KEEL

2465640 INZPTZ
25.99 FT

23.01 FT

94832 INZFT

107202 INZPT

% Czalculations are based on scantling dimensions shown on Erie Maripe Inc.

Prowing #101-S11-11-6 "Midship Section Final.”
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APPENDIX B
TRANSDUCER CALIBRATIONS AND SENSITIVITIES

The measurements listed in Tadble 1 of the text consist of stress, wave height
and acceleration, each of which were calibrated periodically to check théit
sensitivities, the ratio of engineering units to output voltage, and ingure they i
were operating properly.

The four strain bridge channels (main deck, bottom and lateral bending and
torsion) were electrically calibrated with shunt resistors. Each of the strain. ;
gages were vired up in a Wheatstone Bridge circuit with sctive strain gages and
dummy resistors as shown in Figures Bl, B2, B3 and B4. The nain deck and lateral .
bending gages were mounted in 2 dyadic configuration on the hull plating; the
torsion, st 450 eo the vareissl snd the bottez bending geges, longitudina
the top of the bottom plating stiffener at the local bending inflection points.

The calibrations were performed by placing shunt resistors im parallel with

the strain gages to simulate a coupreolive strain in that arm of the bridge. These
shunt calibrations were performed at the gage site initially to obtaian the true
sensitivity and daily thereafter at the instrumentation site in the forward
machinery room. The output voltages compsared well with the calculated values,
indicating the signal conditicning and amplifiers were aiz working properly. The
transducer output voltages for the strain gages based on shunt calibrations at
the gage site are also included in Pigures Bl'througb B4.

The main deck bending signal was filtered into ite wave induced and springing
couponents to assess the relative magnitudes of the stresses as an aid in
deteraining when to take data runs. The wave induced component was produceq by

low pass filtering the main deck bending signal with a cutoff frequency of 0.2 Hz,

and the springing component by high pass filtering the main deck bending signal

with a cutoff frequency of 0.25 Hz. Each of the tw filtered channels employed two
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48 db/octave Khronhite variable {ilters, which ware cascadad to provide a 96 db/

octave rolloff. Ths filter characteristics, phase lag and attenuation as a function
of normalized frequency with respect to cutoff frequency, were calibrated at DTNSRDC
with a function generator and frequency counter and are given in Figures BS5 and B6.
Each of the four atrain chinnclc were initially filtecred at the signal conditioniug

using low pass 2 pole Butterworth filters with a 12 db/octave rolloff and a cutoff
frequency of 10 Hz,

ACCELEROMETERS

_ The vertical and horizontal accelerometers mounted on each of the wave
measuring units were installed by NBL with the sensitivities given in Tabla Bl.
The transducers were periodically calibrated (4in port with cslm conditions) by
tilting them at various angles to ainul.au fractions of gravitatioual acceleration
and meagsuring the output vaoltage to assure that they were still functiouning as
calibrated in the NRL lab. The accelerometer signals were filtered nf: 4 Hz at the

¥RL instrumentation using a 4-pole Bessel filtar,

CO.LINS ALTIMETER

The Colline Radar Altimeter was calibrated, to insure it was functioning
properly, when the ship was in port, and in cala water. The antenna horns, which
were angled outward st 25° from the vertical during data runs, were anglad dowm
vertically for the calibrations. The calibration consisted of monitoring the change
in output voltage as the horns, attached to the boom, were swung wut over the water
and clear of the ship, and then back again over the deck. The sensitivity vas
checked by dividing this change in distance by the change in output voltage as shown
in Pigure B7.
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Table Bl - NRL INSTALLED TRANSDUCER SENSITIVITIES

MEASUREMENT SENSITIVITY SENSE

Collins Radar Range 14.50 ft/volt Increasing Range

@ 25° to Vertical

Collins Vertical Aécelera:ion 1.855 ft/seczlvolt Acceleration Up _
Collins Horizontal Acceleration 3.240 ft/seczlvolc . Acceleration to STBD

NPL Range 24.61 fr/volt Increasing Range

NRL Vertical Acceleration 1,408 ft/seczlvblt Acceleration Up

NRL Horizontal Acceleration 2.512 ft/seczlvolt Acceleration to Port
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APPENDIX C
ZBADER LOGS FOK HM/V S.J. CORT PATA RUNS

A list of the header logs for each of the runs taken during the 1981 trials is
provided in this appendixz. The header logs list the ship conditions, speed, heading
locetion and draft as well as wind and vave conditions at the start of each run.
Alao included are remark statemetts which give additional information about the run,

The location in terms of north latitude and west longitude were obtained from
the Loran C tracking receiver used onboard. Vesscl speed was obtained by the mates j
on watch by logging distance covered over a period of time, Direct speed vas
obtainable from the Loran C but wcs corsidered unreliable, Vessei heading was read
directly from the ship's gyrocompasa. The wind speed and direction are the true
wind spead and direction existing at the start of 2ach run. Wave height and direc-
tion are based upon visual estimates of the predominant sea at the start of each
Tun. Sometimes the wave direction would be taken to be the same as the winl direc-
tion if the wind direction had been steady for a long pericd of time as the waves
were building. The draft indicated in the header log was read off of the forward
draft meter as the ship was wnderway. The other drafts were usually listed in the
remark staledents. An error in drart readings is evident when the ship i3 unuerway
due to the zffect of speed. True drait readings were tsken when the ship was aither
in port or passing through the locks at Sezult Sta. Marie. Runs 1-5 were taken with
the ship ballasted between code | and code 2 with tvus drafts ap,~oximstely 13°'10"
fwd, 15'3" amid, and 19'7" aft. Runs 6~12, 25~40, and 47-57, were taken with the
ship in the loaded condition, with true drafts 27'0" fwd, 27'0" amid and 27°'0" aft.

The remainiug runs 13-24 and runm 4] were taken with the ship in the code 1 ballast
conditrion, with true drafts 12'S“ fwd, 15'8" amid, snd 19'6" aft, These and other

draft conditicns are liusted in Table Cl.

10 | FRECEDING PASE RLANK-MAw wr:son

s Xd

s mraag




o @ W
,

i
|
i | .
| TABLE €1 = CORT DRAFTS FOR LOAD/BALLAST CONDITIONS :
% CON‘I:‘;IEION LOG ENTRY DRAFT FWD DRAFT AMID .nurfi: AFT i
| Ballast Code 1 12'-12' 120 -5~ 15¢ -3 19'-6" ;
1 Ballust Code 2 (15'-16' 151=4" 16'-11" 19'-8" ‘
1 Ballast Code 3  17'-18' 170" 1§'-11" 210-3" ‘
" mallasc Code & 19'-20" 200-7" 207" 225-0" |
Ship loaded - 27" 27°-0" 27'=0" . . 21'-0" ‘
|
,_ |
:

| L
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METRIC CONVERSION FACTORS
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