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One of the class of eight SL-7 high speed containerships

has been extensively instrumented with stress , strain and motion
sensors. These have been modified for the Third Season of data
acquisition to emphasize measurement of hatch corner and bow 

.. -

• sideshel l strains. Much of the previous instrumentation inven -
tory, including a wave height radar and Tucker wave meter , has
also been employed in the Third Season. This report contains a
summary of the recorded data , examples of the analog record s,
a catalog of the data formats and a listing of the available
data intervals. Some analysis of the data is al so reported
including midship bending stresses encompassing all three data
seasons.

Data collec tion for the third season began with the west-
bound North Atlantic voyage 59 on January 17, 1975 and terminated
with westbound voyage 61 On March 17 , 1975. -
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This report is one of a group of Ship Structure Committee Reports

which describes the SL—7 Instrumentation Program. This program, a jointly
funded undertaking of Sea—Land Service, Inc., the American Bureau of Shipping
and the Ship Structure Committee, represents an excellent example of coop-
eration between private industry , regulatory authority and government. The
goal of the program is to advance understanding of the performance of ships’
hull structures and the effectiveness of the analytical and experimental
methods used in their design. While the experiments and analyses of the
program are keyed to the SL—7 Containership and a considerable body of the data
will be developed relating specifically to that ship , the conclusions of the
program will be completely general, and thus -applicable to any surface ship
structure.

The program includes measurement of hull stresses, accelerations
and environmental and operating data on the S. S. Sea—Land McLean, development
and installation of a microwave radar wavemeter for measuring the seaway
encountered by the vessel, a wave tank model study and a theoretical hydro—
dynamic analysis which relate to the wave induced loads, a structural model
study and a finite element structural analysis which relate to the structural
response , and installation of long term stress recordc~rs on each of the eight
vessels of the class. In addition, work is underway to develop the initial
correlations of the results of the several program elements.

Results of each of the program elements will be published as Ship
Structure Committee Reports and each of the reports relating to this program
will be identified by an SL— designation along with the usual SSC— number.
A list of all of the SL reports published to date is included on the back
cover of this report.

This report contains a portion of the data with a preliminary discussion
and evaluation of the third season of data collection from 17 January 1975 to
17 March 1975. The instrumentation was modified this season to. emphasize
hatch corner and bow side shell strains. The basic instrumentation of
prior seasons was retained. Please refer to the outside rear cover for
ordering information on the reports from the first two seasons numbered
SL—7—8 and SL—7—9.

W. M. Benkert
Rear Admiral, U.S. Coast Guard
Chairma n , Ship Structure Committee
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ABSTRACT

One of the class of eight SL-7 high speed coritainerships
has been extensively instrumented with stress , stra i n and mot ion
sensors. These have been modified for the Third Season of data
acquisition to emphasize measurement of hatch corner and bow
sideshel l strains. Much of the previous instrumentation inven-
tory, inclu ding a wave height radar and Tucker wave meter , has
also been employed in the Third Season. Th i s repor t con ta i n s  a
sumary of the recorded data , exam ples of the analo g recor d s ,
a catalo g of the data formats and a listing -of the available
data intervals. Some ana l ysis of the data is also reported
includ ing midship bending stresses encompassing all three data
seasons .

Data collection for the third season began with the west-
bound North A tlantic voyage 59 on January 17 , 1975 an d term i nated
with westbound voyage 61 on March 17 , 1975.
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I. INTRODUCTI ON

The S.S. SEA-LAND McLEAN is the first of the new SL-7 class of hi gh-speed
conta inerships . Character ist ics of the vessel are given in Table 1 , and the vessel
is shown in the photograph of Fiqure 1. A multifaceted program of ana lys is  and
experiments , coordinate d by the SL-7 Program Advisory Committee of the Nationa l
Academy of Sciences -—National Research Council , has been instituted to study th is
ship ’ s structure and its responses to imposed loading. One important facet of this
program is the col l ection of data on structura l and dynamic responses of the actual
(i.e., full-scale) shi p ’s structure . This is being accomplished by an on-board
ins trumen tat ion system wit h sensors located throu ghou t the vessel meas ur ing stra i~~ ,
stresses , accelerations , var ious sea characteristics and ship operating parameters.
Presented in this report is a summary of the data gathered during the third season
of operation on North Atlantic Voyages 59-61 during the period 17 January 1975 to
17 March 1975.

Data acqu i red durin g the fi rst season were presented in Reference 1 , which
covered Voyages 1 to 12 on the North Atlantic during the period 8 October 1972 to
5 A pril 1973. A total of 80 data tapes were recorded containing over 50,000 sensor
data intervals from more than 100 transducers . The report included a description
of the di gitized data , cor re la t ions  of stresses w i t h  sea sta te, s imul taneous re-
sponse da ta from a l l  t ransducers  dur i ng sele cted por t ions  o f a rou gh voyage , and a
considera tion of torsiona l responses . Data were reported in a number of forms ,
inclu ding expanded time-histories , lo gbook tabulations , ta bu l a ti ons of max imum
values scaled from compressed time-histories , and pl ots derived from parametric
stud i es of d igitize d response and logbook data .

Data acquired durin g the second season were presented in Reference 2, which
covered Voyages 25-38 on the North Atlantic during the period 22 September 1973 to
31 March 1974. A tota l of 94 data tapes were recorded con ta i n i ng over 60,000
sensor data intervals from more tha n 100 transducers . Except for some minor
changes, the arrangement of the transducers was identical to tha t employed during
the first season . A major slam event was experienced during the second season
while the ship was at very slow speed . These data were reported in the form of
analog plots , tables of maximum recorded values , and expanded time-histories in
addition to presentations similar to those made for the first season.

A significant amount of new strain gage instrumenta tion was installed for
the th ird season data acquisition program. The location of this gaging was based
on observations of damage incurred in the first two years of vessel operation .
Specificall y, radial cracks from the forward and some aft hatch corners and green
water set-down of the forecastle and bow flare plating had been experienced . In
an attempt to characterize the loading in these areas , add i t i onal  stra i n ga ges
were added. All new instrumentation was assigned to Recorder No. 2 while keeping
the Recorder No. I assignments similar to those used in the second data acquisi-
tion season. All primary data (i.e., horizontal and vertical bending, pitc h ,
roll , etc.) including those signals required to extract the wave height data from
the slan t range radar signal , are col l ected on Recorder No. 1 , the same s ig nal
being recorded on the same channel in each interval . In contrast , four sig nals
are recorded on each channel of Recorder No. 2, one in each of the four sequent i al
modes. These assi gnments are further discussed in this report .

4
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A detailed description of the instrumentation system has been published pre-
viously in Reference 3, and the calibration of the McLEAN is reported in leference
4.

The purpose of this documen t is to present some of the more significant
trends derived from Third Season data and to serve an an index for the retrieval
of data , in the various formats available , for further analysis and correlation.
As such , i t is not intended that all possible data correlations or even that a~l
raw data be reported herein , since much of the data i s ava i la b le onl y in FM ma g-
netic tape format. This analysis task is part of the overall SL-7 program and is
identified as SR—2 11.

II. CONCLUSIONS

The followin g conclusions are based on the review of Third Season data and
data reduction an d statist i cs as completed to date and presented in this report :

1. The highest peak-to-trou gh stress measured was 79 Ksi on the forward
hatch corner circumferential gage (F

I
B).

2. The hatch corners exhibit hi gh stresses (especially in quartering seas)
even under moderate wave cond i tions.

3. A correlation exists between the midship torsional stress and the circum-
ferential hatc h corner stress.

4. For the environmen tal conditions encountered (Beaufort No. 9, or less) ,
sideshel l stresses were relatively low and almost unidirectional in ten-

- sion , indica ting relatively low impact l oading.

5. The environmental conditions encountered during the Third Season , as
indicated by the Beaufort Number distribution , we re less severe th an th e
yearly average for the mid-North Atlantic.

III. INSTRL’MENTATION SYSTEM

The basic i nstrumentation system has been describ ed fu ll y i n prev i ous reports
(see References 1 , 2 and 3). Described herein are the changes incorporated for
the Th i rd Season and the channel assi gnments and formats used in the data acquisi-
tion .

A. Added Instrumentation

A significan t amount of new instrumentation was installed for Third
Season data acqu isition . Only minor revisions were made on the Recorder No. 1
inputs , but all modes of Recorder No. 2 inputs represent reassigned or newly-
installed strain gages. In order to allow for correlati ons between various regions
of the bow , the modes were structure d to have overlapping recording periods.
Table II lists the various groups of gages recorded in each mode.

1. Bow Sideshel l

Single-element weldable strain gages were installed along the long i-

4 tudinal axes of selected vertical stiffeners at the free top surface . They were

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1_
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located on centra l stiffeners between major frames at the vertical midpoint. Gage
locations and identification are shown in Figure 2.

2. Hatch Corner

Figure 3 shows the location and identifica t ion of strain ga ges at the
three selected hatch corner cutouts. The gages at Frame 144 were mounted during j
the original installat ion. Al though the rosette (AR2) was recorded during the first
two seasons , the S~ gages were used only during the calibration experiment. (See
R—~~erence 4.) At Frame 258, the rosette was also previously used but the hatch
corner gages were newly installed . At Frame 290, all new gages were installe d s i nce
the rosette at this l ocation had been damaged during the course of structural modi-
fications in this area . Rosette identification is the same as tha t previously used .

Recordin g of the hatch corner rim gages and their associated rosette
was in the “D” mode of each index , as indicated in Table II . The forward corner
gages at Frame 290 were recorded in all “0” modes and Frame 144 or Frame 258 gaging
were recorded alternately on a daily basis.

3. Forward Dyadic Array

The only change made to Recorder No. 1 channel ass ignments was the
substitution of a forward quarter point vertical bending transducer for the forward
shearing stress array on channel 13. It was expected that useful comparisons could
be made between the output of this sensor and the newly-installed bow gages . Since
the gage array was instal led only durin g the Thi rd Season , a vertical bending cali-
bration is not avaflab le for it.

B. Recording Format

All of the information obtained from the variou s transducers located
throughout the vessel was recorded on two 14—track analo g FM tape recorders located
in the instrumentation room. Recorder No. 1 , desi gnated the primary recorder , re-
corded the same 13 signals whenever it was placed in operation. The fourteenth
channel was used as a noise compensation channel during reproduction.

The second recorder had its first thirteen channel s switche d through four
modes , designated A , B , C, and 0. Eac h mode was recorded for thirty minutes se-
quentially. Channel 14 was again used as a compensation channel in all modes.
Each 30-minute period is a data hhinterva l ,H and is assigned an interval number.
Any particular segment of data can thus be identifi ed by referrin g to the following
nomencl ature.

1. Tape number—-(A1 l odd numbers are from No. 1 Recorder and all ever
numbers are from Recorder No. 2. Thir d Season analog tapes are
numbered from 201/202 to 233/234 inclus ive.)

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

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

4 4. Channel number and mode l etter (Recorder No. 2 only) .

-— .
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5. Interval number .

By spec i fying ‘Tape No. 202, Voya ge 59E , Index 1 , Channel 1-A , Interva l 1” a spe-
cific 30-minute data interval is identified , in this case on Recor der No . 2 .

Each in terva l of 30 minutes , whether on Recorder No. 1 or No. 2, is auto-
matically preceded by a one-minute electrical zero and a one-minute period of cali-
bration signals. A typical data interval trace is presented in Figure 4.

C. Configuration of Transducers

1 . Strain Gage Signal s

The majority of the transducers used in this system are obtained from
various configurations of sin gle—e l ement strain gages with associated bridge com-
p letion and cali brat ion resistors . These gages are attached by spot-welding to the
surface of var ious hull structural elements . Each strain gage is constructed with
inheren t temperature compensation. That is , if the gage is attached to a plate
wh ich is subsequently warmed (or cooled) but is otherwise unrestrained , no chan ge
in stra i n w ill be ind ica ted . If that plate is now restrained from expansion due to
the temperature change, a si gna l associated with the degree of restraining stress
generated will be indicated even though no change in length occurred . Such a re-
straint is generated , for exampl e, when the sun warms the dec k or upper hull girder
while the lower hull is in cooler water. This diurnal varia tion tend s to induce
compressive deck stresses and tensile stresses under the waterline even though the
displacement tends to hog the ship.

Sketches summar izing the locations of the strain gage sets are pre-
sented in Figures 5 and 6. It should be noted that the single-element strain gages
used are installed in various configurations which have different properties. These
are described in detail in Reference 3, but can be summarized as follows :

a. Single element (quarter brid ge) - a sing le  str a i n  ga ge elemen t.
Its output is proportiona l to the strain along the element.

b. Dyadic gage - two single elements at an angle of 56° to eac h
other for materials such as steel with p = 0.28. In this con-
figurat ion the output is proportional to the stress along the
axis of s3,Inmetry.

c. A dyadic pair of gages oriented longitudinally on each side of
the ship, each pair connected to one arm of the bridge circuit.
Depending on whether the arms are opposite or adjacent , the out-
put of this arrangement is proportiona l to the average or hori-
zontal bending stress.

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

e. A shear gage ha l f-bridge on each side of the ship connected to
form a full bridge. Depending on the polar ity of the connection ,
the output is proportiona l to the vert ica l or torsional shearing
stress .
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f. Rosette - three single gage element~ , aLh at a different djre~-
t ion , near a point. This is a spec ia l  cas e of the single el~ r~ nr
gage. Each signal output is recorded separately and simu lta-
neousl y . If static strains are added these readings completel y
define the state of strain (both the norma l and shearing strai ns ,
in any direction ) at this point. In t~e McLEAN insta 11d ~ ior , ~re
rosette gage elements were oriented in a lonqitudinal , atr lw act 5hip
and dia gonal (from forward port to aft starboa rd ) direction.

2. Transducer Signa ls

In addition to the strain gage signals d i s cusse ’  a b i v~~, 10 ~- :d it i~~a~transducer signals are provided as inputs to the recording system . These sign ~~s ,
consisting of eight linear accelerometers and two angular dis placeme nt pencu~ u~iis ,are fully described in Table III. The primary function of these signals is to ro-
vi de a record of ship motions occurring at the same time as the recorded strdin
ga ge in format ion .

3. Rudder Angle

Although in previous data seasons a multiplexed signal consist ing of
various ship operating parameters was recording on Channel No. 10 of Recorder No. 1 ,
in the Third Season this was restricted to rudder angle.

4. Wa ve Height Radar

The Ocean Wave Height Radar System (OWHRS ) developed by the Naval
Research Labora tory was operational for part of the third season , and slant -range
data were recorded . The transmitting electronics package is located at  the para-
bol i c an tenna , which is mounted at the starboard wing of the bridge and adjusted to
look down at the water surface at a fixed ang le to the sh ip. The slan t-range
signal , therefore , contains components of ship motions , part icularly roll i ng . T he
reduction of these data to absolute wave height is the objective of a separate pro-
jec t under the Shi p Structure Commi ttee.

5. Tucker Wave Meter System

A second attempt to achieve wave data has been made in this program
by the continued inclusion of a Tuck er Wave Meter aboa rd the vessel . This Br it ish
device , which cons i sts of pressure ce l l s  an d accelerome ter s moun ted bot h port and
starboar d , was ins talled at the end of the first season ’s operation. Data from
th i s i ns trument i s to be com pare d to that obtained from t he OWHRS .

6. Scratch Gages

Under a separate Ship Structure Committee project (SR-2l5 , “Extr en e
)tress Data ), mechan ica l  scra tch gages have been installed at a midship location
on all ei ght vessels of the class. The device consists of a simple extensonieter
with mechanical ampli f icat ion which causes a stylus to mark on sensit ive paper.
Ihe pa per is advance d once every four hours and the record thus ob ta i ned s hows the
m a x imum positi ve to maximum negative excursion of the stylus in a four-hour period .
~ne scra tch gage is located in each shi p ’s starboard tunnel near the midsh ip frame

4 exce pt for the McLEAN , which has one scratch gage in each tunnel . Data tapes are
being retained by Teledyne as part of the SL-7 Data Library .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -
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7. Logbook

An important adjunct to the data recorded on the two magnetic tape
recorders is the data l ogbook kept by the instrumentation observer. Appendix A con-
tains a summary of logbook entries . Environmental conditions are noted here along
with information to index the tape recordings. All sea , wind and wave conditions
reported here are derived from this source.

8. Quick-looks

The data reduction process actually begins with “ quick-look ’ pldjtacks
made aboard the sh ip . Each tape is played back on an osc i l lo gra ph at a rela ti v el y
high speed , with a low paper speed . This produces a compact hard-copy record for
review. Signal peaks, relative level s and overall var iations may be judged from
these record s , but details of the waveform cannot be seen.

To suninarize, shipboard data gathering produces analog magnetic tapes
of the recorded data from two tape recorders runn ing simultaneously. In addition ,
a manual logbook record is maintained which correlates the magnetic tape data with
the condit ions existing at the time of the data recording. Quick-loo k records are
also -produced for on-site quality control purposes , but these have li tt le app li ca-
tion to most data analysis procedures except for scalin g an overall maximum value
for each interval .

D. Data Anal ysis Operations at TMR

1 . Analo~ Osc i llo graphic Records

As shown in Figure 7, the preponderance of data reduction takes place
after the recordin gs are removed from the ship. After review of the logbook ~:-cords
and taking into account the notes of the on—bo a rd observer , cert~iin sections of data
are played back onto oscillographic records. Details of this operation depend on
the type of analysis bein g done; it may be desired to compare one channel relative
to another for a long per iod, or only the response for a short period around some
event such as a slam . Examples of records are presented in later sections.

2. Filtering and Di g itizing

Most lar ge-magnitude stress records , especially those associated w~tn
slamm ing and similar dynamic events , can be separa ted i nto two com ponen ts : wave-
induced , and fi rst-mode two—noded vibrations (“whipping, ” or “springing ”). Ea ch
component is characterized by its frequency. The first-mode frequency ot the McLEAN
at normal operating load is 0.80 lIz , wh ile wave-induced components are lowe r in
frequency ( i .e.,  longer in period). Separation of these com ponen ts i s accom p l i sh ed
by passing the electrical signa l representing the stress level or sensor output
through electronic filters adjusted for the appropriate bandp ass frequencies (see
Figure 8). The result ing filtered signal (or the ori ginal combined signal) may then
be reproduced on an oscillograph to produce a time history , or it may be digitized
i n order to chan ge i ts forma t for further process i ng.

Certain channels are selected for digitizinq and further processing
into library tapes . The details of this process are presented in Reference 4 . In
this step the l ogbook record is collated with the correspond inq stress or -~otion4 data . In addition to a dig itized data record , this operation also cor~~ute: ru l’S—ers

Li - 
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characterizing each data interva l , such as the maximum peak-to-trough , root-mean-
square (RMS), and number of cycles. Some of these data have been used further j r
various analyses described below.

The l ibrary tapes (see Figure 7) can be summarized further by de letion
of the complete di gitized record . This summa ry tape can provide a compute r_ gerer ted
tabulation of environmental and characteristic data. Examples of these data are pro-
vided as a separate Appendix to this report. The summary tape also provides tne data
base for the parametric studies discussed below . Header block and data summary bioc i~
formats for summary tapes are given in Tables IV and V , respectively. It should be
noted that summary tapes do not contain data on which to base spectra , nor , as pres-
ently structured , do they contain computed values for the original waveform . Values
reported are only for the wave-induced (maximum , RMS) and first-mode (maximum only)
components.

A general summary of the SL-7 data formats curren tly available is pre-
sented in Table VI.

IV . RESULTS

A. Environmental Conditions

Environmental conditions experienced during the third season data acquisi-
tion were generally milder than those encountered in previous seasons and were , on
average, lower than an average year at mid—At lantic. Figure 9 presents a comparison
of average Beaufort Numbers for the mid-North Atlantic and those observed for the
Th i rd Season . Note that the average and observed frequency of occurrence for Beau-
fort Numbers 5, 6, and 7 are almost the same. The observed frequency is lower than
the average for higher Beaufort Numbers and higher than the average for the l ower
Beaufort Numbers .

B. Hatch Corner Stresses

The highest stresses observed during the Third Season , and , in fac t , the
highest stress ever recorded aboard an SL-7, were at the forward hatch corner.
Figure 1OA , B, C presents data from these gages , FyA , FyB , and FyC respectively,
as a function of Beaufort Number and relative wave direction (RWD). Note that the
highest stresses were at the FyB location and that the highest stresses occurred
in followin g and beam sea direction for the higher Beaufort Numbers and in head
seas for the lowest Beaufort Number.

It was al so characteristic of these stresses that their magnitud e was
high even for relatively low wave heights . Figure 11 presents a composite of si-
mu l taneous signals from Recorder No. 1 and No. 2 show ing some of these relation-
ships. The frequency, location of maxima , and general envelo pe of amplitudes show
a high degree of correlations between the TSM, Roll and FyB signals. A probable
explanation lies in the link between ship ’s roll wh ich produces torsional loading
thus imposing high hatch corner stresses. Such high stresses were previously
noted during the calibration event (see Reference 4) when the vessel was loaded
statically with a torsional load. The highes t stress measured at that time was
10.2 Ksl at the hatch corner just forward of the aft house. No gages were located
at the forward hatch during calibration or during the first two data acquisition
seasons.

I

~~JL - - -
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In order to explore the relationship observed between TSM and FyL~. r
l 2A and 12B were prepared . These clearly indicate the linear relationship b :tweer
TSM and FyB , and also indicate the presence of another factor inherently diff er~r,t
in eastbound and westbound voyages. This factor is probably the relative wave- d~-rection , s ince w i th p reva i ling winds generall y from the west , an east-bound cross1!~,
would have a preponderance of following seas and , conversel y, a west-bound crossi ng
would have a preponderance of head seas.

Table V II is a listing of four max imum recorded stress conditions t r at
occurred during the past season. It should be noted that the highest rim stress
occurs while the ship is rolling . Rim gages at FR 290 (F

~ 
gage) exhibit the l~ rq~st

stress during a rolling conditi on while the gages at FR l~44 (S~ gage) are about half
that stress. At FR 258 (H~ gage) the stress is about half of that at the S~ gages.

In head seas the stress is about equal at each of the three hatch loca-
tions . /\l l stress values given are maximum peak-to-trough for each thirty -minute
per i od recorded .

Figure 13 presents expanded time-history data for a rolling condition ,
and Figure 14 is the same for a head sea condition. Logbook data for both condi-
tions are listed in Table V III. Also included are time histories from Recorder No.
1 for each condition . Note that the highest hatch corner stress occurs at the same
time that long itudinal horizontal bendin g stress and torsional shearing stress are
hi gh under both conditions . It appears that horizonta l bending and torsion con-
tri bute more to the Increased stress in the hatch corner than do vertical bending
or shi p slamming . (Due to the nature of the horizontal bending transducer , some
torsion-induce d stress is sensed by it.)

Table IX lists the apparent maximum peak-to-trough stress recorded from
each elemen t of the rosettes and each rim gage at the same time . Expanded records
are al so included in Figures 13 and 14.

Inclu ded in Table V is a calculated prin cipal stress based on the peak-
to-trough data. This table gives the stress in the origina l orthagonal directions ,
the princ i pal stress magnitude and its angle with the “A” element . These calcu-
lated values are not strictly valid in this case as they are peak-to-troug h and do
not include the still-water stress component. In each case , the time-history of
the hi ghest strain level element of the rosette was scanned visually, and the one
hi ghest stress instant determined. Then , the strains in all three elements occur-
ring at that instant were scaled and recorded .

C. Bow Sideshe l l Stresses

As can be seen in the sets of analog traces given in Figure 15 , the bow
si deshel l stress traces are characterized by unidi rectional spikes without any
prior buildup or other significant warning.

The highest stresses recorded during the Third Season occurred on V oyage
61 westbound . Maximum values have been scaled and tabulated from osci llog raph
records from 18 intervals. Logbook data for these are listed in Appendix A , ;-~i~~~s
52 and 53. Stress data are presented in Table X. All stresses are measured peak-
to-trough . The highest recorded stress, 6,000 psi , was noted twice on Gage B-S
and once on Gage C-2. Expanded time-histories of the analog signals of Interv al
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31A , B , C are included in Figure 15. The longitudinal ver t ica l  bending si gnal i~. un

each sheet for cross—referencing purposes. Horizontal bendinq , rol l , and pi t~ n ~i~-nals are inclu ded from Recorder No. 1 . The measured value of highest stress on tr~:
bow plate occurred durin g the highest vertical bending stress and a siFuu ~tdne .~nhi gh p i t ch  excurs i on . The bow plates exhibit a very low stress profile from Sh1~imotion . All increased stress is an impact type occ irring when the ship pitches we
and the bow is subjected to head seas. Beam , quartering, or following seas rm~ -~’e no
effect on increased bow stress regardless of ship speed. It should be rioted again
that during the past recording season , the ship did not encounter the extremes of
weather and sea conditions due to the chan ge to a more sou the rl y crossin g and re-
duced s peed .

D. Wave He ight Measurements

The outputs of two independent wave measuring systems were recorded along
w ith the stress and motion data . (See Figure 16.)

The Tucker wave meter output already has been corrected for ship vertical
movement at the pressure ports by accelerome ters intr i ns Ic to the Tuc ker sy~tei m .
Further correct ion i s , nevert hel ess , necessary since the system is designed for
quasi-static use (i.e., ship ’ s speed effects are not accounted for). See Reference
2.

The Ocean Wave He ig ht Ra dar ou tput is propor ti onal to the slan t ra nge from
the fixed (relat ive to the ship) transmit / receive antenna to the wave surface. A l l
ship ’s mot i ons infl uence th i s measurement and it, therefore , must be corrected before
the true wave height can be obtained. This manipulation is part of another SL— 7
effort (SR-22l). Note the flat area in the OWHR trace. T hi s i s a result of loss o f
“lock ” in the radar system and results in difficulties when an automated data reduc-
tion process involving integration is attempted.

Note a l so  that the two wave measuring systems are located at different
points on the vessel and “ see ” different wav e systems .

E. Lon git udi nal Vert i cal Bend ing Stress

As the single most important structural parameter for ship design , the LVB
was given special attention in the process of data reduction .

The process outlined in Figure 7 and 8 was used to digitize all Third Sea-
son LVB data. The listing resulting from the TAB program is contained in Append L . A .
In addition to listing the various values of the first—mode and wave -induced
stresses , the listing also presents all environm ental conditions for each Third Sea-
son interval

Appendix B contains the results of the parametric st~4dies program , SPLOT.
Contained in the plots are graphs of the wave -induced bend ing ~tresses for each
Beaufort Number. Within each Beaufort Number, the given pa rameter is sorted i n to
one of five groups of relative wave direction or ship speed . The plotted point is
then the mean , RMS , or mean of the 1/3 highest values of the sorted parameter data
set. The pa rameter can he either the maximum or RMS p ea k - t n - t ~’nu gn w ave-i r -du Leo
stresn within each interval. The summa ry tables in this ~pp~n—~ix co- ain , in ~rdi-
tio n , the number of points in each parameter data ~et and thr ~> t o n~ 1r- m m r .  a~ i ’  of
the ~~~~
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Since these values are based on the data contained on the summa ry tape ir,
accordance with the format described in Reference 5, n~ value relating to the m ax ir u
value of the original unfiltered signa l is available. A program has been developed
t i t led MA X wh ich processes the compacted libr a ry tape and computes the difference
between the largest positive and most negative va lue . The results of this prog ram
are listed in Appendix C. The designation of the interval is identical to tha t for
the Appendix A listing .

A further processing of LVB stresses by the SPLOT program has been made
us ing the digitized results from all three seasons. For LVB this encom passes o v r
5000 data interval points for’ each RMS or maximum peak-to-troug h wave -induced stress.
Note that in the case of a sort by relative wave direction , all curves li e ve ry clos e
together except for the higher Beaufort Numbers where there is a scarci ty of data
points. Th is is to be expected since only the wave-induced stress component is
plotted and, if Beaufort Number is considered a reasonable measure of wave heig ot
(assuming a fully-developed sea ) then the relative wave direction should have little
or no influence on the wave-induced stress component.

4
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X.y: (A) Midship Longitudinal Vertical Bending Stress CE) Roll Angle
(B) Forward Longitudinal Vertical Bending Stress (F) Rudder Angle
(C) Midship Longi tudinal Lateral Bending Stress (G) Hatch Corner Gaqe FYB
CD) Torsional Midship Shearing Stress (+ CW Fwd) (H) Hatch Corner Gage FYC

Fiqure ii. SAMPLE ANALOG TRACES FOR ONE INSTANT OF SHIP RESPONSE
TO QUARTERING SEA WITH 3-5 FOOT WAVES A~’D SWELLS.
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Technical Report
TR- 2058

Voyage 61 East
Index 12 “D” Mode

Recorder #1 VERTICAL BENDING

Tape #22 3 HOR IZONTAL BENDING

ROLL

PITCH

Recorder #2 VERTICAL BENDING

Tape #224 R2 A ,B,C
Hatch Corner - FR. 290

F~ A ,B,C
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Hatch Corner - FR 144
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Note : Reference lines denote instant of largest hatch
corner stress recorded in interval .

FIgure 13

SAMPLE ANALOG TRACES FOR HIGH
HATCH CORNER STRESS-QUARTERING SEAS

4

p- V. 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

•

~~~~~~~~~ .. ~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _  4



- - 

V. _

x
- ‘

‘
V 

•~_
i. ~•—V-

“4

_ _ 

I

i 

_ 

~~~~

- - . -~ 0

-r I -‘-c - -

H 
- 1  Ui ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H

V V.

~

• V

~

t ~~~~~ _ V.~~~~~~~ . _ A



pPr— 
U V T V  

—V.- - - -  - -  _ _~~~~ V.~ V.~~ -~~~~r ——V. ~_~V.V. — ~~~~~~~ __________ -V=•V-V~~V.V._ — — ~~uI~•~NI L ü V.—’

~1 ~~

-
-

~~ _—v __~a - — f l :
• 

.~~

- - - V .#
~:r

- V. - 

-~~:~~

• — V. 

~~~~ 

- - - 

•=;~-:•.

- • r

- —---V. • -

V.- -- V . . - - - 
-

.z—

V . - - -

) 1> ~~~~~~~~~~~~~~

.

- ‘ 3

:1 .~ E
.5) 2’ ~~~E~=.-

- 

.

~~~~~~~~~~~~~~~

— S :— (V~ — T~~— tJ
• ~~~~ ~. ~~~~. ~~~~~~~~~~~ “1

—V.-- 



~
-- - -- --------- •~~~~~~~~~~~ . 

- - -

~ 

-
_~~~~~~~~~~~~~~~~

—-4~. 
-
~~~~~~ - - -

• 
-~~~ 

__
;~~-_-

-

_- - 
.----- -~~~~

---- s . . - ..------. - -
~~~~~~~~~~~~~~

-
~~~~ 

- - - - - - - -
~~~~~~~~~

-- - - -
~~~~~~~~~~~~~~~~ 

- - -

~~~~~

- —- ---- ---- - -- - - - - 1 -

- i - -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. - ~~~
:-

• 

- - - -

V.~~~~~~~~~ _

3

_

‘
p 

_ _  
~~~~~~~~~~~

- �.

- - ±j
~TTTh~~ ~~ F

• 1 ~ L ~ i;i ~~~ I~I ~~~~~~~~~~~~~~~~~~~~~~ 

t I~
l- - - £~

~ 
-~~~~~~~~~~~ -~~~~~~~~~~~~~~~ ~~~~~~~ -‘~~~~~~~~~~-~~~~~~~~~~~~

tJ~ 



- 
-

~~~~~~~ . . . ,  ~~~~~~~ _ -~~~~~~ *L~~j L .~~* J).1U - - -- -

- -~‘~~ 
- r

-z ,- — -

- - u -!~~

.,z~

_

- -- -  -

-. 

- - 1 :•
-

- --- s ~~~~~~~~~~~
•

* 

• 

~~~~

- -  

_ _ _ _  
~~~~~~~~~

-

V _ _ _ _ _  

- - 
.*~~
.

- - - - - - 
~~~~~~~~ ~~~~- :  - -- - - -

.5
’-’ ~~•

-

/

V - -

V.

- 
- 

_ 

- - - .._ : ,  
~~~~~~ •. ~~~~~~~~~~~~~~~~~~~~~~~~~~ - .14



IT I H
V. -- -- 

_ _

-- -- - - - V 
p

— V V -

- -?~ -
~~~~~S.

. . . •  
~~~~~~~~~~

. .
~~~~

- V  ~~~~~~
V .

£ N .
- ‘ F

- V  -
~~

.~
- -- - - -

- - ~~~~~~~~. -

N
• - 4

- .~~

VV

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~~

V. :IiV. V.~~~~~~~~~~~~ . ~ - . . . • •~r
_ 

- -

- 
-

- .)  • . .
— V.—-- - -

1% -
~~ 

,- ‘3

~

,- - - c
-
~~~ —~~~~~ —z

_~~~~:~~~~~_ -
~i _ _  _ _

.11 -_sz- -_~~~~
‘_ -

-

~ 

.—;~~~~~~~~ 
- - 

<-;:. 

~~
d 

- ~~~~-- . %.S
I

~~~j  
3E. J~~ 

-~~L I~I ~? i~i
~ 

14) 

— — 
•1 

- — -V -

Li ~~~~_ . .  ~~~~~~~~~~~~~~ -- --—V. -



Technical Report
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Index 31 “D” Mode

Recorder #1 VER TICAL BENDING

Tape #233 HORIZONTAL BENDING

ROLL

PITCH

Recorder #2 VE RTICAL BENDING

Tape #234 R2 A ,B ,C
• Hatch Corner FR 290

Fy A ,B,C

R A ,B,C
7 Hatch Corner FR 258
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Note : Refe rence lines denote instant of largest hatch corner
stress recorded in interval .

Figure  14

SAMPLE ANALOG TRACES FOR HIGH HATCH
CORNER STRESSES-BROAD-ON-THE BOW SEAS
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Technical Report
TR-2058

Voyage 61 West

Index 31 “A” Mode

Recorder #1 VE RTICAL BENDING STRESS

Tape #233 HORIZONTAL BENDING STRESS

ROLL ANGLE

PITCH

Recorder #2 VERTICAL BENDING STRESS

A - 1-6
Bow Sideshel l

B - 1 -6

Note : Reference lines denote instant of largest bow gage
s tress recor ded i n i nterva l.

Fi gure iSA

SAMPLE ANALOG TRACES FOR HIGH
SIDESHELL STRESSES-A MODE
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Note: Reference lines denote instant of largest bow gage
stress recorded in interval .

Figure 15B

SAMPLE ANALOG TRACES FOR HIGH
SIDESHELL STRESSES-B MODE
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Figure 15C

SAMPLE ANALOG TRACES FOR HIGH
SIDESHELL STRESSES-C MODE
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APPENDIX A

LISTING OF ENVIRONMENTAL CONDITIONS AND
LONGITUDINAL VERTICA L B E N D I N G  STRESS FOR

EACH DIGITIZED THIRD SEASON INTERVAL

Th is appendix is a result of the TAB program , a part of the process of preparing
digital library tapes. The column headings  and listing are generally self-explanatory.
Note , however , that all the azimuths are measured in degrees and relat ive direct ions
are measured w ith zero as the vessel heading. The col umn la bele d “Sea State ” lists
the Beaufort Number observation . Note al so that the stresses l isted refer only to
the wa ve-induced or first mode components .

The listing, as used here , serves two purposes; f irst to l ist the various corn-
binations of environmenta l conditions encountered and second to list the various LVB
stress level s generated by these conditions . It is expected that the listing will be
used to locate speci fic intervals of interest for further data reduction by investi-
gators .
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APPENDIX B

PARAMETR IC STUDIES

This appendix contains the plots and tabulated summaries resulting from the
parametric studies program 11SPLOT.11 Each plot presents either a five—curve family
of various ship speeds or a five—curve family of relative wave direction g roups for
a transducer output vs. Beaufort Number. Within each Beaufort Number the magnitude
of a particular point is determined by calculating the mean of the data set or the
mean of the one—third highest values within the data set, A superscribed note on
each plot designates which value is applicable. The key on each plot also indicates
which type (Ship Speed or Relative Wave Direction ) is presented ,

The measured data set is composed of the maximum wave-induced peak-to-trough
value within each 30-minute data interva l , or the RMS value determined for that
interval. The graph title notes which characterization is applicable.

In addition to the Third Season Longitudinal Vertica l Bending (Lay) signal
some parametric studies were run using data compiled from all three data acquisi-
tion seasons.

Each tabulated suninary presents a listing of all plotted points along with the
number of data points along with the number of data points comprising each plotted
mean point and its standard deviation .

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

SYMBOL SHIP SPD, Kts SYMBOL REL SEA DIR,

O 0-15 
— 

0 0-30

A 16-20 
— 

A 31-60

+ 21-25 — 1— 61-120
X 26-30 

, ,,  
______ 

121-150

______ 

31-35 — 0 ‘151-180
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APPENDIX C

LISTING OF OVERALL MAXIMUM PEAK-TO-PEAK
LONGITUDINAL VERTICAL BENDING STRESSES

This appendix contains a listing of maximum peak-to -peak longitudinal vertica i
bending stress for each digitized interval . The peak-to-peak value is ca lculaten
by subtracting the maximum negative excursion from the maximum positive excursion.
Since these maxima are not necessarily consecutive , the i r value does no t, in ger-
era], correspond to the definition of the maximum peak-to-trough value. A drift ir
the average value (e.g., diurnal var- ations) during the interval may be reflectec
in an increased peak-to-peak value. Each maximum applies only to the 20-minute ~e~-
ment in each interval characterized by the dig ital record . The interval designation
is identical to that used in Appendix A.
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One of the class of eight SL-7 high speed containerships
has been extensively instrumented with stress, strain and motion

S sensors. These have been modified for the Third Season of data
acquisition to emphasize measurement of hatch corner and bow
sideshel l strains. Much of the previous instrumentation inven-
tory, including a wave height radar and Tucker wave meter , has
also been employed in the Third Season. This report contains a
summary of the recorded data , examples of the analog records,
a catalog of the data formats and a listing of the available
data intervals. Some analysis of the data is al so reported
including midship bending stresses encompassing all three data
seasons.

Data col l ection for the third season began with the west-
bound North Atlantic voyage 59 on January 17, 1975 and terminated

C with westbound voyage 61 on March 17, 1975.

I
•; DD ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(PAGII I) UI’ILLM~~~1~- 1LU

S/N O~ Ol . 8O7 .68O 1 - ~~~~~~~~~ 
( .~ - ~ .,~~ - 5

~~~I& -- . ~~- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ AC- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ L~~~~~~
5” .



~~~

-----.I--- ~~~~~~~~~~~~ 
--- ;

_ - ;_~~~
-- 

I -- ~~~~~~ : 
I~ ~~ ~~~~~~~~~~~~~~~~~ 

~ 
I

~~~ .~~iJL L . J _ —-— — -~~~

St~-s U r (t 54 ( I.,ssi l, , .sn.sn

I .  L l C d ( A L I F 4 ~~ 0
FF~ f~~S ~~O C 4 U S  ______ — ——

P0, I *1 F S O L F  41. .

V ~

1 _-__ _  _  _  _ _ _  _

DD F0RM 1473 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _( PA r ~F - 2 ) Ses s J r i t v  (‘Ias . i - s f s s s sss n 

-

~~~~.& _  I ~ ~~~~~~~~~ ~ ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~ ~~~ - - - .  IC~~ — - - 4 -~~~~~ •~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ . ~~~~~~ 4



~~w~~
__ ---_

~
__ __

~~~
_ _ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~~~~~~~~~~ - - - - -- I l - -- - - -- -- -

J 

UncI,~ccifi~d- Sec u~ity CId .~~S i I s S , ? I s S n

p 4  L IN k  A L I N ( 5  0 ~~~~~~~ 5
- p i ty  wo S o~ 

_ _ _ _ _ _  — _ _ _ _ _ _  _ _ _ _ _ _  ~~~—-—  _ _ _ _ _ _-
R O L E  W T  I~ C L E  WY P O &  I (55

‘

I ~ 

. 

I ~ __i 
~Containership I

: Stress
I 

Wave Measurements
- 

Acceleration

Instrumentation

Slamming

Ship Motions

~ I — 
_ _  

-
~~~~~~~~~~~~

-—- ----~~~- _ _  _ _

~ UNCLASSIFIED
Ss’ curt ty CIA~~ ( ( acAt ics s~

I
V —

~~~—— ~~~~~ -— ~~
_- -~~— — ~~~~~. I-.~~~~—l ~~~~~~~~~~~~~~ _ __~~~~~~ I— _ _ _~~-~~-~ _ ~~~ ~ —-~~~~~~ — — — —~~~ I ~~ ~ ~~~~~~~~~~~~~~~~~ V __- I I - ~ ~~ ~ I ~ I

~~I5_I__ ~~ _ ~C ’_ . ~~~ 4_ - ’ i r  1~~~~~ - - ~ ~ l~
_ _ 5_ SC _ 5 _ A 5 _ __~

•
~~_ 

~~ ~~~~~~~~~~~~ 1V 1r 1 . i ir rr . r- r5n1 - 111. C in-



r
-

~~~~~

- — - - - - I - - --

I ~ 

‘ 5- 

~ 

‘ 
—

~

..
‘

--

~ 

II ç ~ ~ ~, 
~~

_

~~

_
•
~

I~ - ‘ ~

: ,. ~

I

~~~~~; S ~

~ I 
;~ -ç~ ~~~~~ ~~~~~ ~~~~~~~~~~~~~ ~~~ S I

: • ~~~~~~ 
g g g ~ ~~~ $~~ & ;~~~ �

~ 
—

~~ ~ I
E 

~~ 
- — IS ~! .~~ ‘- ~~ ~~ ~~ ~~ ~~ — (5~~~ 

as C~~~ • ~. ED O . ’~~~~~~ ~
I 

~ ~ ~ 
I
~ _~ 

-
~
5 ~
. I~ ~~ 5-5 II C~ I I •~ ~~ I 1

~ 
I~ ~~ ~~~O~~~~ - ( 5  ~~ ~~~~~~~~~~ 

U, °~~ ‘~~~ ~~ ~~~~~~~~~~~~~~~~ ~~ ~~~~ - 
0

;~~~~~~~
— 

~~ 

‘I 

~~ 

(I

~ : : ~ -~ ~~ .• aD ~ I—
‘I ~ ~~~~~~~~~~ ~ .- ~

~~~~~~~~ ~~~~ ~ ~~~~~ ~~~ ; ~~ ~~~! ~ ~~~~~~ ~~!!~~ .
~~~; 

PS -5~~~~~~~~ A - 5  •~~~— — :~~~~~— — _ ~~~ 1 _ I  ~~~~ T I . ä s  I

~ I 
~~~~~~~~ lI; 

~~~~~~~~ 
~~;— ~~~~~~~~~~~~ 

U

~~ ~ 

I 1 E E !  ~~~~ ~~~ ~~~~~~~~~~~~~~~~~ €

~~ 
I ~~ ~~ ~~ 05- 455 (5 LI SI 

~ ~
% ~t LI I 7( ~ ( I ~ OP ( I 5- 9 ~ S I ~ C I ~ - ~; 

-~~~ ~~~~~~~~~~~~~~ ~ ~ ~ ~~~~~~~~~~~~ 
l i _ l h i

~~~0 I I  I I I I ! I  I 
~~~~ ~ ~ ~~~I 5 ~~~~I ~~~

~~ 

I l ~~
5-
~~~I 1 1

, ~I I i~~I~ I~I V ~ ~V 5 - I  ~~~~~~~

~

; 

~: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I~ 
I h I I h l h 1 1

~
h

h 1 5 u i 5 
4 

I 5 I5 i
~

5 I F l j 5 I 5 I I I i F

~

5 I I Ij 5 I I  f I

~~

5 ~ 5~~I~~5 
‘ I

~~~

’ 5

~~

I ~I 

~~~~~~~

S ~~ ~~ ~~~~ 

~~~~~~~~~~ ~~ 
!T ~!! 

~~ 
~~~~~ ~~~ 

~~~~~~~~~~~~~~~~~~~ 

~~~~ 

~~~~~~~~~~~~~~~

~ ~! ~ j j~ iI~i~ ~~ ~~~~~ ~~~: ; -

~~ - 4

~~~~~~ 
:~ 

•
~~~ 

I. . - .  
,

~~~~~ 
-

‘~~ 
‘r~~~ 5 a t ! .  ~~. ~~~~~~~~~~~~~~~~~ ~.

kik ~~ II 
~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



r~’~~
--- I V I I~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

SH I P R[S[A P~ 
I ~ ~~ ~ ~ r T [ EMdri ti i i ie T r a ns p o r t 5 i  s c~n Ri’~ . ’ . s  r-c h ~~Nationa 1 A:adeiiiy of Sc I ence~ -- Na t io’i~ 1 Re c~ r cf i  Cr mc ii

The Sh in Rcse a ,- rh Coi ’ isni U ~~~~ h i ’ , t r ’ ’ .hri i~~ I co’~~iz-n i ce of tr i r~
in t e r a g e n c y  Ship Structure Committee ’ s research p-o~j ram:

PROF . J. E. GOLD [~ERG . Cha irman , 1 ’s ’ J . - .~~., ’ !-~ ‘ 0 [ / 54~~, !~~~‘ - [ 1 1 ; ? .
. 1 , :~~~~~~~~~~ -

MR. D. P . CO URTSAL , ,,
I
, 

~7 ’ ’1’-~Cl 111 / 5 1 7/ 1 1 1 1  / 95 .;, I: S 
~4’ ) ‘ 2 C 1) 1 5 ? . 1

~~~ I9 ? , / I ’ I~~~~ 
( ‘ S I V

t1R . E. S. DILLO U , ~
I
cs;: 1 1 ? i 4 l5 l 1 , ,

5
I 1 V ~~

1 1
5 4  !1~~

’
~~~

1Cy,  .1.
DEAN D. C. DRUCKER , ‘‘ ‘ / . .~~ ~~~~~ 5 4 . 5 4  ; , ; I  

‘
1 s ) ’ 1’ 5 C 1 , ~~~~~~~~~~~~~~~~~~ 

1

MR. G. E. KAMPSCI1I\EF[P , Jr. , .~~~~~“ ~~~~~~~~ 
q’5~~ / ; ; 5 .~~~ I II . 5 . 1  • - . , ~• : I -~~~ I ~~~ : ‘ 

~~
PROF. L. LAtJ DW E I~[R , ~~~~~~~~ ~ 2J Jj y ~ C~~. 1CN~~~ I!  J 5 S S .I5 I. IflF/.;1~~ ~

i’;
~~ 

f I ) , I I P 5 5~~ S . I I C S) ( I~~ 11 ,

MR . 0 . H . OA KL EY , ~.(?? C?~ L t ’l 4Zt , !‘ _ , . . C 4 1 , V~ ~‘—i i~ CMR. D. P. ROSEMAN , -;C ’ , - r  5 1 a 7 ’ 1 ? .  ~~~~~~~~ j J Is J J ’ - - - ? C - V ( C~~~i 54 : :~ ~~~~~~

DEAN R. D. STOUT , I S )I :. j I
~~,C~~~( I [ • 1

~ I ) ( ~- 5 ?  . s i ~~j~~ ~~~~~~~~~~~~~~~~~~~

MR. R . W. RUIIKE , l~XeC~C~~— ~~ 3ecrctw~’y, [1~/iip iC. r~’~JI’csh ~~~~~~ t tI~~

The Ship )esign , Response , and Load Crite ria Advisory Group
prepared the project rospectus and evaluate d the proposals for this proj ect :

MR . D . P . ROS[MA U , Chc i rm n , ( ‘1~j cJ ’ N ~~~~ Ai ’~izi ! ‘ ‘ ~ , J i , , iY’~~ a~ ~ ?~ C’CIC, I ’~ f

~1R . M . D . BURKHART , 1!. CI!, ~11 ’1 ’ ?f l ~ 
~~~~~~ (I~(~~~F~I~5 ,l.r_ra : rn , !LT1~ ~ . - j

1’ 
f~~~~ I . 5

DR. D. D. KA r-IA , i- ? - S : -’~ ’, .‘~-‘1 ’C?- t 54r- ~ l- . ; . ‘zs z - 5 u . -
~3 c ~~~~~~~~~~~ ? -~~, [ . c. ~~ 

-
~~~ . 1 i C .~’

r . 1R. W . J .  LANE , _ I f ~~ .,  
~~~~~~~~ 

/ Ipjq /
~~~~~~,~~~~F 

~~~~~~~~~~~~~~~~~~~~~ ‘~j t1 ’c.’ 1~

DR.  M. K. OCHI , . 5 4 5 C 7 1  ‘~~‘ 54 i~ , ‘‘~~4-Z t~~.~ f_ ,  A /1 ’S/I II
IIJ ZC: ; 

;.I
•
I,-I 

~ 54 1 ~ 
/N ‘ . ~~~~~~~~~~

PROF . W. 9. P I LV SLY , I - ;  irt- i<’~zt (j  N ivi i _
~~, ~ N~ ‘~~~~~

‘:- i ’ s I )F .7 1
C~~ I

PROF. J. C. SAt l tJ [ LS , ‘ - —p t. of ’ E1.15C~.i~~~- l? J - 1
) 7 7 r , C Y ’ 5 7 , 1; .‘ :y~~ .

1 
~~~~~~~~~~~~~~~~~~~~~~~

PROF . M . SHIUOZtJI’J\, . - - . 
~

- / _ .  :sf (I •
~~~~~~1 1~~- j~ 0~s ’Cl’’ ? (I , ( S/ :jI~/ •3 / V 4

~~
7 . 5 , ~~~~MR . H. S . TO W 4SE rI D , - ‘  ‘:“LZ t~~~ t, ~~~~ f r ~

Si ’ t , Coun.
PROF . G . A. WEMP NER , : chool of Eszgrg . ~;‘i1e??i~~ 

I) ~!t ’C~ lI: Z I2 ? C~~ . 51’ ~‘c77a ~~~ ~ . 01’

7’echno ~~~~~

The SL-7 Projr am Advisory Committee provided the l i a i s o n  t rc h n i c a l
gu id ance , and reviewed the project reports w iti the investigator:

MR. R. C. STRASSER . Cha irman . ~ ~~ ; - 37 1. ’l1 , ,‘7. - - -
~ -- ~~‘ / 7 - - - ’~, ~ 7.

t-1R. F. R. AS~I[Y , ,5~~ .CF . ~- ~~~I~~ F 
~~~~~ ~

;7 I~- 5~~ /~ - I C I I I  ~?s -~ :i, iVs ~~ : I~~~::,
I

:~ ~~~~ S S I ~~~
I 1

pRor . J .  C . GOLI)11[RG , 1 54 5 , l
)
’~~~~C C C ’ ~~ 1I’ J ” C ’ l ’ T  ~~~~~ i~~i’ C54 . - 1;l? C ~~~Y ’ . C  -

~ f

PROF . E . V . L [~J J S . - .  
~I 

~
,, ~I ~ S ~ t t J ’ I s  ~. ~i • •

I 
~

I 
~~ , ‘ 4 ’5 -! - ~ ~ ~ . ‘1 ’ 

~~ 
1 5 4 5 4  7 

I 
I
~ 

-5 ‘~ 
;C —

- 
~ (~~ ~

: ~1R. J. H. ROi3J N ~
()N , ~ ‘ , -

~ Jj
1 

~~~~~ •~o ’ ,~‘.: . 
~~~~~~~~ ~~~~~~ : I~ ::~ I F ~~~ ~ ~ • : ‘ . (. ‘r ’4 f .

r.IR. D. I~. ROS[MA U , I j
I~~

,
.• , ~ ~~~~~~~~~~ i 1?”~~i ! . -- ~t , 11L1’- ’ ’ . , C - 1 f ’ ~~~ -~~, 

5 — .

‘ 
PR OF . R . A . Y A GL L , 1)t .j s1 ~ . c-f Ns~zva l. f lr t’h ~ f c- ~ ~ ‘?1’(’, 

f / s 1 7.1CC ~~~ ~ f y 
~~j  

~~~~~~~~ ~~,7I 
~ ‘ C

•1

~~ IF1 . . •_• :i~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~5, • • . • •  - V IA
:.. ~~~~~~~~~~~~~~~~~~~~~~~~ 

.



r w-——- -I

~~~~~~~~~~~

--

~~~~~~~

-- - I —--- --- - - - - -- - - - I - - _ ---
~~~

l-- - -- 

~~~~~~
- --

~~~~~~
- ---

~
- - - I - — -

-

SHIP STRUCTURE COMMITTEE PUBLICATIO NS

Thc~ c dO~r5ij 7C7 ’~ f.~ ai~~ di.’c r ’i  1 7 N  ~~ ~~~ ‘ tJz1 .‘ ~ ~ ~~~~~ -: , ~‘~c : ~zical
Info r rri atf os t  Scr ’ ict ’, Sp rj 1N .1 J 1 5 1 ? / , Va. I’N~7~~I. ‘I C .  s doe—
wncnts hcu) c bec~ cz o’~’.~ -~’o~ ~~ f-k :~ ~~~iCI2!I~~~5;J ;~ 5)~~~~ ;S I jo t4rnal
U.S.  Gov3rrj nent Research ~ D~ -:‘ ‘ C L Q C - ’?I c?f l t Reports (US RDR)
under the indiccz~ed lID numb~ r,~. 

V

SL-7 PUBLICATIONS TO DATE

SL-7-1, (SSC-238) - Design and Installation of a Ship Response Instrumentation
System Aboard the SL-7 Class Contairership S.S. SEA-L-4WD McLEAN by
R. A. Fain . 1974. AD 780090.

SL-7-2, (SSC-239) - Wave Loads in a Model of the Sb-? Containership Running at
Obiicpie Headings in Regular Waves by J. F. Daizell and M. J. Chiocco . V

1974. AD 780065.

SL-7-3 , (SSc -243 ) - Structural Analysis of SL-7 Containership Under Combined
Loading of Vertical, Late~’al and Torsional Moments Using Finite ElementTechni~~ee by A. M. Elbatouti , D. Liu, and H. Y. Jan. 1974. AD-A002620

SL-7-4, (SSC-246) - Theoretical Eatimates of Wave Loads on the SL-7 Containership
in Regular and Irregular Seas by P. Kaplan , 1. P. Sargent, and J. Cilmi .
1974. AD -A004554.

SL-7-5 , (SSC-257 ) - Sb-? Instrumentation Program Background and Research Plan by
W . J. Siekierka , R. A. Johnson , and COR C. S. Loosmore, USCG. 1976.
AD-A02 1337.

SL-7-6 , (SSC-259) - Verification of the Rigid Viny l Modeling Techniques: The SL-7
Structure by J. 1. Rodd . 1976. AD-A025717.

SL-7-7 , (SSC-253 ) - Static Struct~raZ Calibration of Ship Response Instrumentation
System Aboard the SEA-LAND McLSAN by R. R. Boentgen and J. W . Wheaton .
1976. AD -A031527 .

SL-7-8, (sSC-264) - First Season Results from Ship Responae Instrumentation Aboard
the SL-7 Class Contciner3hip S.S. SEA-LAND MCLEAN in North Atlantic
Service by R. R. Boentgen , R. A . Fain , and .1. W. Wh~aton . 1976.

SL-7-9, Second Season Results from Ship Respon8e instrumentation Aboard the Sb-?
Class Containership S.S. Sea-Land McZ.ean in North Atlantic Service by
J. W. Wheaton and R. R. Boentgen. 1976. AD-A034162.

SL-7-10 ,Third Season Results from Ship flespo ’~.se Instrumentation 
Aboard the SL-7

5 Class Containership S.S. Sea-Land McLean in North Atlantic Service by
R. R. Boentgen. 1976. AD-AO34175. V

I;

Li _ ~ I ~~~~~~~~~~~~~~~~~~~~~~ 
•5~~~~~~~I V

~~~~~ I~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 
54


