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This report is one of a group of Ship Structure Committee
Reports which describe the SL-7 Instrumentation Program. This
program, a jointly funded undertaking of Sea-lLand Service, Inc., the
American Bureau of Shipping and the Ship Structure Comittee, represents
an excellent example of cooperation between private industry, regulatory
authority and government. The goal of the program is to advance under-
standing of the performance of ships' hull structures and the effective-
ness 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 developed relates
specifically to that ship, the conciusions of the program wili be com-
pletely 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.5. Sea-Land McLean,
development and instaliation of a microwave radar wavemeter for meas-
uring the seaway encountered by the vessel, a wave tank model study
and a theoretical hydrodynamic analysis which relate to the wave in-
duced loads, a structural model study and a finite element structural
analysis which relate to the structural reponse, and installation of
long-term stress recorders 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 are being made available
through the National Technical Information Service, each identified by
an SL-7 number and an AD- number. A list of all SL-7 reports available
to date is included in the back of this report.

This report documents a review of the SL-7 research program
with a summary of each aspect and outside ancillary projects; presents
a set of conclusions, and makes recommendations for further analysis
of some data.
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INTRODUCTION

The SL-7 is an eight-ship class of high-speed containerships conceived
owned and operated by Sea-Land Services, Inc. (Sea-Land) in both North
Atlantic and Pacific trade routes. A research program involving these
ships was initiated by Sea-Land, the American Bureau of Shipping (ABS)
and the Ship Structure Committee (SSC), with additional projects funded
by the United States Coast Guard and the United States Navy. The pro-
gram represents an excellent example of cooperation among private in-
dustry, classification societies and government. The goal of the pro-
gram was to advance the understanding of ship structural performance and
the effectiveness of analytical and experimental methods used in design.
A long-range goal of the program was to obtain information for reaching
the S5C's goal for the development of rationally-based system load cri-
terion for the design and analysis of ship hull structures. While the
full-scale measurements, model experiments, and analyses performed as
part of this program were keyed to the S8L-7 class containerships, many
of the conclusions of the program can be generalized and applied to other
surface ships. This report includes a summary of the overall program,
outlines some of the details of the program planning, describes the cor-
relation, comparison and validation efforts, and finally, addresses re-
commendations for further analysis of the SL-7 program data base.

This report is organized into four basic sections. The first section
presents the background leading up to the initiation of the SL-7 research
program., The second part presents a review and summary of the SL-7 re-
search program and describes the program elements and general goals of
S§SC that form the common thread for the program. The second section is
intended to provide the reader with some insight as to the relationships
between the various program elements. The third part of the report con-
tains an evaluation of the research program documented in References 1-34,
relative to the program goals and objectives, and an overall summary of
the conclusions is presented based on the evaluation of the research pro-
gram. The fourth and final part of the report presents the recommenda-
tions which may be derived from the SL-7 research program.

Two Appendices are included which provide background information pertinent
to the evaluation, conclusions and recommendations. Appendix A contains
individual summaries of References 1 through 34, and Appendix B contains

a description of the fuil-acale data base of ship response information
recorded on the §.S. SEA-LAND McLEAN,

BACKGROUND

The SL-7 research program has deep roots in the research history of the
SSC. This program was preceded by other programs which included exten-
sive model tests, computer analyses and full-scale data collection and
analysis. In fact, most of the full-scale vessel instrumentation tech-
nology in use today was developed under the sponsorship of the S8C. Inm
planning for the SL-7 Research Program Summary, Conclusions and Recommen-—
dations, it was necegsary to review the reports of the preceding related
programs in order to provide a basis from which the SL-7 research program
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2.2

has evolved. Many of these prior programs have had a profound impact and
influence in the formulation of methods for full-scale ship data acquisi-
tion, in stimulating related research in the private sector, and in ad-

INFLUENCE OF PRIOR WORK LEADING TO THE SL-7 RESEARCH PROGRAM

The background research that preceded the SL-7 research program is dis-
cussed in detail by Siekierka, et al in SSC-257 (5). It is from this
background that the SL-7 research program has evolved. The following
is a synopsis of the influence of these studies on the elements of the
SL-7 program:

1. Previous full-scale instrumentatjion programs have provided valu-
able ship hull load and response data that facilitated the develop-
ment and validation of design methods and techniques. However, a
quantitative description of the wave environment was lacking.

2. The analytical techniques for predicting ship bending moments due
to waves have not been validated directly using full-scale data

because of the absence of accurate wave information in previous
full-scale programs. The wave data are esgsential to further develop

_________ Frgidiia. <12 =3+ 31— 0N Hu - N 5 Lra wiiT L

load-prediction techniques and to achieve a greater confidence in
the results of the predictions.

3. The full-scale stress data that have been collected are helpful in
"~ examining load design criteria for ships similar to those for which
stress data are avallable but cannot provide direct guidance in
designing different types of ships.

4. A technique has been developed for extrapolating full-scale ship
wave-induced bending moment data and is based on environmental data
encountered by the ship in question. This technique may also be
used to synthesize bending moment data by using model test results
or computational analysis and provides the designer with a valuable
tool in predicting wave-induced bending moments.

5. The ship structural load criteria presented in $S8C-240 (35) needed
further validation and development for use with different ship types
and varying types of load conditions.

DESIGN OF THE SL-7 CONTAINERSHIP
The concept of a high-speed containership was conceived by Sea-Land in the

late 1960s. At the time, fossil fuel was still relatively inexpensive,
and it appeared that the high-speed containerships were the way of the

future for cargo transport. The design of the SL-7 was begun in early 1969

by Sea-Land, J.J, Henry, and The Netherlands Ship Model Basin (NSMB).

The structural design considerations for the SL-7 class of containerships
were presented by Boylston (36) and represented the state of the art at
the time in applying design tools and methods. During the i1initial
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investigations, the application of modern design methods was still in its
infancy and consequently the analyses commenced at a simple level, building
up to more sophistication as the work progressed.

The design bending moments were determined statically on a wave equal to
the ship length and of a height equal to 2.2 LO.4 = 30 ft. It was deter-
mined that the hogging moments were larger than the sagging moments by a
factor of about 4 (36). A dynamic analysis was conducted based on the
methods presented by Grim and Schenzle (37). The torsional rigidity of
the containership was alsc considered in the design stages, where the tor-
sional moment was determined using the procedure outlined by deWild (38).

Concurrently with the determination of the wave loading, a course mesh
finite~element model of the ship was developed. This was one of the early
attempts to model a whole ship. The structural analysis showed that deck
structure in way of the engine space and transverse bulkheads between each
hold limited the torsional-induced warping and deflection of the hull gir-
der, thus minimizing the torsional deflections at the hatch corners near
the ship's quarter points. The resulting midship section as constructed
is shown in Figure 2-1. The body plan is presented in Figure 2-2. An
additional finite—element analysis was conducted with a much finer mesh as
part of an extensive vibration analysis.

A series of model studies was conducted at the NSMB (36) with emphasis on
hull form development and resistance. Seakeeping tests were also conduc-
ted and measurements were obtained for ship motions, accelerations and
relative motions at the bow and stern in irregular seas corresponding to
a wind force Beaufort 8 in the North Atlantiec (significant wave height

16 ft. and average period 8.5 sec.) approaching from ahead, the bow
quarter, abeam, and the stern quarter, The relative motion data indi-
cate that for this sea state no water would be shipped over the foredeck.
However, emergence was not experienced and it was concluded that slamming
would be minimal in Beaufort 8 seas.

There were 8 vessels of the SL-7 class constructed at three different
Furopean shipyards, which included Rotterdam Dockyard, A.G. Weser, and
Rheinstahl Nordseewerke., The vessels were:

5.5. SEA-LAND McLEAN S.5. SEA-LAND FINANCE

S.5. SEA-LAND GALLOWAY 5.5. SEA-LAND MARKET

S.5. SEA-LAND TRADE S.S. SEA-LAND RESOURCE

5.5. SEA-LAND EXCHANGE S.5. SEA-LAND COMMERCE

The principal characteristiecs of the lead ship of the SL-7 class, the
S$.5. SEA-LAND McLEAN (McLEAN), are shown in Table 2-1.

REVIEW AND SUMMARY OF THE SL-7 RESEARCH PROGRAM

AT

A three-phase SL-7 research program was proposed by Sea-Land and ABS
before the SSC became involved. Sea-Land was interested in instrumenting
the first ship of the class, the McLEAN, in order to validate design de-
cisions and procedures, while ABS was interested in conducting finite-
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Figure 2-1 Mid-Ship Section of the SL-
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TABLE 2~1
CHARACTERISTICS OF 5.5. SEA-LAND McLEAN

Name: SEA-LAND McLEAN

Builder: Rotterdam Dry Dock (Hull 330)
Class: 5L-7 Containership

Length, overall 946" 1%"

Length, between perpendiculars 880" 6"

Beam, molded - 105° &"

Depth to main deck, aft g, 6g' 9"

Depth to main deck, forward i 65' 3"

Camber from § 1" 3»

Draft, design 30" ov

Draft, scantling i3 ov

Dead weight - long tons 27,315

Displacement (34' 0" draft) - long tons 50,315

Machinery Two separate cross-compound

stem turbines driving twe

propeller shafts (Bunker C oil)

Shaft Horsepower-maximum continuous,

both shafts 120,000

Propeller RPM 135

Speed, maximum, knots 33

Center of gravity - full load 399.32" forward of aft per-
pendicular 42.65' above base line

Section modulus, FR 186, top: 1,745 x 10% in®

Section modulus, FR 186, bottom: 2,166 x 106 in3

Neutral axis, FR 185 342.5 in above base line

Fuel o1l Capacity (98% full) 5384 LT

Salt water Ballast Capacity “9656 LT

Container Capacity

8" x 8.5' x 35! 8" x B.5' x 40 Total
Below deck 554 140 694
Above deck 342 60 402
TOTAL 896 200 1,096



element analyses and structural model tests in order to exercise and
validate their relatively new finite-element computer program, DAISY.
85C evéntually became involved in the project and supplied additional
funds and technical guidance through a Project Advisory Committee of the
National Academy of Sciences/National Research Council.

Several design-related problems prompted the initiation of the SL-7 re-
search program. Each participant, Sea-Land (designing, building and
operating), ABS (classification), and $SC (research), had specific in-
terest goals to achieve through participation in the program.

The specific design features of interest to Sea-Land were primarily in
areas of stress concentration at the hatch corners where the ship trans-
forms from a flexible open box to a rigid closed box structure and where
the transverse box girders interact with the longitudinal box girders.
These locations are represented in Figure 3-1. They were also of
special interest since the diagonal displacements of hatch openings sub-
sequently caused large stresses at the girder intersections and problems
with the hatch cover seals.

One of the primary goals relative to SSC's objectives for the full-scale
portion of the SL-7 research program was stated in Siekierka in 88C-257,
Reference 5, "The results of the wave-induced stress measurements (on
the McLEAN) will be compared with model and computer analytical data.
The ultimate aim is to secure sufficient confidence in the calculation
procedure, so that model testing and full-scale data collection may be
eliminated,"  Further. applications of full-scale data discussed in the
following sections will consider Siekierka's statement as one of the
primary objectives of the full-scale instrumentation installed on the
SL-7 class of ships.

As stated by Chazal in SSC-252 (39), the overall goal of the SSC for the
SL-7 research program was to "either develop or provide supporting evi-
dence for rational design methods for ships."  Fundamental to any
rational design method is the ability to characterize the actual struc-
ture using predictive techniques such as mathematical analysis or model
testing. With either method, correlation factors must be applied which
relate the predicted results to the actual full-scale structure. Deter-
mining these correlation factors and refining the predictive techniques
are implicit objectives of research into ship structural design methods.
Within this framework and the historical background presented, the SL-7
research program was developed with the following four distinct elements:

1. A full-scale instrumentation project consisting of measurement of
hull stresses, rigid-body accelerations and enviromnmental data,
and long-term extreme strain recorders.

2. Use of model-testing techniques for the prediction and validation
of ship dynamic and static loads and responses.

3. Development and validation of analytical tools and techniques for
ship motion, load and response characteristics, including finite-
element computer programs.



Figure 3-1

/)

Representation of an Open-Decked Ship

8

Strain gauge
location



4, Development and analysis of lifetime hull girder lecad criteria for
ship structural design based on statistical evaluation of full-
Scale data.

In subsequent sections of this report,each of these elements, their
interrelationships and impact on design methods, will be summarized and
evaluated with respect to the program's objectives and goals.

The SL-7 research program as initially conceived contained specific in-
dividual projects to implement the broad program elements.

1. A full-scale instrumentation program was proposed to obtain full-
scale measurement of seaway loads and response, This included the
design and installation of an instrumentation system, the calibra-
tion and operation of this system, and reduction and analysis of
selected amounts of data,

2, A series of hydrodynamic model tests were proposed to investigate
wave—induced vertical, horizontal and torsional bending in the hull
girder.

3. A model test was proposed to measure stresses and deflections of a
small-scale structural model under separate and combined torsion
and bending.

4. An analytical analysis was to be conductedwhich included the use
of a finite-element program, DAISY, to analyze the structural res-
ponse of the SL-7 containership.

5. A theoretical hydrodynamic analysis was to be performed applying
the SCORES computer program for predicting the loads and response
of the SL-7 containership in regular waves.

It should he emphasized that prior to completion of the full-scale instru-
mentation data reduction and analysis, the other program elements were
injtiated. The relationships between projects listed above are described
in 88C-257 (5), which includes a description of the planning effort in~
volved in the validation and verification of load, motion and response
predictions. Not all of the recommendations for research presented in
88C-257 (5) were funded, and several were integrated intoc one project.

As the program evolved, it developed into a more extensive program which
included further analysis of data obtained from the initial program and
development of additional related projects. These follow-on projects
continued the validation and development efforts and full-scale data
reduction that had begun in the initial part of the SL-7 research program.

Most of the results of the SL-7 related research projects have appeared
as S8C reports. Summaries of all SL-7 related project reports and tech-
nical papers are presented in Appendix A. Some SL-7 related projects
have received separate Coast Guard, Navy, or ABS sponsorship. The pro-
jects which will be evaluated in this report are listed in Table 3-1.

A description of the McLEAN data base is presented in Appendix B. This



TABLE 3-1

SUMMARY OF SL-7 RESEARCH PROJECT USING THE SL-7 DATA OR AS
REPRESENTATIVE HULL TYPE

SL-7 PROGRAM ELEMENTS PROJECT ORIGIN ASSOCIATED
(location of data) REFERENCES
Full Scale Hull response measurement on the Teledyne Engineering y £y B,
Instrumentation SL-7 SEA-LAND McLEAN Services 9, 10
Shipboard wave measurement Teledyne Engineering| 10
systems on the S5L-7 SEA-LAND Services
McLEAN
Naval Research Lab 13
Stevens Institute 14=-23*
of Technology
Scratch gauge data on the SL-7 . Teledyne Engineering
clags containerships Services 25
(including the McLEAN)
Giannotti & Assoc., 31k
Inc,
Maodel Testing B 1/140th Scale model tests Stevens Institute
Techniques of the SL-7 of Technology 2
Steel structural model tests of University of
the SL-7 California, Berkeley| 11
PVC rigid vinyl structural model David Taylor Naval
tests of the SL-7 Ship Research &
Development Center 6
Open water model tests of the University of
SL-7 California, Berkeley| 26,27
Hull pressure model tests of the University of k%
SL-7 Michigan
Analytical Techniques SCORES computer simulations of Oceanics, Inc. 4, 12
the SL-7
DAISY Finite Element Analysis American Bureau of 3, 24, 30
of the SL-7 Shipping
Time domain computer simulation University of 26,28,29
of capsizing for the SL-7 California, Berkeley
Hull Girder Lead Examination of service stress Stevens Institute 33%
Criteria Analysis data (includes the SL-7 as a of Technology and
ship type) Rosenblact & Son,
Inc,
Evaluation of full scale wave HS-1 Panel, SNAME 34%
loads (incliudes the SL-7 as a
ship type)
Fatigue load spectra development Giannotti & Assoc., |32%

for ship hulls

Inc.

* Based on full scale data obtained from Teledyne Engineering Services

*% No document has been published to date.
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4.2

4.2.1

description presents a summary of the data acquisition, data reduction
methods, and data formats.

EVALUATION OF TH 5

E SL-7 RESEARCH PROGRAM

This section provides an overall evaluation of the SL-7 research program,
Section 4.l discusses the validity and usefulness of the results derived
from each project in the four main program elements described in Table
3-1. Section 4.2 summarizes the evaluation, conclusions and countributions
made by each project in the four main program elements. Section 4.3 pre-
gsents an overall evaluatiocn of the SL-7 research program.

Evaluations of each of the projects listed in Table 3-1 have been cate-
gorized according to the four main elements of the SL-7 research program
and are summarized in Table 4-1. The contributions of each project in
achieving the SL-7 program goals are summarized with respect to develop-
ment of specific structural design methods, motion and load measurement
and prediction techniques, and rational hull girder load criteria. 1In
many cases, the evaluations of individual researchers are presented with
additional comments on overall observations, assumptions, limitations
and applications of the projects considered. Special attention is given
to the legsons learned from the SL-7 research projects that may be of
benefit to future data users and those considering other programs of a

similar nature.
SUMMARY OF THE SL-7 RESEARCH PROGRAM EVALUATION

This section presents a summary of the SL~7 research program evaluation

- N 1dAan ol -
which includes the primary cbservations obtained from the evaluations of

each individual report (References 1-34) presented in Section 4.1. As
per the individual evaluations, the summary is organized according to the
four elements of the SL-7 research program.

Full-Scale Instrumentation

Although the McLEAN data base has several limitations, it still represents

a major source of full-scale data for use by the marine community in gen-
R Mhn madnwr Tidmdtotinma ~f +ha MATEAN datzs haees have bheen indicated

CLlLale. LIS HGE JWh LllleSGLAWilo Wi Lile iy Wi St iy e st S50

in the evaluation section and include the lack of an initial mean stress
datum prior to departure for each voyage (the gauges were zeroed prior to
departure and no record of the initial mean stress was kept), the inade~
quacy of motion measurement devices (roll and pitch pendulums), and the
unreliability of measured wave data. The latter limitation of the data
base severely limits further applications relative to verification of
analytical prediction techniques. The research plan outlined by
Siekierka in Reference 5 was heavily oriented to using the McLEAN data

boans £ 14 { -
base for validation purposes. The wave-measurement limitation has pre

cluded the achievement of this goal. It is also interesting to note
that the research plan did not include hull girder load criteria analy-
sis and development even though the data collection techniques were
heavily oriented toward gaining a substantial statistical sample.

11
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LABLE 4-1

EVALUATION OF THE SL -7 RESEARCH PROGRAM

Elemaent ; FULL- SCALE INSTRUMENTATION

Repori Titie
SSC No.
Ref. Mo,
Pub. Dale

Contribullon of the Study in Achl g the SL-T R h Program Goals

Structural Design Methods Specific to tha
SL-7snd Conlainerships In G 1

Measurement and Prediction of Ship
Load, Motlon and Stress

Rational Hull Girder Load Criteria
Analysis and Development including
Statistical Evajustion of DPatas

Design and installation of a
Ship Response Instrumentation
System Aboard the 5L-7 Claes
Contalnership S.5. SEA-LAND

McLEAN

SSC-238

Reference (1)

1974

® Many of the iInstrument locations
were intended to provide design
Information to Sea-Land directly.

® Sea-Land obtalned data to make
aggessment of:

(a) Hatch covers and coamings

{b)} Peck cutouta

{c) Cell guides and transverse
bulk head structure

{d) Container design

{e) Internal contalner cargo
restraint aystems

{f) Habitability in forward and
aft housea .

(g) Deck and shell loadings In bow
ares

{h) Rigid on-deck container
securing system

No documentation on the data or
tesults obtained by Sea-lfand le
avallable to the general public
at this cime.

# No loads per se were measured on the
SL-7, only responses. Measurement
of the wave environment was
atcenpted using & Tucker wave meter
and a radar wave meter, The
meagurement of wave envircnment was
intended to facilitate comparisons
between full acale and analyctcal
predictions. See the following dis-
cusaion of References {11} - (23)
and susmaries in Appendix (A) for an
evaluation of the meter systems.

& The angular motions measured on the
SL-7 were obtained from pendulums.
Accelerations of the pendulum pro-
duced mesgurement errors, (See
discussion in Reference {23) for
further evaluacion,)}

® Straln-gauge locations represented
the atate of the art in strain-
gauge placement with inputs by ABS,
S$5C advimors and Ses-Land. Howsver,
there is minima) documentation on
the rationaie Involved with
instrumentation selection, place-
ment, purpose, and data reducilon
required. [t is therefore difficult
to fully evaluate the Instrumenta-
tion system installed on the SEA-
I.AND McLEAN with limited (con't)

® The data collection technlques were

heavily oriented toward obtaining
a statistical data sample and were
not necessarily compatible with
validation of amalyrical techniques
or obtaining Informatjon for
development of design methods.




€1

TABLE 4-1 (cout'd}
EVALUATION OF THE 3L -7 RESEARCH PROGRAM

Element: FULL SCALE INSTRUMENTATION

Repart Title
S3C No.
Raf, Mo.
Pub. Dete

Contribution of Lhe Study in Achieving the SL- 7 Resssrch Program Goals

Structural Design Metlhods Spacific 10 the
SL- 7 and Containarships in General

Measuremanti and Prediction of Ship

Load, Motion and Strass

Rational Hull Girder Load Criteria
Anaslysis and Develop A Including
Statisticsl Evalustion of Oats

Continuaticn of Reference (1)

5L-7 Instrumentation Program
Background and Research Plan
§5C-257

Reference (5)

1976

o A significant feature of the test
plan outlined in the report is that
it did not Include plans to develop
wmethods Eor contalnership design.

documentation of specific objectives
and requirements for data
acquisition and reduction., Thie
information,if svailable, would be
of great benefit for future full-
scale imnsttumentation programe of a
aimiliar nature. For example, the
information could aid in the
determination of strain-gauge
instrumentation placement without
going through the deliberations that
sust have taken place in deciding
the placement of strain gauges on
the SEA-LAND McLEAN. ’

® The report presents a research plan,

developed by a few individuals and
reviewed by the ProjeclL Advispry Com-
mittee of SSC, that is oriented
directly at the validation of analy-
trical prediction rechnlques. An over
all chart of the plan ia presented in
Figute 4-I. The overall plan for
validation was very good; but was
dependent on obtaining an accurate
picture nf the wave eavironment
actually encountered in order to
obtaln a validarlon of analytical
predlction techniques.

® A gignificant featureof thetest plan
ie that it did not Include plans to
develop or analyze the SL-7
contalnership load criteria or
evaluate the S5L-7 data
statiscically.
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Figure 4-1 SL-7 Data Comparison

14



ST

TABLE 4-1 {(cont'd
EVALUAYION OF THE SL -7 RESEARCH PROGRAM

Elament: FULL-SCALE [NSTRUMENTATION

Report Tille
38C No.
Ref. MNo.

Pub. Dote

Contribution of the Siudy ln Achleving the SL- 7 Research Program Goals

Structurel Dasign Mathods Specific to the
StL- 7 end Contalnerships In Genersl

Al

Measurement and Prediction of Ship
Load, Motlion and Siress

Aatlonal Hutl Girder Load Crllerle
Anal and Develop t inchuding

Statisiical Evalustion of Dals

Statfic Structural Calibration
of Ship Response Instrumenta-
tion System Aboard the
SEA-LAND McLEAN

$5C~26)
Reference (7)
1976

Bamlta Fyom Chi

Response lnstrumeatation Aboard
the SL~T7 Class Contafinership
5.5. SEA-LAND McLEAN in MBorth
Atlantic Service '
$5C-264

Reference (B8)

1916

® During the calibration experiment,

hatch deflections were moasured sa a
tesult of a known loading to infer a
relationship between hatch deflection
and measured stressen. Thie informa-
tion was useful in inferring a hatch
displacement [rom seaway-induced
stresses. Figure 4-2 from that

feport presents the results of
inferring deflections from stresses.
This informsticn was to ald in the
design of hatch covers which are
senaitive te toralonal-induced
stresses.

Tesenied in this
report; in fact, only & mintmal
amount of data have been reduced to
date. This {8 substantiated by

Table B-1 presented in Appendix (B).

»
;
H
i
o

Additional data reduction is required

before the data wvould he in = form

ugeful to & designer or researcher.

¢ The data obtained from the calibra-
tion experiment was used to aid in
the validstion of the ABS finite-
¢lement program DALISY. The dia-
cusslon of that report (Reference
24) presents an evaluation of the
calibration experiment resuilrs.

"
1]
-
»
i)

-

"

ol

o

"
-
1
»
M
n
3
M
-
i
-

presentation report. The data
presented in the report do not
contribute to validation fforts.

Coma of the Adsrs mvasanead
zome of the data preaen e

in the report are otiented

toward statistical evalysation of
data (see Figure B-% of this report}.
However, the data that are presented
against Beufort Number are incon-
venient for validation use.

»




Cumulative
Condition Direction Measurement Change
4 1-1 96" 4 3/4" 0
4 2-2 96' 4 9/16" 0
4 3-3 50' 5" 0
4 4=4 50' 4 1/4" 0
3 1-1 9"' 4 5/8" -1/8
5 2-2 96' 4 5/8" + 1/16
5- 3-3 50' 4 3/4" - 1/4
5 b=4 -%, —-%
6 1-1 9" 4 3/8" - 3/8
6 2-2 96' 4 15/16" + 3/8
6 3-3 50" 4 11/16" - 5/16
6 44 -% -%
HATCH 7
2 4 3 1
Port Stbd
1 3 4 2

*
Reading not taken due to safety considerations.

Figure 4-2 Hatch Deflection Measurements from the Calibration Experiment
Performed on the SL-7 SEA-LAND McLEAN

16

'n!



L1

TABLE &-1 fcont'd
EVALUATION OF THE SL-T RESEARCH PROGRAM

Element: FULL- SCALE INSTRUMENTATION

Report Titls
S5C No.
Rel. No.
Pub. Dete

Conlribution of the Siudy In Achleving the SL - 7 Resasrch Program Goals

Structura) Design Methods Spacific to the
SL- 7 and Containershins in Generai

Messurament and Prediction of Ship
Losd, Motlon and Siress

Ratlonsl Hull Girder Load Critarin
Anslysis and Development Including
Sististical Evalustion of Dala

Second Season Remults from

Ship Response Instrumentstion
Aboard the SL-7 Cless Con-
tafoecship 5.5. SEA-LARND BcLEARN
in Horth Atlantic Service
SL-7-9

Reference (9)

1976

Third Season Results from

Ship Responae Instrumentation
Aboard the SL-? Class Con-
tainership 5.5. SEA-LAND McLEAN
Ia North Arlantic Service
SL-2-10

Reference (10)

1976

A Repert on Shipboard Wave-
height Radar System
§h-2-1)

Reference (13)

1978

s Comments pregented for Reference (0)

apply.

e Comments presented for Reference (B)

apply.

e Stress datawere recorded ar the forward

hatceh cutout where fatigue cracks were
observed. These date are available and
couid be used for fatigue anaiysis and
development of methods to avoid hatch
corner fatigue damage. However,

the datahave not been reduced or
apalyzed to dace.

e Cooments presented for Reference (8)
apply.

e Commenta presented for Referance (8)
apply.

# Thie report documents the radar wave
neter obtained from NRL and
used on the McLEAN. The report
presents a brief discussion on the
required data analysis needed to
obtain a true wave height from a
moving ship. However, the specific
limictations of the syatem were not
foreseen at the system design level,

s Comments presented for Reference
{8) apply.

® Data were recarded while the
MCLEAN was seftling on the
blocks during drydocking. However,
this information has not been
analyzed,

¢ Comments presented for Reference
(B) appty.
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TABLE 4-1 {cont'd)

EVALUATION OF THE 5L -7 RESEAACH PROGRAM

Element; FULL-SCALE INSTRUMENTATION

Raport Title
SSC No.
Ref. No.
Pub. Data

Contributlon of the Siudy In Achisving Ihe SL - 7 Research Program Goasls

Structural Design Methods Spaecific to the
SL-7and Contalnerships In General

Measurament and Pradicilon of Ship
Load, Motion and Siress

Ratlonat Hull Girder Load Criteria
Analysis and Development Including
Statistical Evaluation of Dals

Orlginal Radar and Standard
Tucker Wavemeter SL-7 Container-
ship Data Reduction and
Correlation Sample

S§C-277 Reference (14) 1978

Wavemeter Data Reduction Method
and Tnitial Data for the SL-7
Contatnership

S8C-278 Reference (15) 1978

Radar and Tucker Wavemeter Data
from S.5. SEA~LAND McLRAN:

Voyage 32 -

SL-7-16 Reference (16) 1978
Voyage 33 ~ !

SL-7-17 Reference (17) 1978
Yovage 34 -

SL-7-18 Reference (18) 1978
Voyages 35 and 3J6E -
SL~7-19 Reference (19) 1978

Modified Radar and Standard
Tucker Waveseter SL-7 Container-
ship Data

SL-7-20 Reference (20) 1978

Radar and Tucker Wavemeter Data
from S.S. SEA-LAND MCLEAN:
Voyage 60 -
SL-7~21 Reference (21) 1978
VYoyage 61 -
51.-7-27 Reference (21) 1978

References (l4) through (22) present
data reduction procedures and the
subsequent data reductions. The
discussion of the results appears in
Reference (23} which 1s discussed
next.
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TABLE 4-1 {cont’d)

EVALUATION OF THE SL -7 RESEARCH PROGRAM

Element: FULL-SCALE INSTRUMENTATION
'

Report Title
$3C No.
Raf. No.
Pub, Daie

Contribution of the Study In Achlaving ihe SL- 7 Ressarch Program Gosis

Structural Dasign Methode Specitic to the
81~ 7 and Contatnershipa in General

Manaurament and Prediction of Ship
Load, Motlon and Stress

Ratlonat Hull Girdar Load Criteria
Analysis and Devefopment including
Statiatical Evalusilon of Data

Results and Evaluation cof the
SL~-? Containershlp Radar and
Tucker Wavemeter Data
§5C-280

Reference (23}

1978

# Thia report contains » detailed dea-

cription and evaluation of the wave-
meter systems used on the SEA-LANT
McLEAN. The author, (Dalzell},
appropriately concluded:

"The evidence strongly suggests
that nelther cf the wave measuring
syatems {Tucker and Radar)} can be
regarded as a standard by which
the performance of the cther may
be judged.”

This 18 fllustrated by typical com-
pariscns af wavemeter oystems shown in
Figures 4-3 and 4-4, The conclusiens
and recommendations of Reference {(23)
present a discusgion of how the
gystems may be improved. The
concluslons and recommendatfon are
presented in the summary of
Reference 23 in Appendix (A).

& It 1s unfprtunate that the wave data
recorded on the SEA-LAND Mcl.EAN HEYEJ

determined unreliahle Theae datausr

to be an inregral part of the total
research program (outlined in S5SC-257
5L-7-5) and were A necessary part of
the validation of analytical pre-
dictions and model tests. Recall

one of the objectives of the SL-7
program presented in Section 3.1 was,
specifically, to perform such vallida-
tiona.
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TABLE 4-1 (cont'd)

EVALUATIONK OF THE SL -7 RESEARCH PROGRAM

Element: FULL- SCALE IKSTRUMENTATION

Report Tiile
S$SC No.
Aei, Mo.
Pub. Dats

Conirllwllon of the Study In Achleving the SL- 7 Ressarch Program Goals

Structural Daslgn Methods Specliic io lhe
SL- 7 and Containerships In Genersl

Measurament and Prediction of Ship
Load, Motion and Stress

Rational Hull Girder Load Crilaris
Analysis and Developmant including
Statistical Evaluation of Dats

Results of the First Flve
‘Data Yeare' of Extreme Stress
Scratch Gauge Data Collected
Aboard Sea-Land's 5L-7s
S5C-286

Reference (23)

1979

Evaluation of SL-7 Scratch
Gauge Data

Reference (31}

September 1980

The authors of Reference (31) point
out very appropriately that the
scratches ptoduced by the mechanical
devices every 4 hours represent the
aum total of the structural response
of many types of loads. This is
{tlustrated in Flgures &4-6 and &4-7.
One scratch iine can tepresent the
response from the following types
uf loads: {con't)

8 This report presentu data analysls

of the scratch gauges for each

of the B ahips in 8 histo
gram torm (see Fig.4-5)}. This
data presentation format is not
readily compatible with the
statistical evaluation techniques
which require some type of weather
clasaificatlon. Of specific note
ia the fact that project records of
the weather conditions encountered
were kept for only the first three
geasons of operation for the SEA-
LAND McLEAN; however, the gctatch
gauges were operating on all 8
shipa of the class for a total of
7 years each. There are weather
observat Lons contalined in the
ships' log booka for the nther
cases, but as of this time that
Information has not been released.

s The ronclusions by Oliver (Ref. 31)

indicate that the scratch gauge
data may be used in conjunction
with load-combination techniques
to obtaln probabilistic diseri-
butions of combined leads over
the 4-hout recording period.
Extrapolation of these scratches
for a 11fetime experience (con't}




TABLE 4-1 (cont'd '

EVALUATION OF THE SL -7 RESEARCH PROGRAM

FULL-SCALE INSTRUMENTATION

Report Title
S8C Mo.
Ref. No.
Fub. Date

Contribution of the Study Ih Achieving the SL -7 Ressarch Program Gosls

Structural Design Methods Speclfic to the
SL-7and Contsinerships In General

Masasuremant and Predicllon of Ship
Losd, Motion and Stress

Aatlonat Hull Girder Load Criteria
Analysis and Developmenl Including
Statisticel Evaluation of Data

Continuatien of Reference (11)

5.

Still-water bending due to weight
and buoyancy. -

Bending due to the ship's own
wave train.

Wave-induced bending.

Dynamic loads, inciuding sla=mming.
whipping and springing.

Thermal effeccs.

s Since the scratches do net represent
the wave-induced bending mosment alone,
they are not appropriate for use as an
alternative to more complex com-—
tinuous aasessment sensors 1f the
obiective 1s to calibrate analytically
or statistically predicted atructural
responses from wave-induced loads
only.

of scratches forms a complete
picture of the ship tesponse
from all loads.




€2

3001
2501 RESOURCE-STBD
DATA YEAR 3
ATLANTIC _
2950 SCRATCH GAUGE BS734006
[ ]
[¥¥]
2150
wi
(¢4
5
5o e
o [’5 ——=698 PSI 327
Z 50] | ] Y OCCURRENCES
[ n‘ﬂiﬁ 3 " .
0"llllil'lll"liil"‘"[ﬁl“ill'l'I]'l‘l'I.Ill'l
0

20 25 30 35 40
MAXIMUM PEAK TO TROUGH STRESS —KP5I

32X
2500 SUMMARY
DATA YEAR 3
PACIFIC
2000
418
500 [Luoe
(V)
1)
& 632
%looo 563
mn
3 33— |-1000PSI 6046
dsoo 226 OCCURRENCES
= 18 0t
|33le 4 5 2
0 Hi- H-} ] '
0 5 10 15 20 30 3 40

MAXIMUM PEAK TO TROUGH STRESS—KPSI

g 8

NO. OCCURRENCES
134
3

o

250

1500 |

NO. GCCURRENCES
e
g 3

SUMMARY
DATA YEAR 3
ATLANTIC

—1 |—-looo PSI 1156
OCCURRENCES
5lﬂ'ol2‘ T “S Z‘ :l

10 1 §) 20 25 0 35 40
MAXIMUM PEAK TO TROUGH STRESS— KPSI

SUMMARY—TOTAL
DATA YEAR 3

494
284 —1 I-—mo PS! 7202
2 OCCURRENCES
128
AT 24
bl /i1 ]als !

5 15 25
MAXIMUM PEAK TO TROUGH STRESS KPSI
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Paper Tape Recorl of Scratch Marks

t; Apparent
e .
Y N single ex-
Y, A treme sag
\ .
excursion -
flare or
\ bottom impact

S
-
r

\ / Range of most
\ / B wave-induced
/ strains and
~ s mean loading
~ — variations

The trace of the scratch
gauge recording pen is
often visible as the
paper advances every four
hours. The trace does
not necessarily arrive
and leave at the same
point on the scratch.

Evidence of
extreme hog
excursions

Character of the
scratch marks in
severe conditions

Tigure 4-6 Miscellaneous Details of Scratch Records
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TIME HISTORY OF STRESS

SCRATCH GAUGE

Maximum Positive Peak: RECORD
Transient Stress From

Flare Shock & Wave-

Induced Load

Equivalent —>
Mean Stress Change: Scratch Mark
Thermal Loading

Mean Stress Change:
Ballast Shift
Mean Stress Change:
Ship Changing Speed
and Generated-Wave-
Maximum Negative Peak: System Loading
Green Water Impact

Figure 4-7 Illustration of Scratch Mark Equivalent to
Complex Time History of Stress.



TABLE 4-1 {ccnt'd)

EVALUATION OF THE SL -7 RESEARCH PROGRAM

Element

MODEL TESTING TECHNIQUES

Repart Title
$SC No.
Ael. Mo.
Pub. Dale

Contribution of the Study in Achlaving the SL- 7 Rasearch Program Goals

Structural Design Malhode Specific to the
SL- 7 and Contuinerships In General

Measuremen! and Predicilon of Ship
Load, Motlon and Stress

fiationai Hull Girder Load Criteria
Analysis and Development including
Statistical Eveluation ol Data

Wave Loads in a Model of the
SL-7 Containership Running at
Oblique Headings in Regular
Waves

55C-239

Reference {2)

1974

Verification of the Rigid Vinyl
Hodeling Techniques

$8C-259

Reference (6)

1976

The results of the (small) 1/140cth
gcale mudel tests of the S5L-7 con-—
tainership were used primarily to aid
in the validation cof the SCORES
computer program. Further discussion
of the model test results is pre-
gented in the evaluations of
Referencea (4) and (12).

The model was small and self-
controlled. Some problems were en-
countered with the directional control
of the model; however, it was felt
by the investigators that the dif-
ficulties were of gecondary concern.

The measured heave of the mode] was
gugpect when reasules were analyzed
due to a possible error in the
caribraction of the heave post,
possibly producing a heave response
in error by & factor of two.

The researchers thatr investigated the
vinyl structural medeilng technique
concluded that the rigid vinyl model
reduced construction efforts and it
also enabled a slightly more complete
representation of complex structural
shapes and detalls as shown in Figure
4-8 as compared to the gteel model
{con't)
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e Gages visible in this view
O Gages hidden in this view
—» Rigid Vinyl Model Stress
O Steel Model Stress

o

gtress Scale 1" = 4 KS1

- Comparison of SL=7 gtresses at Frame 178

Figure 4-8 L :
during Positive Torsion
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TABLE 4-1 {cont'd)
EVALUATION OF THE SL-7 RESEARCH PROGRAM

Element : ANALYTICAL PREDICTINNS

ve

Report Tiils Contribution of the Study In Achleving ihe SL-T R h Program Goals

S8C No.

Aet. No. P Desion Melhods Snecliic to th MLl el o s

Pub. Date 5 Dasigh Meihods Speciiic io ihe WMeasuremeni and Frediction of Ship

) SL-7and Contalnerships In Genaral Load, Motion and Stress and Developmaent Including
Statistical Evaiustion ol Data

Theoretical Estimates of o The comparisons of model teat data
Wave Loads on The §L-7 {Reference 2) and SCORES computer
Containership in Regular and program results were not as good aam
Irregular Seas " had been hoped. Examples of com-
S5C-246 pariaons for head, quartering and
Reference (4) following seas appear in Figurea 4-13
1974 through 4-16. The lack of agresment

between theory and experimsnt was
attribured to the following Eactora:

1. Influence of higher forward speed
of the containership (Froude
number effect).

2. In fullowing seas, the theory is
- i

conaidered to he -

¥y i

ive

conaidered to he
due to the low encounter
frequencies.

3. Lateral] plane wave loads are
highly dependent upon adequate
tepresentation of ship roll
reaponse with non-liinesr roll
damping, which is not represented
in a linear/ship wotions program.

e The limitation in SCORES theory led
to the extensfon of the theory as
described in Reference {12).
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Figure 4-13 Midship Vertical Wave Bending Moments and Wave
Phase Lag, 180° Heading
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TABLE 4-1 (cont'd)
EVALUATION OF THE SL -7 RESEARCH PROGRAM

Elament: ANALYTICAL TECHNIQUES

Reporl Tille
SSC No.
Ret. No.
Pub. Date

Contribution of tha Study In Achi®ving the SL -7 Ressarch Program Goals

Structural Design Methods Specific to the Measuremeni and Predicilon of Ship Ratlons) Huil Girder Load Criteris

SL- ¥ and Contalngrships In General Load, Motion and Stress Anslysis and Developmant Including
Statistical Evalustion of Data

& Correlation Srudy of SL-7
Containership Loads and
Metions - Model Tests and
Computer Simularion

85C-271

Reference (12)

1917

s This project extended the basic theory
presented in Reference {4} in several
areas which include:

1. Incorporation of cloae-fit
techniques for development of
hydrodynamic coefficients ingtead
of the Lewis—form method
originally employed.

2. Incorporation of speed-dependent
terms in the equations of motion.

3. Iofluence of rudder deflection in
ship structural response.

4. Incorporation of the effects of
surge in the equations of motion.

5. Investigation into the effectes of
non-linear role in ship regponse.

Examples of the influeénce of each of
these extensions to the SCORES theory
are presented in the report. Several
of the figures are represented here
and indicate an improvement in predic-
tions for widship vertical bending and
midship torsional bending., (See
Flgures 4-17 through 4-20.)

® The effects of model tearing proce-
dures on model regponse were indicated
and would benefit future compariscns
between model tests and theoretical
predictions. As a result, (con't)
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Figure 4-17 Midship Vertical Wave Bending Moments and

Phase Lag, 180° Heading
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Figure 4-18 Midship Vertical Wave Bending Moments and
Phase Lag, 0° Heading

42



XP&R IMENT -
15 KT, HEAVY DISPLACEMENT

30 KT, HEAVY OISPLACEMENT
RTICAL MOMEWT AMPLITUDE o €
- WAVE AMPLITUDE A 25 KT, LIGHMT DISFLACEMENT
A3 KT, LIGHT DISPLACEMENT
0000 f—
FT.-tONS 25 KT, LIGHT IHEOQRY:
LLIN 1% KT REAVY
0000 [
LT ) .
-] 30 KT. MEAVY
20000 |—
X
1es00 | —
1 I ] | | | | | J
.2 . . . 1.0 1.2 1.4 ) 1.8 7.9
i WAVE LENGTH/SMIP LENGTH
01—
PHA A
DEG.
10—
190} 23 kT, HEAVY
99— S
] | | } i ] i 1 1
.3 " 3 ) 1.0 1.1 1,% 1.6 1.8 .0

WAVE LENGTH/SHIP LENGTNM

Figure 4-19 Midship Vertical Wave Bending Moments
and Phase Lag, 30° Heading

43



TORS JONAL MOMENT AMPL | TupE

WAVEL AMPL ] TUDE

ADER, H
) 25 R, HMEAYY

O 30 k7. nEAVY

A 25 KT,
K50 k1. LigHT

LIGHT

DISPLACEMENT
CISPLACENENT
DISPLACEWENT
DISPLACEMENT

3000 bt
g YHSORY: ——e e ———

4000 p—

FT.-TONS

FT.

500004

a4

o - 5% KT. LIGHT
72000 }— S50 KT, LT1GHTY

25 XT. HEAVY
50 KT, HEAVY
1000—
.2 h .b .8 1.0 1.4 L . 1.8 T.0
WAVE LENGTH/SHIF LENGTH
2% KT. MEAVY
o fa
Q
—a—= 2% KT. LIGHT
180 p—
90 o
| | | | ! |
.2 3 . 3 1.0 1.7 ) & TE 1T

WAVE LEMCTH/SMIA | ENGTH

Figure 4-20 Midship Torsional Wave Bending Moments and

Phase Lag, 240° Heading

44



Gy

TABLE 4-1 (cont'd)
EVALUATION OF THE 5. -7 RESEARCH PROGRAM

Elemeni: ANALYTICAL PREDICTIONS

Report Title
SSC Ne.
Raf. No.
Pub. Date

Contiribution of the Study In Achls¥ing the SL -7 Ressarch Program Goals

Structural Design Methods Specific lo the
SL- Tand Contalnerships in General

Measurement and Pradiction of Ship

Losd, Motion and Stress

Ratlona) Hult Girder Load Criteris
Analysis and Developmen! Including
Statistical Evatuation of Dats

Structural Analysis of a
Containership Steel Model and
Comparison with the Test
Resulte

Reference (130}

November 1976

Standard beam-theory calculations were
included in the analysis for pure
bendfng vertical and agree well am
would be expected. The vertical
bending comparisona are shown in
Figure 4-21.

No beam-theory calculations were
included for the torsional loading
cases. The results would have
shown that most formulas are un-
raliable with non-priswmatic beams.

The authors of Reference (30) indicated
that the finite-element analysais

would cost approximately half as wuch
as the steel structural model experi-
ment. The ilmplicacions of the
wmagnitude of cost for berh cypes of
analysis indicate that simple methods
to predict the primary toraiconal res-
ponse of open-decked ships are required

The recommendations presented fn
Reference (30} contain valuable design
suggestions that were obtained from
the finite-element analysis. The '
recommendations are reproduced in the
summary of Reference (30) in Appendix
(A).

8 The comparisons of results between

structural modela {steel and vinyl}
and finite-element medels represented
a step in the development, validation
and refinement of the Finite-element
technique.

# The finite-element wodel compared

quite well with the steel and vinyl
models as can be seen in Flgures 4-21
and 4-22, However, the models were
loaded by discrete loading bars and
did not repreaent the diatributed
loadings experimented by the ships ex-
perienced In the real environment. The
magnitude of stresses presented in
Figures 4-21 and 4-27 are telative

to the loading and structural models.
Thia is also compounded by the fact
that the model scantlinge were also
much larger than the scale ratie
would indicate.

¢ The development of the finite-element
model 1s not described in detail.
Huwever, most structural analysts are
interested in the actual wodeling of
the ship's structure.
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Figure 4-21 Comparisons of Structural Model Tests and Finite-

Element Calculations for the SL-7 Containership,
Loading Case 1.
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TABLE 4-1 {cont'd)
EVALUATION OF THE SL-7 RESEARCH PROGRAM

Elsment : ANALYTICAL PREDICTIONS

Report Title
S5C No.
Asf. No.
Pub. Date

Contribution of the Study In Achieving the SL- 7 Ressarch Program Goala

Structuraf Deslgn Methods Spaciilc to the
SL-7 and Conlainerships In Generat

Measurament and Pradiction ol Ship
Load, Molion and Siress

Aational Hull Girder Load Crileria
Analysis snd Davelopmaent tnctuding
Statisticsl Evaluation of Dals

Comparison of Stresces
Calculated Using the DAISY
Syatem to Those Measured
on the SL-7 Containership
Program

55C-282

Reference {24)

1979

e The combination of ship loading

prediction techniguee with the finite-
element techniques represents a
significant tool for the structural
analyst but the effort involved In
this type of analyeils would be pra-
hibitive for routine application at
this point in tilme. However, the
technique could be employed to develop
a simplified design method that would
be useful to ship designers.

# The authors concluded that the com-
parisone between calculated and
meapured stresses for the dockside
calibration were {nconclusive
because of gignificant temperature
differencials during the teat and
low magnitudes of applied loads. They
also recommended that for future tesis
complete temperature data be recorded
and that appreciable mechanical
strains be generated in the structure.

® A modified version of the SCORES
program was used in conjunction with
8 special post procesgor ro generate
hydrodynamic data for the DALSY
finite-element program. Thim effort
represented the only significant
attempts to compare analytical
results te the full-scale data
meagured on the SEA-LAND McLEAN.

® The comparisons of measured stregs
and predicted stress arte
overshadowed by the rellabilicy of
full-scale wave data. Flgures 4-23
and 4-24 show tha: the wave data
required modificacion before it could
be uped as input for the load pre-~
diccion techniques. The corres—
ponding stress comparisuns are shown
in Figures 4-25 and 4-26. The (com't}
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TABLE 4-1 (conc'l)

EVALUATION OF THE SL~7 RESEARCH PROGRAM

Element ;. ANALVTICAL PREDICTIONS

Reaport Tllis
SSC No.
Raf. Mo,
Pub. Dals

Contribution of the Study In Achleving lhe SL.- 7 Resesich Program Goals

Structural Design Methods Speclfic {o the
SL- 7 and Containerahips In Ganeral

Measuremant and Prediction of Ship
Load, Motion and Stress

Ratlonat Hull Girder Load Criterla
Analysis and Davelopment including
Statistical Evaluation of Dals

Continuation of Reference (26)

A Time Domain Solution to the
Morions of a Steered Ship in
Waves .

Reference {28)

November 1972

Development of a Time Domain
Simulation for Ship Capsizing
in Following Seas

Reference (29}

October 1973

@« The authors conclude that the

numerical simulations of large
amplitude motions of & ship in
following snd quartering seas in
general reaemble the motlorg of
the sodel under similar sea
conditicns. Howevar, no direct
comparispong between model and
numerical simulations sre pre-
sented for evaluation.

e These references present the back-

ground apd development of theory for
the numerical simulations of ship
capsizing in following seaa. The
studies do not relate direcrly to the
SL-7 program as initially concelved
but do contribute to the development
of motion prediction techniques.

Some comparisons of theory and model
tests are presented in Reference (26)
but no comparisona have been made for
full-scale dara. The original purpose
for the development of a numerical
sinulatien znd comparisens with modei
tegts was to ald in the analystfs of
ship~atabilicy criteria. The imple-~
mentation and impact of the theory on
atabllity criteria for ships has not
been introduced to date.
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TABLE 4-1 (copt'd

EVALUATION OF THE SL-7 RESEARCH PROGRAM

Elemeni: LOAD CRITERIA

Report Title
SSC No.
flal, No

Pub, Dete

Coatrlbution of the Study In Achlaving the 5L~ 7 Resssrch Program Goals

Struclural Design Maethods Specific to the
SL~ 7 snd Contalnerships in Geners!

Messurement and Prediction of Ship
Load, Motion and Stress

Rationai Huii Girder Load Crii
Ansiysis and Development Includl
Sistiatical Evalustion of Dals

Fatigue Load Spectra
Development for Ship Hulis
Reference (32}

Seprember 1980

Examination of Service and
Stress Data of Three Ships
for Development of Hull
Girder Load Criteria
§8C-287

Reference {33}

1979

& A basic approach was outlined in this
reference for the development of a
fatigue load spectra using analytical
and statistical techniques. This
approach at pregent appears to be
quite cumbersome for general ship
structural design applications,

e [n the instrumentation procedure,the

atrain gaugea were Teael o zeio
prior to each departure with no
record kept of the offset. Thus
initial wean strese informstion was
lost. The lack of this information
proved to be a limitation in inter-
preting the atraire measured on the
McLEAN.

¢ Several recommendations were

presented to obrain the initila

1 me
stress a8 part of future full-gcale

instrumentation programs.

» Fatigue load spectra were

develooed uaing tha SEA-TAMD Mc1EAN

developed using the SEA-LAND McLEAM
data base and applying the

basic approaches deecrlbed in
S55C-240 (Reference 35). The

fatigue load spectra were developed
using probabilistic techniques with
additional work indicated to develop
ship structural combined response
wethods., A special technique

was presented for combina-

tion of the low-frequency
wave-induced sttresses and high-
frequency wave-induced stresses

for appiication to fatigue

mnalysis,

@ The study examined and evaluated

several statistical distributions
which degcribe the nature of hoth
low~frequency and high-frequency
wave-induced losds for three ¢Lf-
ferent types of ships. The
varfability of statiatical disrri-
bution was indicated for the types
of loads considered. This
variability implies that no sinzle
statistical distribution is
adequate ta describe the statistical
pature of ship structural loading.
{con't)
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TABLE 4-1 {cont'd

EVALUATION OF THE SL -7 RESEARCH PROGAAM

LOAD CRITERIA

Raport Titie
55C No.
Ral, No.
Pub. Dale

Conlribution of the Study in Achieving tha SL - 7 Ressarch Program Goals

Structural Design Methods Spacliic to the Measurement and Prediction of Ship

SL- 7 and Contsinerships in General

Load, Motion and Siress

Rational Hull Girder Load Crileris
Analysis and Developmant Including
Statistical Evalustion of Dats

Continvation of Reference (33)

Evaluation of Full-Scale
Wave Loadg
Reference (34)

® Several particular recommendatiocns
‘were presented in the reference for
the measurement of loads, motions
and stresses, and are applicable to
future research programs. The
recomnendations are preeented in the
summary of this reference in Appendix
(A).

¢ No life-time loads were
developed to evaluate the
existing load criteria for the
three types of ships considered,

® The reference presents data
indicating trends in ship bending
momente Inferred from measured
strain. The trends are presented
for varioua ship types (including
the SL-7), weather encountered,
trade routes, and relevant huil
parameters. This information
could be useful for the design
of similar ships; however, the
data presented as Root Mean
Square RMS data with no extra-
polations to life time loads or
design loads presented.




The three load criteria studies (32, 33, 34) conducted "after the fact"
represented beneficial applications of the McLEAN data base. Generally,
the data reduction and analysis of the McLEAN data did not appear to have
the vigor that is characterized by the data acquisition (see Table B-1).
The demand for the McLEAN data has been minimal to date. The lack of
demand should not reflect the usefulness of full-scale McLEAN data. The
data obtained from the McLEAN represents one of the most extensive full-
scale instrumentation projects conducted to date and should be utilized
as a source of data as determined applicable by a would-be researcher.
The $SC should be alert to this data base for future applicatioms. The
documentation of the McLEAN full-scale data base has been included in
several references. Appendix B provides a summary that describes the
McLEAN data base for future data users. Limited documentation per-
taining to the rationale and engineering involved with the instrumenta-
tion, selection, placement, data acquisition and reduction requirements
restricts full evaluation of the instrumentation system with regard to
the original cbjectives and goals for the program.

The research plan outlined by Siekierka in S8C-257 (5) did not include
plans to develop metheds for containership design. Many of the instru-
mentation locations on the McLEAN were intended to provide design in-
formation to Sea-Land directly. The documentation of the SL-7 research
program (1-34) indicates the problem areas pertaining to containership
design, in certain instances, and are included in the evaluation tables
(4-1). However, the resolution of the design problems and development of
design methods has not been documented in the copen literature. Elbatouti
(30} did present several valuable recommendations for the design of con-
tainerships obtained from the DAISY finite-element analysis, and these
are included in the summary of Reference 30 in Appendix A.

4.2,2 Model Testing Techniques

The hydrodynamic and static structural model tests that were conducted
as part of the SL-7 research program provided the major source of data
for the validation of analytical prediction techniques. The model
tests provided response data from a quantified loading source; thus,
response comparisons can be made on a standard basis. There are indica-
tions from the researchers who made the comparisons between model tests
and analytical predictions that there is room for improvement in the
model testing procedures for both the hydrodynamic and static structural
model tests. These improvements are indicated in the summary of analy-
tical techniques.

4,2,3 Analytical Prediction Techniques

Generally the development and validation of amalytical prediction tech-
niques has been one of the most beneficial products of the SL-7 research
program. Although the validation has been based primarily on comparison
with model testing data, both SCORES and DAISY represent structural analy-
sis tools that were not validated prior to the SL-7 research program.

The complete validation of SCORES and DAISY against full-scale SL-7 data
has been limited to date and over-shadowed by the reliability of the wave
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4,2.4

environment measurement from the McLEAN. The comparisons between analy-
tical predictions and McLEAN data represented the primary goal for the
McLEAN data according to S$8C-257 (5). The full realization of this goal
with regard to McLEAN data does not appear to be obtainable from existing
data, in view of the conclusions presented by Dalzell in Reference 23.

The procedures used by ABS to obtain input information to the DAISY
finite-element computer program from a modified version of the SCORES
ship motion and loads computer program represent a major first step in
combining the two procedures. The finite-element computer programs
should provide an excellent method for structural analysis from wave-
induced loadings; however, the versions of SCORES that are available to
the general public do not produce the information needed as input to the
finite-element programs. Although the combination of hydrodynamic and
finite-element computer programs are presently extremely involved, re-
finement and simplication of the techniques will eventually be extrem-
ely valuable tools to the ship structural analyst.

Load Criteria, Analysis and Development

ABS (24) determined that their hull girder load eriteria for the SL-7 was
adequate,based on their comparisons between the DAISY finite-element com-
puter program and full-scale data., However, the existence of fatigue
cracks at the forward hatch on the SL-7 indicates that the hull girder de-
sign had deficiencies from a ship operator's standpoint. The load cri-
teria studies (33, 34, 35) were not included in the original SL-7 research
plan, but were additional studies that used the McLEAN data base for appro-
priate applications. Generally the studies evaluated in Section 4.1 have
shown that the statistical techniques necessary to develop a complete pic-
ture of ship structural response throughout the ship's lifetime are quite
complex. The studies indicate that the number of variables involved in
quantifying the total ship structural response are numerous and difficult
to separate, for example, the response from various types of bending mom-
ents from ship loading, the ship's wave train, thermal effects, and the
various loads induced by wave encounters.

To date, the full-scale SL-7 data have been used to aid in the develop-
ment of a ratiomal load and design criteria. However, as these studies
indicate, considerable effort is still required to develop design cri-
teria or design methods using statistical techniques. Additional effort
is required to define statistically all the types of hull structural load-
ings (various wave-induced loads, mean stresses, thermal stresses, etc.)
for various ship types. The probabilistic techmniques have been success-
ful in evaluating existing load criteria but as a pure design method is
formidable in its total scope in the view of today's average structural
analyst.

The methods for the development of a rational hull girder load criterion
using a statistical combination of loads from all the various sources was
originally presented in SSC-240 (35). The method was reexamined in SSC-
287 (33); however, the evaluation was inconclusive and validation of the
statistical technique as a design method remains incomplete.
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4.3

OVERALL EVALUATION OF THE SL-7 RESEARCH PROGRAM

The goals and objectives of the SL-7 research program have met with vary-
ing o c

The load criteria applied in the design of the SL-7 primary hull struc-
ture has been found to be adequate by the American Bureau of Shipping.

The occurrence of fatigue cracks at the forward hatch corners has been
reported (10). (In fact, in the absence of a detailed damage survey it

is likely that such cracks may have occurred at other hatch corners.) The
presence of such cracks is known to have been a concern of the operators,
Sea-Land Service, Inc. The inference is that from an operations point of
view the criteria used for the design of the SL-7 structure requires re-
examination. 1In a negative sense, the fact that the SL-7 program has il-
lustrated this deficiency may be considered a success. The program has
provided valuable full-secale data, some of which has already been analyzed
by ABS for the development of structural detail design methodologies which
may be applied to the design of high-stress conce i a

those encountered on the SL-7 class ships (43).

The validation of hydrodynamic ship load and response prediction techni-
ques has also met with varied success. Three types of model tests have
been used to produce data for validation of analytical techniques. These
include hydrodynamic structural, static structural and open-water model
tests, The information produced by the model tests has been valuable in
validation of the SCORES (hydrodynamic load and response prediction),

DAISY (finite-element computer program), and USCG time domain (hydrodynamic
load and response prediction for capsizing in following seas) computer pro-
grams with additional testing indicated in all instances.

ABShas conducted comparisons of their DAISY finite-element program and

the full-scale data obtained from the McLEAN. This comparisons involved
the development of hull pressure information (from a version of the SCORES
program and special post-processor) and input into the finite-element pro-
gram. However, the wave environmental data obtained from the McLEAN which
was used as input for the analytical simulations has been found to be sus-
pect. Although the analytical techniques have been validated against the
model tests, comparisons against full-scale SL-7 data have not been exten-
sive or conclusive enough to consider the techniques validated as part of
the present SL-7 research program. The unreliability of the wave data

o ralyey 1T4dms 3
severely limits the further applic

validation of analytical technique

tion of full-scale McLEAN data for the

8.
There will be a continuing demand for full-scale data that will be used
for validation of analytical techniques. Several SSC projects have been
developed to obtain additional full-scale data for a wide range of appli-
cations. Many of these projects are in the planning stages and many of
the projects are still speculative. The projects that will require
additional full-scale data for validation efforts are second-generation
ship motion and response simulations. The USCG experience described in
this report indicates a general trend toward time domain simulations for
rare or extreme events by the community in general. SSC is currently

wn
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sponsoring the development of an advanced ship motion computer simulation
program (SSC Project SR-1277) which will include nonlinear effects. Sev~
eral efforts are also underway to develop specialized programs to predict
loads and responses of the ship to bottom slamming and deck wetness. At
some point in time these analytical techniques will require additional
full-scale data which will provide the criteria against which all tech-
niques for predicting structural response must be judged. Hopefully,
these programs will be able to use the SL-7 experience as a modeling base.
The future programs that will require full-scale data will ideally re-
quire some qualitative measure of the wave environment.

The STEWART J. CORT program (44) is currently investigating the effects
of springing in CGreat Lakes ore carriers and has benefited from the SL-7
program in considering the evaluation of the wave-meter systems. The
STEWART J. CORT research program is also following a specialized trend
that will probably be indicative of future research programs. It was
organized specifically to obtain Response Amplitude Operators (RAOs)

for springing response analysis. This trend will very likely continue
for validation of specialized analytical techniques for predicting slam-
ming loads and loads from green water on deck, etc. for the wide range
of future needs. Future programs will require planning efforts for
specialized needs relative to instrumentation types, data acquisition
techniques, and data reduction required. The SL-7 research program has
shown that the data-acquisition requirements for obtaining a statistical
sample of strain data are not necessarily compatible with the amount of
quality data actually needed for validation of analytical prediction
techniques, and that this potential conflict should , in the future, be
resolved at the planning level.

Several overall observations, apparent in reviewing the SL~7 research
program that pertain to instrumenting ships in general, are presented
here. The costs that the owners of the vessel must absorb for calibra-
tion periods, delays, etc., are such that the goals of any program may
be compromised. Accordingly:

1. Instrumentation should be installed and calibrated during con-
struction, dry-dock or lay up.

2, Proper planning of the calibration experiment and voyage data-
taking phases is essential.

A body such as S5C is a good coordination group; however, the prime con-
tractor project should not necessarily be an organization primarily in-
terested in instrumentation. Ideally,a naval architecture firm should

be employed to coordinate the interests of SSC, ABS, ship designers,
builders, researchers and owners. Initially, ABS coordinated much of

the SL-7 Research Program and,therefore,derived most of the benefits.

One central head or leader, that ideally is technically equipped and has
a vested interest in the final product, is needed to provide consistent
overall direction.
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5.0 RECOMMENDATIONS

The following recommendations are derived from the summary and conclusions
presented in the previous sections, and do not include the numerous other
recomeendations presented in the SL-7 reports.

1.

The research plan outlined inm $8C-257 by Siekierka (5) was not fully
implemented Further implementation is not recommended due to the
limitations (as determined by Dalzell in Reference 23) of wave en-

vironmental data from the McLEAN instrumentation project.

The deficiencies of the wave environmental data limit further use of
the McLEAN full-scale data for validation of analytical procedures
for predicting wave-induced loads. Therefore, no further validation
efforts in this area are recommended.

The SL-7 Research Program data base, including the full-scale McLEAN
data base described in Appendix B, represents one of the most exten-
sive data bases obtained to date. It is recommended that maintenance
of this data base by the SSC be countinued and that the 85C utilize
the data base as the specific needs and applications arise.

It is not recommended that a detailed research plan for further use
of the McLEAN data be developed; however, it is recommended that

the $SC advertize and direct ship researchers, designers and builders
to the SL-7 data base as the demand for full-scale data, model test
data and analytical simulation results arise. The SL-7 data base is
extremely useful but it should be left to the individual researcher
to decide on the applicability of the data base to their specific
needs. For example, the McLEAN data base may lend some insight into
the ranges of strain-rate studies concerned with structural strains
and those induced from drydocking, or fatigue cracking studies. It
would be the responsibility of the SSC to be alert to the existence
of the present McLEAN full-scale instrumentation data base and ad-
vertize its availability. All of the possible uses of the McLEAN data
are too numerous to list here. Several types of analyses of McLEAN
data are presented in Appendix B. Examples of further analysis of
McLEAN data include:

. The highest hull girder stresses ever measured on the ships
instrumented by TES occurred on the forward hatch of the McLEAN
(79,000 psi P-T). The circumstances surrounding their occur-
rence would be extremely interesting.

] The data recorded at the forward hatch cornmer above radial
cracks were observed and could possibly provide a data base for
future fatigue analysis programs. However, these data are stiil
in analog form, as recorded, and have not been analyzed in a use-

able form for fatigue analysis.

. The correlation of seaway stresses and hatch opening deflections
originated by Sea-Land has not been completed and published in

wn
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the open literature. This information was intended to aid
Sea-Land in the design of transverse box girders and hatch
cover seals {see discussion in Table 4-1).

. Development of long-term statistical distributions of wave-
induced stresses obtained from amidship vertical bending and
hatch corners. The long-term statistical distributions would
be developed on the same basis (i,e. Beaufort Number, etc.)
and may provide insight into the long-term effects of stress
concentrations on existing hull girder load criteria. This
could also be conducted for various headings to isolate tor-

sional effects.

Generally the documentation on the individual SL-7 research projects
has been exceptional in describing the work reported. However, a
detailed documentation of the planning effort involved in the full-
scale element of the SL-7 research program would be beneficial to
future research programs of a similar nature. References 1 and 5
contain a brief summary of the instrumentation purpose; however,

no published document contains a detailed description of the plan-
ning efforts involved with the full-scale instrumentation element

of the SL-7 research program. Information on the engineering effort
and rationale involved in instrumentation selection, imstrumentation
placement, data acquisition and the required data reduction is very
limited in published SSC documents. This information, 1f available
to the research community, would be of great benefit for future full-
scale instrumentation programs of a similar nature. For example, the
information could aid in the determination of strain-gauge instru-~
mentation placement without going through the deliberations that

must have taken place in deciding the placement of strain gauges on
the McLEAN. It is recommended that the SSC collect and publish in-
formation relating to the engineering effort and planning of the SL-7
program, if available. 1In fact, the lesson to be learned from this
program is that all future similar programs should be preceded by

a pubiished full-scale instrumentation test plan.

The results of the SL-7 research program indicate strongly that
additional development of wave measurement systems is needed. An
improved SL-7 wave-measurement system has recently been utilized

as part of the STEWART J. CORT (43) research program; however,
experience at this time has been limited to lower sea states. Fur-
ther development of wave-measurement systems may be required for
large seaways and at higher speed ranges before validation of
existing or new analytical techniques can be completed. It is re-
commended that development and verification of such wave-measurement
systems be continued actively in anticipation of future full-scale
tests.

It is recommended that McLEAN cargo, ballast and consumable loading
conditions that existed upon departure for the various voyages where
data were recorded be obtained from Sea-Land Services, Inc. and
incorporated as part of the McLEAN data base.
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3. It is recommended that future full-scale instrumentation programs
provide a means for recording the initial mean stress upon depar-
ture for each voyage. This information is necessary for future
load criteria analysis and development, in particular still-water

9. The only scratch-gauge data recorded on 8 ships of the SL-7 class
that have supplementary project logbook data are those corresponding
to the first three data seasons on the McLEAN. It is recommended
that an investigation be conducted as to the availability of ships’
logbook information to supplement the scratch-gauge data recorded
on other ships. This information would be obtained from Sea-Land
and maintained with the scratch-gauge data at Teledyne Engineering
Services in Waltham, Massachusetts.

10. It is recommended that a survey be conducted to provide insight in-
to the extent of damage sustained by the SL-7s during their service
as commercial containerships. The damage survey would include the
documentation of the eircumstances surrounding the voyages when
damage occurred.

EPILOGUE, THE SL-7 CONTAINERSHIP

At the present time (1981), the SL-7 containership is being phased out of
commercial service. The cost of oil has risen from $2 a barrel to 835 a
barrel since the time these ships were designed, and this high-speed capa-
bility is no longer economical. The trends toward high speed in commercial
cargo ships which developed in the late 60s and 70s are beginning to phase
out. The United States Navy is considering purchase of the SL-7 con-
tainerships for military logistic support applications, although when the
class was designed, such an application was not considered in the struc-
tural design. Often ships will shift to other services, carry different
cargo, or travel different routes than were initially considered when
they were designed, and such may be the case for the SL-7 class. Under
these conditions, the load criteria used in the original design of the
SL-7 containerships may no longer be applicable,

Although the demand for high-speed containerships has diminished in
recent years, the majority of the conclusions and recommendations of this
program are applicable to open-decked ships as well as other ship types.
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APPENDIX A

SUMMARIES OF REFERENCES 1-34

TITLE/SSC REPORT NO. (Ref. 1)

Design and Installation of a Ship Response Instrumentation System Aboard
the SL-7 Class Containership 5.S. SEA-LAND McLEAN, S§SC 238 (SL-7-1).

DESCRIPTION

This report describes the transducers, cabling, signal-conditioning, and
recording elements of the instrumentation system installed aboard the

SL-7 containership S.5. SEA-LAND McLEAN. It includes a detailed summary

of the strain-gauge bridge circuits, locations of all transducers, and a
description of the various operating modes and options available for
recording data from more than 100 strain gauges, accelerometers and motion
sensors. This document contains a detailed description of the instrumenta-
tion package installed on the S5.5. SEA-LAND McLEAN. Tables II and III of
Reference (1) provide a brief summary of the rationale involved in the
instrumentation selection and purpose.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATTIONS

None presented in this report.



TITLE/SSC REPORT NO, (Ref. 2)
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DESCRIPTION

This report describes the 1/140-scale segmented model tests of the SL-7
containership where the measurements included vertical, lateral and tor-
sional wave bending moments, and vertical and lateral shear forces at two
model sections. The model had balances between segments that were instru-
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moments from strain measurements. The model response and motions were
measured along with the waves or loading function. A set of 4-bladed pro-
pellers driven by an electric motor and rudder activated automatically
were also included in the model design.

The two model loading conditions, estimated while the ships were under
construction as being typical ship loadings, consisted of one full load
and one ballast configuration.

The testing program contained four parts:

(1) Smooth-water runs to measure moments and shears induced by the ships
wave train.

(2) Smooth-water tests to determine the effects of the ship's roll res-
ponse at zero speed and one forward speed.

~~
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L

Smooth-water rung to generate an approximate response to rudder

motions.

(4) Regular wave runs at seven headings, two ship speeds, and variocus wave
frequencies and heights.

The model was self-propelled through a ship speed range of 24 to 32 knots
at seven headings in regular waves with lengths between .25 and 2.0 times
the ship's length between perpendiculars, The results are presented in
charts of leoad or motion amplitude with ship heading speed and loading con-
ditions as parameters.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The primary objective of this investigation was to obtain three com-

ponents of wave bending moment and two components of wave shear force at

two sections of a high-speed containership. This was accomplished for the
significant ship-wave headings. 1In addition, coordinated data were obtained
of the model motions.

In advance of results of correlations of the present data with theory, no
positive recommendations were made as to the necessity of further testing.
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TITLE/SSC REPORT NO. (Ref. 3)

Structural Analysis of SL-7 Containership Under Combined Loading of Vertical,
Lateral and-Torsional Moments Using Finite-Element Techniques, S$5C~243
(SL-7-3)

DESCRIPTION

This document describes the amnalysis of the SL-7 container vessel hull struc-
ture using the DAISY finite-element computer program. The ship, loaded with
containers and placed in oblique quasi-static regular waves, is subject to
combined vertical, lateral and torsional loads. Stress distributions parti-
cularly in the deck region are presented and investigated from the analysis
using the reduced-element substructure feature in the program. Fine-mesh
analyses are also presented at different locations of the ship. The computed
stresses are discussed in commection with the placement of strain-gauge
instrumentation on the SEA-LAND McLEAN.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The author presented several conclusions pertaining to the structural response
of an open-decked containership. These observations include:

(1) A relationship between hatch distortion and the transverse box stress
distribution in this area suggested the linearity of the stress pattern.

(2) The Navier Beam Hypothesis as applied to the open-deck box girder
appeared to be adequate in predicting the primary response of the con-
tainership under pure vertical bending moments.

The interpretations of the stress results at the proposed locations of some
strain gauges on the SEA-LAND McLEAN are made. Early output of the finite-
element results had helped in the determination of the final location of
some gauges.



TITLE/SSC REPORT NO. (Ref, 4)

Theoretical Estimates of Wave loads on the SL-7 Containership in Regular
and Irregular Seas, S5C-246 (SL-7-4)

DESCRIPTION

This report describes the application of the SCORES computer program for
predicting ship structural response of the SL-7 containership in waves.
Comparison is made between the computer and model tests of the SL-7
(reported in SSC 239 SL-7-2) in regular waves in predicting vertical,
lateral and torsional moments, and vertical and lateral shears at two sec-—
tions and heave, pitch and roll. Regions where the theory and model ex-
periment do not agree have been pointed out and some means of correction or
extension of the theory is discussed.

Additional computations were conducted for the SL-7 containership at num-
bers typical to operating conditions. These results are presented in the
form of both frequency responses for regular waves as well as rms for
irregular seas.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

According to the author, the theory provided an adequate representation of
ship response within the limitations of the strip theory. The lack of
agreement between theory and experiment was evident for:

(1) The influence that higher forward speed presented (Froude number effect)

(2) Following seas, where theory is considered to be tentative due to low
encounter frequencies.

(3) Lateral plane wave loads that are highly dependent upon adequate re-
presentation of ship roll response with nonlinear roll damping which
is not represented in a linear/ship motions program.

It was also concluded that the strip theory represented the state of the art
in ship motions and loads computations and was consistent with all other
available ship motion analyses applicable to wave responses.



TITLE/SSC REPORT NO. (Ref. 5)

SL-7 Instrumentation Program Background and Research Plan, §SC-257 (SL-7-5)

DESCRIPTION

This report presents an overview of the SL-7 research program up to 1976,
It presents the experimental background upon which the program was based,
the major features and expected outputs of the program, and some pre-
iiminary conclusions drawn from the research results obtained from the
SL-7 research program up to the time the report was written. A research
plan is also outlined for the possible data correlations and their con-
sequences.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The author recommended a research plan based on the projects that had
already been conducted as part of the initial research plan (projects
presented in SL-7 documents 1 through 4), and additional follow on studies
to be conducted as part of the SL-7 Research Program.



TITLE/SSC REPORT NO. (Ref. 6)

Verification of the Rigid Vinyl Modeling Technique: The 8L-7 Structure,
55C-259 (SL-7-6)

DESCRIPTION
This report describes the applications of the rigid vinyl structural
modeling technique to the hull structure of the SL-7 containership, and

a comparison of the model with its steel counterpart (described in
SL-7-11) under equivalent load conditions.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The authors concluded that the use of rigid vinyl as the modeling material
reduced construction efforts, improved the representation of complex
structural shapes and details and offered reduction of experimental
efforts due to ease of handling and convenient load magnitudes. Analysis
of torsional stresses on both the steel and vinyl models revealed that
areas of high-stress concentration can be misrepresented by strain gauge
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Based on the results obtained from the structural model tests, it was
concluded that essentially the same information was retrieved from the
experimental programs of the steel model and the rigid vinyl model.
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TITLE/SSC REPORT NO. (Ref. 7)

Static Structural Calibration of Ship Response Instrumentation System

Aboard the SEA-LAND McLEAN, S$8C-263 (SL-7-7)

DESCRIPTION

This document reports the results of the dock side calibration of the
strain-gauge portion of the ship response instrumentation installed on
the SEA-LAND McLEAN SL-7. The experiment was intended to facilitate
comparisons of measured stresses with calculated values resulting from
known changes in loading, and thus verify the instrumentation system per-
formance. The details of the experiment are presented in 85C-263 (7)
for the loading conditions described below:

(1) Dockside initial loading condition, with full load of containers
in the hold and on deck, except beneath hatches 3, 10 and 14,

(2) {(Due to schedule constraints Condition No. Z was deleted from the
calibration experiment.)

{3) Deck containers on Hatches 1 through 4 and 12 through 15.
(4) Remaining deck containers on Hatches 5 through 11 removed.

(5) Approximately one-half of containers removed from starboard side of
Hatches 1 through 7 from the port side of Hatches 8 through 15,
generating a torsional moment. Hatch covers placed asymmetrically
to contribute to the torsional moment.

(6) Completion of unloading described in Cendition 5. This represents
the maximum torsional load.

(7) Nominally empty ship except for ome propeller, 47 long tons loaded
into Hatch 3 and one propeller in Hatch 4, all hatch covers on.

Calculations of vertical bending moment and torsional moment for each con-
dition were provided by the ABS and the related stress changes have been
compared with the measured values. In addition to the calibration of strain
gauges, the diagonal displacement of a selected hatch opening was measured
in an attempt to calibrate the hatch deflection with measured strain.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The following general conclusions were drawn by the authors based on the
data gathered during the calibration experiment.

{1} Measured changes in midship vertical longitudinal bending stress were
consistently 80 percent of the calculated changes. Because of pos-
sible differences between the as-constructed and the theoretical
(minimum scantling) section modulus upon which the calculations were
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(2)

(3)

(4)

based, this correlation is reasonable and indicates further

~ that the load/response characteristic is linear and that data

acquisition and reduction techniques do not contain any sig-
nificant systematic errors.

Data are presented relating response to applied loads, making
possible the development of proportionality constant.

Stress levels achieved during the calibration were in most cases
small relative to maximum measured seaway stress variations, and
thermal conditions were not constant over the duration of the
experiment. Therefore, extrapolations of leoads by propertionality
should be undertaken with caution.

The maximum observed stress change for the calibrations loadings
(10,200 psi, sensor SYA, during the torsion loading, condition 4

to condition 6) cccurred at the starboard aft corner of Hatch No. 9,
just forward of the aft house. Other hatch corners at stations
where hatch width changes are encountered exhibited high shear
stresses near the stress relief cutouts. The hatch corners, there-
fore, are probably the most highly stressed parts of the structure.



TITLE/SSC REPORT NO. (Ref. 8)

First Season Results From Ship Response Instrumentation Aboard the SL-7
Class Containership S.S. SEA-LAND McLEAN in North Atlantic Service,
58C-264 (SL-7-8)

DESCRIPTION

This report containsg selected examples of data, with evaluation and dis-
cussions, collected during the first season on board the S5.S5. SEA-LAND

McLEAN, Data collection began with west bound Voyage 1 on October 8,
1972 and terminated with the east bound passage of Voyage 12 on April 5,
1973, A total of 80 data tapes were recorded containing in excess of

50,000 separate data recording intervals from more than 100 transducers.

data presentation, selected comparisons of stresses with sea state and
examples of time histories of selected response data from all transducers
during selected portions of a rough voyage.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

Several qualitative observations are presented by the authors based on
the analysis of selected types of data for the first season of operation;
however, this was not a detailed data amalysis report and no conclusions
and recommendations were offered.

A-9



TITLE/SSC REPORT NO. (Ref. 9)

Ship Response Instrumentation Aboard the SL-7
McLEAN, Results from the Second Operational Season
Service.

(This report is not a S5C published document and is available from
National Technical Information Service) SL-7-9,
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DESCRIPTION

This report contains selected examples of data, with evaluation and
discussions, collected during the second season on board the §.5. SEA-
LAND McLEAN. Data collection began with East bound voyage 25 on September 22,
1973. With the exception of Voyage 27 Westbound, the ship was manned until
March 31, 1974. The total number of individual recording intervals of
data was 60,941, On October 29, 1973 the SEA-LAND MCLEAN entered drydock

after unlpadine in Rotterdam Continuous recordi
uuuuuuuuuuuuu g 1In Xetterdam. continuous recorgd
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Discussions include a brief description of the types of data collected,
data presentation, selected comparisons of stresses with sea state, and
selected examples of time histories of response data.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This report did not contain detailed data analysis and no conclusions
or recommendations were offered.

The highlight of the report is the presentation of selected heavy weather

Aatrn fFar +hn carnnd sanonr dhd~h dnerliidad A v d A g2lam thi~rh »aoiil+ad
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in a total (including whipping) estimated midship bending stress excursior
at 53,600 PSI.
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TITLE/SSC REPORT NO. (Ref, 10)

Ship Response Instrumentatjon Aboard the SL-7 Containership 5.S5. SEA-LAND
McLEAN, "Results from the Third Operational Season in North Atlantic
Service

(This report is not a 8SC published document and is available from the
National Technical Information Service (SL-7-10) ).

DESCRIPTION

This report contains selected examples of data, with evaluation and dis-
cussions, collected during the third season on board the S.S. SEA-LAND
WA T TH AT TN o i e P I N g i T \ e At .
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the period 17 January 1975 to 17 March 1975.
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A significant amount of new strain-~gauge instrumentation was installed
for the third season data acquisition program. The location of this
gauging was based on observations of damage incurred in the first two
years of vessel operation. Specifically, radial cracks from the forward
and some aft hatch corners and green water set-down of forecastle and
flare plating had been experienced. In an attempt to characterize the
ing in these areas iti i

ges were added.
Discussions include a brief description of the types of data collected,

data presentation, selected comparisons of stresses with sea state, and
selected examples of stress time histories of response data.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This report did not contain detailed data analysis and no conclusions

or recommendations were offered. A few gqualitative observations were
presented including the observation that the highest peak-to-through stress
measured was 79,000 psi on the forward hatch corner circumferential gauge
(FyB).
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TITLE/SSC REPORT NO. (Ref. 11)

Structural Tests of SL-~7 Ship Model, S55C 269 (SL-7-11)

DESCRIPTION

This report describes a steel structural 1/50th scale model test program
for the SL-7 containership, the development of the model, and test
results.

The objectives of the SL-7 structural model tests were to:

(1) Provide a more comprehensive view of the structural deflections and
stresses for various component loadings than obtained from real ship
data. (Prior to this study, no full-scale programs measured ship
loading.)

(2) Provide sufficient information with which to check and validate the
finite-element calculations for typical ship structures.

3) Investigéte the effect of warping restraint afforded by closed sec-
tions of the hull on torsional response.

The investigation included the development of the model size, material
and construction. The scaling laws were examined and model particulars
selected were based on this analysis.

The model was constructed of light gauge steel. As a result of several
practical considerations, it was found necessary to increase the thickness
of the structural components to reasonable commercial sizes to reduce the
number of structural parts, thus simplifying the three-dimensional form

of the ship hull. Several of the girders and stiffeners were taken
together and were represented by ome component with an equivalent cross
section, while areas of the small plate stiffeners were included in the
area of the plating. The structural model was loaded by means of calibrated
weights, through a pully and lever system, applied at a finite number of
transverse bulkheads to provide a good distribution of load through loading
bars. Discrete vertical, longitudinal and twisting loads were introduced
to the model through the loading bars.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

\ .
The investigators concluded that:

¥ 2 - i

(1) It was possible to develcop a satisfactory, relatively small-scale model,
but it was necessary to have the plating thickness slightly larger
than the scale ratio would indicate.

(2) Because of construction procedures and availability of standard steel
plate sizes, it was not possible to include all of the structural
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(3)

(4)

(5}

(6)

complexity of the full-scale ship in the model. The secondary
structure was omitted and much of the primary structure was
simplified.

The results indicated that the pure vertical bending results were

comparable with elementary beam theory.

The tests of horizontal bending showed that elementary beam theory
produced comparable results; however, the strains were guite small

and not as well defined as for vertical bending.

The response of the ship to pure torsion indicated that bow, stern

and machinery box structure were effective in restraining the ship's

hull girder warping.

The vertical shear pattern appeared to have the correct shape and

met the proper boundary conditions at the keel and deck edges.
was concluded by the researchers that the model welds were not
capable of representing stress concentrations.
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TITLE/SSC REPORT NO. (Ref. 12)

A Correlation Study of SL-7 Containership Loads and Motions Model Tests
and Computer Simulations, SSC 271 (SL-7-12)

DESCRIFTION

A correlation study was carried out (for the SL-7 containership) by
comparing results for structural loads and motions in waves obtained

from model tests with computer calculations. The different aspects that
could affect computer predictions were examined via further computations
and analyses in order to determine their influence on the output data.
Similarly, an examination of the possible effects that influence the medel
test data was made. The main objective of this study was to

determine the capabilities of both test methods for prediction purposes.

Comparisons were made between theoretical predictions and results

for other related ship models for which test data are available. Consis-
tency of various results obtained is used as a basis for assessing the
degree of validity of any particular method, as well as determining the
exact difference in results due to various mechanisms that influence

both the theory and experiments. Improvements in the theoretical model
leading to an extended SCORES theory are described, together with com-
parisons of a range of available data for the SL-7 and other ships. These
areas of extended theory include:

(1) Incorporation of the Frank close-fit techniques for development of
hydrodynamic coefficients instead of the Lewis form method originally
employed

(2) TIncorporation of speed-dependent terms in the equations of motion

(3) Influence of rudder deflection in ship structure response

(4) Incorporation of the effects of nonlinear roll on ship response

The influence of each of these extensions to the SCORES theory are presented

in the report.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The authors concluded that the different elements considered to modify

the basic theory had negligible effects except for the addition of certain
speed—dependent terms in the equations of motion that result in the
extended SCORES theory. The authors also concluded that this theoretical
model has shown good correlation with model-test data for conventiomal
ships, another large, fast containership similar to the SL-7, and also

for the SL-7 vertical-plane responses. The extended SCORES theory can

be used over the entire range of conditions, with sufficient accuracy

at low encounter frequencies, and does not require special treatment of
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hydrodynamic forces just for that region in order to provide adequate
vertical-plane load predictions.

It was found that the major problem for correlation of the SL-7 lateral-
plane responses occurs in quartering-seas where large roll motions occur.
However, the model testing procedures in these areas were also questioned.

The recommendations for further work in the area of SL-7 data correlatiomn
included:

(1) Further model studies carried out in the quartering-sea range,
preferably with a large model and/or special test apparatus that
would be more suitable to '"tender' ship models with directional
control problems.

(2) A more detailed determination should be made of the model roll static

and inertial properties prior to the tests to insure consistency of
the resulting values.

(3) The roll-decay tests should be made with more information on time
histories of motion presented, allowing more precise anaylsis of
damping parameters (linear and non-linear), as well as using more
than one method of initial roll distrubance as a means of checking
repeatability of decay characteristics,
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TITLE/SSC REPORT NO, {(Ref. 13)

A Report on Shipboard Waveheight Radar System. This report is not a
published SSC document and may be obtained from the National Technical
Information Service in Microfiche (SL-7-13)

DESCRIPTION

This report describes the microwave shipboard wave height radar sensor
developed by the Naval Research Laboratory for measuring the ocean wave
spectra and installed on the S5.5. SEA-LAND McLEAN. The report presents a
detailed description of the electronic instrumentation and data acquisition
used by the system. The report also presents a brief description of the
corrections needed in measuring absolute wave heights from a moving vessel.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The objective of this report was to discuss the utilization of the micro-
wave sensor on a moving vessel for measuring the open ocean wave spectra.
No significant findings, conclusions or recommendations were presented.

A-16



TITLE/SSC REPORT NO. (Ref. 14)

Original Radar and Standard Tucker Wavemeter SL-7 Containership Data
Reductionh and Correlation Sample, SSC-277 (SL-7-14)

DESCRIPTION
This report is the first in the series of 10 and involves the initial
stages of the work to analyze and correlate the wave data obtained from

the two wavemeter systems installed on the §.S. SEA-LAND McLEAN,
Specifically, this report documents the several decisions and methods
thought necessary in conversion of the raw data from its original analog
form to digital form, the sampling and calibration of data from the
second (1973-1974) season, and a summary of initial results. It was
apparent from this initial work that large amounts of information (data)
is needed before an absolute wave height measurement may be obtained.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIOQNS

No conclusions or recommendations are presented in this report. A summary
of findings, conclusions and recommendations appear in SSC 280 (SL-7-23).
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TITLE/SSC REPORT NO. (Ref. 15)

Wavemeter Data Reduction Method and Initial Data for the SL-7 Container-
ship, 88C-278 (SL-7-15)

DESCRIPTION

This report is the second of a 10 document series on the verification and
correlation of the wavemeter data obtained from the SL-7 SEA-LAND McLEAN.
It describes part of the work involved to reduce data, to develop and
implement corrections as were found necesgsary and feasible, and to cor-
relate and evaluate the final results from the two wavemeters installed
on the S5.5. SEA-LAND McLEAN. It documents some background analyses, as
well as those which were necessary to develop the needed corrections to
the raw digitized wavemeter data. Implementation of the results of the
various analyses in a second data reduction stage is also discussed, The
second stage of data reduction consgisted primarily of efforts to obtain a
point spectra from a moving ship and define the transformations needed to
correct the wave measurements which include ship wmotions.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDAT IONS

No conclusions or recommendations are presented in this report. A summary
of findings, conclusions and recommendations appear in SSC 280,
(5L-7-23).
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TITLE/SSC REPORT NQ. (Ref. 16)

Radar and Tucker Wavemeter data from SEA-LAND McLEAKN Voyage 32, {SL-7-16)
(This is not a 8SC designated document.)

DESCRIPTION

This report is the third of a 10 document series on the verification
and correlation of the wavemeter data obtained from the SL-7 SEA-LAND
McLEAN. The report presents reduced wavemeter and amidship bending
stress data in the form of time histories and spectral plots for the
recording intervals of voyage 32, The corresponding logbook data are
also presented.

AUTHOR'S FINDINGS, CORCLUSIONS AND RECOMMENDATIONS

This document is strictly a data report. No conclusions or recommenda-
tions are presented in this report. A summary of findings, conclusions
and recommendations appears in S8C 280 (SL-7-23).
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TITLE/SSC REPORT NO. (Ref. 17)

Radar and Tucker Wavemeter Data from SEA-LAND McLEAN Voyage 33, (SL-7-17)
(This is not a 8SSC designated document.)

DESCRIPTION

This report is the fourth of a 10 document series on the verification

and correlation of the wavemeter data obtained from the SL-7 SEA-LAND
McLEAN. The report presents reduced wavemeter and amidship bending stress
data in the form of time histories and spectral plots for the recording
intervals of voyage 33. The corresponding loghook data are also presented.

AUTHOR'S FINDINGS, CONCLUSTIONS AND RECOMMENDATIONS

This document is strictly a data report. No conclusions or recommenda-~
tions are presented in this report. A summary of findings, conclusions
and recommendations appears in SSC 280 (SL-7-23).
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TITLE/SSC REPORT KO. (Ref. 18)

Radar and Tucker Wavemeter Data from SEA-LAND McLEAN Voyage 34, (SL-7-18)

(This is not a SSC designated document.)

DESCRIPTION

This report is the fifth of a 10 document series on the verification
and correlation of the wavemeter data obtained from the SL-7 SEA-LAND
McLEAN, This report presents reduced wavemeter and amidship bending
stress data in the form of time histories and spectral plots for the
recording intervals of voyage 34. The corresponding logbook data are
also presented.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This document is strictly a data report. No conclusions or recommenda-
tions are presented in this report. A summary of findings, conclusions
and recommendations appears in SSC 280 (SL-7-23).
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TITLE/SSC REPORT NO. (ref. 19)

ar an
-7-19

Rad
(sL
{(This is not a 8SC designated document.)

DESCRIPTION

This report is the sixth of a 10 document series on the verification and

correlation of the wavemeter data obtained from the SL-7 SEA-LAND McLEAN.

This report presents reduced wavemeter and amidship bending data in the

form of time histories and spectral plots for the recording intervals of
voyages 35 and 36E. The corresponding logbook data are also presented.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This document is strictly a data report. No conclusions or recommenda-
tions are presented in this report. A summary of findings, conclusions
and recommendations appears in SSC 280 (SL-7-23).
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TITLE/SSC REPORT NO. (Ref. 20)

Modified Radar and Standard Tucker Wavemeter SL-7 Containership Data,
SSC 279 (8L-7-20)

DESCRIPTION

v - S i, R e I & TS Dy 1. £
i th [

his report is the seventh of a 10 document series on the verification
and correlation of the wavemeter data obtained from the SL-7 SEA-LAND
McLEAN. This report presents the methods used to convert raw data from
its original analog form to digital form, the sampling and calibration
of data from the third season (1974-1975) of the wave data obtained from
the two wavemeter systems installed on the 5.8, SEA-LAND McLEAN.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

No conclusieons and recommendations are presented in this report. A
summary of findings, conclusions or recommendations appears in SSC 280
(SL-7-23).
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TITLE/SSC REPORT NO. (Ref. 21)

Radar and Tucker Wavemeter da
Thi S t

a from SEA-LAND McLEAN Voyage 60, (SL-7-21)
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DESCRIPTION

This report is the eighth of a 10 document series on the verification
and correlation of wavemeter data obtained from the SL-7 SEA-LAND McLEAN.
This report presents reduced wavemeter and amidship bending data in the
form of time histories and spectral plots for the recording intervals

of voyage 60. The corresponding logbook data are also presented.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This document is strictly a data report. No conc
tions are presented in this report. A summary of
and recommendations appears in SSC 280 (SL~7-23).
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TITLE/SSC REPORT NO. {(Ref. 22)

DESCRIPTION

This report is the ninth of a 10 document series on the verification

and correlation of wavemeter data obtained from the SL-7 SEA-LAND McLEAN.
This report presents reduced wavemeter and amidship bending data in the
form of time histories and spectral plots for the recording intervals of
vovage 61, The Pn‘r“r‘ngpgndlnu Toebook data ar

g logbook data are also presented.

AUTHOR'S FINDING, CONCLUSIONS AND RECOMMENDATIONS

This document is strictly a data report. No conclusions or recommenda-
tions are presented in this report. A summary of findings, conclusions
and recommendations appears in SSC 280 (SL-7-23).



TITLE/SSC REPORT NO. (Ref. 23)

Results and Evaluation of the 8L-7 Containership Radar and Tucker
Wavemeter Data, $SSC 280 (SL-7-23),

DESCRIPTION

This report presents the findings, conclusions and recommendaticns
obtained from the correlation and verification of the wavemeter data

from the SL-7 SEA-LAND McLEAN. This report is the last of a 10 docu-
ment series on the analysis of the data obtained from a Tucker wavemeter
and radar wavemeter. The analysis included reduction of raw data in
order to correlate and evaluate the final results from the two wavemeters.
In carrying out this work, it was necessary to at least partly reduce
several other channels of data recorded on the SL-7 SEA-LAND McLEAN, so
that, as a by-product, reduced results were obtained from midship bending
stress, roll, pitch and two components of acceleration on the ship's
bridge. The additional data reduction was necessary primarily to obtain
an absolute wave height measurement from a moving ship. The midship
bending stress was used to generate stress RAO's which formed a basis

for comparisons of the wave data obtained for the two wavemeter systems
and model test data,

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations presented in this report are quite
lengthy, but are very pertinent relative to the overall SL-7 research
program and future programs of similar nature. No attempt has been made
to summarize the conclusions and recommendations presented by the author
which are included here in their entirety.

A-26



CONCLUSIONS
"“The wave instrumentation included in the SL-7 program included a new
system (the QWHS radar) and an old system (the Tucker meter). The
basic minimum objective of the present project was to produce estimates
of encountered wave variance or rms from the data produced by each sys-
tem, and most of the work necessary in the present project was in support
of this objective. Beyond this, the final objectives of the present pro-
gram invelved comparisons of results from the two wave measuring systems
and the resolution of differences where possible. This latter objective
has been addressed in the present report, and is the primary subject of
the conclusions to follow.
"(1) The evidence strongly suggests that neither of the wave measuring
systems can be regarded as a standard by which the performance of
the other may be judged.

I'(2) In the present application to a large, high-speed ship, it appears
that quite significant errors in the Tucker meter output may be
attributed to the characteristics of the analog double integration
of acceleration, Improvements teo this part of the system seem feag-
ible within present technology. 1f the radar estimates happen to be

closer to reality than the Tucker estimates, the existing corrections

to the Tucker meter output for the attenuation of dynamic pressure
with depth and for interference with the waves by the ship are con-
siderably in error. If this is true, there appears no alternative
to full-scale calibration trials for the calibration of the system.

(3) There appear to be a number of deficiencies in the installed OWHS
radar system. Some of these produce errors of a magnitude which 1is
impossible to assess because some significant pieces of information
are missing. One of these deficiences had the effect of reducing the

apparent reliability of the radar system to quite low levels during the

period of greatest interest (severe wave conditions). However, it
appears that all of the problems perceived in the system may be sig-
nificantly reduced by less than heroic measures.

"(4) The source of error common to both systems has to do with the pro-
blems of double integration of low-frequency acceleration data. In
the present application,the speed of the ship and the prevailing
weather together tend to produce encountered wave components of
extremely low frequency as much as half the time, These components
are lost in the Tucker analog integration and not always successfully
handied by the data reduction system employed for the radar data.

(5) There is a wide, systematic difference between the rms encountered
waves (and the wave spectra) as measured by the radar and by the
Tucker gystems.

"(6) Estimates of significant wave height from neither system correlate
particularly well with visual estimates. Relative to visual esti-
mates the radar results are toc high and the Tucker meter estimates
are too low.
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"(7) An indirect comparison of the wave spectra estimated by the two sys-
tems was made by deriving apparent midship stress response operators,
and comparing these results with model test data for the SL-7 class
ship. These comparisons suggest that the radar wave estimates are
too high and the Tucker estimates too low. Quantitatively, however,
if the Tucker meter wave estimates are correct, both the model test
data as well as contemporary theory for wave-induced bending moments
have to be in error by a factor of about three. 1If it is agreed
that contemporary theory and model test techniques are better than
this, the evidence suggests that the radar system, despite its known
deficiencies, is closer to reality.

RECOMMENDATIONS

" The present recommendations involve only the question cof what might be
done to improve results obtalned with the systems which have been dis-
cussed —— under the assumption that installation of these systems is con-
templated in the same, or another, large high-speed ship. Implicit in
this assumption is that the overall theoretical limitation of either sys-
tem is accepted. This overall limitation is that under the most ideal con-
ditions only the encountered scalar spectrum of wave elevation can be pro-
duced.

“Although the evidence 1s by no means conclusive, the present investigator's
opinion is that the Tucker meter is not a good choice for installation in
a ship of the size and speed of the SL-7 class. However, should such an
installation be required, it is recommended that the double integra-
tion and computing circuits of this system be re-worked. The frequency
where serious phase and amplitude distortion occurs in the double integra-
tion should be much lower than it was in the present full-scale program.
It may be that the most practical approach would be to record both pressure
and acceleration, and carry out an after-the-fact data reduction procedure
similar to that employed for the radar. With or without a re-working of
the electronics, there appears no real alternative to the full-scale cali-
bration approach to the ship-wave interference effects upon the pressure
head. Such trials are recommended for any installation in large, high-
speed ships.

"as noted in the conclusions, the radar system installed in the present pro-
gram appears to have had a number of deficiencies. Despite these, it is
the opinion of the investigator that the radar- based system is pre-
ferred for installation in large high speed ships. A check of results
against a believable standard would still be required.

"In the sense used here,the "radar system" includes more than just the radar
unit itself. The various motion transducers and the data reduction proce-
dure must be considered as part of the system as well. The perceived

deficiencies appear to be largelycurable. They may be considered under three

main headings, as follows:



r’l. The Radar Unit

Questions about the internal behavior and physics of the radar unit (how

it could be bettered as a radar; if when a valid return is sensed is the
indicated range correct; the nature of the physical circumstances under
which return signal is lost, etc.) are all items which are beyond both

the scope of the present project and the competence of the investigator.
All the perceived deficiencies with the unit appear consistent with the
output logic employed to deal with occasional return signal loss. Because
it is necessary to know the length of the slant range vector when computing
its vertical component, the output logic of the unit should be changed so
that this information is not lost during a vovage -- irrespective of any
return signal loss problem. The approach recommended is to hold the last
valid range in the output register until the next valid range is acquired.
It is suspected from the data in hand that the lapse of time between sig-
nal loss and re-acquisition is ordinarily relatively short. The effect on
the data of the above recommendation would be to produce "notches' or flats
in the time history. Small notches would introduce mostly high-frequency
noise which is far preferable in data reduction to the ultra low~frequency
noise injected by the logic of the present unit. Large '"neotches'" or flats
of long persistence would he relatively easy to see visually, or to detect
by computer.

”2. Angles

To a fair degree of approximation the angle transducers of the pendulum
type used in the present program are equivalent to body fixed lateral
accelerometers. They are sensitive to both rotation and acceleration.

The basic recommendation in this area is to measure angles properly --
either implicitly or explicitly. In the context of the radar system, this
might be accomplished in two ways. One option is to mount a vertical
accelerometer on the antenna and gyrostabilize both. In this case,the
accelerometer output would be correct with respect to true vertical and
the slant range would be related to its vertical component by a constant
factor. The second option would be to mount a gyrostabilized vertical
accelercmeter in the radar pedestal. 1Im this case,the accelerometer out-
put would also be correct with respect to true vertical, and it would
appear feasible within current state of electronic and microprocessor
technology to make a continucus three dimensional vector correction to the
slant range using the indicated angles from the gyro. It is felt that
over and beyond the technical improvement, the resources expended in im-
proving and automating the angle corrections could well be repaid in
reduced costs of data handling and processing due to the fewer channels
which would then be involved.

"3, Accelerations and Double Integration

In the final analysis, the phaseless double-integration scheme employed

in the present data reduction was not sufficiently sophisticated. It was
unable to handle ultra low frequencies as well as could be desired. How-
ever, the basic problem was that the extraordinarily good acceleration re-
solution required in some situations was not present in the data. According
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to the results, it appears that if the same scheme was to be used over
again, the acceleration signal out of the recording medium should have a

resclution approaching * 0.002 g. With analog magnetic tape as the re-
cording medium.this resolution mieht bhe Annrnnr-hm-l in those cages where
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it is most needed (mild following or quartering seas) by the use of auto-
matic gain control and the elimination of the one "g" signal bias included
in the present vertical acceleration data. It should also be noted that

the accelerometers used in the present application were probably not cap-

able of this small a resoliution,

HWhile better acceleration resolution would go a long way toward improving
the estimation of the vertical displacement of the radar unit, it should
be emphasized that any scheme involving discontinuous data samples has
a low-frequency limit below which a proper job cannot be done. Perhaps,
there is a practical continuous double-integration scheme which does not
produce phase shifts. However, the present investigator's recommendation
would be to defer an extraordinary amount of effort on this problem and

i A £411 o +31 b+
to accept possible errors dn quartering and following seas until such time

as any second generation radar system can be fully accepted in the head
and bow sea situation.”



TITLE/SSC REPORT NO. (Ref. 24)

Comparisons of Stresses Calculated Using the Daisy System to Those Measured
on the SL-7 Containership Program, S$S5C-282, SL-7-24

DESCRIPTION

This report compares stresses calculated using the ABS/DAISY finite-element
program with those measured on board the SL-7 SEA-LAND McLEAN containership.
This work was undertaken to verify the analytical procedures used in assess-
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formed for four different and progressively more severe technical conditions:
dockside calibration, RMS stresses in head seas and instantaneous stresses
in head and oblique seas,.

The wave environment which formed the basis for the comparisons of full-
scale stress data and the analytical simulations was determined based on
recorded signals from the wave radar system; however, at the time the cor-
relation and verification study (S8SC 280, S$1-7-23) had not been completed.
Once the wave environment was determined, the ABS/SHIPMOTION and ABS/DYNPRE
computer programs were used to predict ship motions, wave loads and hydro-
dynamic pressures for input to the finite-element structural model. The
ABS/SHIPMOTION program is a revised version of SCORES. ABS/DYNPRE which
is an extended subroutine (post processor) of the SHIPMOTICON program cal-
culates the hydrodynamic pressure distribution on the wet surface of a
ship's hull. The finite-element model consisted of a three-dimensional
course-~mesh and a fine mesh used to determine the stress distribution at
selected strain-gauge locations.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

(1) The overall comparison between calculated and measured stresses for
the dockside calibration is generally inconclusive because of sig-
nificant temperature differentials during the test and the low mag-
nitudes of the applied loads. However, good agreement between the
calculated and measured stresses was cobtained when thermal effects
were small. For future calibration tests, it is recommended that
complete temperature data be recorded and that appreciable mechanical
strains be generated in the structure.

(2) The comparison of calculated and measured RMS stresses in head seas
is generally satisfactory, using both the spectrum analysis approach
and the equivalent regular wave approach. The correlation using
the former approach which takes into account the variation in res-
ponse to different wave frequencies, shows better agreement than
that obtained from the latter approach. However, it should be noted
that the spectrum analysis approach is valid only near the midship
section where the wave-induced stresses are generally in direct
proportion to wave heights.
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(3 The agreement of calculated and measured instantaneous stresses in
head seas is generally good; the calculated stress amplitudes
agree well with the mean Values of the measured stresses over a
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(4) The agreement of calculated and measured instantaneous stresses in
obligue seas is also generally good for the wave conditions con-
sidered.

(5) Based on the results obtained from this project, it can be concluded
that the existing analytical tools for predicting wave loads and
structural responses are suitable to assess the overall strength of
the hull girder. All the measured stress data reduced to date from
the SL-7 instrumentation program and all the calculated hull-girder
stresses from the present study were found to be of low magnitude.
Consequently, no modifications to the present hull girder strength
standard are deemed necessary.

(6) Regarding the structural responses, the ABS/DAISY system in its present
form is considered satisfactory for performing static analyses for
either quasi-static or dynamic loads.

{7) In order to assess the strength of local structures and also to im-
prove the current methodology, further research is deemed necessary
to improve the calculation method for external pressures (possibly
verified by model experiments) and to improve the ship motion pro-
gram (SCORES) to account for three-dimensional effects and possibly
for non-linear effects with respect to wave heights.



TITLE/SSC REPORT NO. (Ref. 253)

Results of the First Five 'Data Years" of Extreme Stress Scratch-Gauge
Data Collected Abcard SEA-LAND's SL-7s, $S5C-287 (SL-7-25)

DESCRIPTION

This report describes the installation, calibration and data acquisition
of scratch gauges mounted on each of the 8 ship class of SEA-LAND's SL-7s.
Preliminary data reduction is described. The data are presented in
histogram form for the various ships, years and routes (Pacific and North
Atlantic). No attempt was made to analyze the data or categorize the
scratches according to weather encountered.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

This report did not contain detailed data analysis and no conclusions or
recommendations were offered.
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TITLE/SSC NO. (Ref. 26)

"Ship Motions and Capsizing in Astern Seas'". This is not a 8SC or SL-7
document but is a paper presented at the 10th Symposium on Naval Hydro-
dynamics, Office of Naval Research, June 1974.

DESCRIPTION

This report describes the analytical and experimental study of ship motions
and capsizing in following seas conducted at the University of California,
Berkeley for the U.S. Coast Guard. Extensive tests were conducted using

two radio-controlled models in the wind-generated seas of San Francisco Bay.
The models were the AMERTCAN CHALLENGER class of cargo ship and the SL-7
class containership. Comparisons of the experimentally determined motions
with a linear strip theory prediction are presented for both types of ships.
A time~domain,numerical simulation program for morions and capsizing was
used to investigate motions in a variety of wave conditions and was com-
pared to the experimental results.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The analysis of linear and quasi-linear one-dimensional roll models
revealed motion anomalies not apparent from the usual nonlinear ship
motion theory. The authors concluded that linear ship motion can only
broadly outline areas of speed, heading, and ship characteristics which
may lead to trouble. Classical ship motion theories which are augmented
by some nonlinear terms may reveal phenomena, not apparent in results of
linear theory, which may lead to severe motion. The ability to predict
capsizing is still neot available through such theories.
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TITLE/SSC REPORT NOQ. (Ref. 27)

Capsizing Experiments with a Model of a Fast Cargo Liner in San Francisco
Bay. This is not a S$SC or SL-7 designated document, but is a Coast Guard

TN m e o b
nEPOTL.

DESCRIPTION

This report describes a program of model testing in the open waters of San
Francisco Bay. The program had as its objective the study of ship motion
problems including capsizing and control performance in a heavy seaway.
The equipment, testing techniques, and data acquisition and processing are
described. Some preliminary results from simple statistical analyses of
the data are also given.

AUTHOR'S FINDINGS, CONCLUSICONS AND RECOMMENDATIONS

Observations of the behavior of & model of the AMERICAN CHALLENGER class
of cargo ships have enabled the authors to identify three categories of
capsizing: low-cycle resonance, pure loss of stability, and broaching.
All three modes are strongly influenced by the reduction of the ship's
stability when a wave crest is amidship and all are most likely to ccecur

in a following to quartering seaway.

The conclusicons consisted primarily of an evaluation of the instrumentation
used to power and control the model and data-collecting techniques appli-

ahle to onen-water model testine,
to warer model
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TITLE/SSC REPORT NO. (Ref. 28)

"A Time-Domain Solution to the Motions of a Steered Ship in Waves."  This
is not a SSC or SL-7 designated document, but is a Coast Guard Report
Number CG-D-19-73.

DESCRIPTION

The problem of ship motions in waves is formulated in the time domain by
means of a convolution integral which relates the ship motion response to
arbitrary exciting forces, under the assumption that the response is linear.
The convolution integral is evaluated numerically to obtain the ship motions
at discrete intervals of time.

Frequency independent nonlinearities of arbitrary form are incorporated into
the model by considering them as part of the arbitrary exciting forces. Non-
linearities with time lag, such as those arising from rudder motions, are
particularly amenable to this treatment., Nonlinearities that are functions
of the instantaneous motions of the ship are approximated by continuously
extrapolating the ship motions. Thus, one is able to include frequency-
dependent linear force terms in what amounts to a stepwise solution of the
nonlinear equation of motion, a capability not available in the conventional
direct numerical integration techniques exemplified by, e.g. Runge-Kutta,.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The author concluded that the numerical téchniques for simulating the steered
motion of a2 ship moving through a random seaway hold promise as a tool for
studying the behavior of ships in severe wave conditions where large ampli-
tude ship motions exist,

The recommendations included:

(1) Additional nonlinear terms including nonlinear roll restoring moment with
wave effects to improve the prediction at large roll angles, and non-
linear coupling between roll and heave or pitch.

2, A more precise determination of the terms in the convolution integral
is needed with experimental verification. These experiments should
include the measurement of impulse forces and responses, and wave
exciting forces and responses.



TITLE/SSC REPORT NO. (Ref, 29)

"Development of a Time-Domain Simulation for Ship Capsizing in Following
Waves.,'™ This is not a SSC or SL-7 designated report, but is a U.S. Coast
Guard Report Number CG-D-28-74.

DESCRIPTION

This report describes the development of a time-domain computer simulation
for ship capsizing in following waves. A survey of the recent literature
in this field is presented. The formulation of the present approach is
discussed, along with computer program limitations and assumptions. The
program developed is used to study the phenomenon of low-cycle roll reson-
ance as demonstrated by a two-dimensional section forced heave motion and
by a fast cargo liner in following waves, both regular and irregular. The
effect on capsizing tendency of variations in ship characteristics, initial
conditions, and wave conditions is investigated. Qualitative comparisons
of results with open water model experiments of the AMERICAN CHALLENGER
class of carge ships is presented. Finally, the potential application of
this program to the determination of merchant vessel stability criteria is
discussed, and recommendations are made for further work.

AUTHOR'S FINDING, CONCLUSIONS AND RECOMMENDATIONS

The authors found the qualitative agreement between time-domain simulations
results and the results from the AMERICAN CHALLENGER open water model tests
to be encouraging. The authors further concluded that the program in

its current form can be used to simulate capsize situation quite accurately
under pure following wave conditions.

The recommended improvements to the time-domain simulations included a more
sophisticated numerical integration technique and the investigation of non-
linear roll damping effects.
The authors recommended that the program be used to determine critical
regions of operation from the stability point of view which would help
establish effective stability safety standards for all vessels.



TITLE/SSC REPORT NO. (Ref. 30)

"Structural Analysis of a Containership Steel Model and Comparison
the Test Results." This is not a 35C published document. This document
is presented in SNAME Transactions, 1976,

DESCRIPTION

This paper presents the comparisons of the steel and vinyl models of the
SL-7 containership hull and a finite-element static analysis using the
model test loads. A course mesh model of the hull was developed and a
fine-mesh analysis for different parts of the deck structure was also
presented. The hull was tested under vertical, lateral and torsional
moments. Stress distributions, particularly in the deck region, are pre-

sented and investigated from the different types of analysis.
Estimations based on beam theory are also presented for the pure vertical

bending cases.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The authors concluded that the finite-element model used to represent the
steel model in the study was considered satisfactory for examining res~
ponse of a hull girder to both bending and torsional loads. A model of
finer mesh is required for determining the distribution of warping stresses,
in comparison with that of bending stresses. They also observed that the
installation of a heavy faceplate around the cutout on the deck at a hatch
corner can help to reduce significantly the stress concentration factor for
the structure configuration.

The author recommended that:

(1) In the design of containerships, more attention should be paid to the
torsional rigidity distribution along the hull.

(2) Future attempts should be focused on establishing simple methods to
estimate the hatch opening distortion as a function of the distribu-
tion of torsional moments and the basic structural configuration of
the vessel.

(3) TFinite-element analyses of containership structures should be con-
tinued until a simple and reliable method is established for the pre-
diction of torsional response of open deck hull girder. This is
especially true for local structural details, such as hatch corners
and connections near deck openings and other structural discontinuities.

(4) Full-scale measurements aboard the SEA-LAND McLEANwere collected for
three years. Correlation between the analytical results and the full-
scale measurements would be beneficial in establishing guidelines for
future designs.



TITLE/SSC REPORT NO. (Ref. 31)

Evaluation of SL-7 Scratch-Gauge Data (This repert will be published as
a SSC document, but exists as a Draft Final Report, Project SR-1268).

DESCRIPTION
This report describes the evaluation of the scratch-gauge data taken aboard
all eight of the SL-7 class of containerships. This project assesses the

value and application potential of the scratch-gauge data base. The pri-
mary objectives of the preoject were to evaluate SL-7 scratch-gauge data as
a basis for extreme load prediction, to determine correlations with electri-
cal strain-gauge data recorded on the SL-7 SEA-LAND McLEAN, and to recommend
when and how many scratch gauges can be recovered for placement aboard other
ships. The study also investigated a wide spectrum of applications of the
scratch-gauge data and the gauges themselves. The data analysis included:

(1) Discussion of the measurement phenomena including what types of loadings
are represented by the scratch-gauge recorders.

(2) Statisticsl analysis of scratch-gauge data for all eight SL-7 container-
ships in Pacific and Atlantic oceans. The statistical analysis in-
cluded examination of the data with respect to statistical extreme pre-
diction models,
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(4) Miscellaneous applications that include tracking of mean stress, short
term statistics and the effects of corrosion.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The author presents several conclusions and reccmmendations that are

a
pertinent to the applications of scratch gauges. Tn summary they include:

(1) The scratch-gauge recorders produce data that represent the sum total
of experience of strain that results from various types of ship
loadings {(i.e. mean stress, wave-induced stresses, whipping, thermal
effects, etc.)

(2) The scratch-gauge data easily lends itself to the various methods of
statistical inferences described in the report, The extreme values
derived can provide guidance to design of similar ships or structural
modifications to the existing SL-7 class. This is contingent upon ship
service under operation and environmental conditions similar to those
under which the scratch data was acquired.

{3} The scratch-~gauge data can be used as an alternative to electrical
Strain instrumentation if total combined load is sought. The data
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cannot be used to predict wave-induced loading only or to validate
methods which theoretically predict only wave-induced loads.

(4} The scratch-gauge data records provide a way to track mean stress

over a long period of time. However, there are significant diffi-
culties involved with such a procedure.

The author's recommendations included the possible future use of the
scratch gauges and scratch-gauge data already obtained. These included
possible use for other SSC projects on §till Water Bending Moment Determi-

nation and Ship Structures Loading in Extreme Waves.
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TITLE/SSC REPORT NO. (Ref. 32)

Fatigue Load Spectra Development for Ship Hulls. This information will
become part of a report that will be published as an SSC Document, Project
SR-1254, "Fatigue Considerations in View of Measurement Load Spectra."

DESCRIPTION

This report describes several methods for developing load spectra applicable
to fatigue testing. The primary purpose of the study was to develop a
method for selecting fatigue load spectra for ships and to use the spectra
as input to fatigue crack-growth analysis. Additional information is pre-
sented for the development of a long-term combined statistical stress dis-

- tribution which would then represent a total picture of the stresses ex-
perienced by the ship during its lifetime. Consequently, the resulting
distribution can be uged for fatigue analysis. The method for development
of load spectra for ship hulls was illustrated using the SL-7 SEA-LAND
McLEAN midship bending stress data base.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations included:

(1) The state of initial mean stress in the SL-7 has been lost by the
zerolng procedure and upon departure for each voyage in an effort teo
avoid signal saturation. It is recommended that future instrumenta-
tion programs incorporate a procedure for recording the magnitude of
the gauge reading before it is zeroed.

(2) The development of long-term statistical stress distribution based on
observed wave height, Beaufort number, wind speed, or sea state, has
obvious disadvantages which could be minimized if accurate wave height
information was available.

(3) The Root Mean Square (RMS) of the high-frequency wave-induced stresses
" should be calculated and incorporated as part of the presentation in
the summary sheets.

(4) Further analysis should be conducted to develop a rigorous method for
combining the mean stresses (initial, varving, thermal, etc.) with the
long-term statistical stress distributions for the wave-induced stresses.
The method developed here represents a reasonable "first-cut' approach
to the problem.

{(5) An invesgitation should be conducted to determine in what manner the
high- and low-frequency wave-induced long~term statistical stress dis-
tributions may be combined so that they are representative of combined
stresses which in turn affect the fatigue life of a ship's structure.
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(8)

The combined long-term statistical stress distributions do not retain
the stress peak-to-trough sequencing information present in measured
stress time histories. This is a major disadvantage in utilizing a
combined long-term statistical stress distributio nvestigate the

long-term statistical Str distributien to

crack-growth retardation phenomenon.

.

A-42



TITLE/SSC REPORT NO. (Ref. 33)

Examination of Service and Stress Data of Three Ships for Development
of Hull Girder Load Development, SSC 287.

DESCRIPTION

This is a follow-on project to SSC 240, "Load Criteria for Ship Structural
Design," which proposed methods for the estimation and superposition of the
primary loads and performed sample calculations for one conventicnal dry
cargo ship. It involved the following bending moments:

still-water due to weight and buoyancy

ship's own wave train

gquasi-static wave—-induced, vertical and lateral combined
dynamic loads,; including slamming, whipping and springing
thermal effects

In this report,the service and full-scale stress data of three larger and/
or faster ships (including the SL-7 SEA~LAND McLEAN) are examined for the
purpose of the eventual development of hull-girder criteria. The purpose
of this study was to analyze the service experience of three types of ship,
which included a large, high-speed containership (SL-7), an occeangoing dry
bulk carrier, and a very large crude carried (VLCC). The examination is
limited to extreme midship bending moment loads which are related to the
ultimate strength,

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The authors concluded that the still-water bending moments can be determined
probabilistically; however, considerable additional information on leading
conditions must be gathered in order to determine the statistical distribu-
tions. They also indicated that additional effort is required to determine
the suitable probabilistic expression and the synthesis of a method for
including the contribution of vibration to the extreme load.
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TITLE/SSC REPORT NO. (Ref. 34)

Evaluation of Full-Scale Wave Loads. This is not a SSC published document;
it was prepared for Panel HS-1, SNAME.

DESCRIPTION
The results of midship bending stress measurements made on 22 ships
{(including the SL-7 SEA-LAND McLEAN) of various types have been converted

to a bending moment coefficient, (based on RMS stress for given recording
intervals) plotted and compared. Trends of wave bending moment with ship
type, trade route, length and fullness are shown.

AUTHOR'S FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The conclusions summarized the observed trends and made several recommenda-
tions for future stress-data measurements, The author recommended that
future full-scale stress measurement systems be of the computer self-contained
type presently in use for operational hull response monitoring. Tt was also
recommended that regardless of the instruments used in making full-scale
measurements, it is imperative that the trade route, speed, ship-to-wave
heading, wave height observation and ship loading condition be routinely re-
corded with all measured data. The recommendations included a discussion
pertaining to the information needed to calibrate the stress prediction
methods that have been developed to date. These recommendations were brief
but are pertinent to future research programs.

(1) Comparison of long-term (ship-lifetime) extrapolation of measured stress
data with long-term predictions using available statistical prediction
methods

T itV G .

(2) Use of full-scale measurements made simultaneously with nearby wave-
buoy measurements.

(3) Development of reliable shipboard wave~data instrumentation when placed
aboard ships aleng with stress instrumentation.
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APPENDIX B

SL—-7 RESEARCH PROGRAM DATA BASE DESCRIPTION

RESEARCH PROGRAM, DESCRIPTION OF THE DATA BASE

The information presented in the references listed in Table 3-1 forms the
basic description of the total SL-7 research program data base. The
majority of the documents are available from the National Technical Informa-
tion Service (NTIS) in Springfield, Virginia. Each document is relatively
complete with respect to the individual program. The full-scale instrumenta-
tion portion of the program is generally of greatest interest to the marine
research and development community since it represents one of the most
extensive instrumentation programs undertaken to date. The objective of
summarizing the SL-7 data base is to provide information for designers and
researchers contemplating the applicability of the data base to other pro-
jects and to those planning similar full scale instrumentation programs.

Technically, the instrumentation package installed on the SEA-LAND McLEAN
consisted of hull structural response instrumentation, environmental wave
data collection instrumentation and the extreme stress instrumentation.

The latter two elements of the response instrumentation have been desig-
nated separate entities by SSC and the data collected were also presented

as separate projects. In this report, the same organization will be followed
with discussion of the analysis and reduction of environmental wave data and
scratch gauge data in the evaluation section. In this section, the data
base obtained from the full-scale hull structural response instrumentation
package installed aboard the SEA-LAND McLEAN will be described.

Responsibility for the design and installation, operation of the system,

and the collection of data on the SEA-LAND McLEAN was assigned to Teledyne
Engineering Services (TES) of Waltham, Massachusetts. The instrumentation
package of the SEA-LAND McLEAN, a descendant from the BOSTON instrumentation
program {40), also designed by Teledyne, has additional, more complex
measurement requirements. A description of the system and its installation
is contained in SSC-238 (1).

The design and installation phase took place during the period prior to the
ship entering service. Data collection began in September 1972 a i

for three sequential winter seasons in the North Atlantic.

The primary information objectives to be met through the shipboard measure-
ments were as follows:

(1) Midship vertical bending stresses of the deck, neutral axis and tank
top of the midship section.

(3) Principal stresses at hatch corners.



(4) Vessel pitch and roll.
{(5) Gross hull accelerations.
(6) Accelerations of forward and aft deckhouses.

(7) Longitudinal stresses at the deck and tank top of the forward end
of the cargo hold.

Figure B-1 depicts the general instrumentation layout on the SEA-LAND

McLEAN and References 1 and 5 contain detailed descriptions of the instru-
mentation sites and locations. The data from the instrumentation channels
were supplemented by logbook entries of observed envirommental and opera-
tional conditions, such as wave height estimates made by ship's officers,
who had been instructed on wave observation techniques as part of a training
program prior to serving on the SL-7s,

The outputs of all the various sensors were not recorded continuously
because space and fund limitations dictated that only two fourteen channel
tape recorders be installed. One recorder was dedicated to record 13
channels of data always from the same sources. The other recorder was
used for 13 independent channels of data in four different modes of opera-
tion for a total of 52 channels of information from cyclically selected
sources. The fourteenth channel on both recorders was reserved for com-
pensation. Data were recorded for a total of two hours out of every four
hours of ship operation. During this period, the cyclical recording mode
operated on a one~half hour interval for two hours out of every four hour
recording cycle. These one-half hour periods were then assigned index
numbers. See Figure B~2 which shows the calibration and data recording
sequence. The channel assignments and recording modes are indicated in
Reference 1. During periods of high seaway loads, the data were recorded

continuously, Thig type of additional recordine mnde was
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certain pre-set strain levels were exceeded.

A significant amount of new strain-gauge instrumentation was installed for
the third season of data acquisition (10). The location of this gauging
was based on the observation of damage incurred in the first two years of
vessel operation. Specifically, radial cracks from the forward and some
aft hatchcorners, green water set—-down of the forecastle deck, and defor-
mation of some bow flare plating had been experienced. 1In an attempt to
characterize the loading in these areas, additional strain gauges were
added. This instrumentation was included in the rotational schedule of
the cyclical recorder. The strain information obtained from the gauges
located in the area of the radial cracks could provide wvaluable data upon

which fatigue studies could be based. However, at this time the data have
not been reduced or ana;yzed and exist uu;y in &n&1u5 form as does the vast

majority of data collected aboard the SL-7 SEA-LAND McLEAN.

Several important features about the data should be mentioned. The stresses,
motions and accelerations were inferred from the analog voltage signal using
appropriate calibrations at the start of each recording interval. See
Figure B-2 for a typical strain recording. The strain measurements are not
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Figure B-2

THE STRESS RECORDING TECHKIQUES USED BY TELEDYNE ENGINEERING SERVICES
ON THE S1.-7 SEALAND McLEAN
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absolute levels of stress in the structure, but rather the relative dynamic
strain. The absolute value of strain includes, in addition, the combina-
tion of residual strains present at the time the strain gauges were instal-
led. No method of reconstructing these residual strains is available.

The dynamic strains do not include the still water or initial mean strain
resulting from cargo and/or ballast lcading upon departure for each voyage
because the strain gauges were zeroed to avoid signal saturation and no
provision was made for recording the initial mean stress levels., This
information is not available in any form for analysis. (This is an ex-
tremely important peint if comparisons are to be made with static calcula-
tion of wave-induced bending moments.) After the vessel left port for a
voyage, the gauges did record the varying mean strain which was made up of
changes in ballast, consumables, fiuid speed and thermal effects. An exam-
ple of this may be seen in the upper part of Figure B-2 for the recording
intervals 1-5 showing different mean strain levels for each interval.

Each 30-minute measurement interval is preceded by calibration signals and
zero reference information as shown in the lower part of Figure B-2. The
mean strain level for each 30~-minute interval was computed for each of the
strain channels reduced. This mean stress varied from interval to interval.

The wave—-induced gtresses fluctuated
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given 30-minute recording interval. The wave-induced stresses consisted of
two basic components; the stresses that were induced by the waves occurring
at approximately the frequency of wave encounter, and the stresses super-
imposed on the wave-induced stresses which are at or near the first mode hull
girder response frequency. These high-frequency stresses are a result of
impulsive loadings due to a representation of both the low—frequency and
high-frequency wave-induced stresses appearing in the lower part of Figure
B-2,

Large amounts of stress data have been obtained from the SL-7 full-scale
instrumentation program. The method used in data collection is oriented
heavily toward collecting large amounts of data to form a substantial statis-
tical sample. In fact, the data collection and reduction techniques were a
carry-over from previous full-scale instrumentation programs in which the
objective was to obtain a large statistical sample so that the data could
be extrapolated statistically to form a lifetime loading picture and thus
aid in evaluating existing load criteria (L/20 wave, etc.).

SL-7 INSTRUMENTATION DATA REDUCTION AND ANALYSIS

The SEA-LAND McLEAN instrumentation data collection program generated raw
data in two forms:

(1) Magnetic l4-track tapes containing analog strain, sea characteristics
and ship operating parameter signals

(2) Manually recorded logbook data describing sea, wind, wave, and weather
conditions at four-hour intervals.



Two formats were available for display of analog data. For guick ship-
board review, each channel could be played back on an oscillograph at
relatively high speed, with a low paper speed. The resultant compressed

Fima_hd aor hnawrAd A 14 = 3
time-history hard copy record could be reviewed to observe signal peaks,

relative levels, and overall variations. However, details of the wave
form could not be seen. After returning the analog tapes to Teledyne, a
more detailed review of selected data channels could be conducted using
expanded time-history hard-copy oscillographic records made at slower
tape speeds which preserve the details of wave form.

Procedures and computer programs described in References 41 and 42 were

used to place the logbook data into digital form, to digitize selected
channels of analog data, and to collate these sets of digital data onto
digital library tapes. Subsequently, summary tapes were prepared which
contained reduced transducer signals in digital form. These summary tapes
were derived from the library tapes to facilitate data review and parametric
analysis The Summary tapes contain the logbook information and reduced data
for each interval. The reduced interval data consists of the Root-Mean-Square
(RMS) of the Peak-to-Through (P-T, see Figure B-2) wave-induced stress,
maximum P-T wave-induced stress, number of zero crossing wave-induced cycles,
maximum P-T first mode stress and number of "bursts" of higher frequency
transients per interval. Table B-1 displays the SEA-LAND McLEAN instrumen-
tation program data in its various formats as it exists in the Teledyne SL-7
library. Tt is noted that with each succeeding season, fewer channels of
analog data have been digitized. An interview with Teledyne personnel re-
vealed that each season fewer channels were digitized simply because of the
lack of reauests for the previous season’g dicitized data

_________ quests r the previous seas gitized data.
For each transducer signal listed in Table B-1, the following describes in
greater detail exactly what data are contained on its associated digital
library tape(s). Since most large-magnitude stress records, especially those
associated with slamming and similar dynamic events, can be separated into
two components - wave-induced and first-mode two-noded vibration (i.e.
whipping or springing) - and since each of these components can be charac-
terized by its frequency, appropriate filtering arrangements can be applied
to isolate each phenomenon's contribution to the overall stress record.

Such a procedure was used in processing the SEA-LAND McLEAN analog records,
On playback, the analog signal was filtered through a low-pass filter with

a 2 Hz cutoff to eliminate high frequency vibratory effects and other noise;
the remaining signal was then processed in three ways:

(1) Through a 0.56 Hz to 2 Hz band pass filter to isolate the first
mode component (the first-mode frequency of the SEA-LAND McLEAN

at normal operating load is 0.80 Hz).

{(2) Through a 0.01 Hz to 0.22 Hz band pass filter and two subsequent
0.22 Hz low pass filters to isolate the wave-induced component.

(3) Unfiltered to yield combined wave-induced and first mode-signals,

This filtering process is pictured graphically in Figure B-3.

o3
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DATA ACQUISITION SEASONS

SUMMARY OF INSTRUMENTATION PROGRAM DATA AND DATA FORMATS
THAT ARE PRESENTLY AT TELEDYNE ENGINEERING SERVICES

TABLE B-1
S. S. SEA-LAND McLEAN

ANALOG TAPES/LOGBOOK

DIGITAL LIBRARY TAPES

SUMMARY TAPES

SEASON I e 80 Analog Tapes e 8 Analog Channels Digitized One Summary Tape per
digitized channel which
- L i inal V
e OCT 72 - APR 73 ¢ Full Set of Logbook BZEg;EUd nal Vertical contains interval summary
Data encre , data and logbook data.
i , -~ Torsional Shear Midships
e Voyages 1 - 12 — Roll {an example of summary
tape output is shown in
- Pitch Figure B-9)
- Forward Acceleration &
Vertical
- Longitudinal Horizontal
Bending
- Shear Forward Port
— Shear Forward Starboard
e All Logbook Data Digitized
SEASON IT e 94 Analog Tapes e 3 Analog Channels Digitized | One Summary Tape per
? digitized channel which
e SEP 73 - MAR 74 e Full Set of Logbook - 4§22§§EUdinal Vertical E contains interval summary
Data ﬁf——:i—g-l Sh Midshi : data and logbook data.
e Voyages 25 — 38 - lorsiona ear Midships (an example of summary tape
—~ Forward Acceleration output is shown in
Vertical FigureB-9)
¢ All Logbook Data Digitized
SEASON TIT e 34 Analeg Tapes ¢ 1 Analog Channel Dipitized One Summary Tape per
, . digitized channel which
e JAN 75 - MAR 75 e TFull Set of Logbook Long%tud:nal Vertical contains interval summary
Bending
Data — data and loghook data.
- 1 f
o Voyages 59 61 e All Logbook Data Digitized ! {an example of summary

|

'

i

tape output is shown in
Figure B—9

*The longitudinal vertical bending stress is the only stress information reduced to digital form
for all data acquisition seasons.
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Figure B-3  FILTERING PROCESS USED BY TELEDYNE ENGINEERING SEX.ICES
FOR ANALOG SIGNAL DIGITIZING FOR DATA OBTAINED ON THE SL-7 SEA-LAND McLZAK
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The three analog signals were then digitized at a sampling rate of 10
readings per second. Since only the first 20 minutes of each interval
is processed, each of the three filtered signals (wave-induced first mode,

ard
and combined) generated 12,000 data points per interval. These sets of

12,000 data points comprise the digital transducer record. The computer
program which generates the basic digital data record conducts additional
calculations and operations to produce the digital library tape. A flow
chart showing the digital library tape generation process is shown in
Figure B-4.

For the wave-induced component, P-T values are calculated, stored, the
number of P-T values counted and the RMS value of P-T wave~induced stress
for the interval is calculated. The mean value of stress for the inter-
val relative to the first interval of the pass {(where a pass is a complete
voyage's record for that transducer) is determined. Each P-T value is
compared to the previous maximum and the maximum P-T value for the inter-

val is retained. These values are stored as interval summary data.

The first-mode stress P-T data were calculated. When a predetermined
threshold value of 600 psi was reached, the "burst" was initialized and
counted, then the maximum P-T wvalue for the interval was recorded.

Next, the digitized transformer data and the interval summaries are merged
with the digitized logbook data. This process of generating the digital
library tapes is summarized in Figure B-4.

To facilitate efforts such as parametric studies, where various logbook para-
meters are keyed to summary data, significant efficiency in tape reading can
be achieved if the basic digital waveform records (12,000 point data sets)
are deleted from the tape in use. To this end, summary tapes have been pro-
duced from the Library Tapes by deleting the digital records of wave-induced,
first mode, and combined analog signals. The remaining information, interval
summary information and logbook data 1is then available in a compact format
for parametric—type analysis. The summary tape information is indicated on
Figures B-4 and B-5,

The various examples of data presentation formats indicated in Figure B-5

are examples of the data processing capabilities of Teledyne. Table B-1
summarizes the channels of full-scale data that have been reduced to date.
Figures B-6 to B-11 present examples of the various data formats in additional
detail. An example of stress time history for the longitudinal vertical
bending stress (LVBS) is shown in Figure B-6. This information was produced
from the analog signal as recorded on the SEA-LAND McLEAN. An example of a
project logbook entry form is shown in Figure B-7. This information was
later digitized for further use in computer analyses, Figure B-8 depicts a
sample of the digital library tape where the digitized loghook data and
digitized P-T stress information are presented for a given 20 minute inter-
val of recorded data. A selected example of the summary tape informatien

is presented in Figure B-9. The summary tape contains index information,
logbook information and reduced interval data for a given channel of interest.
This information may be obtained from Teledyne in computer print-out form and
represents a manual method for access to the data that has been digitized

B~9



ANALOG ANALOG
TRANSDUCED TRANSDUCED
SIGNAL SIGNAL
.‘_ Signal Playback
- ¥
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WAVE INDUCED
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=
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| ANALOG TO

+

12,000 POINT

12,000 POINT

-

12,000 POINT

! DIGITAL CONVERTER

DIGITIZING

DATA RECORD DATA RECORD DATA RECORD NETWORK
PER PER PER
INTERVAL INTERVAL INTERVAL
I
r }
o  Number of peak- o Number of first mode burst INTERVAL
trough values o Maximum [irst mode peak SUMMARY

DIGITAL LIBRARY
TAPE DATA

CALCULATIONS

o  RMS peak-crough

stress
o Maximum peak-

trough stress

”~
o Date, time o Average wave height
a Noon posicion o Average swell height
o Course o Average swell lengch
o Average speed o Average swell direction
o Average R.P.M. o Barometer reading
o True wind speed o Sea Temperature
o Beaufort Sea Srate o Air Temperature

number o Weather comment (overcast,
o Relative wave direction rain, etc.)

Data logged every 4 hours

SUMMARY TAPE DATA

LOGBOOK DATA

Figure B-4 Generation of Digital Library and Summary Tapes




Figure B-5
EXAMPLE OF DATA PRESENTATION FORMATS

The data formats indicated here are the presentation of the present data processing
capabiliries of Teledyne. Table B-1 presents a summary cf the data that has made it past the amalog tape form.

RAW DATA I DATA PROCESSING SAMPLE PRESENTATION FOR DATA ANALYSTS

, MANTUAL

| |
I | Measure maximum value per interval
I | No details

/I‘C'ompressed Time-History

(Quick-look) l Study detailed combination of frequency

from Ship

' compontents in one transducer
| /
Analecg Tape \ l
l \ Study instantaneous phase and amplitude

| Expanded Time-History I relationships of several transducers
(See Figure B=6)

‘Tabulations of Response Com-
putations and logbook data
or partial logbook data
alone for reference

(See Figure B—-9Q)

4
- Parametric study plots

Environmental Data
Logbook from Ship

See Figure

B-10

Spectral plots
SPECTRA | ——" (See Figure B-11)

COMPUTATIONS|
\ Computer correlations

of spectral results
with logbook data

(See Figure B=7) r\“

l
|
Reproduce logbook I
|

SHOWN FOR COMPARISON

! I

| ' Tabulation in Histogram
I Manual measurement of form

M% scratches (Teledyne) '

Fo computer (G&A) (limited) Statistical analvsis
Scratch gauge data | : l

paper tapes . wi A p——t
(See Figure 46 | ]

EBCH
1R

* The Logbook entries at Teledyne are for the scratch gauge data recorded
for the first three seasons on the SL-7 SEA-LAND McLEAN only.

B-11



RdoLy v
i

NVITOH QNVI-VES 943 U0 popiodad A1018TH ompl ssa13g aydueg 9-g 2an374
N . P : : : _ - i L Y b i : H A
1
87 VoATRIrT s sauL i |[ T T 11 27 i

i
[

—

[T T S
. LY
L : ;
e
i— i
4

1 Z7 TEAXIING, | 5E, SIEL
-] _mnor\ = T OO RRR T 1 e e ke

.wt_ A .

7-A

TR SR { S AL I

i
'
i
t
I
|
1
'

F_
|

'
P
Yoo
]
v
3
|
.
I
H
|
:
i
. Lo
|
':‘[i
'
'
i
i
|
;
'
i
—f—
i
i
i
=
foad
i

i
I
!
1
}
1
e et
3
|

O g - TETHS
S T - TN Joty t —d.L..L “ .ll, ?ﬂ\(ww‘lhl..!rul

T
iT

| e s e e L T e e S e e B S e e s T T

i SER) |
4>_ P -~ o ]

S 5 e A MR AL B

‘mw;%‘@_,,ﬁ.r‘., I% mmF>dLMu

YSMNOIINE  OHO'GNYIIAIID  DNIQINOD NOISIAIG| -

B-12



DATA LOG Issue: 12/2/68

£T-4

;15 SEA ~\
21 SWELL WwATeH Fﬁ FFALIE Srac

@ @ z;:afg:‘;;LCoutae, Change of
Avg. Avg. ]JRelative] Barometer Sea Alr Weather | Initials | Speed, Change of Ballast, $lam-)

Height'| Length| Direct.| Reading Temp. | Temp. uming, Change Tape, Reel Number)

{Wave buoy launching)

i et W B sy "% c;\::i ETR | if; \—-‘ci,s-'sf:a, 7 ¥

s’ s-geo! ﬁ}-;.' Jo.08 52 '%f; 2 ensr FOH A ¢ £

s’ U fa,-a'é;ﬂ 30, 30 . s-f/yfa c.':._hy

/0-121 too ;i;—"i-:f’ vg 51 oy 5'7/>y Ploby

oo Lee VB | o963 leg [ |29l KR O

I VAN FARYS PLP| 2279 Pl 7O LA

t2-15| Lo i?ﬁf 29 .63 L8 |fYey oD ‘2§£;§%ﬁ5ﬂ%f%;éow

rer2 | poo | FE 29.48 ey 3/ sledy

(0712 | geo ':.N{C’P z§.s® Lo 5&/55| o'casT gfﬁ:i’::-“;;sg a2

1012 poo |[BEM| 2538 | g |$%o [2CPY

E-1¢| few ";f;‘:ﬂ 15 %5 ef | YooY

G-ro |soe |G53 26570 |y |“% 3| Preay A TAEE 2T 25

L0 | see | FE | 2557 co Yo [Ty Symer 105 C 23 L2y

(-8 |s2e | WEl| gees |66 ey, [SleasT

’ L]

-Reference 8

Figure B-7 Sample Logbook Entry



¥1-49

L Y R - L LT
Ot e (e DTN =)
P WO D D e D
EXVWENE-LNLSE-RWE N . L AR W] N)

TR

PAGE L]

JIGITAL TAPE 3 MCLEAN §973-1974 SEASON MIDSHIP VERTICAL BENDING CHANNEL 1

SEA LAND MCLEAN I2W01=08-740)=-14~T4BREVERHAVEN TO ELJIZABETH ’ TAPES 143+ 145 AND 147
NJMBLR DOF CYCLLS = 182 )
LOGBOOK Rt L REL WA VE REL SWELL
INDE X SHIPS PROP WIND wAVI PD SWELL LENGIH SEA

NUM DATE LAT! TUDE COURSE [+3 -7 olR CIR - SECS DIR FEZT TEMP wWEATHER
TRIP INTERVAL T.IME LONGITUDE SHIPS SEA REL WAVEWAVE SwWwELL BAROM AR
NUM GMT SPEED STATE wIND HT LENG HT IHCH TEMP

KT1s SPEED FEET F7V FEETY HG
KNOTS
035 01-13-T7» AO0=-17 N 274 121.0 041S Q415 0185 0400 69 BDCASYT RAIN
2w 004 1600 056-29 W 29.08 09 . . 45 __ 20 . 018 29.96 03V
WAVE INQUCLD PEAK 10 TROUGH INFORMATION

432% Joz21 2403 4021 4088 JLe9 4147 5302 ... 4458 agzi 4117 19210

4740 TTL7 6013 4532 6947 12781 11479 6858 Inzs 4858 6421 3332

5762 52173 gl o 2340 4043 5095 Gath 7569 3318 1185 2251 2018

1807 1890 26606 3229 78480 o228 ATO69 1607 4605 65243 1422 3140

5362 0073 1969 6650 906L3 9154 699) ___. o754 ____ 3BOG . 52713 8976 1287

3792 1504 711 1866 3614 6606 £332 hpg i 3199 1851 1629 4200

7213 4340 284 4 5125 7110 45031 2399 2962 3jo81 ALTT 2784 2251

5668 A724 9524 11879 102065 4517 Ins5 3436 2458 2488 4088 3332

e725 2014 1690 4636 5747 34006 . 5K39 2621 __ 3199 3roe 2060606 1185

7035 4503 1659 2281 3643 3347 T425 6091} 69491 3095 oatl 1777

1896 1636 1599 4917 3703 5688 2488 2162 2916 1792 3436 2932

6%;% 11020 512¢% 1836 4710 29012 27684 2370 1303 24133 3095 1717

1 . e

Figure B-8 EXAMPLE OF PEAK TO TROUGH DATA REDUCTION OF SL-7 SEA-LAND McLEAN AMIDSHIP VERTICAL BENDIRG STRESS

- e 8 QAN
DO E =D ) Ly
WO COON=0 Dy
CNONOOTIUS WO

1362
2221
1807
3258
4769
2488
are2
A917
5095

888
34956
3140




NOSVES aNODES £-TS - I1AIHS AMVIWIS TVII¥YVd 6-9 2in3Td

A _ y e amamy
] ov A0 arec 3 to-200 o0nvo z¢o r2¢C '
sent Sy s*1Ct etz N 4C-14 ) l=060=10 HOO CryiINYIIIW .
Tt et L) 40 §$*2C " 3 £0-200° "7 "7 powD’ L L . £ -
Syt SOt a*tct £ce N 6C=-1¢ ¥l/=060=-10 HQO CryINY I 0m
zZ1 ov 50 . ge2f 3 10-200 00RO oco nee
T e SY0! Sy0T Setgt €ECZ  ~ T N 6C=1% ¥.=60-10 €00  COIHYIIN
2t Ov a0 g 2¢ 3 Lo-200 oo0no 620 MmZE '
o . SYD1T  Sedt  A*IC cee . N_8C=I% *~60=10 800 _ CYINVITIW
Q0 o¢ 40 G*2rf 3 Lo-200 LY w2v nze
SAvT  SAYL 9t cc? . N 6F-10 v/, =60=10 L00 CYINY I DN
. no ot o0 Geze 3 L0o~200 " pO%D L0 mzg Ty
S6vl Sayt os1gt €ce N AE~-18 ¥.=60-10 200 CHUINYIION
— BT ot %0 $°2C 3 10-200 _  00%0 920 M2Z¢ .
S681  SAvt Qe Iyt ce2 TNTAE-TG l=60-10 L00 CYINYIION
no ot 90 sr2¢ 2 L0-200 00%0 520 AavE
e S6¥l  sAv1 9t1CH cee .. . N GC=1G _ ¥2-60-10 £00 €YINVIION_
ot Oy Lo Geoc 3 L0-200 002 %20 ner 1
dROQ  dAC0 LeCZt ez N 6C€=18 YL-00=10 9200 CYtNYITOR
R ] | oy L0 G5*0C 3 Lo-200 oov2 SRR T o mReTT T T
dR00 dno0 LegP2! ce? N AC-1G Yi-u0=10 v0p CY INY 37N
e oD Oy L0 Geo¢ 3 10-200 oon2 zzo "¢
de0  dROO - Leg2t cez’ " N 8C-18 Y2=-80-10"" UDO0 " CHTHYIATIN"-
o1 oy L0 Ge0C 3 L0-200 00vwZ 120 nee
eee . . .....®9D0  dmOO0 L°€2I €tz . N_6f=tg v,=80=10__ 900 _ CwINYITIIH___
' oy Gy L0 3 L0-200 0002 - 020 AMeC
dSC0  JdSE0 . N 6E-1% vi-00=10 Soo EYINYI1Iw
LA -1 MY "3 L0=200 7 T ppoR T T TTTEIOT Tmeg T T
dGEn  dsen . H 6C-16 vi-40=10 500 CYyINYIDIR
e o1 Sy Lo 1 Lo-200 0002 grp  «2c o
dGE0 dGeo . . H é€=18 Y L=-90~10"""¢00 TNy I In
ot Gy Lo A L0-200 0002 i10 aze
—— L. dAf0  JdS€0 ‘ . _N_8E=-1% v4-00-10_ SO0  CYINYIIN_
SIONY
t4 1334 03345 S1y ‘
el 9N 1M OMIM XIVIS  0D14S W9 HNN ) . ]
IAYA “IAYAR M vis Sdins AGNLEINNT T 77 AWML T TIWASIINT gyl T -
52138 SR K] HIQ ndH ISHNAN D aaonLtivn v wnM BNINAN
Nl JAYR  aNIT il SAnS L VT Juvl
JAvr  CtIn ART}) . R R TID HEIVe B TR L 7L A
Y49 Advd

e TOIANNYHY  ONTONIN I¥DTILYIA dIHS Oy NOSYIS %2At-Crsl

wm meiamm

NYITIA4  Javl advymuns

.

B-15



91-d

T suHHARY TAPL

Figure B-9 (con't)
VOYAGE, 32W

— -

3Tol

J

"MCLEAN 19T73=iv7& SEASUN ~ MIDSHIP VEHILCAL HENDING

CHANNE
. PAGE 698
: MAX
L AEL . SYELLL L R —_ e . P=T0Y NUMBEN
SWELL LENGTH SEA STKLSS OF
OlR FEET TCHMP  WEATHER PSi BUHSTS COMMENTS
Qe UARQM __AIR e e .o WUMBER RHS Max  _VLAN
T InCL 1EMP : CYCLES STHLESS $11°LSS ~TSIRES
FEET ne "s] PS5 Psl
, ~==WAVE IND=== 351 MODE
— - . v+ . e e tm——_mn—— v mm e e e ——— ¢ = r— e e
035P 0400 € 0chs1 Vi4o 3 UAEK 1N
010 20.686 039 146 Jo2d 2114 204
. 035P___Da00 B OCASY __.__ . . .. .. BOOY 3 .BACK IN
: 010 29,66 039 168 Ivie 2690 19}
' 03LP 0400 £ OCAS1 LT 51 BACK IN
\ oLn 20086 039 o e TE 416% 2454 . 298
035P 0400 3 OCAST p21n7 5v PACK 1IN
010 29.66 039 Lo 4312 AGIN -269
*eoeR T Tos00 T T TTTE TR ciby : Po44 an
010 29.63 03I 179 w297 5354 222
L GOouP  0aQ0 . __E __ PI_CLODY . ... _ _.laud LY L
010 v e 0he 174 4 4573 266
oDRe 0400 € Pl CLOY 12601 ol
o 0M0___ . _29.063 __03 ) R ¥ - T 5002 T _as2
00 &P 0400 E P1 CLDY 10839 B0 .
010 29.03 03n 171 4473 JE30 -33¢
| W s - ——— s P - - . - -
0145 0500 E DCANT LS 1y 1
10 2U.306  Uel 104 3707 2461 176
__ 0145, . 0500 . _L_ 0CAST, . 61?7 12 o ,
. 040 av. a8 osl 1o4 3094 Lvu? 237
0145 0500 £ acast w2z 18 _
00 _2YedU_ O 167 Jlva 2200 . 300
0145 0500 c 0CAS 1 LGOI 2%
010 20.38 Ol Yk 3623 2052 -261
T Tieas Toson T TTETT U CLbY T bw2é 60 ‘WGo 10
010 2v.T6 050 179 AU9H 2110 -6l
e _104s 0500 JE _CLLY e e e BTES! 61 HOD 10
oG 29.706° 050 108 31ve 3no? -514
1045 65006 g cLny 870 b0 Hoo 10
o _0MD _ _29.76__0v0 _ . . .. 118 Juve 3240 _  -ab2
104% 06500 £ cLDY Tval ' MOD 10
olo 29.76  0LO XY 30V -927
I .

"THEAVY BLITEH

R

.

AUTO GPERATIONT
_AUTO OPERATION

AU1I0 UPERATION

AUTD DPERATION

HEAVY PITCH___
HE AVY PITCH

HE AVY PITCH

PARTIAL SUMMARY SHEET - SL-7 SECOND SEASON,




(6 2ou2xagay) QT-9 21n3T14g

NOSHIS ONZ NUIDDH  H3BWAN 1HO4NHIB SA SS3HIS SNIONIB THITLY3A TUNLIQNLIONDT SHY

WIBHNN LHD 4NY3IR

-+
-
4

gL-1st [ O
0sL-121 X
6ZL-19 +
09 -1t v
UE -0 O

"HIG VIS 13H | TOHWAS

00S1

Q00¢

Q0Sh

Qoos

00S4

ocoe

0gsal

agoet

005ed

Jgoosi

‘SEIMLS

184

B-17



Tape 143, Interval g
Ship Speed=31.5 Kt
Beaufort 9

Bow Seas
RMS Stress=0.72 Kpsi
Maximum Vibration

e
o
L

U
& Double Amplitude=1.3 Kpsi
o

2

x o.Lr

- 0.3H

3 3 z O.SDHZ
"

c

& 0.2 J

r

| '

L

[&]

D

‘% A

| I 1 T 1
0 ] 2 3 L 5

Circular Frequency, Rad/Sec

Figure B~11 Sample Stress Spectrum: SL-7

Reference 33



thus far (see Table B-1 for the types and amounts of data that have been
reduced to date). Parametric plots may also be obtained from the Summary
Tape information. A sample parametiric plot is shown in Figure B-10,
Figure B-11 depicts a stress spectrum calculated for a recording interval.

After digitizing and reducing the analog data to library and summary tapes,
various data presentation formats may be utilized to facilitate analysis.
These formats fall into three categories:

(1) tabulation of the transducer and/ocr logbook data
(2} vparametric study plots
{3} spectra computations

These tabulations can be a full listing of logbook or transducer data or

can be parametrically selected based on specified input criteria with speci-
fied files of output generated. The parametric study plots can be generated
for summary data plotted against any parameter, such as Beaufort number, and
classified into five subgroups based on a parameter such as ship speed or
relative wave direction., In addition teo the parametric plots, tabulations
may also be generated. Spectra computations can be conducted using the
unfiltered digitized transducer record. Figure B-5 summarizes the warious
data-presentation formats discussed above. Samples of these formats, except
spectral analysis, are presented in the three SL-7 seasonal reports,
References (8), (9) and (10).

Teledyne is currently under contract to the United States Coast Guard to
maintain the §SL-7 data base. This contract is strictly a maintenance con—
tract with very limited funds for additional data analysis. When assessing
the SEA-LAND McLEAN data base, inquiries should be addressed through the
Secretary of The Ship Structure Committee for approval before contacting
Teledyne Engineering Services, Inc.

At this point, it would be appropriate to discuss the full scale SL-7 data
that has not been reduced. The majority of the strain information has not
been examined in any detail. 1In fact, the majority of the strain data is
still in the analog form as recorded (see Table B-1). This unreduced strain
data includes:

(a) The longitudinal vertical bending stress amidship from individual port
and starboard strain gauges.

{b) The strain data obtained by "run bys" at several hatch corners to obtain
the stress distribution at the respective locations.

(c) The strain information taken at several transverse box girders and
longitudinal box girder intersections. These data were recorded so
that the longitudinal warping restraint could be inferred at the transi-
tion from open hatch to closed section at the forward deck house and the
"S" bending due to torsional loads experienced by the ship.

(d) Quarter point shear and torsional shear.



. The demand for these data by the design and construction community has been
minimal to non-existent even from researchers who originally requested the
data. Therefore, the recommendations for further data analyses should be
viewed in that light. Although these data are design specific and represent
the SL-7 containership design, the data may also be applicable to open-decked
containerships in general. Torsional effects on the containership's hull
are of particular interest to containership designers.

ABS did analyze data obtained from several locations as part of the valida~
tion of the DAISY finite-element computer program. The comparisons involved
the prediction of wave-induced stresses and was based on the wave data re-
corded on beoard the SEA-LAND McLEAN. Any correlations of any of the data
obtained from the SEA~LAND McLEAN instrumentation with the measured wave data
would not be well founded.

Many types of data analysis are possible other than those that would involve
the measured wave data directly. The log book information contains observed
wave height, sea state and wind speed information that may provide a basis

for categorizing the data, etc. The lack of wave data for comparative pur-
poses is a major setback; however, semi-quantitative analysis could be con-
ducted based on Beaufort number, etc. Examples of further data analysis could
include:

(1) Analysis of the instantaneous distributions of wave-induced stresses ob-
tained from the "rub-bys' around hatch corners for various heading and
wave height groups. This would yield information on the distribution of
stresses about the hatch corners that result from torsional
bending, etc. This could alse be done for the gauge locations at trans-—
verse girders to investigate the effects of torsion.

{2) Development of long-term statistical distributions of wave-induced stress
obtained from amidship vertical bending and hatch corners, etc. The long-
term statistical distributions would be developed on the same basis (i.e.
Beaufort number, etc.), and may provide insight into the effects of stress
concentrations, etc., on existing load criteria. This could also be con-
ducted for various headings to isolate torsional effects, etc.

(3) Several studies indicate that additional data reduction of the high-
frequency wave-induced stresses is required. This information would be
useful for future load-criteria examination, if deemed necessary by SSC.
The exact type of data reduction needed depends on the intended use.

A minimum data reduction would include the RMS and number of cycles for
each interval of data for the high-frequency wave-~induced stresses.

The S§S8C ha e

determination of strain rates. It must be remembered that the wave-
induced strain rates experienced by the SEA-LAND McLEAN would be higher

in head seas and lower in following seas than is typical due to the high
speed capabilities of the SEA-LAND McLEAN, The strain data recorded

aboard the SEA-LAND McLEAN results from several types of loading sources.
These sources may be identified and strain rates determined accordingly.
However, additional data reduction may be required to conduct the analysis,
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(5)

especially in regard to the high-frequency wave-induced stresses.
Additional consideration should also be given to the definition of
'typical' strain rate for the SEA~LAND McLEAN. Does typical refer to
average for the existing data (three seasons} or average expected for
the SEA-LAND McLEAN ? These are the types of questions that need to
be answered before the applicability of the SEA-LAND McLEAN may be
determined.

The data recorded at the forward hatch corner where radial cracks
were observed would provide a data base for future fatigue analysis
programs. However, these data are still in analog form, as recorded,
and has not been analyzed in a useable form for fatigue analysis.
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