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INTRODUCTION

Marine structures education, for the purposes of this study, and hence this
report, includes the structures portions of both the undergraduate and the graduate
programs at well-recognized schools that grant degrees in the disciplines of naval
architecture and/or ocean engineering, intending they indicate that the recipients are
reasonably capable of analyzing and designing ships and boats and other marine
craft, and/or offshore platforms or other offshore marine systems. This does not
preclude the recognition that many of those in the practice and even the teaching of -
marine structural analysis and design may well have earned their degrees at these
same or at different schools but in other mechanics-based engineering disciplines, -
such as civil, mechanical, or aerospace, in applied mechanics, or perhaps at the
graduate level in a narrower specialized field sometimes called "structural mechanics”
or just "engineering structures." Thus the extent to which this may indeed be so is
significant and will be discussed.

There is an undeniable perception that structural considerations are not at
present being given adequate attention in the curricula at some of the schools of -
interest, and this stems at least in part from differing expectations of what
understanding and capability with regard to structural analysis and design the
graduates of these programs should have obtained. This is in fact a perennial
problem that pervades all of higher education. It is essential that students be
informed about as much of the basic knowledge pertinent to their particular field as
possible and gain an understanding of the principles and underlying historical
evolution of ideas and problems that have led to the distinctive definition of that field.
But it is equally necessary that they acquire the capacity to contribute their efforts
in practicing professionally in that field, whether that entails resolving typical current
problems with existing approaches and procedures or, less often, conducting and
perhaps directing research and/or development undertakings seeking to enhance and
often to improve them or, more frequently, just to understand the problems
themselves more fully.

These twin demands are clearly evident in engineering education. The programs
at some schools have curricula that emphasize one usually at the expense of
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satisfactorily achieving the other at the undergraduate level, even though most
schools have until recently not considered the preparation for general practice as the
main focus at the graduate level. The degree to which this is so at the dozen or so
schools of concern in this project will be assessed. Their programs will be evaluated
primarily with respect to the content appropriate to the subject of this report, marine
structural analysis and design, while noting that the generic term "ocean engineering”
is unlike "naval architecture" not at all limited to the analysis and design of vessels
and offshore platforms and the structures content therefore in several may not be
extensive. Two of the schools are indeed military academies and the somewhat
special circumstances at them must be acknowledged.

In no instances are the descriptions of and discussions about the programs and
the individual courses, and sometimes even the instructors for those courses,
intended to be construed as criticism, favorable or unfavorable. This study sought to
determine how correct the perception mentioned above actually is, and this report will
describe and discuss the material and other information that permitted some
conclusions to be reached. Colleagues at all the schools were helpful in providing this
material and interchanges with them have been most beneficial, and are much
appreciated. Many other friends or acquaintances in the marine industry were also
interviewed and/or responded to, and often elaborated on their answers to, a
questionnaire sent to them or their organizations.

This report will first include brief descriptions of the undergraduate and the
graduate programs at the various schools that satisfy the engineering needs of the
marine industry by having created and sustained educational efforts particularly in
naval architecture and/or in ocean engineering. The material that might have been
included is vast indeed. But while the primary interest is in the marine structures
courses, they can only be properly understood, and discussed in the next section of the
report, in relation to the total content of and the other requirements imposed on these
programs.

A third section of the report will review the responses to a series of questions
addressed to individuals and/or organizations representing the various branches of the
total marine industry that are concerned to some significant degree with structural
analysis and design. Their impressions and expectations regarding the education
programs, their satisfaction with their own basic knowledge of and their confidence in
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their current marine structural analysis and design practices, and their views on how
their own or the marine industry's circumstances with respect to these matters
might be bettered, were sought.

The report will be completed with a section providing the conclusions reached as
a result of undertaking this project, plus some recommendations suggested by those
conclusions. '



NAVAL ARCHITECTURE AND OCEAN ENGINEERING
PROGRAMS IN NORTH AMERICA,
AND THEIR RELATION TO CURRENT TRENDS AND
- CONCERNS IN ENGINEERING EDUCATION

The more traditional undergraduate programs in naval architecture in the
United States and Canada are currently those offered by Webb Institute, the
University of Michigan, the University of New Orleans, and Memorial University in
St. John's, Newfoundland. There is a Department of Naval Architecture and Marine
Engineering at Michigan and their program includes both the engineering disciplines
named if indeed they are considered distinctive (as they sometimes are) rather than
essentially a single discipline. The program at New Orleans is administratively
offered by the School of Naval Architecture and Marine Engineering and like Michigan
tends to consider the two fields a single discipline. That at St. John's is entitled Naval
Architectural Engineering and is administratively actually offered by the Faculty of
Engineering and Applied Science. Until recently the University of California at
Berkeley and the Massachusetts Institute of Technology offered similar programs,
but those students at Berkeley now are enrolled in the Mechanical Engineering
Department even though the Department of Naval Architecture and Offshore
Engineering stills exists and its faculty offer some undergraduate courses in naval
architecture, and the Department of Ocean Engineering at MIT maintains a
bachelor's degree-granting program in ocean engineering that also still includes
courses in naval architecture.

The other well-established undergraduate ocean engineering programs are at
" Florida Institute of Technology, Florida Atlantic University, Virginia Polytechnic
Institute at State University, where the home department is designated the
Aerospace and Ocean Engineering Department, and at Texas A&M University (at
the College Station campus, not that at Galveston) where it is administratively
within the Civil Engineering Department even though the degree is in acean
engineering.

The U.S. Coast Guard Academy and the U.S. Naval Academy are the only two
military schools included in this study even though accredited programs are available
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at two.of the maritime academies — in marine engineering systems at the U.S.
Merchant Marine Academy and in naval architecture and, separately, in marine
engineering at the State University of New York Maritime College — which both
incorporate the so-called Regimental System and could therefore be considered
military, or perhaps quasi-military, schools. They were not included, however,
because so very few of their graduates seek careers practicing naval architecture and
fewer still specializing in marine structural analysis and design. At Annapolis majors
are available in naval architecture, in ocean engineering, and in marine engineering
from naturally enough, the Department of Naval Architecture, Ocean, and Marine
Engineering. At the Coast Guard Academy the single major in naval architecture and
marine engineering, considered a single discipline much as at Michigan and New
Orleans, is offered by the Engineering Department. |

Other undergraduate programs or courses not part of this study are the
relatively quite new and still small but coherent and accredited one in ocean
engineering at Rhode Island, and the sequences of courses in naval architecture
offered within the Mechanical Engineering Department at the University of
Washington. Those at the two military academies are indeed only included because
graduates who have completed these programs often do enter into the practice of
naval architecture and/or ocean engineering immediately after fulfilling their service
obligations or even later when retiring after often gaining service experience or
possibly additional formal education that might suggest that choice is quite
appropriate. These late entrants to the field have sometimes majored in engineering
disciplines other than naval architecture or ocean engineering while earning their
undergraduate degrees at the academies.

These dozen institutions are thus at present the principal sources of very nearly
all of those naval architecture and/or ocean engineering bachelor's degree-level
graduates now entering practice or continuing their studies at the graduate level, and
have been (with some variations at several of the schools) the sources for the last
several decades. They are also schools that have traditionally offered graduate
programs in naval architecture and/or ocean engineering, and still do with the
exception of the military academies and Webb — which is initiating a master's degree
program in "Ocean Technology and Commerce" as this is written. Again, several
other institutions do have graduate programs in ocean engineering, notably Hawaii,
Miami, New Hampshire, and Rhode Island, and there is now a graduate program in

-5-



naval engineering at the Naval Postgraduate School in Monterey. But limiting the
study to these dozen schools and dealing with their undergraduate curricula and the
corresponding graduate programs, but including also the graduate program at the
Technical University of Nova Scotia, would seem sufficient to gain an adequate
understanding of and to describe adequately the state of marine structures education
in North America. Table 1 indicates the degrees at all levels granted by these
institutions.



VARIOUS DEGREE DESIGNATIONS AND LEVELS FOR PROGRAMS OF INTEREST AT

TABLE 1
INSTITUTIONS INCLUDED IN THIS STUDY,

Webb

INSTITUTION ll DEGREE DESIGNATIONS AND UNITS

in Naval Architecture and Marine Engineering by Webb
Institute

DEGREE LEVELS
Bl

Michigan

in Naval Architecture and Marine Engineering by the
Department of Naval Architecture and Marine
Engineering

B, M2, E3 D4

New Orleans

in Naval Architectural and Marine Engineering by the
School of Naval Architecture and Marine Engineering

B,M

Memorial

in Naval Architectural Engineering, also in Ocean
Engineering at Graduate Level, by the Faculty of
Engineering and Applied Science

B,M

Berkeley

as Ocean Engineering Option in Mechanical Engineering
at undergraduate level and in Naval Architecture and
Offshore Engineering at graduate level by Department
of Naval Architecture and Offshore Engineering

B,M,E,D

Coast Guard
Academy

in Naval Architecture and Marine Engineering by the
Department of Engineering

Naval Academy

in Naval Architecture or in Ocean Engineering (or in
Marine Engineering) by the Department of Naval
Architecture, Ocean and Marine Engineering

Virginia Tech

in Ocean Engineering at the undergraduate level and at
the Master's degree level, but in Aerospace and Ocean
Engineering at the Doctor's degree level, by the
Department of Aerospace and Ocean Engineering

B,M,D

MIT

in Ocean Engineering at the undergraduate level and in
Ocean Engineering or Naval Architecture or as Naval
Engineer at the graduate level by the Department of
Ocean Engineering

B,M,E,D

Texas A&M

in Ocean Engineering by the Department of Civil
Engineering

Florida Atlantic

in Ocean Engineering by the Department of Ocean
Engineering, but also Master's degree in Civil
Engineering as well as Ocean Engineering

B.MD

Florida Tech

in Ocean Engineering by the Department of Ocean
Engineering

B,M,D

Nova Scotia

in Naval Architecture by the Department of Mechanical
Engineering

M, D

Sources: Bulletins (Catalogs, Calendars) of the various schools (see BIBLIQGRAPHY) and personal

communication.

1. B - Bachelor degree, whether B.S.E., B.Sc.

2. M - Master's degree, whether M.S.E,, M.Eng., M.8., M.A.Sc.

3. E - Professional degree, Naval Engineer, Naval Architect, Ocean Engineer
4. D - Doctorate, whether D.Eng., D.Sc., Ph.D.




Engineering Education Trends and Concepts

These programs, however, are among a number of other programs in engineering
offered by the respective institutions and the departments involved are just single
individual units among a number of departments with, again, Webb being the
exception. Usually, a teaching department is administratively within a college, and
the college one of a number within the institution as a whole. Many policies of one
sort or another, certainly financial support, admission standards, and other factors
are not set entirely at the discretion of the faculty members of a single department.
They do largely determine the curricula of their particular programs once they are
created, through even the establishment of individual courses and to some lesser
extent their content generally are reviewed and approved by a college-level
curriculum committee so as to avoid redundancy, insure quality, and, often today, to
reduce costs and maintain some efficiency in the offerings overall. Large enrollments
in any course are viewed with favor by the college administrators, and the course
may even be presented with large lecture sessions being given by a professor and
several so-called recitation sessions directed by relatively inexpensive teaching
assistants if the enrollment is large enough and, hopefully, the subject matter is
amenable to such a format. Very small enrollments, especially in undergraduate
courses, often attract the attention of administrators and can lead to elimination or
revision, including being offered less frequently.

Faculty members are also not entirely free to direct their own efforts as they
alone may choose. Those associated with most of the programs listed in the foregoing
must conduct research as well as teach, and have administrative committee
assignments and/or counseling responsibilities and other service-type duties. Most
presumably are permitted to do some consulting, and several of particular interest to
this study as well as many others have outside activities extensive enough to
warrant personal incorporation. While the concepts of tenure and academic freedom,
the requirements for promotion at large universities, and other such matters are
beyond the scope of this study, it is pertinent to note that younger and newer faculty
members are in fact judged and rewarded largely upon the extent and level of
sophistication of their publications and the number and the quality of the theses
produced by the doctoral students they have directed. Both of these depend largely
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upon the extent and level of sophistication and thus the number and the quality of the
research endeavors for which they have obtained funding. While such an
arrangement is not at all inconsistent with the overall academic mission of the large
research university as it exists in North America today, it has led to faculties in any
given discipline that often consist mostly of the best and brightest doctoral graduates
in that discipline from one of the schools having almost immediately obtained a
teaching position at one of the others and thus having gained very limited if any
experience or knowledge concerning professional practice in industry. While this is
not entirely characteristic of any of the schools being reviewed, it is to some greater
or lesser degree the situation at many of them and probably increasingly so at most.
In recognition of this several have appointed as "adjunect" professors individuals with
industrial experience whose presence at the schools may have been prompted by the
need to hire them to take advantage of their experience to assist in conducting
research, but anticipating they may also teach for perhaps several years. Others
have hired local practicing naval architects and/or ocean engineers as lecturers, often
for a single course for a single term. This procedure is also often followed, however,
because of the lack of adequate regular facult&lmembers, possibly because of
sabbatical leaves, sickness or similar temporary circumstances; but it has all too
often recently been necessary because a retired professor has not been permanently
replaced, very possibly due to declining enrollment in the program. The nature of any
of these programs is thus subject to temporary and even permanent modifications
because of such changes in the size and composition of the faculty.

But programs must also be changed if the "service courses" which are included
in the curricula are altered. These obviously include the basic courses in
mathematics — typically through differential equations — and chemistry, physics, and
often computer programming and usage included in all undergraduate engineering
curricula, but termed service courses because they are typically given by a unit other
than the departments responsible for the naval architecture and/or ocean engineering
programs of interest in this study. This is usually also the situation with regard to
the introductory courses in thermodynamics, electrical and material science and
engineering, and mechanics - statics, dynamics, fluid mechanics, and solid mechanics
(mechanics of deformable materials or bodies, strength of materials, or whatever
name may be used). Changes may also be caused by revisions in composition and/or
technical writing requirements or arrangements, decisions by the entire school or



college with regard to the number and distribution of elective courses in the
humanities and social sciences, or other similar factors.

That curricula are in a seemingly perpetual state of transition is therefore an
accepted situation, in engineering education in any case, but this condition stems as
much or more from the technological changes — actually the pace of technological
advances — that are affecting the knowledge and understanding needed to practice in
any of the engineering disciplines.

Undergraduate Programs

Adequate descriptions, for the purpose of this report, of the individual
undergraduate programs dealt with can best be accomplished by reproducing here as
figures the typical term-by-term course listings and/or other excerpts from their
catalogs (or bulletins or calendars, as they are sometimes called) trusting that the
course titles are representative enough to preclude the need to provide also each and
every one of the individual course descriptions usually also contained in the catalogs.
Pertinent marine structural analysis and design course descriptions, and the
syllabuses for them, will be included in the next section of this report, however.

Webb Institute

Webb is unique among the programs of interest to this study, in several
respects. First, all of the entering students are there to study only naval architecture
and must all complete the identical sequence of courses created, and truly integrated,
with that beneficial circumstance providing a distinct advantage not present
elsewhere. Basic mechanics, for example, need not be introduced first in general
physics courses and then essentially retaught in engineering science courses and then
revisited in professional courses as is characteristic in the curricula at other schools
at which the contents of the physics courses, with ABET - Accreditation Board for
Engineering Education and Technology — encouragement, are usually determined by a
somewhat remote physics department. At Webb material first taught in engineering
science courses can be used in the various naval architecture courses that
immediately follow very much as if the two courses are considered together a single
entity. There are several other arrangements by which Webb can gain special
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efficiencies not possible at other schools, mostly including introductory material,
analysis techniques, and even applications in earlier courses — in structures or
hydrodynamics or marine engineering — that directly pertain to or even specifically
initiate the procedures and exercises to be dealt with in a following design course.
Having eight-week practical work periods in the marine industry required each year is
obviously also an important bonus to the Webb curricula. Despite the lack of the
much more extensive supporting infrastructure found at most of the other
engineering schools, including relatively large faculties from other engineering
disciplines available certainly to influence and possibly to improve and expand the
educational experiences of students, it is universally acknowledged that Webb
provides a thoroughly satisfactory if not exemplary education to its students. That -
their program is as comprehensive as it is may be due largely to efficiencies of the
type listed above and more credit hours per semester and totally than required by
other programs; but many believe the balance obtained between imparting knowledge
and understanding, and simultaneously instilling in the graduates the capability for
them to be able better to meet the expectations found in the marine industry that
they also be able to carry out the routine tasks along with the more complex and
demanding ones in particular, is accomplished because the faculty at Webb consists
primarily of individuals with professional experience in industry and they are not
distracted continually or evaluated to the same extent by the heavier other demands
and expectations beyond teaching well as are their colleagues at the major research
universities. The curricula at Webb is shown in the course listing in Figure 1.
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SCHEDULE OF COURSES

Thads,ecudmglmﬁmngudloldufmm

are listed on the following pages.

A semester hour represents one hour of recitation of two hours
of drafting or laboratory work per week per semestee. The term "semes-

ter hour™ is identical with the term “credit howr™,

Freshmen

First Semester

Technical Communications 2
Mathematics | - Calculus [ 4
General i 3
Physics I - Elementary Mechanics &
Engincering Statics

Engineesing Geaohi

Naval Architecture | - lotroduction o
Shipbuilding

Macine Engincering I - Introduction to
Marine Engineering

Sem
Hrs.

-

»n
w o

24
A
1

—_—

19
_ Sansfacuyeompleuonol!wehpmuulwwkumqmm

Bln ~

3|¢unipuw
B[u‘u“uu

Class

Hrs.
2
4
4

First Semester
Humanities Elective
Mathematics [II - Differential Equations
Computer Programening
Naval Architecture I
Strength of Materials
Dynamics
21

‘3 bauwuus:g‘

Satisfactory completion of 8 weeks practical work is required.

Second Semester

Western Literature

Mathematics IV - Advanced Engineering
Mathematics

Physics [II - Electricity and Magnetism

Fluid Mechanics

Thermodynsmics

Marine Engineering Ul - Ship Systems 1

e
[~

BI&UHUA
Plavuaa

-
&&Auuuﬁ'

Class

- Naval Architecture V1 - Elements of Ship

Juniors

First Semester

Human Experience I[

Engincering Economics

Probability and Random Processes

Marine Engincering IV -
Machine Design and Transmission Systems

Electrical Engineering I - Circuits and
Electronics

Naval Architecture [ - Ship Resistance and

Propulsion
Naval Architecture IV - Ship Structure
19
Satisfactory completion of 8 weeks practical work is réquired.
Second Semesier

Electrical Engincering 11 - Machines and Controls
Naval Architecture V - Ship Hydrodynamics

L W P N

Design and Procksction
Thesis

Bl -a

First Semester Class

Ethics and the Profession

Ship Vibeations

Naval Architecture VII - Ship Design |

Marine Engineering V1 - Dieset Engines,
Plant Design and Comparative Economics

Thesis

auw§

iuu

2
Satisfactory completion of 8 weeks practical work is required.
Seccond Semester

Professional Communications 2
Naval Architecture VIII - Ship Design Il
Naval Architecture IX - Propeller Design
and Vibrations ' 3
Naval Architecture X - Special Topics in Naval
Architecture 2
Thesis
Seminar 0
Selected Topics 3

=4
-
- ]

w

~ |
W N AN

FIGURE 1. THE WEBB PROGRAM (REPRODUCED FROM THE 1995-96 "CATALOG")
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The University of Michigan -

The current undergraduate curriculum at Michigan, while similar in many ways
to that at Webb, is almost classical in its structure and content including as it does
only minor modifications over the last decade or two. It is shown in Figure 2. Two
recent changes that should be noted are the insertion among the program subjects
just after the introductory course entitled Marine Design, of one new one devoted to
production considerations, replacing the more traditional course in hydrostatics and
stability which is now covered more completely in the introductory course and in the
second new course entitled Marine Hydrodynamics I. The latter course also includes -
most of the material previously taught in a more general fluid mechanics service
course offered by the Mechanical Engineering Department, and required in most of
the other mechanics-based programs such as civil and mechanical engineering but
not aerospace. The traditional resistance and propulsion material is now included in
the Marine Hydrodynamics II course, probably giving the impression to some that
naval architecture and marine engineering is now even more predominantly
concerned with hydrodynamics rather - of which more later ~ than the long-standing
“four areas of concentration" referred to in the Technical Elective requirements.
These only recently were "ship" strength, hydrodynamics, power systems, and
dynamics (vibrations and rigid body motions, both of which are periodic), and are now
preceded by the designation "marine" to reflect that they now are more devoted to a
more systems-oriented treatment involving all types of marine systems and not just
to ships and boats.

The University of New Orleans

The undergraduate program at New Orleans is very similar to that at Michigan
prior to the recent changes noted above, coherent to the same degree and structured
in an almost identical manner. It is illustrated in Figure 3. The individual course
titles include the prefix "offshore structure and ship” (i.e., Offshore Structure and Ship
Strength I and Offshore Structure and Ship Dynamics II) rather than the more
generic "marine", but there does indeed seem to be somewhat more coverage of
offshore platforms in several of the courses and in the overall curriculum then is the
case at Michigan. There are not, however, any courses dealing specifically with some
of the many other ocean engineering topics.
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Required Programs

Sample Schedula by Term

Huws 123 450678
Subjects raquired by all programs (58 hrs.)

(See under “Minimum Common Requiraments,” page 57, for allernatives)

Mathematics 115, 116, 215, and 216 16 44 44 - - - -
English 125, College Writing 4 4 - - - - - . .
* Personal Computing 303 - - - e e ..
Chemistry 130 and 125 or 210 and 211 5§ § - -« « - - ..
Physics 140 with Lab 141; 240 with Lab 241 8 -4 4 - - ..
Senior Technical Communication 3 - - - e e - 3
Humanities and Social Sciences (see pages61,65) 17 - 6 - 3 - - 4 4
Advanced Mathemalics (3 i3.) ’
Mathematics 350 3 - - - -3 - - .
Ralated Technical Subjects (16 hrs.)

MSE 250, Prin of Eng Materials 3 -3 - - - ..
ME 211, Intro 1o Solid Mechanics 4 T
ME 240, Intro to Dynamics 3 - - -3 -+« - -
ME 235, Thermodynamics | 3 B I
EECS 314, Cct Analy and Electronics . 3 - -
Program Subjects (38 M3.)

NA 270, Marine Design 3 -+ 3 - - - . .
NA 275, Marine Systems Manulacturing 3 .- -3 - ...
NA 310, Marine Structures | 4 - - - -4 - -
NA 320, Marine Hydrodynamics | Y TP
NA 321, Marine Hydrodynamics i 4 - - - . . 4 - -
NA 330, Marine Powes Systems{ 4 - - + - 4 - ..
NA 340, Marine Dynamics | & - - - - - 4 - -
NA 391, Marine Lab L S 3 - -
NA 470, Ship Design or NA 471,

Ottshore Eng Design 3 .
NA 475, Design Project 3 - - - e e 3
NA 481, Probal Meth in Marine Sys 3 -
Technical Electives (8 M3.)

These must include at least two of the second
courses in the four areas of concentration-—
NA 410, Marine Struc II; NA 425, Envir Ocean
‘ Dynamics; NA 430, Mar Power Systems II;

of NA 440, Mar Dynamics - J 33
Another Technical Elective T 3
Free Eloctives (6 hrs.) 6 - - - - - 33 -
Total 128 161715181517 16 16

*Eng 103 (3 hwes), Eng 104 (3 trs), Eng 106 (4 hws), or Eng 107 (4 tws) acceptable; Eng 106

of Eng 107 preferred, 1 hour counting as free-glective credit

FIGURE 2. THE MICHIGAN PROGRAM (REPRODUCED FROM THE COLLEGE OF
ENGINEERING 1995-96 "BULLETIN"
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FRESHMAN YEAR

CRHRS SOPHOMORE YEAR CR MRS
ENGL 1167, 1158 ¢ ENGL 2152 3
Arts Bactive’ 3 MATH 2118, 2221 . e
MATH 2111, 21120 10  PHYS 1082 3
PHYS 1081, 1083 4 ENME 2780 3
CHEM 1017 3 CHEM 1018, 1023 $
CSQL 1200 3 ENCE 2311, 2350, 2351 7
ENGR 1000 1 NAME 2180, 2160 é
ENME 1781 3 Social Science Elective’ 3
i | -
3 as
JUNIOR YEAR CRHRS  SENIOR YEAR CR HRS
ECON 2000* 3 Humanities Blective’ a
ENEE 2500, 3518, 3501 7 Socisl Science or
ENME 3020, 3718, 3720, 3770 10 Humanities Elactive’ 3
NAME 3120, 3130, 3140, Literstixe Bectives’ é
3150, 3160 16 Biology Elective’ 3
ENGR 3030 1
NAME 4160, 4155 ¢
— NAME AN
38 k)
) ANALYSIS + DESIGN = TOTAL
MNAME 2180 INTRO TO SHIP & OFFSHORE
STRUCTURES DES & CONSTR 20 + 10 =« 30
MAME 2180 FORM CALC & STABLITY 0 + 00 = 30
MAME 3091 NAVAL ARCH DES PAOXCT 0.0 + 30 « 30
HAME 3082 MARINE ENG DES PROJECT 0.0 + 30 - 30
KAME 3093 SPECIAL PROBS IN NAVAL ANCH a0 .+ 190 - 10
NAME 3094 SPECIAL PACES IN MANINE ENQ 0.0 + 10 = 10
NAME J09¢ SPECIAL PROES IN MARINE ENG 0.0 + 10 = 10
NAME 3120 OFFSHORE STRUCT &
SHIP STRENGTH | 18 + 18 = 30
MAME 3130 MAFENE ENG | POWER 20 + 10 - 30
MAME 3160 COMPUTERS IN NAVAL ARCH 10 + 00 » 10
HAME 3160 SHIP RESISTANCE & PROPULSION 1 B + 18 - 30
HAME 31680 STRUCTURE &
$HP DOYNAMICS 8 + 13 = 40
HAME 3900 SENIOR HONOR THESIS 0.0 + 30 « 30
NAME 4094 SFECIAL TOPMCS IN NAVAL ARCH 2.0 + 10 - 30
MAME 4087 $SPECIAL TOMICS IN MARME ENG 00 + 30 - 30
KAME 4120 SHIP STRUCTURAL ANALYSIS & DES 20 + 10 s 30
RAME 4120 MANNE ENGINEERING 0.0 + 0 = 30
NAME 4131 MELLABLITY, AVALABILITY & MAINT
OF BNG SYSTEMS -1 + 30 = 30
KAME 4138 INTRO) TO COMPUTATIORAL ALUID
OYNAMICS AND HEAT TRANSFER 00 + 30 - 30
NAME 414 CURVED SURFALE DESIGN 00 + 30 = 30
NAME 4142 SOULID MODELING 0.0 + 30 = 30
NAME 4150 OFFSHORE STRUCTURES & )
SHIP DESIGN 00 + 30 = 30
NAME 41851 SMALL CRAFT DESIGN 0.0 + 30 = 30
NAME 4185 OFF SHORE STAUCTURES &
SHIP DES PROJECT 0.0 + 30 = 30
NAME 4180 SHEF HYDPROO! [ ] 1.0 + 2.0 « )0
NAME 4182 OFFSHORE STMICTURES &
SHIP DYNAMICS § 0.0 + 30 - 30
F MAME 4171 ADNIRALTY LAW FOR ENGINEERS 20 + 00 - 20
NAME 4181 MATERIALS FOR MAFRINE DESIGN 1.0 + 20 = 30

FIGURE 3. THE UNIVERSITY OF NEW ORLEANS CURRICULUM (EXCERPTS FROM
THE COLLEGE OF ENGINEERING 1994-95 "INFORMATION BULLETIN"
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Memorial University of Newfoundland

The undergraduate program at Memorial reflects the fact that high school
graduates in Canada have advanced further than is generally true in the United
States and therefore their curriculum need not include for example such courses as
composition and general chemistry and physics in the first year, nor the electives in
the humanities and social sciences scattered throughout the curriculum that are
required in the U.S. The graduates of this program are thus nearly but not quite fully
equivalent in educational breadth and professional preparation to those receiving
master's degrees at most of the other schools being described here. They can
specialize to some extent in selecting technical electives in the last two terms, as
shown in the chart in Figure 4, concentrating perhaps in production management
rather than entirely in the design of ships or platforms or.even submersibles. The
professional content of what must still be termed an undergraduate curriculum is
perhaps stronger and more varied than that offered by any of the schools in the U.S.

The University of California - Berkeley

The current undergraduate curricula in naval architecture at Berkeley is shown
in Figure 5. It will evidently be changed somewhat as the program soon becomes
established as another regular option in ocean engineering in the Mechanical
Engineering Department, but the ocean engineering courses will then still be given by
the faculty in the present Naval Architecture and Offshore Engineering Department.
It would perhaps be more meaningful to include here the curriculum as it was several
years ago at Berkeley — and maybe at all of the other schools, since graduates that
corﬁpleted those curricula are the ones now among the practicing naval architects in
the marine industry — but this project is intended only to evaluate education in
' marine structures as it exists now and to make recommendations that could be
carried out only in the future. That curriculum at Berkeley was not too different from
that shown in the figure and also then included fewer professional courses than those
at Webb or Michigan or New Orleans.

United States Coast Guard Academy

At the Coast Guard Academy the major of interest is accredited as in naval
architecture and marine engineering combined, as noted above has been the case
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CHART OF THE UNDERGRADUATE Techwical Elactives

ENGINEERING CORE PROGRAM e —
? [
v 2 7021 #00%
PRROPUL'N. FLOATING
errcNCY | ocN. sTRuc,
cS. c.s. DESIGN
7)) 3048
1312 2208 STRESS MAINTENANCE
MECH. | CHEM. & PHY. ANALYSIS ENGR. SYS.
OF ENG. MAT. | _
7024 8058
1133 2312 AUTOMATIC SUBMERSIBLES
BASIC ELEC, MECH, I _ CONTAOL DESIGN
CONGC. CIRC. 7032 002
1404 24320 HYDROELASTICITY MARINE
UN. ALG. STRUCT. & CONTROL OF PRODUCTION
) PROGRAMM. OCEAN VEHICLES MANAGEMENT
1412 2421 2063
INTERMED. PROB. & : SHIP OPEAN.
CALCULUS STATISTICS MANAGEMENT
1502 2502
ENGIN. ENGIN.
DESIGN | DESIGN I
100W
SOFTWARE
APPL,
o CHART OF THE NAVAL ARCHITECTURAL ENGINEERING CURRICULUM

%
3102 102 6101
KVAT ENGINEERING cs. ASSESS. OF 1L FE
ECONOMICS TECHNOLOGY

2208 o 6312 6041

CHEM & PHY. MECHANICS | mecHANCS MARINE e Te

OF ENG. MAT. It SOLIOS | SOLI0S W ENG. $VS. |

Mz oan 442 8002 7002 000

MECHANICAL THERMO- FLUIDS | SHIP HULL SHIP $TR, N.A.E. PROJECT

" DYNAMICS | STRENGTH DESIGN

1en 422 " 8432 8032 0 0014

APPL. DAFF, NUMERICAL ADVANCED SHIF HULL SHP MARINE

EQUATIONS METHOODS CALCULVS YIBRATIONS DYNAMICS HYDAQDYNAMICS
3041 922 5011 8071 7048 2022

ELECTMCH MECHANICAL RESTNCE PHYSICAL MARINE OEsIaN

CONVRAN OESIGN & PROPN | METALLURGY ENG 8YS 8 APTIMIZATION
3082 o1 5049 6983 7081 0084
SHIP SHIP SHI® PROON | ELECT. FOR SHP AOVANCED
DESIGN I STATICS MOMT NON L., DESIGNN | MARINE VEHICLES
w_

NOTE: A workahop oourse (290W) le held en earmpus prior (o the atant of the Bprng Semester

FIGURE 4. THE MEMORIAL UNIVERSITY OF NEWFOUNDLAND PROGRAM
(REPRODUCED FROM THE FACULTY OF ENGINEERING AND APPLIED
SCIENCE 1994-95 "CALENDAR")
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Effective fall 1994, admission 10 the undergraduate Naval Architecture
degree program was closed. Contact the Studem Affairs Office for
more information. Students admitted before fall 1994 should complete

the following program.

Freshman Year Fall  Spring
Math 1A, 1B, Calculus 4 4
Chemistry 1A, General Chemistry 4

Physics 7A, Physics for Scientists and Engineers - 4
Engin 28, Engineering Graphics k|

Nav Arch 10, Ship Systems (recommended, not

required) . k}
*Electives 4

Total 15 15
Sophomore Year

Math 50A, 508, Differential Equations, Lincar

Algebra, Multivariable Cakulus 4 4
Physics 7B, 7C, Physics for Scientists and Engineers 4 4
Engin 36, Engineering Mechanics | 2
Engin 45, Propertics of Materials ) -
Engin 77, Problem Solving Using Computers

[FORTRAN] : - 3
*Electives - 6
Total 14 16
Junior Year

Mex Eng 104, Engincering Mechanics [ 3 .
Mec Eng 106, Fluid Mechanics - 3
Mec Eng 105, Thermodynamics - 4
Civ Eng 130, Mechanics of Materials 3
Nav Arch 151, Statics of Naval Architecture 4 .
Mec Eng 133, Mechanical Vibrations - 3
Stat 25, Invroduction to Probability and Statistics for

Engincers 3 -
EECS 100, Electronic Techniques for Engineers 4 .
*Electives . 3
Total 14 16
Senior Year

Nav Arch 152A. 152B, Ship Dynamics k! k|
Mec Eng 107A, Experimentation and Mcasurement K} .
Nav Arch 154, Ship Stuctures K} -
Nav Arch 155A. 155B. Ship Design 4 4
Civ Eng 167. Engincering Project Management - 3
*Electives . 3

Total 16 14

*Elextives must include six coures of of keast 3 upits each in de humamues and social
studies selecied from an appoos ed list of courses. Of these a1 least one course must be 2
coMmposiuon course taken from dee cyrrent approned bt of courses See List E of the
Hum.nitsex and Sovial Srudics -ection on page 9 One Jourse must 3i= selected from Mec
Eng 16}, 163. or Civ Eng 120N

FIGURE 5. THE UNIVERSITY OF CALIFORNIA - BERKELEY PROGRAM
(REPRODUCED FROM THE FACULTY OF ENGINEERING 1995-96
"ANNOUNCEMENT)
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- at several of the other schools, but only four program-defining courses are required.
And though all of the topics that are covered in the other programs are dealt with to
some extent in the first two courses, their treatment just cannot be as thorough or as
at several of the other schools, but only four program-defining courses are required.
And though all of the topics that are covered in the other programs are dealt with to
some extent in the first two courses, their treatment just cannot be as thorough or as
deep. The curriculum, shown in Figure 6, culminates in a principles of design course
and the capstone one entitled Ship Design/System Integration that does view the ship
as a system and presumably does "integrate" economics and construction and other
considerations with design decisions much as implied in the currently comprehensive
and fashionable approach entitled concurrent ship design. The marine engineering

“content of the program is for the most part included in courses offered by the
mechanical engineering staff of the Engineering Department.

United States Naval Academy

The two Naval Academy majors of greater interest to this study are those in
naval architecture and in ocean engineering, that in marine engineering seemingly
being less total ship or offshore platform focused and more representative of the
distinct marine engineering options that once existed at several of the other schools.
The ocean engineering majors must complete a series of courses, given in Figure 7,
that comprehensively treat ocean systems as engineering systems and the emphasis
is not as much on physical oceanographic processes and experimentation as is
characteristic of some other ocean engineering curricula. Those students majoring in
naval architecture complete a curriculum, also shown in Figure 7, not unlike those at
Webb, Michigan, New Orleans, and Memorial in structure and sequence, and in
content. They are also offered a wide array of technical electives, including for
example one devoted to the naval architectural aspects of submarine design and
another covering such advanced marine vehicles as hydrofoils and submersibles and
ground-effect machines. The analysis and design of foils (i.e., hydrofoils) is dealt with
in a course that treats marine propellers as well, using lifting line and lifting surface
theories. A course entitled Advanced Methods in Ship Design and another called
Analytical Applications in Ship Design and other electives clearly establish that even
though the lprog‘ram at Annapolis is obviously only for undergraduates it does not
suffer in comparison with the undergraduate programs at other schools where the
existence of a graduate/research program and utilizing the same faculty in both
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FALL SEMESTER SPRING SEMESTER

FOURTH CLASS YEAR

0901 Academic Orientation 0903  Academic Orientation

2111 English Comp and Speech 1112 Inwo to Engr and Design

3111 Caleulus | 2123 Inwo to Literature

5102 Chemistry I 3117 Calculus I

7102  Found of Computer Sci 5106 Chemistry Il

8111 Organizational Behavior 6112 Nautical Science |

——  Physical Education —— Physical Education

THIRD CLASS YEAR

1202 Statics 1204 Engineering Materials Sci

2293 Monals and Ethics 1206  Strength of Materials

3211 Multivariable Calculus 2241 History of the U. S.

5262 Physicsl 3215 Differential Equations

6214 Nautical Science Il 5266 Physics Il

8201 Leadershipl 8203 Leadership I

— Physical Education ———  Physical Education

SECOND CLASS YEAR

1211 Dynamics - 1342  Princ of Naval Architecture

1220 Electric Circuits and 1353 Thermal Systems Design
Machines 1459 Heat Transfer

1340  Fluid Mechanics 2263 American Government

1351 Thermodynamics 3415 Adv Engineering Math

6316 Nautical Science M —— Physical Education

—— Physical Education

FIRST CLASS YEAR

1442 Principles of Ship Design 1444 Ship Desigrn/System Integ

1453  Ship Propulsion Design 2493 Maritime Law Enforcement

2391 Legal Systems 6418 Nautical Science IV

5330 Ocecanography 8311 Economics

——- Major Area Elective ——  Free Elective

—— Physical Education —— Physical Education

FIGURE 6., THE SCHEDULE OF CLASSES AT THE U.S. COAST GUARD ACADEMY
(REPRODUCED FROM THE 1994-95 "CATALOGUE OF COURSES"
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INaval Architecture Major

Curricubam (in addition o the requiresents of

Professbmal NLAR, NLXR, NLAOONNIX, NS310, NS#0X; plt your
Moathrmaticr SM212, SM221;

Schence P71, PN Y

Husasities HHX0S, HHROS two slectives;

Engireering EEX), EEXR2, 11, EMD1 7, EMCER2, EMOLS, ENDYY, ES300, £5410
WMMM.MM.M.M.MPMMNFMHGU

REQUIRED COURSES: ELECTIVE COURSES:
Oceon Systems Engineering '
Sength of Matends Anciylicol Appkcations in Shp Design
Thermodynamcs Advaonced Shp Stuchores
Naval Materials Science and Advanced Methods in Ship Design
Engineerng Hydrofal ond Propeder Design
Ship Hydfodynamics and Stobiity Advanced Marine Vighicles
Resstonce a;gd Propuision gubmorm oEesm Analyss
Ship m' fu'ges 9 u%t Reseaich Projects
Ship Design | &8

Ocean Engineering Major

Curriculum Requirements (In addition to the nquu'emmba Plebe year)
Professional: NL202, NLIO2NLAD, NN2D), NS310, NSHOX;
Mathemnatics: SM212, SM21;

Soence: SP211, SP212; ELECTIVE COURSES:
Ocoon Snterrs £ Design
armmdm Morine Powsr Systems
Remodynarics Underwater Work Systems
PEiavd Memh Science and e m
Inhoducfion fo Oceanograptty m Foundations for Oceon
Qean Enginoarnd Struchres Undersea Power Systerms

Ocaan Mechonics ; :
OcemSysgemEndrwtheumlal mmnmm
Independent Research Projects

Marine Engineering Major

Cucriculum Requiresvents (In addition W the requirements of

Professional: NL202, NLI(2, NLA0ONN200, NS310, NS4OX; plebe yeua

Mathematics SM212, SM221, SM3Y;

Sclence P21, SPNL

Humanities: HH205, HH208 and two electives;

Engineering: EEX1, EEXX2, EMZ11, EM217, EM232, EM319, EMB24, EXX00, £5410:

Major: EN245, EN361, EN62, EN380, EN 3, EN460, EN46J, EN467, phus two major elextives: one

free elective.
c 5

REQUIRED COURSES: ELECTVE COURRES:
Ocean Systems Engineering Geistonce and Propusion
Srength of Materiot Undeneq Power Systers
%ﬂm (E:m er Mathods in Nuclear
Naval m teridl Science ond Nolocs Erar Conversion
EEWW . Independentgzesead\ Projects
Marine Power Systems
Therrmal i i
Reoctor Physics | &
Marine Engineering Desgn i & §

FIGURE 7. PROGRAM AT THE U.S. NAVAL ACADEMY (REPRODUCED FROM THE

1993-94 "CATALOG" AND A NAOME DEPARTMENT PAMPHLET)
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preparing undérg'raduate courses and teaching them concurrently with their efforts
on behalf of the graduate/research program often has some benefit in attaining and
maintaining a somewhat higher level of quality and treatment than would otherwise
be possible.

Virginia Polytechnic Institute and State University

At Virginia Tech the program designated as being in ocean engineering, shown in
Figure 8, does concentrate more on the engineering aspects of marine vehicles and
marine structures than on the ocean environment and such physical processes as
estuary hydrodynamics and sediment transport, although the students are required
to complete a course in physical oceanography offered by the Geological Sciences
Department. Enough traditional naval architectural considerations are included in
the undergraduate curriculum generally and in several courses speciﬁcall}" to suggest
that graduates of this program should indeed be as well prepared for practicing
professionally in the same areas of the marine industry as are those from programs
advanced as being for those interested in becoming naval architects. Marine design is
treated as a process based on many the same considerations that would be involved if
the system of concern were for operation in the atmosphere or in space; and many of
the prerequisite analysis courses in for example dynamics and structures, that must
be completed before the capstone design course in the fourth year, present the
material in such a basic manner that it is more universally applicable even though
the particular applications are in just aerospace or ocean engineering.

Massachusetts Institute of Technology

The MIT bachelor's degree program in ocean engineering known as Course XIII
is defined in Figure 9, but the format shown as it is presented in their bulletin does not
include a representative or suggested schedule of the courses to be taken each term
(as given for the other schools) and hence the sequential structure can only be
envisioned by combining the courses in the subjects included as General Institute
Requirements with those 11 courses listed for this specific program plus some
number of approved elective courses — restricted and unrestricted. It is apparent,
however, that individual students can with faculty guidance fashion a program that
could be somewhat more specialized than is the situation at any of the other schools
considering the very large number of courses offered by the Ocean Engineering and
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First Year

First year students are admitted in General Engincering, the

common freshman esginecring program for engineerng

curricula. This program provides time for the students to adjust
to the college and to select the branch of enginecring in which
they are most interested. At the end of the year—afler additional
counscling, contacts with the various departments, and satisfac-
tory progress—students make a selection and, if academically

cligible, are transferred to the curriculum of their choice.

FIRST YEAR
First Semesier
Chem 1035: General Chemistry 3 3)
Chem 1045:; General Chemistry Lab 2 m
EF 1005: Introduction & Engineering 3 @
Engl 1105: Freshman English 3 Q)
Math 1205: Calculws | 3 o)
Math 1114; Linear Algebra 2 @)
Elective 1)
Credits a%
Second Semesier
Chem 1036; General Chemistry ) )
Chem 1046 General Chemistry Lab 2 )
EF 1006: Introduction to Engincering 3 o)
ESM 1004 Statics 3 (k)]
Engl 1106 Freshman English 3 3)
Math 1206: Calculus | k )
Math 1224: Vector Geometry 2 2)
Credits (18)

Ocean Engineering Program

SECOND YEAR
Firxt Semeswer
ESM 2004: Mechanics of Deformable Bodies k] (¢}]
Math 2224: Multivariable Calculus k] )]
Phys 2175: Physics | k| (0]
ISE 2014: Engineering Economy 2 @)
- ESM 3074: Computationsl Mcthods 3 )
Core clective * 3)
Credits (]
Second Semester
ESM 2304:; 3 ()]
Math 2214: Differential Eqe 3 (0)]
Phys 2176: Physics 1T 3 (%))
EE 3064: Electrical Theory k] @)
AOE 3204: Ship Hydrotoechanics 3 )
Core elective ¢ ()
Credits [{1y)
THIRD YEAR
First Semester
AQE: 3014 Aero/Hydrodynamics . 3 Q)
AQE: 3024 Thin Walled Struchares 3 o)
AQE: 3034 Vibeation snd Coatrol 30 Q-
ME: 3134 Thermodynamics 3 Q)
Math: 4564 Operational Mcthods 3 G
Genol: 4104 Physical Oceanograplyy k (1))
. Credits {1
Second Semesser
AOE 3054; Instrumentation and Lab 4 @)
AOE 3214: Fundamentals of Ocean Engincering 3 (4]
AOE 3224: Ocean Structures 3 (1))
. AOE 3234: Ship Dynamics 3 o
AOE 4244: Marine Engincering 3 )
Math Elective k] Q)
Credity (an
FOURTH YEAR
Firs Semeswr
AOE 3044: Boundary Layer and Heat Transfer 3 (6)]
AQE 4065: Design 5 (&)
AOE 4114: Wave Mechanics 3 (k)]
AOE 4254: Ocean Enginecring Lab 3 (1))
Technical Flective 3)
Core elective * 3 Q)
Credits (186)
Second Semesier
AOE 4066: Design § &)
. Technical Electives )
Core elective * )]
Free Electives and/or core area 7 3
Credits %)

* All students must take 6 credits cach from Arcas 2 and J of the
University Core Curticulum. The College of Engineering requires
that 6 of these 12 credits be at or above the 2000 level and 6 must
be in 3 single discipline. Students graduating in 1998 or Tater must
also satisfy Area 7 or the Core. Some Area 7 courses may
simultancously satisfy Core Area 2 or 3 or other clective needs.

FIGURE 8. THE PROGRAM AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE
UNIVERSITY (REPRODUCED FROM THE 1994-95 "UNDERGRADUATE
COURSE CATALOG AND ACADEMIC POLICIES")
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Bachalor of Sclence in Ocean Engineering

Course XilI Nolne en Corse X
GLASS OF 1957 or tader: S Nobes 0n Courss X8l betow CLASS OF 1597 of ieter: The Science Asquirement Increases 1
ummnmﬂw-.gnwum
Ganeral Inatiute Requirements (Qffts) GOMCT g umber of GIR conmant ot 17. e -
11401 or anotwr SSoncmics ww
Science Raquirement s ':""“‘;."“‘”"m“ﬁﬂﬂ“ .Wl:
Sciences ¥ 3 wnolher sutject BCOOOMCE BNd MANMQNTEN
MM‘"“:\W o Recurumer DK Inciucked I e ST rogram.
(11 “m
O O OTT 18 00 and 13010 0f 13,018 e Departmasia Rt hipoqtimmiiiyabhdphasedoilicybimsmnd
Progaam) . 3 qubjects befors continuing I The cepartmental program,
Laboraiory Raquirement [can be satisfied by 13.0 )
wuoumno.p#umlw 1 "Alsmute pracequishes ars fcded In the sublect deseription.
+¢The REST Maquicemedt was formady called e Sciecs
Total QIR Subjects Required for 8.5, Degres T s rrorarearma W o rtha Geta®a on
s
Bachelor of Sclence In Ocean Enginesring
Departmental Program unkg Course XNI-C
Sublect names beicw e kowsd by credtt unks and by m&:&mbm
procaquisites 1 any fconequistes in with their acadermio
Recuired Subjecty? 1% o whils same providing
1603 Oifereriisl Equations, 12 REST. 18.02* dw.&,&m mmmw
13.010  Introduction 10 Oonan Scleacs and Tachnokigy, MbhmdeUﬂh
12, AEST 001, 1002 Enginoaring. Sudents in the intarmship
13012 mmummmumq mm‘m for acdmission 10 the
2 Mdm‘llﬁﬂl.m.\lﬂ me Mm::umfdgdﬂm
12014 Muine Struchaes and Materials, 12 2.01, 18.03 of e ond of ther year. This program e pert
13018 Cynamics, 12 201, 202 1409 of hw Enginoering de-
12.018 mmmhmwmiz scribed in detall in e School of Enginaering

11018 intoduction 1 Geomevic
Computation. 12, REST. $.01, 18, A
a.07 wmwmu. REST, 1801, for entrance 10 the program. Altemating

work
13017 Dealgn of Ocean Systema L 12, LAS; 201, 13016, arranged 90 that graduation is not delayed

12012 beyond the normal dale.
13018  Deaign of Ocean Sysiems K, 12, LAE; 8071,
11017 The companios and aborsiones in
thwipmmﬂmm
feted Back - mdmw.m:w
The srudent wEh T heip of Ihe Sacully acviect Must propcee & in activities such as construction,
wumm&:mnmws;dmw aeugnmmmm
Oobsargrans Commites and must inchuse i nst planning,

The Course Xill-C program lsscing 10 the
e Xl A Ry A O
neoring and
Unrestricted Elsctives “
— Conroe X ahoacs bt V3771 Eomeating
Totd QIR Hequired for 8.0, Degree , ex . ’
ks Bayend the for 8.8 S emeip (12 nie] b 3Ken I plae of a2
e P T oriaore  units of research or design project in
fact i b SouSent™s CabaUmOnta para v cours g e restricied electives. Further detalls may be
one of The othet. Bul nar b obAained from the departiment.

FIGURE 9. THE PROGRAM AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY
(REPRODUCED FROM THE 1993-94 "BULLETIN, COURSES AND DEGREE
PROGRAMS ISSUE")
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the other departments at MIT, even though many of these would not normally be
open to undergraduates. It should be noted that the required program courses include
one entitled Fluid Mechanics for Ocean Engineers and another named Introduction to
Geometric Modeling and Computations that are among those offered by the Ocean
Engineering Department and by its faculty members, even though the general topics
are obviously of interest to the programs in other engineering disciplines. The luxury
of a larger faculty at MIT and elsewhere evidently permits such tailoring of the
presentation of basic material to the needs of a single program, and the benefit
derived is obvious. It should also be noted that the solid mechanics course required is
that offered by the Mechanical Engineering Department, however, as is that in
electronics and instrumentation, much as they are at other schools. The "units"
assigned to each course are the total of the number of hours of lecture or recitation,
the number for laboratory or field work, and for preparation, one unit normally
representing fourteen total hours of work for the term. The Design of Ocean Systems
I and II courses are thus three plus four plus five and one plus four plus seven,
respectively, and are similar to the capstone design sequence in most other programs
of interest here in that the design process is taught in the first but in the second, at
MIT, the student design projects are not usually ships or platform but smaller
systems (such as experimental apparatus) and are often actually constructed and
operated.

Texas A&M University

While the undergraduate curriculum in ocean engineering at Texas A&M is
representative of those programs designated as in ocean engineering elsewhere,
including as it does courses in wave mechanics and other aspe;:ts of physical
oceanography along with those in basic coastal engineering and even hydroacoustics,
it also includes the mathematics and mechanics and the other engineering science
subjects that are included in the early years in naval architecture and/or marine
engineering curricula or those of aerospace or civil or mechanical engineering. It is
shown in Figure 10. Perhaps because of the close relationship with civil engineering
there and the basic structures courses required for that discipline, however, ocean
platforms of various types are the focus of several individual courses and the one
entitled Dynamics of Offshore Structures introduces loading prediction and the
concepts of linear structural dynamics as well as dealing with mooring and towing
analyses for example. The Basic Coastal Engineering course, OCEN 400, deals with
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Undergraduate Degree Program
B.S. in Ocean Engineering

Freshman Year
First Semester
CHEM 102 Fund. of Chem I3
CHENM 112 Fund. of Chem Lab 113
ENDG 105 Engincering Graphics
ENGL 104 Comp. & Rhetoric
MATH 1351 Engr. Mathematics I3
Directed clective?
Military, air or naval science
PHED 199

Second Semester

ENGR 109 Engincering Prob.
Solving & Computing

MATH 161 Engineering Math Il

PHYS 218 Mechanics

Directed elective?!

Military. air or naval science 4

PHED 199 '

Sophomore Year
First Semester
MATH 251 Engr. Math II1
MEEN 212 Engr. Mech. |
OCXNG 401 Intro. to Occanography
PHY'S 208 Electricity & Optics
Directed electivel
Military. air or naval science*
PHED 199

~
“

tad e s B — e

Cr*

O e v

Sl

e da Wt

~b

Second Semester

CVEN 205 Engr. Mech. of Mtls,
MATH 308 Differential Equations
MEEN 213 Engineering Mech. Ii
OCEN 201 Intro. to Ocean Engr.
Directed electives!

Military, air or naval science ¢
PHED 199

Junior Year
First Semester
CVEN 311 Fluid Dynamics
CVEN 336 Fluid Dyn. Lab
CVEN 345 Theory of Structures
GEOL 320 Geol. for Civil Engrs.
MEEN 327 Thermodynamies
Directed elective?

Second Semester

CVEN 302 Comp.Appl.in Engr.& Con.
CVEN 365 Geotechnical Engr,

ENGL 301 Technical Writing

OCEN 462 Hydromechanics

OCNG 410 Intro. to Phys. Ocn.

OCEN 300 Occan Engr. Wave Mech.

Senior Year
First Semester
ELEN 306 Elec. Circuits & Instrum.
OCEN 301 Dyn. of Offshore Structures
OCEN 400 Basic Coastal Engr.
OCEN 401 Underwater Acoustics for
Ocean Engineers
OCEN 481 Seminar
Technical elective?

Second Semester

CVEN 321 Materials Engr.
QCEN 107 Des. of Q.E. Facilities
QCEN 410 Ocean Engr. Lab.
Directed elective?

Technical electives2

Cr

®) ) O ’
- b Qhivwwuwum?: lhuwowumw D v W

Ohas e

O
-
-

._.
Sl i = o w

FIGURE 10. THE PROGRAM AT TEXAS A&M UNIVERSITY (REPRODUCED FROM AN
UNDATED BOOKLET "OCEAN ENGINEERING AT TEXAS A&M

UNIVERSITY")
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such usual coastal engineering topics as seawalls and breakwaters: but also is
concerned with offshore pipelines and dredging and control of oil spills — topics included
in what are designated as elective ocean engineering courses at only several of the
other schools. There is a single course entitled Principles of Naval Architecture
available as an elective, and the content is much like the introductory courses at the
other schools but does seem to be the only one dealing specifically with ships.

Florida Atlantic University

The other two ocean engineering undergraduate programs, at Florida Tech and
Florida Atlantic, are reasonably similar to that at Texas A&M as comparison of
Figures 11 and 12 with Figure 10 will demonstrate, but Figure 11 shows that the
curriculum at Florida Atlantic does allow for specialization in any of the five areas of
concentration by means of four technical electives. This is an arrangement common
in many undergraduate civil engineering programs, one of the areas always being in
structures, another almost always in materials, and the rest varying with the
different schools but more and more including recently one named environmental
engineering. It should be noted that the area in fluids (parallel to one often found in
civil engineering named hydraulics or hydrological engineering) at Florida Atlantic
includes two courses called Ship Hydrodynamics I and II, and these and several of the
structures courses do indeed include considerations of ships and offshore platforms as
well as submarines and submersibles. The basic mechanics courses — in statics,
strength of materials, dynamics, and fluid mechanics — and those in engineering
materials and thermodynamics, the basic engineering science courses required in all
undergraduate programs in the mechanics-based disciplines, are offered by
Department of Ocean Engineering at Florida Atlantic and hence can presumably
include some ocean engineering applications. The undergraduate enrollment is
" evidently large enough to permit this, and the benefits are obvious. Note also in
considering Figure 11 that at Florida Atlantic the fall and spring terms are regular
semesters but the summer term is only about six weeks in length.

Florida Institute of Technology

Florida Tech's undergraduate program is in some ways less comprehensive than
that at Texas A&M and Florida Atlantic, but with a somewhat smaller faculty and
somewhat fewer students the basic engineering science courses, for example, are with
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The preferred program for four-year students is Esied Third Spring Term
below:

Fhsd Mechanics EOC M2 3
Sltacialy €E0C 00 3
First Fall Torm Acoustics €0C 3308 3
College Writing | (Gordon Rule)  ENC 1101 3 Technical Elecive 1 i
General Chemistry | CHM 2048 3 sublotal 12
General Chamistry | Lab CHM 20450 1
Caicuius | (Govdon Rude) MAC. 3311 4 Third Summer Torm
Reason and Vakse (GR) PHI 1030 3 Worid Geography GEA 2000 3
Introduction 10 Ocean Tochnical Ewciive 2 3
Engineering EQC 3000 1 Microsconomics ECO 2023 1
subtolal 1§ . . sublotal L]
First Spring Torm Fourth FaRl Term
Genecal Physics | PHY 3040 4 Phys. Ocsanography & Wave ‘
Genersl Physics | Lab PHY 30401 1 Mechanics EOC 4422 3
Calculus il (Gordon Rule) MAC 3312 4 Ocean Engineering Systems EOC 4804 ,
Collage Writing If (Gordon Rule)  ENC 1102 3 Design *
PASCAL COP 2210 a Digital Electronics EEL 3341 3
subtotal 1 Technicat Elective 3 3
subtotal 12
First Summer Torm
Macroaconomics ECO 2013 3 Fourth Speing Torm
Statics EOC 3105 3 Ocean Thmel Sysiems EQC 4183 3
CORE courss... Ocoan Enginesding Sysiems
Fine Arts ARH 2000, or Design Project [EOC 4804, 3
MUL 2010, or Technical Eleclive 4 3
THE 3000 3 Ocsen & Envirorsnental Data .
sublotal '] Analysis EOC 4631 a
subltotal 12
Second Fall Term : TOTAL 1%
Engineering Etics PHI OO 3 -
Caicubkn B MAC 3313 4 Compiele at least four technical electives, free of
General Physics § PHY 3041 4 which must be from 3 single aea of specializetion se
General Physics § Lab PHY J041L 1 indicated in the following:
CORE coums...
History of Civikzstion (GR) WOH 2012 3 FLUIDS ’
sublotal 18 Ship Hydrodynemics | EOC 4503
Ship Hydrodynamics § EOC 4510
Second Spring Term Underwater Sound Prop, EOC 4308C
Oynamics EOC 3113 3 Env. Eng. & Aqustic Polution OCC 4080
Strength of Matecials EOC 3150 3
Enginaering Math | MAP 3308 3 MATERIALS
Ganeral Chemisyry i CHM 20408 3 Batlecies and Fusl Colls EOQC 4202
Genaral Chamistry Al Lab CHM 20481 bl Maring Maleriale & Corrosion EOC 4204C
subtotal 13 Advenced Enginesring Matedals  EOC 4201C
Ocean Structures EOC 4410C
Second Summer Term
Enginesring Math § MAP 4308 3 ENVIRONMENTAL ENGINEERING
Engineering Graphics EGS 1111 3 Env. Eng. & Aquatic Polution OCC 4000
Network Analysis and Electrical Marine Gaolechnique EOC 4220
EEL 2004 3 Vitration, Shock, & Noiss Con. EOC 4115C
sublotal 1] Ship Hydrodynamics | EOC 4503
Third Fall Term ACOUSTICS AND SIGNAL PROCESSING
Thermodynamics EML 3141 3 Underwater Sound Prop. EQC 4308C
Maring Geochamistry OCG 2001 3 Vibeation, Shock, & Noise Con. EQC 4115C
Vibrations EQOC 3114 3 Ship Hydrodynamics | EOC 4503
Numerical Meth. or MAD 300 or 3 Env. Eng. & Aqustic Pollution OCC 4060
Probability & Stafistics STA 4032 3
Analog Electronics ‘ EEL 3003 3 STRUCTURES
. subtotal 15 Marine Geotechnique EQOC 4220
Ocean Struchures EOC 4410C

Detign of Maring Stesl Struct. EQC 4414 ,
Design of Marine Concrete Str. EQC 4415

FIGURE 11. THE CURRICULUM AT FLORIDA ATLANTIC UNIVERSITY (REPRODUCED
FROM THE 1994-95 "UNDERGRADUATE CATALOG")
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DEGREE REQUIREMENTS

Candichies for 2 Bachedor of Science in Ocean Engineering
roust camplete the minimum course requirements outined in
the following cumicuum. Deviation from the recommended
program may be made only with the approval of the shadert’s
. Faculty advisor and the concurrence of the deparument head.

For definition of ¢lectves for engineering programs, see the
Undergroduate Information and Regulations sextion of this
catalog,

Prestman Year
Fall Credits
BUS 1301 Basic ECOMNTUCS” ... inenesesens e meas 3
COM 1101 Composition and RRCLOMC ......c....ccroeercsssessrisscers 3
MTH 1001 Calculus b ... 4
OCN 1001 Oceanography and Environmental Systems .......... 3
- . T
QDM 1102 Writing about LReTans® ... ocveriiicnencccrnne 3
MTH 1002 Calculus 2 4
OCE 1001 Introduction to Ocean Engineering ......... ‘-\.. .......... 3
PHY 1001 PhYSIC 1 ocovooncececeo s eeiecececsssnsnasnanns g A— 4
PHY 2091 Physics Lab 1 'i';
r Social Sclence Elective
Sopbomore Year
rall Credity
HUM 2051 Cvilizatioa 1 ... 3
MAE 2081 Statics ... 3
MTH 2001 Caloulus 3 4
PHY 2002 PBYSICS 2 .coovovirore e noeeemseaesssssssossseassmssossaree 4
PHY 2002 Physis Eab 2 e s 1
CSE mxxx Restricted Elective (Comprter Saence) ...__.%
1
Spring
HUM 2052 Civilization 2 3
MAE X&2 Dymamics ........ 3
MAE 3R2 Deformable Solids 3
MTH 2201 Dilfereninal Equations and Linear Algebna ............ 4
OCN oxx Restricted Blective (Oceanography) ... coceee, 3
1%
Junior Year
Fall Credits
OCE 3010 Engintering Materials ... 4
OCE 3033 Fluid Mechanics Lab ..o, 1
OCN 3401 Physical Oceanography 3
Free EJOCUVE ..ot 3
T
Spring
BCE 4991 Blectrical Cirouit ..o e 3
MAE 3191 Engineering Thermodymamics | ... ..., 3

OCE 3521 Hydromechanics and Waves ... ... .. ...}
OCE 3522 Water Wave Lab ... . ....- . .. .1
3
3

OCE 4571 Fundamentals of Naval Architecture . ...

Suneveey
OCE 4911 Marine Fid Project R LUV |

OCE 4913 Marine Field Project........ ... . . :f:
2

Sewior Year
Fall Credits
CVE 3015 Suuctural Aralysis and Desgn ... ... 3
OCE 4525 Coastal Engineering Structure 3
OCE 4545 Hydroacoustics ... ...oocoovvvveieeione 3
OCE wox Restricted Elective (Ocean Engineering) ............. 3
Humanities Elective ... I
13

. Speing

CVE 4000 Engineering Economy and Plnning................. 3
OCE 4518 Protecton of Marine Materials ... 3
OCE 4542 Ocean Engineering Systerns Design ..................... 3
Humanities or Social Scence Blective 3
Technical Bective ... 3
3
TOTAL CREDATS REQUIRED 135

FIGURE 12. THE PROGRAM AT THE FLORIDA INSTITUTE OF TECHNOLOGY
(REPRODUCED FROM THE 1993-94 "UNIVERSITY CATALOG")



the exception of fluid mechanics offered by and taught by faculty from other
departments. There is a required course in Fundamentals of Naval Architecture,
however, and elective courses in preliminary ship design and another devoted to the
design of high-speed small craft that are available for undergraduates. But, despite
quite a number of graduate courses also devoted to various aspects of ships and
platforms, the bachelor's degree graduates are probably not usually as well preparéd
to practice naval architecture as graduates from one or two of the other programs
that are presented as being in ocean engineering. For the most part those who have
created these programs do not now nor did they ever see them as variations of the
existing programs in naval architecture and/or marine engineering, with their
graduates also being educated for careers at say ship design firms or shipyards, but
the presence of naval architects among the faculty members for all of these
programs and the fact that a platform of some sort is essential in almost any -
conceivable ocean system has led to material concerning or common to naval
architecture being included in their curricula. Similarly, many aspects of ocean
engineering beyond those that relate to the design of floating platforms and other
offshore éy,stems are now included in the courses offered at the schools and in the
units that have housed the traditional naval architecture and/or naval architecture
and marine engineering programs.

Graduate Programs

Graduate programs in the U.S. and Canada in naval architecture and/or naval |
architecture and marine engineering or in ocean engineering are not as amenable to
fixed or even reliable description as have been the undergraduate programs.
. Curricula are not usually published in terms of listings of required courses and almost
never in suggested sequential term requirements. Further, several levels and types of
degrees are available: master's degrees in engineering, master of science and master
of science in engineering degrees, what are termed professional degrees leading to the
titles of Naval Architect or Ocean Engineer or Naval Engineer (and Marine Engineer
as well, a matter of no great interest in this report), and doctoral degrees of
engineering and of philosophy. Some schools have programs leading to combined
bachelor's and master's degrees as a single integrated curriculum, and there is a-
continuing trend that seeks to establish the master's degree rather than the
bachelor's degree as the true measure by which a graduate might rightfully deem
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himself or herself an engineer professionally qualified to enter practice utilizing
today's high technology procedures and well aware of the vast increase in knowledge
and capability that can now be applied in resolving engineering problems.

Several among the dozen schools included above do not offer -g'raduate study; as
indicated above, Webb is only about to initiate a master's degree program, and
neither the Coast Guard Academy nor the Naval Academy have graduate programs.
But the Technical University of Nova Scotia in Halifax does, and therefore it and the
remaining programs, in the same order as above, will be discussed. There is no
accreditation normally sought by graduate programs, and while several other
programs could perhaps be included these ten are considered, as before, adequate for
the purposes of this study.

The University of Michigan

The Michigan graduate program in naval architecture and marine engineering
has very recently been significantly revised, not as yet eliminating the existing
specialization options but now focusing on just two "Areas of Excellence.” These are
first, Marine Hydrodynamics and Marine Environmental Engineering and, second,
Concurrent Marine Design, and they are intended to categorize departmental and
individual faculty research interests and activities as well. A minimum of 30 credit
hours of courses must be completed to earn a master's degree and there are level and
distribution requirements as well. The Master of Science degree, unlike the Master of
Science in Engineering degree, requires a thesis and is now viewed as the more
scientific choice preparing graduates for careers in research and development or for
continuing study towards the doctoral degree. The Master of Engineering degree is at
present in Concurrent Marine Design, or in an interdisciplinary program in
manufacturing with specialization in naval architecture and marine engineering. The
relatively new M.Eng. degrees are administered by the College of Engineering while all
of the other degrees are granted by the Rackham School of Graduate Studies — an
umbrella-like organization that among its other responsibilities attempts to insure
some degree of uniform high quality among all graduate degree programs throughout
the University whether they be in anthropology or zoology or any field in between.
Students seeking admission to the M.Eng. degree programs must have a bachelor's
degree in an engineering discipline plus relevant industrial experience, and initially it is
intended primarily for those who plan to return to industrial careers. The two

-31 -



professional degrees of Naval Architect and Marine Engineer require an additional 30
credit hours of course work beyond the master's degree requirements and successful
completion of a comprehensive examination, and both emphasize application of
engineering science at the level of advanced engineering practice. The Doctor of
Philosophy degree also requires additional course work beyond the master's degree
requirements, plus pursuing an independent investigation in a special new area or
concern of naval architecture and marine engineering so as to complete a dissertation
that contributes original and significant knowledge and understanding to this
discipline. Doctoral committees are created for each doctoral candidate after their
successful completion of preliminary examinations and preparation of a prospectus
describing their intended investigation, but the chairman of the committee is the
student's chosen advisor and usually has assisted in preparing the prospeétus. Most
faculty members chair one or more committees and are members of others at any
given time, and at Michigan seven faculty members are also assigned as the
specialization option advisors, under a single overall graduate program advisor or
chairman, for each of the still used eight specialization options: computer-aided
marine design, marine engineering, marine production, marine structures, marine
systems management, and offshore engineering, all within the concurrent marine
design area; and marine hydrodynamics and marine environmental engineering in
that area.

There is at Michigan, as at some of the other schools, the possibility of earning
an interdepartmental but single master's degree in several disciplines simultaneously,
and this requires at least 40 credit hours of graduate-level work. There is also the
opportunity to pursue simultaneously two separate master's degrees, and this
requires a minimum of 50 hours of graduate-level work. In addition, a joint M.S.E. in
Naval Architecture and Marine Engineering / M.B.A. in Business Administration
program has been available for some years and it requires 45 credit hours in business
administration plus usually fewer than the 30 hours normally required for the M.S.E.
degree depending on the business administration courses elected. Additional aspects
of the graduate programs at Michigan, such as how faculty assignments or
promotions are made, how graduate students are supported, more detailed
descriptions of several key if not all individual courses, how frequently specialized
graduate-level courses — usually with small numbers of students enrolled - are
offered, the special arrangements with the U.S. Coast Guard and the normal
procedures for the contingent of Coast Guard officers assigned there for study each
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year, and others, would need to be described to provide a more complete
understanding of them (or of any of the programs at any of the other schools), but for
the purposes of this study the more pertinent details on the structural specialization
option and the structural courses will be covered in the next section of this report.

The University of New Orleans

The School of Naval Architecture and Marine Engineering at New Orleans
graduate program is much less extensive and complicated, but is otherwise similar if
limited. The single master's degree program leading to a Master of Science in
Engineering in Naval Architecture and Marine Engineering, does have two options, -
one requiring 33 hours of graduate credit and the other requiring a thesis and 30 hours
of graduate work including six hours of thesis research. As is done with the
undergraduate courses, most of the graduate-level courses are also offered late in the
day so part-time students can work toward an advanced degree. No areas of
specialization are formally defined and there is no Doctor of Philosophy degree
program specifically in naval architecture and marine engineering.

Memorial University of Newfoundland

At Memorial graduate students can earn a Master of Engineering and Applied
Science degree in ocean engineering by completing a program that includes four
courses and a thesis. It is offered within the School of Graduate Studies, but the
courses are taught by and the thesis is directed by the Faculty of Engineering and
Applied Science. The Doctor of Philosophy degree, actually in ocean engineering, is
similarly awarded and directed. There are 34 courses available that are numbered
9000 and above (i.e., at the graduate level). There is also a special program entitled
the VLSI (for Very Large Scale Integrated) Design Programme offered in conjunction
with the Department of Computer Science and leading to a Master of Engineering

degree.
The University of California - Berkeley

The graduate studies programs at Berkeley offered by 1-:he Department of Naval
Architecture and Offshore Engineering can lead to any of an array of degrees: Master
of Science in Engineering and Doctor of Philosophy in Engineering, Master of Science
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in Engineering Sciences and Doctor of Philosophy in Engineering Sciences, and
Master of Engineering and Doctor of Engineering. The latter degree has been in place
for a number of years and Berkeley is one of only a few schools that now awards it,
but there is a strong trend at many of the better engineering colleges towards doing so
as well. This is partly because the Master of Engineering — rather than the Master of
Science in Engineering - programs have been well received by industry and because
the so-called professional degrees are still not well understood outside academic
circles. At Berkeley the Master of Science degrees require at least 20 units of
primarily graduate work plus a thesis, or a minimum of 24 units and a comprehensive
final examination. The Master of Engineering program is awarded for completion of a
minimum of 40 units of which at least 20 must be for graduate courses and the total
~ program must include 16 to 20 units oriented towards design and analysis. There are
other distribution requirements much as for the graduate programs at the other
schools being discussed, and while each student has considerable latitude in selecting
the courses to include his total program has to be acceptable to his or her academic
advisor, the department, and the college. With only a few departmental faculty
members at present, and hence a limited number of graduate courses available from
the department, it may well be that the current graduate students at Berkeley must
complete a number of courses offered by other engineering departments. But
Berkeley is a large and truly outstanding engineering college and this should not be a
significant problem. The doctoral degree requirements are similar to those at
Michigan - and MIT, Texas A&M, etc. - but four semesters of residence, a minimum
of 33 units of formal courses, a program consisting of one major field and two minor
fields, the usual qualification exams (often referred to as prelims), and a thesis that
demonstrates the candidate has made a creative contribution to the knowledge of the
chosen field of study or (for the Doctor of Engineering) to the solution of a significant
engineering problem, are all mentioned specifically in their graduate pﬁblications. It
is very interesting, however, that the Naval Architecture and Offshore Engineering
Department alone at Berkeley still has a doctoral program language requirement. A
combined engineering and business administration program, and several other
interdisciplinary programs are available at Berkeley.

Virginia Polytechnic Institute and State University

At Virginia Tech the graduate programs in ocean engineering are
administratively in the Graduate School and are much like those at the other
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universities, the same degrees — Master of Science with or without a thesis, Master of
Engineering, and Ph.D. — but in ocean engineering are awarded and the same
procedures, particularly for the Doctor of Philosophy degree, are followed. There are
some 34 graduate courses offered by the Aerospace and Ocean Engineering
Department, 30 credit hours including 15 hours of 5000-level or above courses are
required in the two master's degree programs, a thesis counting for 6, and 27 hours of
graduate level courses are required in the doctoral program.

Massachusetts Institute of Technology

At MIT graduate students in the Department of Ocean Engineering can
currently earn Master of Science, Master of Engineering, and Doctor of Philosophy or
Doctor of Science degrees, and the professional degrees of Ocean ﬁlng’ineer or Naval
Engineer. The latter is associated with the Naval Construction and Engineering
program for naval officers, known as XIII-A. The Ocean Systems Management
program is known as XIII-B, and the Joint MIT-Woods Hole Oceanographic
Institution program is designated XIII-W. There are a number of other special
programs combining ocean engineering studies with, for example, technology and
policy or with management of technology, but the program designated as XIII without
a following letter does lead to either a Master of Science in Ocean Engineering or a
Master of Science in Naval Architecture and Marine Engineering. There is a new
program in Marine Environmental Systems leading to a Master of Engineering
degree. The size of the Department of Ocean Engineering faculty at MIT and the
breadth of their backgrounds and activities, along with the recognition that the
current MIT catalog indicates they offer no less than 85 individual courses which
carry graduate credit, insures that their graduate students can together with their
individual academic advisors select some number of courses suitable for their own
interests and career objectives while still meeting the appropriate degree
requirements. At least 66 graduate subject units and a thesis are necessary for the
Master of Science degree.

Texas A&M University

Graduate studies in ocean engineering at Texas A&M include programs leading
to the degrees of Master of Engineering requiring a minimum of 36 credit hours,
Master of Science in Ocean Engineering requiring a minimum of 36 credit hours plus a
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thesis, Doctor of Philosophy in Ocean Engineering requiring a minimum of 64 credit
hours beyond the Master's degree and a thesis, and Doctor of Engineering which
seemingly is awarded infrequently and requires industrial experience as well as a final
comprehensive examination. There are 18 graduate-level ocean engineering courses,
only two of which are concerned with structures even though ocean structures (along
with coastal engineering and marine hydrodynamics) is considered one of the primary
areas of interest. There are, however, suitable additional structures courses in
mechanical and civil engineering so that comprehensive individual programs can be
arranged; but ship structures specifically would not be the focus.

Florida Atlantic University

The close relationship between ocean and civil engineering at Florida Atlantic is
apparent in that the Department of Ocean Engineering offers master's degrees in
both disciplines, but a student interested in structures generally would probably
attempt to satisfy the requirements for that major in the civil engineering program
while one interested in marine structures would be enrolled in the ocean engineering
program. The Master of Science in Engineering (Ocean Engineering), or (Civil
Engineering) degree requires a minimum of 30 credit hours of which up to six must be
for research related to a thesis, while the Master of Engineering (Ocean Engineering),
or (Civil Engineering) requires 33 credit hours plus passage of an oral final
comprehensive exam. The Doctor of Philosophy degree in Ocean Engineering
program includes 30 hours of course work beyond the master's degree, the thesis and
the research for it, and very much the same arrangement as at all of the other
schools with a qualifying exam - called General Examination I at Florida Atlantic -
before candidacy and a thesis defense — called General Examination II. The current
graduate catalog lists 53 graduate-level courses given by the Department of Ocean
Engineering and at least one-quarter of them are in the structural mechanics or
materials and fracture mechanics areas, but as at Florida Tech the application focus
is not on ships in any of them.

Florida Institute of Technology

At Florida Tech 30 credit hours, including a thesis, are required in the Master of
Science in Ocean Engineering program, although there as elsewhere the thesis is
valued at 6 credit hours and can be replaced by two additional courses if the student
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can produce the results of a similar effort performed previously at Tech or somewhere
else_. There are four subject areas, one of which is Materials and Strﬁctures (the
others are Marine Vehicles and Ocean Systems, Coastal Processes and Engineering,
and Fisheries Engineering) even though there are only two graduate-level structures
courses in ocean engineering required. The Doctor of Philosophy degree program is
similar to that at other schools, but 48 credit hours beyond the master's degree are
required. While this seems onerous it is tempered by the allocation of 24 of these for
the thesis work.

Technical University of Nova Scotia

The graduate program in Naval Architecture and Marine Engineering at Nova
Scotia is administratively under the Faculty of Engineering — equivalent to a school or
college in the U.S. - and the individual faculty members have their appointments in
the Department of Mechanical Engineering. With a slightly different name than the
M.S.E. degree awarded at most U.S. schools, the Master of Applied Science degree at
TUNS is similar particularly in contrast to the TUNS Master of Engineering degree
in the same sense as in the U.S. It requires completion of a minimum of six courses
and a thesis, while the Master of Engineering requires completion of a minimum of ten
courses but two of which can be for the required project. Because most students
entering the program have not earned their undergraduate degrees in naval
architecture or in ocean engineering (at least not at Canadian schools) some
adjustments in the ten course requirement are made for those who did have their
degrees in mechanical and civil engineering — reducing it to eight, for example — that
probably would not occur with other engineering disciplines. The Doctor of Philosophy
requirements and procedures are very similar to those at the U.S. schools as
described above. Some 16 graduate-level courses covering the usual subjects in
ocean engineering and naval architecture are listed in the mechanical engineering
series in the current catalog (calendar) and together they deal with ship and platform
concerns reasonably comprehensively and are concerned not at all with such topics
as coastal processes and oceanographic instrumentation.
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STRUCTURAL ANALYSIS AND DESIGN COURSES
IN NAVAL ARCHITECTURE AND OCEAN ENGINEERING
CURRICULA

This section of this report will include descriptions — for the most part from the
same publications used earlier in describing the various undergraduate and graduate
programs, but also in more detail by means of syllabuses and outlines or portions
thereof exactly as provided by professors responsible for or actually teaching the
courses — for those courses which deal with ship and offshore structural analysis and
design in the programs at each of the schools considered in the foregoing section.
Including all of the syllabuses in hand, and much of the ancillary information needed
to explain some of the other details of the individual courses or to provide fully the
context in which they are presented in the respective institutions' own publications,
would needlessly make this section massive in size and far more cumbersome than
deemed necessary to reach the conclusions sought. Enough material at both the
undergraduate and the graduate level will be provided to suggest that while many of
the schools may use more courses to cover essentially the same ground, or even
consider worthy of graduate credit courses that cover topics that at another one are
in those meant for undergraduates, or in elective courses, cataloging the distinctions
among the programs is considered not as much needed as is the ability to judge what
current program graduates generally should know and understand and how
professionally capable they should be.

Individual Course Descriptions

Webb Institute

As indicated above, Webb is in the unique position of having only a single
curriculum and can therefore integrate the courses in the curriculum to great
advantage. The actual course descriptions of interest from their catalog will not be as
useful here as the excerpt from a letter from Professor George Petrie shown in
Figure 13. Note that rod and beam element stiffness matrices are introduced in the
basic strength of materials course in the second year prior to the students taking any
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Re: Info on ship structures content in Webb Naval Arch. Program

Attached are course outlines for several courses, wholly or
partly devoted to aspscts of ship structures. In addition, I
offer ths following commentary, on a courss by course basias.

Freshaan:
NA-1 Introducotion to Naval Architecture (outline not included)

Basic nomenolaturs, including common structural elements.
Students perfors a waight/foot caloulation for glven midship
section. SJtudente construct small models of typiocal structural
details, i.e. a hatch corner, double bottom, web frame, bulkhead,
eto.

CAD/Graphios (outline not included)

As a final drafting/CAD exercise, ;tudontl prepars a CAD
drawing of a given midship section.

Sophomores:
strength of Materials

Basio principles, as noted on course outline. Introduction
to finite slement analysls; basic principles of matrix stiffness
analysis, derivation of rod and beam element stiffness matrices.
Hand calculations of slementary structures (truss problea).

NA-2 Ship Statics

Primarily hydrostatics, trim and stability. Pundamentals of
longitudinal strength addressed in lectures 45, 48, 31, 52 and
55, as noted on courss outlins.

Juniors:
NA-4 Ship Structures

Longitudinal strength, primary, secondary, tertiary
stresses, shear flow calculaticons, plata bending, fatigue
assessment and slastic buckling of plates and stiffened panels,
as shown on course outline. -Ship Structural Dssign by Hughes is
used as a refsrence. Several finite element problems are worked, '
using ALGOR Program. FEN assignments include

1. Plat plate under uniform load w/ differsnt mesh
densities and boundary conditions (compare to plate
theory)}

2. Combined beam and plate (compare to beam thsory}

3. Stiffensd panel under uniform load.

4. Hull module analysis project (Coarse mesh J)-D model)

New to the course this ysar is a series of six lectures at
ths end of the term directed to composite materials and design
methods.

NA-3 Ship Dynamics

Primarily maneuvering and seakesping, as shown on course
outline. 6trip theory approach to computi ship motions and se
loads is introduced, along with probabilistic approach to
estimating extreme values.

NA-6 Elements of Design and Production

Mainly a preliminary design course, revised this year to
include design of GRP hulls typical of yacht-size semi-
displacement craft. Design includes preliminary scantlings of
shell and longitudinal stiffeners, using GRP laminates, and
corresponding weight eatimates.

Seniors:
NA-7 Ship Design I {courss outline not included)

Project 1 Preliminary design of container ship
Project 2 Lines plan for same ship

NA-8 Ship Design II

Project 1 Revies design to conform to final set of lines

Project 2 Evaluate longitudinal stresngth requiremeants, umin
APS Rules, Quasi-static bending moment and Demign
Sea Method (SMP87 wave induced loads).

Project ) Develop scantlings for midship section, ueing ABS
Rules. Evalunte typical transverse web frame
ueing ALGOR finits slement progras.

FIGURE 13. EXCERPT FROM LETTER FROM PROFESSOR PETRIE DESCRIBING
STRUCTURES CONTENT IN COURSES AT WEBB



course in ship structures, for example, and that a midship section is prepared in their
first-year CAD/graphics course. (It should also be noted that while that first course
in ship structures for example is in the figure referred to as NA-4, in the Webb catalog
Roman numerals are used.) Syllabuses for NA IV, Ship Structures; NA VI,
Elements of Ship Design and Production; NA VIII, Ship Design II; and for the
strength of materials course are given in Figures 14 through 17. The ship design
course 1is the second of two covering preliminary design, as it is in this course that the
structural design is accomplished.

The University of Michigan

If the total Webb undergraduate program is indeed very nearly an ideal example,
the Michigan undergraduate program is in the same sense the best representative of
many of those at other schools, including those once available at Berkeley and MIT.
The principal undergraduate courses in marine structures are NA 310, Marine
Structures I, and NA 410, Marine Structures II. Not all undergraduate students
elect the latter since it is not actually specifically required, but most do. It can also
be taken for graduate credit, and all master's degree students must now elect the
third course in the structures sequence, NA 510, Marine Structural Mechanics, and
hence must be familiar with the material in NA 410. The catalog course descriptions
along with their outlines are shown in Figures 18 through 20, respectively. Because
the same textbook is used for both NA 310 and NA 410, pertinent portions of the
Table of Contents of it are reproduced in Figure 21. What can not so easily be .
represented are the soft cover bound "course notes" that are absolutely essential in
describing fully how the subject matter dealt with in each of these courses, but the
tables of contents of the versions prepared by Professors Vorus and Karr now being
used in NA 310 and in NA 510 are reproduced in Figures 22 and 23 and the
agreement with the course outlines is obvious. Course notes, or "course packs" as
they are now known on most campuses, often make liberal use of figures and data
from textbooks and other references (and while the sources are always given this
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NA 1V - SHIP STRUCTURES

PROF. PETRIE
Lecture FALL 1994
No, Date Topi¢ Readjng
1. M-8/22 Course Overview & Introductlion 1-16
2.3, T-8/23 General Approach to Analysis 78-84
of Design
4. Th-8/25 Sources of Loading "
5. M-8/29 End Launching
6.7, T-8/30 Lab-Launching Project
8. Th-9/1 Load Transfer & Framing Systenas
9. M-9/5% NO CLASS - LABOR DAY
10.11. T-9/6 Lab-Launching Project
12, Th-9/8 Candidate Structure Design Procedure
13, M-9/12 Plate Bending Theory
14,15, T-9/13 Lab-F.E.M. Intro; ALGOR plate modelling
16, Th-9/15 . Shear Lag-Effective Width
17. N-9/19 Modelling of Combined Beam and Plate
18.19, T-9/20 Lab-ALGOR-beam flexure
20, Th-9/22 Hull Module; Structural Modelling
21. H-9/28 Hull Module; Loads & B.C.
22.23. T-9/21 Lab-ALGOR-stiffened panel
24. Th-9/29 Hull Girder Shear Flow
25, ¥-10/3 EXAM #1
26.217. T-10/4 Lab., - Project I - Hull Module
28. Th-10/6  Design Criteria
29, M-10/10 Failure Modes & Limjit States
30.31, T-10/11 Lab, ~ Project I
2. Th-10/13 Fatigue Assessment
33. M-10/117 NO CLASS - FALL RECESS
314,35, T-10/18 Lab, - Project I
as. Th-10/20 Large Deflection Plate Bending Theory
a7. M-10/24 Intro, to Elastic Buckling of Plates
38.39. T-10/25 Lab, - Project I
40. Th-10/27 Plate Buckling
41, H-10/31 Stiffened Panel Buckling
42.43, T-11/1 Lab. - Project I DUE
14. Th-11/3 Principal Member Analylil - Modelling
45, M-11/7 Principal " - Loads & B.C.
46. T-11/8 (Monday Schedule) Intro. to Project II-P.M.A.
47, Th-11/10 GRP - Material Properties
48, H-11/14 GRP - Single Skin & Cored Construction
49.50. T-11/15 Lab. - Project 1I1
51. Th-11/17 SNAME Meetings
52, M-11/28 GRP - Panel Design
53.54. T-11/29 Lab, - Project Il
55. Th-12/1 GRP - Panel Design
56. M-12/5 GRP - Stiffener Design
57.58. T-12/6 Lab. - Project II
59, Th-12/8 GRP - Stiffener Design

FIGURE 14. SYLLABUS FOR WEBB COURSE NA IV, SHIP STRUCTURES
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NA VI - ELEMENTS OF DESICN AND PRODUCTION

Referepoe Texts: Muarg - Smith - Elsmests of Ship Design
Taggwnt - Ship Design and Constraction
SNAME - Prisciples of Neval Aschisschare

Sekiact
[sdreduction o ship design (Thiks) .

Dusiga rquiremests. Design spiral. Levels of dasign.
(Tikka)
Concept dusign (Tikia}

Feasibility mode! (Tikdka)
Amigassent of design preject. Design of 5 composise
vessel (Tildka)

Proportions aad hull form (Petrie)
Prelisisary weight and poweriag (TUda)

Eagine aad propelier eslectien (Thia)

1 hour ias

Suructural arangement. Mawriad properties sad
selecticn (Petrie)

1 bows lab

1 bour lsb

i hour lab

Desiga loads. Pasel thicknesses (Petrie)
1 hour lab

| bour tab

1 hour Lab - Dasige review

Stilfemer design. Revieod weight estimate (Potrie)
1 hows lab '

Iniact and demage stability (Tikka)

2 hour Lab

I hows lab

Taggart - pp. 18
Manse- Smidh Chap. 1
Taggast - pp. 1-1)
Mamre- Smith Chag. |
Toggart - pp. 13-24
Musre- Smith Chap. 2
Taggarnt - pp. 24-29
Mimare- Samith Chag. 2

02, TIKXKA
MOF. PETRIE
Lab 14
Recess
Lab 24
“ 426
13 428
Lab s
16 %]
17 %)
Lab n

13 ¥io
I M2

Lab vis
0 b
Noclass /1%
Lab N
u 4
n 326
Neclass 329
i i
»n 2
Lab 3
3 7
% L
Lab 12
n e

SPRING YO
. JUN088
NA V1 - ELEMENTS OF DESICN AND PAODUCTION
1 howr lab

2 bowr Inb

Ship productica - Gessrad considerations.
Producibliity. (Tikks)
Shipyard layout and meterial flow.

2 bowr inb - Design review

Plsnisg sad scheduling

Asalysis of preduciitity: Difforsat shipyerd practioes
2 howr lad

Case stady #1 - US shipyard

Case mudy 72 - Enropaan yard

1 bour b

Cass smdy ¥) - Japaness yard

Junlors 0 ASNE

2 hour lab - Dasign review

Cane ssudy 4 - Masisex

Comparison of cass shedies

Momorial day

Weights, cseters, velumes Taggart - pp. 3741
Muare- Smith Chap. )
PNA Vel I pp. 5-71
Weight classification sad lovels - -

2 howr kb
Waighu - Statistcnl daes
Weight ceatrol aad margia Taggant - pp. 3741
Muare- Saith Chag. )
PNA Vol I pp. 69-71
2 bowr lab

Busign project due

SYLLABUS FOR WEBB COURSE NA VI, ELEMENTS OF DESIGN AND PRODUCTION



—Ev-

PROF. PETRIE
PROY. TIMKA
Dax

Tue 228
Wed Vi
™ W
Fe 7}
Tw W7
Wed
Tw W
Fri 10
Tue Mi¢
Wod WIS
T M6
Fa w17
Tue i
Wed V22
T ¥
Pri V24
Tue W28
Wed )29
Tha o
Fa i
Tue &4
Wed 48
T 4%
™ Y
Toe #iL
Wod 42
T V13
Fri W4
Tue 13
Wed M6
Tha 427

u-u—u-—u—u—u—u—uuu—unu—u—u—uns?

NA VI - SEIP DRSIOND

Project | Assigament - Introduction sad Guidasce (Putris)
lntact snd Damage Stabilicy Review (Thda)

Leb
L

L

Lab

Interie Review

“Debrieling”

Leb

i

Leb

Y

'Y

Lab

Project I Due 1600

Projoct 1T Assigament - Introductien and Guidasce (Pewrie)
Esimass of Loagiteding) Weight Distribution (Tiida)
Leagitudizal Strengeh Roview (Peurie)

Lab

Wave [sduced Beading Momest - Quasi Siatic and ABS Rules
Lab

Leb

tassrim Review

Recese

Wave [nduced Besding Momest - Dasign Sea Method (Petrie}
L

Leb

FIGURE 16. SYLLABUS FOR WEBB COURSE NA VIiI, SHIP DESIGN II

PfIPfvavfeaygiavEdadgeaigde i3

NA VI - SEIP DESIGN O

Candidesé Strecosrs Geometry (Tikka)

Prejoct Il Due 1600
Project [T Assigament - lasroduction and Guid

)

’?EEEEEEEFFE
-

|
3 z

iFEEEEEEE



rROF. G. L. PETRIX Sephomores 29. 10711 Shear and Homent Diagrams L
STRENGTE OF WATERLALS (4 hours) FALL 19904 .
3. 1013 Shearing Stress by Equilibrium ¢-9. &-10
Text: Machanics of Watariala, $th. Ed., Bigdon, Ohlsen, Stiles, . 10713 Shearing Stress Foraula 8-13
Wosse and Miley ~ John Wiley and Sons, 19388 e-1:
. 2nd Ed.., Rockey, [REvans, 2. 10/18 Principal Stressea in Beams :
Oriffithe, and Methercot 12
--------- ——— ————— e eemasemesstemmaemmmemaee——————ean 33. 10/19 Unsymaetrical Bending '
Lee. Study Preob. -
MNe. Date Subjeot Assigm. Assign. 34. 10/20 Thin Walled Open Jectlone- -3
.......... - e e e —————— - ———————— - - Shear Center
1. 8/12 Concept of Stress 1-1 to 1-4 3s. 10720 -0 - -
3. 8/23 Stress at & Poiaot 1-3, 1-8 36. 10/24 Cosposits Materials 8-18
3
3. 8/26 Principal Strecses 1-17 37. 10/28 TEST NUMBER ) Lessons .25 thru 18
-1 - 1-
. e Nohr's Circle for Stress -3 3s. 10/21 Flexural Deflectioos 71 ce 1
8. »/2 Concept of Siraim, straim @ & Polat 2-1 to 2-4 3. 10727 Supsrposition i-te
s. /30 Plane Strais -5 0. 0/31 Statically Indetersinale Bssms -1, -2
T. /1 Principal Straims-Haterial . -8, -1, 3-2. 4. 11/1 - - " o-4
Properties 2. 1173 Combined Static Losding -1 "> 9-4
8. /1 Neokes Law 3-3 - - - -5
43. 11 .
. e Sirain Zoergy, Yorking Stress I-4, J-%, 3-8 . 1177 Theories of Pailure PPy
ro. /e TEST NinaER 1 Lessens 1 thru ¢ 46. 1i/6 Piaite Element Anslyeis Page 13-39
11. /8 Axial Lead Appllcatioms 4-1 to 4-) . 48. 11/10 - - - Page 40-43
12. /12 Statically Indetermimats Mesbecs -4 &T. 11710 - - - Page 44-48
1). /1) Pressures Veassls 4-8 49, 11714 - - - - -
14. /18 Tarslon 8-1 to $-3 8. 11715 - - - Page 48-58
18 /18 Statically Iadetsrminate Members S-4, 3-9 0. 11717 - - - Page 70-18
. | J -
1e /10 Stresses on Oblique Fleass 3-8 5. unr TEST NUMBER 4 Lessons 28 thru 30
T. - -
! */30 Inelastic Aation 3-7. 3-8 83. 11/2»9 Colusan Theory 10-1 to 10-3
18, /22 Nencircular Sectiene 3-~10, 5-11 63. 11/18 - - 10-4 te LO-8
9. -
9/12 Finite Element Amalysls Page 0-112 84. 1371 - - 10-7. 10-8
20. | F&1 ) - " - -
/ Page 13-19 38. 11/1 Wealded Connectiens 1)-4
3. /37 Fisite Elesent Analysis Page 20-23
80. 13s8 Stress Concentrstion & Fatligue 1-10,10-1 to i1-3
a2. /20 - - - . Page 24-28
8T. 12/% Fatigue 1L-4
33. /29 - - b Page 209-312
88. 12/8 Limit Design Concepts 8-4
34. 103 TEST NUMBER 2 - Lessen 11 thru 1)
M. 104 Flexural Stresses and Straine -1 o $-4
- - - Raferences: 1 Nerisa & Xraig, Engineering Yechanics
6. O/ Flexural Stresseas -6, Append. B-1 to B-4 Vel. | Gtatios Ind Kd., Chapter 4
7. 10/0 . - Appond. 3-8 o B-0
. 10/10 Shear and Homents In Beans -4, &-7

FIGURE 17. SYLLABUS FOR WEBB STRENGTH OF MATERIALS COURSE



310, Marine Strectures |

Preraquisite: ME 211. | (4 craciils)

Quesi-static anatysts of ship hulls and offshore struciuves. Hull prmary resporss.
Introduction to probabilistic approach. Plated structres and s structura! components.
Combined stresses and tailure Preories. Framing systems. Brittie fracture and tatigue
failure modes, structural details. Midship section synthesis, classification sociely rules
sress suparposition. Malerial and lbrclion ¢onsiderations,

NAJ{0 MARINE STRUCTURES |
Pall 19%4
COURSE OUTLINE

§

Tem

L. Tetroduction 1.1-1.8

o Stlt Water Losding
b Wave Loading

0.  Beam Stress Analysis
i Secion Audiyas
&ms‘f‘ﬁ“
e.MotcT‘bom;iEvdummdSum
HI.  Siffeocd Plate sod Framing Systerns
A.M‘l‘unsmu&m;a
cwn?m&mwm
V. Escgy Methods

a-.WatudStm'lEnc:E

b. Virtual Work s0d Equilibrium Requirements
V.  Faite Element Aralysis

Vi. Failure Analysis

& Ductile and Britle Failure Criteria
b, Fracture
. Fatigue
Vli. Srectoral Detalls
a. Stress Concentrations 140 14.1-143

b. Weld Stress Analysis 140
. Bolted Connections 144

12.1-12.5
21-24

53 R a%rBR B ©

-
—
o

13.1-134
51-85

-— -
- ey
- s

19.1-19.6

4.14.6,15.1
151-154
16.1-163

3 38 § § =

INSTRUCTOR:

Prof. Dals G. Karr
NAME 2368
64-3212

QOURSE MATERIALS:
Courye sotes (by Wiltiam $. Yorus & Dale G. Karr) availsble s Ulrich's
ext: Mechanics of Materials, by Boresi, Schmi, and Sidebottom; fifth editon.

FIGURE 18. MICHIGAN CATALOG DESCRIPTIONS, AND COURSE OUTLINE FOR
NA 310, MARINE STRUCTURES I
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410. Marise Stractures 2

Pravoquisies: KA 310, precedad o accompanied by KA 340. |, Il (3 credits)
Equilibrium methods, energy methods and matrix methods are applied o problems in
ummmm.muwmum include static bending,
Krsion, tuckling, #d vitvation. Modeling and analysis lechniques for ship and marine
structral design are reviewed. Introduction 10 finile element analysis.

NA410 MARINE STRUCTURES I

Fall 19%4
Course Outline
L Unsymmetrical Beam Bending sod Extension '
'3 ibriuem, Stresses, and Deflection AR
e s
¢. Blastic Stabity - 12.1-12.8
.  Energy Methods
tv{“t'“dnum‘l'dnl?dmﬁdaqn
d. Reciprocal Theorom
¢ Rayleigh-Riz Method
fll. Torsion
& Circular asd Noacirculsr Croms Sections 6.16.5
b. Thin-Walled Closed Cross Sections 6.6
e-th‘_ 6.7
d Lateral-Torsions] Beam Buckfing
IV. Blastic-flastic Analysis
& §deal Plasticity
% Limit Asafysts of Beams PELY
¢. Thick-Walled Pressurs Vessels . 11.1-11.8
V.  Finite Bemest Anslysls
& Beams sd Bearn '
b. Plane- and Analyss 19.5
INSTRUCTOR:
Prof. Dale G. Karr
NAME 2368
64-3217 .
TEXL:

Advanced Mechamics of Materials, by Boresi, Schmidt, and Sidebottom; fifth edition.

FIGURE 19. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 410, MARINE STRUCTURES I1
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510. Maring Structural Mechanics
Praraquisie: NA 310 or CEE 312 or ME 311 or Aero 314 N (4 credits)
Von Karman plate equations, Strip-team and plate solulions with geometric and material
non-linearities Appiication to ship and platform analysis in damage condition The
flange trippirig non-fineardy. Elastic and plastic analyss of fal plates Eftects of aspect
ratio. Ship main-deck buckling example.
NASI® MARINE STRUCTURAL MECHANI
Wiakir {994 <
Couswe Ootllze
Topis Toas Qupeer
latroduction
& Geomelric and Material Nonfioearithes ~
b Tripping of Pate StifTensrs -
il Contintrum Mechanics

4 Stress asd Deviatoric Stress Teasors 1
% Deformation Teason - 1.
¢. Strain Tosors B
4. Coastitutive Equations 1
f1l. Vo Karres Plaie Equations 88

mS:run—Dw&m
c.aqﬂwunacquwu
Iv. Cilcolus of Yasistions 21-212

& Principls of Virtual Work -
b Principle of Misimom Total Potential Eaergy 3‘ 32
¢ Linear Beam Theory

Yy oy v Bocaday Conditions

8. Strip Beam Asalyws 23.84
t.Snp— Problems 88
‘-l" 'm
45

d.ThT‘
;GuddMM &1-47

Vi. Faiure of Flales

3
40-44

é_

8.13-81S
\.Pmbtﬁn Slm
e.Bmel"
VIl.  latrodoction to Theory of Plasticity
2 Yield Cooditions
b.Rde Perfectly Plastic Deformation

. Upper and Lower Bound Theoreans
d. Plastic Collapse of Structural Elements

INSTRUCTOR:

Prof Dule G. Ky

NAME 2368

1643217
JEXTS:
%Hmwﬂﬁhw.ﬂmwlﬂMMCL

NAS10 haring Structurol Mechandcs Course Notes, by D.O. Kacr aod W. 8. Voroe.

FIGURE 20. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 510, MARINE STRUCTURAL MECHANICS
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~ There are of course several dozen also available among those offered by the
Aerospace Engineering Department, in the Applied Mechanics program of the
Mechanical Engineering Department, and by the Civil and Environmental
Engineering Department, for example, and those students interested in structural
analysis and design could in selecting among these courses specialize in any aspect of
this broad field. The advantages of being a graduate student in a large and
comprehensive engineering college are indeed .apparent.

The University of New Orleans

The required undergraduate course in marine structural analysis and design at
New Orleans is NAME 3120, Ship Hull Sfrength, but (as at Michigan) many also
elect the second course, NA 4120, Ship Structural Design and Analysis. The
descriptions of these two are given in Figures 24 and 25, in this instance in the ABET
prescribed accreditation format. Note that neither course includes finite element
analysis, but that it is offered in an elective course, NAME 4096, Finite Element
Analysis in Ship Structures, for which the description is as shown in Figure 26. That
same course number, NA 4096, named Special Topics in Naval Architecture in the
catalog, is used for a course entitled Stability of Ship Structures, for which the
description is as shown in Figure 27. There are other courses offered by the School of
Naval Architecture and Marine Engineering that might be mentioned, some more
concerned with load formulation than structural analysis or design, but one entitled
Small Craft Design does include substantial structural material and is described in
Figure 28. There are also Electrical, Civil and Environmental, and Mechanical
Engineering Departments in the College of Engineering at New Orleans and hence
graduate students can choose among an array of courses offered by those
departments. A popular elective among the naval architecture uridergraduate
students, perhaps because they are drawn mostly from the Gulf region, is ENME
4756, Mechanics of Composite Materials. The description is given in Figure 29.

Memorial University of Newfoundland

Required undergraduate structure courses at Memorial are Engineering 6002,
Ship Hull Strength, and Engineering 7002, Ship Structural Analysis and Design.
Course information sheets, in the format for the Canadian Accreditation Board, for
these are given in Figures 30 and 31. Among the suggested technical electives in the
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COURSE DESCRIPYION
NAME 3120--Ship Rull Strength
Fall Semester 1991

1992 Catalog Data: NAME 3120: longitudinal strength, simple beam
theory, trochoidal wave and smith correction, weight, buoyancy,
load shearing force and bending moment curves; midship section
modulus; composite hull girder; transverse strength, strain
energy and moment distribution methods; torsional strength;
torsion of thin walled, open sections, torque distribution;
torsional loads, the use of classification society rules in
midship section design.

‘Textbook: wWilliam S. Vorus, NA310 Ship Strength I: Informal
Notes, U. of Michigan NAME, 1986.

Reference: Ship Design and Conatruction, and Ship Structural
Design, SNAME,

Coordinator: J.M. Falzarano, Assiastant Professor of NAME

Goals: This course is designed to give juniors in naval
architecture and marins engineering an understanding of the
overall ship structural design process including loads, basic
analysis techniques. Also included are special topics related to
fabrication and productioen.

Prerequisites by topic:

1. Ship hydrostatics, weight and buoyancy
2. Strength of Materials

Topics:

Introduction to ships and offshore Structures (3 classes)
‘Loads on ships and offshore structures (2 classes)
Longitudinal Strength (4 classes)

Transverse Strength (2 classes)

Plated Structures (4 classes)

Stress concantration and Fatigue (2 classes)

Joints in ships and offshore structures (2 classes)
Fabrication and Welding (2 classes)

Midship Section Design (4 classes)

Tests (2 classes)

NODNANRWN

r s

Computer usage:

1. Each student must write and run a FORTRAN 77 progran; to
: determine the section modulus of a ship midship section

2. The computer program written for the above is then used in
designing a midship section that meets ABS requirements.

ABET category content as estimated by faculty member who prepared,
this course description:

Engineering science: 1.5 credits or S0%
Engineering desigm: 1.5 credits or 50%

Prepared by: Dr. .J.M. Falzarano Date: March 28, 1994

FIGURE 24. COURSE DESCRIPTION FOR NEW ORLEANS NAME 3120, SHIP HULL
STRENGTH
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NAME 4120--Ship Structural Design and Analysis
Spring Semester 1994

1992 Catalog Data: NAME 4120 Review of Longitudinal Strength;
principal stress distributions and stress trajectories; local
strength analysis: panels under lateral locad; columns and
stanchions under uniform edge compression loading and panels
under shear and combination loading; rational ship structural
design synthesis based upon stress loading hierarchy; primary,
secondary, tertiary stress as a criteria of ship strength
including grillage aspects.

Textbook: Robert E. Sandstrom, NA410 Ship Strength II Lecture
Notes, U of Michigan., 1982, y

Reference: Principles of Naval Architecture, SNAME.
Coordinator: J.M. Palzarano, Assistant Professor of N.A.M.E,

Goals: This course is designed to give seniors in naval
architecture and marine engineering a more advanced understanding
of heams, beam/columns and plates to integrate them into overall
ship structural design.

Prerequisites by topic:

1. Elementary ship structural desidn
2. Elementary Vibrations
3. Ordinary DEQ's, Fourier series, introductory PDE's

Topics:

1. Overview of ship structural design and analysis (2 classes)

2. Derivation of general asymmetric beam equations (4 classes)

3. Application of beam equation to static stress and asymmetric
bending (6 classes)

4. Shear Stress, shear center, shear in asymmetric and closed
sections (4 classes)

$. Ship Rull and Beam Vibration (6 classes)

6. Buckling of Beam Columns (2 classes)

7. Energy Methods (2 classes)

8. Plates/frames (2 classes)

7. Tests (2 classes)

Computer usage:

1. Each student must solve for roots of a transcendental
characteristic equation and plot the corresponding mode
shapes.

ABET category content as estimated by faculty member who prepared
this course description:

Engineering science: 2 credits or 67%
Engineering design: 1 credits or 33%

Prepared by: Dr. J .M. Palzarano Date: March 28, 1994

FIGURE 25. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4120, SHIP
STRUCTURAL DESIGN AND ANALYSIS
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COURSE DESCRIPTION
NAME 4096--Finite Element Analysis in Ship Structures
Fall Semester 1992

1992 Catalog Data: NAME 4096 Special Topics in Naval
Architecture

Textbook: William Weaver, Finite Elements for Structural
Analysis, Prentice Hall, 1984,

Reference: K. Gallager, Finite Element Analysis Fundamentals,
Prentice Hall, 1975

Coordinator: J.M. Falzarano, Assistant Professor of N.A.M.E.

Goals: This course is designed to give seniors in naval
architecture and marine engineering an introductory
understanding of the use of finite elements for ship
structural design and analysis.

Prerequisites by topic:

1. Basic Ship structural design
2. Strength of materials
3. Basic vibrations

. Topics:

Introduction to Finite Elements (6 classes)
Plane Stress and Strain (6 classes)
Isoparametric Formulation (4 classes)
Flexure of Plates (4 classes)

General and Axisymetric Shells (4 classes)
Vibration Analysis (4 classes)

Instability Analysis (2 classes)

Tests (2 classes)

NN D W=

Computer usage:

1. Three homework assignments, students are required to run a
general purpose finite element program to analyze various
aspects of finite element analysis including a cantilever
beam and a plate with a hole in it.

ABET category content as estimated by faculty member who prepared
this course description: '

Engineering science: 2 credits or 67%

Engineering design: 1l credits or 33%

Prepared by: Dr., J.M., Falzarang Date: March 28, 1994

FIGURE 26. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, FINITE
ELEMENT ANALYSIS IN SHIP STRUCTURES
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COURSE DESCRIPTION
NAME 4096 - Stability of Ship Structures
Spring Semester 1994 |

Proposed Catalog Data:
NAHE_4996 Stability of Ship Structures. 3 Credits.
Stability problems of ship and off-shore structures; stability of

columns and frames, beam-columns; plastic buckling; buckl
plates and thin shell-type structures. 9; buckling of

Textbook: Theory of Elastic Stability, S. P. Timoshenko and J. M.
Gere, McGraw-Hill, New York, 1981, '

Reference: Structure Stability, W. F. Chen and E. H.'Lui,
Elsevier, 1987.

Coordinator:

Goal: This course is designed to give students the knowledge of
stability problems of ship and offshore structures.

Prerequisites by Topics:

Theory of stresses and strains
Differential equations

Theory of bending of beams

Knowledge of ship/off-shore structures

Topics:

Beam-columns (8 classes) )
Elastic buckling of bars and frames (6 classes)
Inelastic buckling columns (3 classes)
Buckling of elastic plates (7 classes)
Fundamentals of buckling of shells (3 classes)
Tests (3 classes)

Estim&ted ABET Category Content:
Engineering Science: 3 credits or 100%

Prepared by: Dx. B, Inozu Date: Maxch 24, 1994

FIGURE 27. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, STABILITY OF
SHIP STRUCTURES
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COUNSE DESCRIFTION
NAME 4151 - Small Craft Design
Spring Semester 1994

1994 Cataloyg Data:NAME 41Z1: Small Craft Design. Credits 3.
Case study of a 60-ft. motor boat design, planing theory, trim.
lifc and drag in planing, uss of standard series, hydrofoil
vessel performance calculations, seakeeping, hull structure, hull
materials, powering using supercavitating propellers or pump-jet.
Prerequisite: Credit or registration in NAME 3120.

Texts: Robert Latorre, NAME 4151, Small Craft Design, Informal
Note Set, Vols. I and II.

References: '
. Craative Naval Architecture, G. N. Hatch, Thomas Reed
Publications, Ltd., London, 1971.

2. Machanica of Marina Vehicliss. 3. R. Clayton, R. E. D.
BishopGulf Publishing, 19813.

J. Principles of Naval Architacturs. John P. Comstock, editor,
The Society of Naval Architects and Marine Engineers, 1967.

Coordinator: Dr. Robert Latorre, Associate Professor, NAGME

Goals: The objective of this course is to present the design
methodology for high speed small craft such as planing hulls and
hydrofolils in contrast to the conventional ship off-shore
structure. This course is designed to give juniors in Naval
Architecture and HMarine Engineering an latroduction to the amall
craft design spiral through a case study {(Ref. 1) and then treat
in detall the design calculations required for propulsion and
hull strength.

Prexeoquisites by Toplo:

1. Ship and off-shore structurss, weight distribution, dynamic
loads and combined stresses.

2. Structural consideration of floating, fixed pile, submersible
and jack~up platforms.
3. Strength of plated structures and stiffeners. 4. Fallure

modaes .
5. Design of bottom, side and deck plating; welding and other
fabrication technologies.

Topics:

1. Introduction. {1 class)

WVER-IMNA AW

{9 classes)

Design example 60 ft. high speed vessel.
{6 classes

Planing hull hydrodynamics and EHP estimates.
Hydrofoil/catamaran design. (3 claswes)
Seakeeping dasign. (3 classes)
Structural locads on hull. {1 class)
Structural design with aluminum - FRP.
Supercavitating propsllers/pump jet.
Tests. {2 classes)

{2 classes)
{1 claas)

Computer Usage:
1. Homework Assignments.

a) Development of high speed craft powering data bas
using Lotus 1-2-3 on PCs. .

b) Estimation of high speed craft resistance ueing
polynomial expressions.

2. Project. Design of Modularized high speed planning vesse)l

Computer Aided Engineering using class materials.

Hull scantling review software

Examples: i)
Performance estimate of hydrofoil vessel

i1y’

ABBT Category Comtant:

Engineering Design: 3 credits or 1008.

Achaxrt latorxs  Dave: Apcil 20. 1994

Prepared by: Date:

FIGURE 28. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4151, SMALL CRAFT DESIGN



ENME 4756-Mechanics of Composite Materials
: Fall Semester 1593

1992/94 Catalog Data: ENME 4756 Mechanica of Composite
Materials Cr. 3

Prerequisites: Civil Engineering 4353 or consent of
departwent. Analysis of stress, strain, and strength
of fiber reinforced composite laminates. Topics
include laminated plate theory, stress analysis of
orthotropic plates, damage mechanisms, fatigue,
impact, and environmental effects.

Textbook: Agarwal, B. D., and Broutman, L. J., Analysis and
Performance of Piber Composites, Second Edition, J.
Wiley & Sons, Inc.

Reference: Jones, R. M., Mechanics of Composite Materials,
Scripta Book Co., 197S.

Coordinator: Paul D. Herrington, Assistant Professor

Goals: The goal of this course is to provide students a
fundamental understanding of the mechanics of
composite materials and their behavior under typical
sexvice conditions. A design project including a
written and oral presentation is required.

Prerequisites by Topics:
1. Advanced Strength of Materials
2. Engineering Analysis

Topice:

Introduction (1 class)

Materiale and processing (3 classes)

Behavior of uni-directional composites (4 classes)
. Analysis of orthotropic lamina (8 classes)
Analysis of laninated composites (6 classes)
Damage mechanisms and failure criteria (3 classes)
Impact and fatigue (2 classes)

Environmental degradation (1 class)
Nondestructive evaluation (1 class)

WO~V d WK

Computer Usage: : .
Students are required to use the VAX-cluster and/or microcomputer

for solving homework problems and for the analysis of design
project alternatives. :

ABET category content as estimated by faculty member who prepared
this course description:

Engineering Science: 2 credits or 66.7%
Prerimasring Dacion- 1 ~rradi or 11 1%



COURSE INFORMATION SHEET

COURSE NUMBER & TITLE: Enginesering 6002 - Ship Hull Strength
CALENDAR REFERENCE: Page 297 of the 1991/1992 Undergraduate University
Calendar.

CEAB COURSE TYPE: Program Compulsory
TOTAL NUMBER OF LECTURE SECTIONS: One
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/18
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: One
MINIMUMMAXIMUM NUMBER OF STUDENTS PER LABORATORY/TUTORIAL
SECTION: 6/18
MAJOR TOPICS:

1. Longitudinal Strength of Ships (9 bctum)

2. Transverss Strength (12 lecturss).

3. Torsion (3 lectures).

4. Matrix Displacemant Method (6 lectures).

8. Finite Elemant Mathods (8 lectures).

PRESCRIBED TEXT(S):
1. Sueogth of Ships, by J.R. Pauling,
Chapter 4, in Principles of Naval Aschitecturs, Vol |
E.V. Lewds, Editor, , SNAME, (1988).
2. lntroductory Structural Anatysia,
by Wang and Saimon, Prentice Hall, {1384).

INSTRUCTIONAL HOURS PER WEEK: 3 lectures sand 2 lab.tutorial hours per week,

COMPUTER EXPERIENCE: Students are required to design a spread sheet for a ship's
midship section calculstion,

LABORATORY EXPERIENCE: students are required to submit a midship section design
project.

PROFESSOR-IN-CHARGE: M. R. Haddsrs, Ph.D., M.S., P.Eng., C.Eng., Professor
{Naval Architectural Englneering).
TEACHING ASSISTANTS (NUMBER/MOURS): 1/52

CEAB CURRICULUM CATEGORY CONTENT:
TOTAL NUMBER OF LOAD UNITS = 4
Engineering Science = 2.4 units
Engingering Design = 1.6 units

AVERAGE GRADE/FAILURE RATE: 63%0%

FIGURE 30. COURSE INFORMATION SHEET FOR MEMORIAL E6002, SHIP HULL
STRENGTH
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COURSE INFORMATION SHEET

COURSE NUMBER & TITLE: Engr.7002 Ship Structural Analysts and Design
CALENDAR REFERENCE: Page 299 of the 1991-92 Undergraduate University
Cslendar (listed as 8002)
CEAB COURSE TYPE: Compulsory
TOTAL NUMBER OF LECTURE SECTIONS: 1
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/13
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: 1
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER LABORATORY/TUTORIAL
SECTION: §5/13
MAJOR TOPICS:
1. Ship structural safety: rational design; rule-based design; partial safety
factors; safety index; probability of failure (5 lectures)
2. Long uniformiy loaded thin plates: elastic, elasto-plastic and plastic design;
various edge constraints {8 lectures)
3. Finite aspect ratio plates: elastic, elasto-plastic and plastic design; various
edge constraints (4 lectures)
4, Buckling and ultimate strength of columns (3 lectures)
§. Buckling of {long) plates including concepts of effective and reduced
effective width (8 lectures)
6. Grilage design: effactive breadth; plastic design of beams; combined loads
and failure; magntﬂcadon factor; interaction equations to estimate failure (8
lectures)
7. Buckiing of wide plates; welding distortions and their effect on incremental
coflapse (4 lectures)

PRESCRIBED TEXT(S): No texts are prescribed due to expense; the following is a
rafarence for the courss:

Hughes, O.F., 1983, Ship structural design, Wiley-Interscience. Republished by The
Society of Naval Architects and Marine Engineers, New York.

INSTRUCTIONAL HOURS PER WEEK: 3 lecture hours per week (1 term); occasionasl
tutorial and discussion sessions averaging out to 1 hour svery two weeks,
COMPUTER EXPERIENCE: i

LABORATORY EXPERIENCE: nil

PROFESSOR-IN-CHARGE: Neil Bose, Ph.D., P.Eng., Assoc. Prof. (Naval Architectural
Engineering)
TEACHING ASSISTANTS (NUMBER HOURS): 1/50
CEAB CURRICULUM CATEGORY CONTENT:
TOTAL NUMBER OF LOAD UNITS = 3.25
Engineering Science = 1.5
Engineering Design = 1,75
AVERAGE GRADE/FAILURE RATE: 72.4/0 (1988.91)

FIGURE 31. COURSE INFORMATION SHEET FOR MEMORIAL E7002, SHIP
STRUCTURAL ANALYSIS AND DESIGN
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senior year are 7933, Stress Analysis, and 8058, Submersible Design. The brief
course descriptions, from the calendar, and those for 4312 and 5312, the two course
sequence in the basic Mechanics of Solids that are prerequisites for the ship
structures courses, are reproduced in Figure 32. Other structural analysis and design
courses are available in the programs in civil and mechanical engineering also offered
by the Faculty of Engineering and Applied Science.

The University of California - Berkeley

The single undergraduate structures course in the current undergraduate
program at Berkeley is NA 154, Ship Structures, and the description of it in the
ABET format is shown in Figure 33. More interesting perhaps are the several _
outlines in hand for that same course in recent years, particularly the differences in
actual content as well as the different ways in which several of the same topics can
be described by two different but knowledgeable professors (and Professors Mansour
and Paulling are indeed very well qualified to be so designated). Also, because these
outlines collectively include just about every topic with which it would be highly
desirable every bachelor's degree naval architect and/or ocean (or "offshore," since
Berkeley is the subject) engineer had presented to him, they are reproduced in Figures
34 through 36. Viewed in that sense, they also clearly demonstrate that a single
required course in marine structural analysis and design in any undergraduate
program in naval architecture or offshore engineering is indeed inadequate. With the
situation at Berkeley currently in transition it is probably not entirely established
what material should be in what course at present, but there are two graduate
courses, 240A and 240B, being given at present by the department. A tentative
outline for. 240A, Theory of Ship Structures, is shown in Figure 37, primarily to
illustrate how rational and current course content at that level can be in that the:
probabilistic approach to loading and a reliability based determination of response are
both included. Other departments and programs at Berkeley in all of the established
engineering disciplines offer a great number of additional courses in structural
analysis and design and related subjects, and graduate students in the Naval
Architecture and Offshore Engineering Department can specialize further by
selecting from among them much as do those at Michigan and the other universities.
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NA 154
Fall Semester 1988

1988-89 Caalog Data:’ NA 154: Ship Sructures, Credit 3. Introduction 10 the special;
of ship structures and their design. Structural losds, hull grder sod kot
components analysis, laterally loaded grillages and cross-stiffencd plates,
plate b‘:shr;g. npdcs of possible f&lure m designed againsy, use of
theory and classification society rules in ination in the desi
Preroquisites: NA 151, CE 130, P e Gesin process.

Textbook: 1.P. Comstock Editor, Principles of Naval Architecture, SNAME, 1967.
R. Taggart, Editor, Ship Design and Consuucuon SNAME, 1980,

Coordinator: Alaa E. Mansour, Professor of Naval Architecture & Offshore Engineering

Goals: To introduce the student who has already completed a course in elementary
strength of materials o the specialized aspects of ship  structural analysis
and design. -

Prerequisites by Topic:

1. 2:-D clasticity. ‘

2. Elementary theory of bending of beams.
3. Elemeniary column buckling theory.
4. Theory of torsion of simple closed tubes.

Topics:

Structural loads experienced by ships and other marine structures. (Gelasses)

Box girder with empbasis on shear and torsional effects. (7 classes)

Hull deckhouse interaction. 6 classes)

Flastic theory of stiffened plates. (7 classes)

Plate buck.ling(tsl'sc?ry m)d used of design charts for predicting the buckling strength of structural
nts. (5 classes

Modes of ship failure and appropriate design considerations. (7 classes)

The mﬁdesign process as 8 synthesis of rules, codes and rational procedures. (7 classes) .

N wAwN

Computer Usage:

1. Homework ;si@mnt on designing stiffened panel of a ship bottom structure.
Labocatory Projects (including major items of equipment and instrumentation used):

1. Nooe ‘

ABET category content as estimated by faculty member who prepared this course description:

Engineering Science: 2 credits or 66%

Engincering Design: 1 credits or 33%

Prepared by: AHW-_»——-———;: Date: Sll-ll'i ry
T

FIGURE 33. COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP STRUCTURES
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ouTLINE

NA_ 154 ___Ship Structures A. €. Mansour

1. Characteristics of ship structure
(a) Strength versus stiffness

{bg Prinr{. secondary and tertiary behavior
¢) Tyoical midship sections
2. Lloads applied to ship structure

(a) Static loads--standard longitudinal strength calculations
(b) Dynamic 10ads--low and high frequency oads

3. Box girder analysis
(2) Two dimensional stress analysis
(b) Stress distribution around a section
(c) Shear and girth stresses -
(d) Desiqn considerations

e)Ultimate strength and failyre modes
4, Shear lag aMd efl@ctive readth ¢

(a) Basic concept
(b) Application and design charts

S. ODeckhouses and superstructures
~ {a) Two-beam analysis
“(b) Experimental results

6. Bending of plates
(a) Isotropic plates
(b) Orthotropiec and stiffened plates

7. Buckling of plates
(a) Isotropic
(b} Orthotropic

8. Ultimate strength of beams, plates and box girders

FIGURE 34. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES
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NALH ' hip Structures Fall 1999

Iastructort Jo R Paulling
Course Outline and Schedule (Subject to chinge ot whim of instructor)

Feading Reference! FNA » Principles of Naval Architecture, Vol. 1, Lewis (Ed.)
Pub. SNAME, N.Y,, 1929,

Week Tooig Reading Refgrency

1 Introduction « The big picture, th, 3, Sect, 1
Ship structural static loads. 2.1, 2.1

2 Dynanic wave loads - detersinistic, 2,3-2.5
Probabilistic. 2.46+2.8

3 Long ters extrese loads. 2.9-2,10
Other cosponents of dynamic loading 2.11

4 Box girder analysis 1.1-3.2
Section modulus computation 3.3

$ Shear and transverse stress distribution 3.4-3.9

6 Shear lag and effective breadth 6

? Torsion and related effects .7

Secondary structural responss 2.8, 3,0

4 Plate bending .10, 2.1
MIDTERM EXIAM

10 Transverse strength considerations 312
Deckhouses and superstructures %12

1 Modes of structural failure, liait states 41-4.3

: Failure theories

12 Structural ingtability and buckling 4,%-4.7

13 Ultimate strength 4,9
Fatigue 4.1

14 Introduction to reliability Sect. $

13 Catch up, Loose ends. Review.

FIGURE 35. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES



Topicat Outline
RA 154 - Ship Structures

1. Nature of sbip structures and dasic coocepts of ship
atructural desigm.

4. Arrangemeat of structural components.
b. PFunctioa of structural coabonentl.
¢. Comparison of ship structures to other structures.

d. Subdivision of responke (primary, secondary, tertiary),

2. Ship structural loads (demand)
a, List of loads (statie¢, quasi-statie, dynamie)
b. Standard statie load computation and use in classificatios
society rules.
3. Plane stress sotlysis
8. Derivation of equatiocas of equilibrium.

b. Stress conceatrationa.

4. Analysis of hull girder and hull module compobents
&. ERlementary box beasm analysis ia beading.
b. Torsioa of thin-walled slender Leans with closed sections.
¢. Shear effects 1a thin-walled slender beams,

S, Laterally loaded grillages and cross-stiffened panels:

descriptioan of phesimens, derivation of equatioas of equilibrium,
use of design charts,

8, Buckling anod ultisate strength of columns and plates.

7. TFurther aspects of structural failure (cspadility).
a. Teasile/compressive fracture and failure theories

b. Patigue
e, Brittle fracture

d. Velded connections
8. Uncertainty of design process (demand vs, capability),

9. Classification society rules.

FIGURE 36. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES

.65 -



2407 - THEORY OF SMIP STAUCTURES
Alas Mansour

TENTATIVE OQUTLINE

I. Representation of the Sea Surface
1, Probablility distributions associated with a randoa
process,
2. Statlonary and erqodlic processes,
3. Autocercelation function and spectral density of a
statlonary random process,
4. Typical sea data and sea spectra,

11, Oynamlec 10dds and response of a ship hull consfideced as a
tlgid body. '
1. fnput - output relations .
2. Transter tunctions ‘/rcspon:e asplitude operators.
3. Ship response spectrd In long-and short-crested seas.

111, tong-term Prediction of Wave Loads - Cxtreme Value and
Ocder Statistics
1. Ulong-tera distributicas,
2. Extrems wvave loads - ocder statistics,
3. Extreme total wvave and stillwvater loads.

IV. Fully Probabitistic Reliability Analysis (Level I1})
1. varfadbility in hull strength,
2., Relisbllity concepts,
3. Probadility of taflure using deterministic ac normally
distributed stillvater loads,
4.modes of fajluce In hogqgling and sagqing conditions -
bounds on the total probability of Caflure.

V. FPFailure Analysis Procedures - Desiqn Considerations

1. Long-tera procedure.,

2. Short-tecs proceduce.

3. Application of faflure analysis to a Mariner and a
tanker, :

4. The level aof salety-optiamlzation criterta, .

S, Deternination of » hull saction modulus for 2 presceibed
level of safety.

VI. Semj-Probabilistic rReljability Analysis (Level I1)
1. The mean value ficrst order second moment sethed,
2. The Masofear/Lind rellability index, :
3. Inclusion of distcibution information, e
4. Pactial safety factors (Level I).
$. Etxample application and compicrisons,

vll, Oynamic Loads and Response of & Ship Hull Consideced a3 a
flexible Body
1. High-frequency steady springing loads and response.
2. High-frequency tcansient-slamming loads and response.
). Combining the high-and low-frequency loads,

viIT. Ship Hull Ultimate Strenqgth
1.fallure a3 a result of yielding and plastic flov (the
plastic collapse, shakedown and initial yield moments). .
2, Pailure as 2 result of instability and buckling (modes of
stiffened plate buckling failure), .

FIGURE 37. COURSE DESCRIPTION FOR BERKELEY NA 240A, THEORY OF SHIP
STRUCTURES ,
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United States Coast Guard Academy

The contents of the 1442 course entitled Principles of Ship Design and 1444,
entitled Ship Design and System Integration, at the Coast Guard Academy include
many topics beyond those involving structural analysis and design. But Figure 38
includes the actual two assignments involving structures from among 21 listed, along
with the catalog description of the first course, and Figure 39 includes similar items
from the second. The handout material for these courses is very detailed but very
organized and extensive. Students at the Coast Guard Academy possibly do not have
available to them the same level and technologically advanced treatments of marine
structural analysis and design as do those at many of the other schools, but those
graduating are certainly familiar with the fundamentals of the subject since it is dealt
with soundly and well. | -

United States Naval Academy

While there are several required courses dealing with several aspects of
structural analysis and design in the naval architecture and in the ocean engineering
programs at the Naval Academy, and more elective courses available, EN 358, Ship
Structures, and EN 441, Ocean Engineering Structures, are, respectively, the
principal ones. The respective capstone design sequence courses include the usual
structures content, but students in both programs are also required to take EN 380,
Naval Materials Science and Engineering, and evidently learn about fatigue and -
fracture there in addition to the more scientific topics which are all that are included
in many of the basic materials science courses elsewhere. Syllabuses for EN 358 and
EN 441 are included in Figures 40 and 41, along with the reference list for 358 and the
ABET description for 441. These last two items would seem to indicate some
difference in the levels of the treatments in the courses, but this could be in error and
is only suggested because the 358 reference list includes some quite old — but classic —
entries despite listing the very valuable Hughes book as well.

Virginia Polytechnic Institute and State University

The required undergraduate structures courses at Virginia Tech reflect the
arrangement that places the ocean engineering program and the aerospace
engineering in the same department, and that it is an ocean engineering program

.67 -



Principles of Ship Dasign 1442
The ot sad xieace of ship design.  Hull sreagth snd sructunal design
requirements by first principles snd ABS rules; the design process; spplica-
ton of estimation and iteration procedures with emphasis os prelimiaary bull
dimensions and weight estimates; comparative saalysis of veisel and payload
wich figures of merit; hull vibeations; preliminary development of genenal
amingemens.  CAD inensive course terminsies widh 3 deam-prepared
prefiminary hull and amangements design 10 be compleied ia Ship Design/

Sysiem Insegration (1444),

Credit Hours: 40

Format; Class Project

Prerequisie: 1342

Cocequisie: 1453

Restrictions: Lk Cadets and NAME Majors caly

FRORCTED OFFIRING: FALL

19. Loogitudinal Strength Analysis (8) - Based wpoa yoor Second
Weight!'COG Estimate, Losding Condition Calculations and sppropriate
routines from MaxSur{/Hydromax, the Desiga Team shall:

a. Evaluate Still Water, Hogging and Saggiag Loagitudinal Strength of
yoor vessel in each of the 4 loading conditions. The maximym
bending moment and shear force shall be highlighted for each
coadition. .

b. Using the maximum beading moment and shear force values from
part a), determine the material used in the coastructioa of your
hull aad calkolate the maximum permissible beading and shear
stress.

¢. Caleslate the required midship section moduluos for yoar vessel.

d. Provide plots of the weight, buoyancy, tosd, shear and bending
momeat curves for each of the analyzed cases, identifying the
locaticas of the maximom shear and bending momeat values.

20. Midship Section Design (5) - Based upon the results of the
Longitodinal Streagth Analysis of your vessel and appropriate
structural desiga criteris, the Desiga Team shall:

a. Design, draw and label the midship sectioa foc your vessel Ingure
that all major structural members are iscluded and dimeasions
are provided.

b. Determine the plate thickness for all decks, shell and bottom
plating.

¢. Determine the size and locatios for all major structural members
in accordance with applicable ABS rules, USN/USCG specifications,
and CFR requirements. y

d. Determine the required thickness and stiffener sizing for typical
bulkbheads - collision, deep tank and standard watertight.

¢. Determine the Moment of Inertia and locatioa of the Neutral Axis
for your midship section. Provide actual bendiag momeat and
shear stress calculations for this section and compare said actual
values to the maximum permissible values from part b) of the
Longitudinal Strength Analysis.

FIGURE 38. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG
ACADEMY COURSE 1442, PRINCIPLES OF SHIP DESIGN
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Hall model resisance wxing, decrle gt sl srlry rymes desiga,
, CPMAEXT plaaaiog, HVAC, engiaseriag ecomomict, and ke off candiet Guidanca_ S Longhatod Stwal Aeaporalie Porscn -
' in design, coastraction aed M cycls cacling spptiod @ prxtisisary iy
, dealgn dewloped in courst 1442 Bmpbucis w4 irtgration of ball sad L Genersd Procedary :
Credit Haxre “w 1. Beevaluss e piacement o Inown weighisankage aboard your
Format: Clasy/Projx wm.h:;owmmwmmw
Prerequisie: 1442 and 149 sncouriensd y
o oy L Run e bogludeal srwrgh packon of e Hydvomar progranm.

FROJCTES OFTIRIES SFR0

L Specilc Design Procedure :

1. Now

WL Dwlvecabies :
Ouidarcs for Midhip Section (waigs . Rasporelia Person: 1. Obisin tumedcsl oulpt for your Sghiship, Dumas, sainkmum cperating
1. Gerwrdl Procedurs | Bl foad condiBions.

2 Pt o shew and momet dagrame Ror ol cesee
4. Cslcisie e mesinum mquired secton modulg fof sach cam.

4. Prodde an wwivsis of T mescrablermes of your oulput and corremant
2. Compuse e required secion moduks Kor your veessl 83 defined by the on Gturs remiicatons on metcal chuice and idchip Sasign.

1. Comment on the diffsecces and siaie rezsors for which secion vV, Schedule : NLT Aprd W

. Waighting :
L Specilc Daign Procedure v Fackr:3
1. Dcaw ®ha ship's midehip section.
2 Lebel acxd idenilly T major siruchuel members
Cuddarcy ky Sulkhuad Daslgy Paraporaitia Pacson :

S Aatly e selecion of majr sinaiursl mambers, fme spacing. ek, )
& Caicuisie e moment of berta and 4 oston of e neutral e o - o Procedse :

your midehlp S4ction. 1. Pead ABS Ruins far Steal Vestsls ard 0% 11004 Stctural

Dasign of
& Mmhmuﬂmﬁhmmmt\r- Ft 9 and ot ® Waw
orimale o regired secion modulue ko 2 Using Puse referiricas, design & stariand bulkhaed
forwerd and ok Quarier polnie. requiremects far the despesl pant of e aivp. A%

3. Erimaie B weight pec et of besw et uming thet eefmate, caicida
on phaing, scantinge and secioral el Comgans e valus 10 your e weigt for ol bulitwaty et halr VOO g LCG In B tarwvene

. plane.
B Owiverables : L. Speciic Omign Procaduny -
1. Provide a eceled miderip secion drewing (14° » 1' scaly). 1. Peview PRA ard Basic Ship Thecry (B3T) on bukhesds. Beview 3ST on

R0 1 Suts | Swgle en loading bending maments
Scanlings tabke (midehip only). gy on shear, b

Prodde & summary sheet kv secion weight, YCO and LCG. 2. Owismire ioedng on bulhuad, and condifons i maximum showalie
Provide sl sappocting calcutaions and chacia of slowabis sirem. . '
Provde an aralysis of tw reascrabienss of your design
Dot e uee of

optimizalion Wchriges In e desipn of this

3. Drlamine bultesd Pickress, sillecar sting and spacing.
B, Colversbies :

I I N I

1. Provide & scaled dovwing of typicel “midelp®, Wk, end colision
V. Schedus : NLT Apl 10

V. Weighling Fackyr - 3 > ‘ -

3 Provide & tabie for arwvarse BAmaS, weighis, YCG's, And LCGTS.
4. Detign hiory documentaton.

V. Schecus : NLT Apd 10

V. Weighing Factor : 2

FIGURE 39. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG
ACADEMY COURSE 1444, SHIP DESIGN/SYSTEM INTEGRATION
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Suer STRUCTURES

Columa Buckling

- ENDSE
SPrnG SamesTIn 1995
Lessen Date Topla Anigaed Reading
i 13 Jan, | Introduction SOM 2-1 v 2-9
2 13Jan. | Components of » Ship's Structury Handout SDAC
sse §6Jan | Martia Luther King's Holiday
3 17Jan. ] Loads on & Ship’s Struchure SDM 4-1 0 4-23
4 18Jan. | Hull Girder Responss LA P}
3 20Jan. | Hull Girder Response (coat.} 12
[ 23 Jan. | Hull Girder Fatigue 36
Lab ¥l 24 Jan. | Weight Curve Developmars 32
7 25 Jan, | Hull Girder Faligue (cont) 36
s 27 Jan. | Section Modulue s
9 30Jan. | Composite Besm Approach kX3
Lab #2 3iJan. | Quasi-Storic Balanos Using SHCP
10 1 Feb. | Hull Girder Shear Swwss 37
1 3 Feb. | Hull Girder Shear Stress (cont.) 37
12 6 Feb. Sheas Effects on Beam Theory s
Lab#) TFeb. | Sheor Effects Lab
13 S Feb. | Hull-Superstructure lstersction 39
10Fch. | Enamil L R
14 13 Feb. | Stiffrvess Matrix of a Bar 5.5
13 14 Feb. | Structura Stiffness Matrix
16 15 Feb. | Pin-Joinled Frames 52
17 17 Feb. | Pin-Jointed Frames {cont} L ¥
. wee 20Feb. | Prusident’s Day Hollday
Lab 4 21 Feb. | Truss Amolyais Using GIFTS
18 22Fcb. | Flexure-Only Beam Eletnent 33
19 24 Feb. | Ovdinary Beam Element 53
20 27Feb. | Genenal Beam Element 55
Lab #$ 28 Feb. | Frome Arolysis Lab
kil 1 Mar. | Genernl Beam Element {cont.} 5.3
n J Mar. Transverse Structure Design Considenations
see 610 Mwr. | Spring Break
n 13 Mar. | Transverse Structune Design Considerntions
Lab#6 14 Mar. | Midship Section Design
24 15Mar. | Plaie Bending - Small Defloctions 9.1
23 17 Mar, | Plate Bending 9.1
26 20Mar. | Largs Deflection Plate Theory 92
Lab #7 21 Mar. | Plate Banding Loborasory
2] 22 Mar. | Plases Losded Beyovad the Elasic Limit 23
i 24 Mar, | Design for Allowable Permanent Set 94

29 | 27Ma. ta

Leb#s 28 Mar. | Midship Section Design

0 29 Mu. | Column Buckling 1t1-112

k1 31 Mar. | Effect of Lateral Load 1.3

n 3 Apeil | Elastic Plate Buckling - Uniaxial Compression 121
Lab w9 4 Apeil | Midship Section Design

SAprl | Exam#

B 7 April | Elastic Plate Buckling (cont.) 122

34 10 April | Biaxial Compression, Shear 123-12.4
Lab#10 [ 11 April | Midship Section Design

s 12 April | Plates Under Combined Loads 125

5 14 April | Uliimate Strength of Plases 126

7 17 April | Elastic Buckling of Siiffened Pancls 1.1
Lab#il | 18 April | Piose Buckling Lob

k] 19 April | Elastic Buckling of Stiffened Pancls (com.) 131-132

39 21 April | Leocal Buckling of Suffeners 131

L 24 April | Buckling of a Cross-Stiffened Panel 133
Lab Wi2 | 25 April [ Midship Section Design

4] 26 April | DBuckling of & Croes-Stiffened Panel (conl.) [} B

42 28 April | Submarine Structural Design Considerations

43 1 May Review for Final Exam

Texts:

Ship Structwrol Desig
Society of Naval Architects sod Marine Engiocers, New York, 1934,

A Rationally-Based, Comp

Atded, Oprimi

Approech, Owen F. Hughs.

“Structural Design Manusl for Naval Surface Ships,” NAVSEA 0900-LP-097-4010, Naval Sea Systems
Command, 1976.

“GIFTS Primer Manual®, CASA/GIFTS Inc., Tucson, Az 1936.

.Raferences:

1} Principles of Naval Architecture: Vol | - Stabillty ond Strength, E.V. Lewis (Editor),
SNAME, New Yock, NY., 1938 {Chapior 4).

2) Ship Design and Comstruction, R. Teggart (Editor), SNAME, New York, NY, 1980.

3 .Iﬁi{p Structurol Dasign Concepis, I.H. Evans (Editor), Ship Structure Commitwe (SSC),
Washington, DC, 1974.

4) Ship Sructurol Design Concepes: Second Cycle, J H. Evany {Editor), Comell Maritime Press,
Centerville, MD, 1983,

5} Serength of Ships® Structures, W. Muckle, Edw. Amold, Lid., London, 1967 (Out of Print)

6} "On the Structural Design of & Midships Section,” M. St.Dennis, DTMB Repon €335, Oc1,

1954,

T) "Manual of the Properties of Combined Beam and Plate: Part | - Tees and Angles,” U S.
Depastment of Comanarce, Washington, DC.

8} Basic Ship Theory: Vohame I, K.J. Rawion and E.C. Tupper, Longman Inc., New York, (Third
Edition), 1983. (Chapters 6 and 7).

FIGURE 40. SYLLABUS FOR US NAVAL ACADEMY COURSE EN 358, SHIP STRUCTURES
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EM 441 OCEAN RNGINEERING STRUCTURES 1993
Waek Toplo Reading Assignment
1-9 Introduction pp 3-23
Matrix Algebra Appendix
1-16 Matrix Algebrs --
1-23 structural Analysis pPp 37-3¢
1-30 " . pp 36-81
Quis 2
2-¢ struoctural Analysis PP 31-47
2-1) - " pp 67-80
Quis 2
2-20 Environmental Loads pp 09-98
-27 - . pp 98-102
3-6 spring Break
3-14 Environmental Loads pp 122-13)
3-20 . " ] PP 133-143
Quiz 3
3-27 static Methods Class MNotes
4-) " -
e qu;l 4 i
4-17 Poundations Class MNotes
4-24 "
5-1 Review
5-4 to 35-12

Examination Period

B4l = OCEBAY RNGINEERING STRUCTURBS
1993 Catalogue Data:

-

EN441: OCEAN INGINEERING STRUCTURES

(3-0-3}. Structural design considerations
for fixed ocean structures. Design
tachniques including matrix msethods and
finite slement analysis are introduced.
Boundary conditions, wave affecte,
foundations, 1loading, and materials
considerations ars studied. Prersquisite:

- O’fé Da17.

l“ . 10"31'[0“ STRUCTURAL ENGINEERING (Prentice
"u”"‘)*
r,.-f Hall) (by T. K. Dawson)

Textbook:

Course Coordinator: T. H. Dawson, Profassor

Goals: This courss is designed to give ocean
snginesring majors a working knowledge of
matrix structural; analysis, environsental
loadings and foundation considerations as
they rslate to anslysis and design of
offshore structures.

Prerequisites by Topics: 1. Strength of Materials

Toplce:

1. Matrix structural analysis 1s
2. Wind and wvava loadings |
3. Analysis of offshors structurs 1s
4. Poundation considerations [ 3
3. Tests b |

Computer Usage:
1. Matrix operations and matrix computer solution of linear

equations by matrix inversion.

2. Spreadshest programming of scalar equations assooclated with
wave forces, joint loads, eto.

3. Matrix ocomputer anslysis of structuraes.

Laboratory Projects:

1. Term Project: Detalled analyeis of an offshore structure for
deflections and stresses.

Estimate Content:
Enginesring Socience: 1 credit 33%
EInginesring Dssign: 2 credite 67%

FIGURE 41. COURSE DESCRIPTION AND SYLLABUS FOR US NAVAL ACADEMY COURSE EN 441,

OCEAN ENGINEERING STRUCTURES



rather than one in naval architecture. The first one after the basic mechanics of
deformable bodies, AOE 3024, is in fact named Thin Walled Structures and is included
in both curricula. Information on this course, including the syllabus, is reproduced in
Figure 42. The content is somewhat advanced for a first course actually dealing with
structures rather than fundamental material, but it is obviously tailored to prepare
students for the differing following structures courses in each of the programs. In
ocean engineering this is AOE 3224, Ocean Structures. The description of this
course, in the same format, is given in Figure 43 and examination will demonstrate
that ships as well as ocean structures such as offshore platforms are involved.
Professor Hughes evidently incorporates the limit state analysis concept ~ buckling,
fracture, and plastic collapse, for example - in this course much as he did in the text
"Ship Structural Design: A Rationally-Based Computer-Aided Optimization
Approach." (Terming this work a textbook rather than a reference is justified by
comparing it with say the chapters concerned with ship structures in the various
other Society of Naval Architects and Marine Engineers books and several other
references mentioned elsewhere in this section. It does indeed remain the single best
text currently available dealing with marine structural analysis and design.)
Somewhat abbreviated syllabuses for many of the succeeding structures courses
offered by this single department - AOE 4034, Computational Structural Analysis,
AOE 4054, Stability of Structures, AOE 4184, Design and Optimization of Composite
Structures, AOE 4984, Computer-Based Design of Thin-Wall Structures, and AOE
5024, Vehicle Structures — are given in Figures 44 through 48 to illustrate the
advantages in combining the structural offerings needed in two mechanics-based
engineering disciplines so as efficiently to provide viable undergraduate and graduate
programs in both.

Massachusetts Institute of Technology

The situation at MIT is apparently in transition as this is written, but those
undergraduates in the ocean engineering program presumably take or recently took a
course 13.014, Marine Structures and Materials, and the syllabus for this course as
taught in 1994 is given in Figu.fe 49. The combining of classical somewhat advanced
strength of materials topics with the properties and basic science considerations of
materials - as determined by someone as eminently qualified as Professor
Masubuchi - results in a presentation in which matters like fracture and plastic
deformation must be better explained and hence better understood by the

-72-



MovempDer 15, 190%

AELROSACE AND OCTAN ENGINEIRING 1024
STAUCTURES [
( ADP TITLZ: STMUCTRES [ )
1. GATALOS DESCRIFTIOM:
1024 STRUCTURES [
Raview of machanics of materiala. Strasses ia stiffened .
shell beamy. Delormation analysis by aryy sethods.
Multicell baams. [atroduction ta the matrix 2187743y
aethed 1nclud ing truss and Deaw elemancs. Pre: [ 3]
004 (18, ). I

{l. COURSE STATUS:

a. Ravised Course

B. Combination of present AOE 1251, 3252 and 3233 caverage
c. Effectiva March L987

d. Not for Craduate Crediz

[If, PRERLQUISITES & COREQUISITES:

TSHM 2004 Mechinicy of Defaormable 3odies lays the founda-
tions for ths matarial ia this course.

IV. JUSTIFICATION:
This {5 ‘the basic stuctures course for aerospace and
ccean engicesrs. [t is focused oa the =Min-walled besms
that dominate the coostruction of aecaspace and acu.n
vehicles. This course L a cosbination of uurul
the current (Quarter) courses J251, 52, S31.

V. EDUCATIONAL OSJECTIVES:
The w0 majof objectives are ¢ aake the sTudant gais
e physical undecstandiag of =he ¢(lect of loads on je-
neri¢ aero & ocead FETUGTUIES 4ad 3 acqualat Chea wild
sisple <omputazional Cechniques needed 250 rough esti-
satas of stressas and displaceseacs.

Vl. [INSTRUCTOR:

R. Hafixa, 4360

VIL. TEXTS AND SPECIAL TEACHING AlDS:
Paesy and Azar, ALRCRAFT STRUCTURES, Nclraw-3ill, 1982,
VIII. SYLLABUS:

Peccant of
Caurse
L. Raeview of aechanlcs of materiels 4
2., Sccasses in sziffened-shall beaxs 152

Skim-stringes approximatios
Open zections: stresses ard shear cencer
Staglea~cell slosed 2ectimng: scrassay
Unsymmecrical sections
3. Daformation analysis by enerqgy sethodslC}
Strala snecgy seathod
Work-saasgy asthod
Unit load sethod
sanu-e.u elosed sections: Twist asd elastic axis
Maxwell's theorea of :ecipracal displacesents
4. Mul®i-sell beans 15%
stresyes and defoaraationy
"'ors!.:u' ux!.'.'-ul md alaszic axie

hvuv af L 1ur h;.nu a4 SAILLX a:'.'_‘uc::c

Sefinicions: desssete disFlaceaanty, actiacs.
and degrees of frsedom; flexisiiity and
stLffnasy Batrices

Tleseat stifiness matrices s Toiss axd Sewa
sLaments

Tructuce $Tiifness 34Lix DY miparPesiiion

Salurirea for dryplacesenty and Teactiodag

Computar applicatians

FIGURE 42. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3024, STRUCTURES I
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AERCEPACE AND QCUAN ENCOMEZRING 1134

OCEAN STRIXTLRES
(ADPTITLE. OCEAN STRUCTURES)
L CAYALMW
by OCEAN STRUCTURES

Ovorvurw of prtace ship. sbwnie md offthore stracturl fyvemy, Snaserals s fondiags.
Aggticaton of Y wad pla Seefiag sad backinng erwt. Frace wed Sy slenes
srechursl snatyms Pra 30 OH X 11

o COURSE STAT\R:
& Revewd Courm
b, Mo muger changs: revisica of comrnt syfabes
¢ Efntive Jua 1996
d Nt fr gracdes credit ]
m PREREQUASITES & COREQUISITES:

Tha rocuiredd tacipromd i muchanics of deformetie Sodes ied matrie stracteral maalysic s
provided by ACE Y4,

Iv.  RSTFICATION

Tht imcrousing powr sad soulbslity of dealicp compwten, sd advidcil i Sunit iy sealysy
Mqlwmﬂmeﬂnq)dhhﬂm-nm-
arecteryl design prcan for m-iu-mu. Tha tevisions incorporas thase sew
muchos of strecersl dacign

V. EDUCATIONAL CBRCTTVES

Haviag mecosufelly compioted this coprm, e sndent will W shis ux (1) iiontity e wariens
Tomit stmey St partain W ooch of the ESureat typas of st Strectured. () ma e Sycrepriy
computatiotel Mlgorida Br ek of these it sater; (3) parfora stractus] yualysis wing
Gonitn alvtant ki, (€) dosign acamn Sirechures Gt ot withition e hirvh loid srviremeeg
i DSTRUCTOR:
Omat Hughaat, 1:5347
VL TEXTS AND $PECIAL TEACKING ADS:
Tex

Fghm, Owgn,  SHIP STRUCTURAL DESIGN: A RATIONALL Y-SASED, COMPUTER-
AIDED OPTIMIZATION APFROACH. Sccinty of Noval Architecs s Mavins Eaginent,
Jocy, City, NI 1981 564 puges.

VIL SYLLAMS -
Coom
O ofRaicnuly Basd, ComputarAidel 15
Stroctars Anahysic tnd Dusigs of Thin- Walled Strecawres.
Principsl Lowding and Stractal Rasposse of Ooves Srecterss. »
Banic Asgncu of Fiaiv Dot Asulysia ' 5
Plae Rencing, ' "
Buckting of Cobunag 304 Beom Corumen. 10
Buckling amé Ukt Soeagh o Plaing »

FIGURE 43, COURSE DESCRIPTION OF VIRGINIA TECH AOE 3224,
OCEAN STRUCTURES
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Ksverker 08, 133§

ACROSPACT AND OCLAN EMCINELRING 4034
COMPUTATIONAL STRUCTURAL ANALTSLS
( ADP TITLE: COMP. STRUCT. AMALYY. )
1. CATALOG DESCRIPTION:
4034 COMPUTAT[OMAL STRUCTURAL ANALYSI(S
Statie and vibtatory response of frased structures. The
satrix eigenvalue problem for buckling and free vi-
brations. 3Static response of laminated composita places
by the (inite element mathod. Pre: 3124 or 1224.
(3R.)C) 11,
I1. COURSE STATUS:
Revised course
Expansion of the prasent AOL 4250
Effective March 1987
Graduats credit not requasted

IIT. PREREQUISITES & COREQUISITES:

anos

Introduction to matrix stiffness wathod and 1inear wi-
brations of wultl-dagres-of-freedoa systams. AOE 3124
and AOE 3214 cover thase topics.

IV. JUSTIFICATION:

This course 13 designed to continue (rem AOC 1124 or AL
3224, and presents sore advanced computarited analysis
of structursl statics, stability, and vibrations., This
course s an expansion of the material mov coversd {a
AOEL 42%0. Prerequisites make this & senior level course

V. EDUCATIONMAL OBJECTIVES:

The objectives ars to provide the understanding of, and
sethods to isplement -the computer solutica teo, the
static and vibcatory response of skelacal and contimuous
structuras foursd ia vehiclas.

Vi, INSTRUCTOR:
E. R. Johnson, 6699

V1l. TEXTS AMD SPECIAL TEACHING AIDS:

VIIL. SYLLASUS:

Parcent of
Caurse
1. Continued matrixz structural
analysis by the stiflnens
sathod for trusses, (cames,
and qrids . 20%
Discributed loads,
tespacature vaciations,
structural scdifications,
symmatrical structucas
Hatrix algabra aad linear
simultanecus equations:
bandednass, spacrsenass,
trianqularization
2. The matrix figenvalue
Probles 20%
Buckliing of coluans
and siaple (rames
{geomatric stiffness)
free vibrations of
wulti-deqree-of-
freedom structures
_Matrix iteratica

fotroduction to mumerical
Anslysie of laminated
Conposite Placay

Eirchhofl plate

theory; strainm-
displacemant
squatioas, equi-
librium equations,
boundary conditions,
vertual work

Classical lamination
theory: shear-extansion
coupling., extansion-
Banding ¢oupling
finite element method
for static response
of mid-plane symmetric
lasinates: the plana
stceas or in-plane
problem; the bending
problea

FIGURE 44. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4034,

. COMPUTATIONAL STRUCTURAL ANALYSIS

.75 -



Moveaber 15, 1943

ADMAPACT AND OCEAM EMCIMEERING 4034
STABILITY OF STRUCTULLS
( ADP TITLE: STAD. OF STRUCTULLS )
1. CATALOGC DESCRIFTION:

4054 STABILITY OF STRUCTURES 2,

Introduction to the methods of static structursl stabjl-
ity anlysis and thelir applications. Buckling of colusns
and (tamag. Energy sethod and approximate solutions.
Elastic and inelastic Dehavior. Torsional and latsral
buckling. Uss of stability as a structural design eri-
;uion. Pre: JO24 or CE 3111 or ESM 3080. (IN.X)
At

I1. COURSE STATUS:

a. Revierd courw

b, Expansion of AR 4600

¢. Effective March 1987

d. Craduate credit requested

111, PREREQUISITES & COREQUISITES:

Basic mathods of structural analysis covered in 3024 or 3
CE J111 or ESH 1080 :

IV. JUSTIFICATION:

This course 18 an elective for ADE, CT and ISK seniors
and graduats students. The course iocludes both theore-
tical concepts of stability and applications te strye-
tural enqineering practice. To understand the
sathesatical theory requires a ainimum of seaier level
RAturity {a structural amalysis. This is aa expansion
of the matarial covered in AOE ¢600. The courss is .
- cTo0s listed with ¥ and ESK 40%4.

V. EDUCATIONAL OBJECTIVES:

*»

The ais {8 to qgive etudents an understanding of the im-
portance of stability as a governing desiga criterion
and £o provide the basis for understanding the buckling
criteria in desigm codes.

V1. INSTRUCTOR:
€. R, Johason, 649
VIif. TEXTS AND SPECIAL TEACRING AIDS:

Simitses, CG. M., ELASTIC STABILITY OF STRUCTVRES,
Preatice Hall, 1976, .
VIII. SYLLABUS:
Percast of
. Course
1. Introduction Using Rigid Bar
and Spring Kodale of Resl
Structures 0%
Concepts and definitioas
of stability
Equilibrium, anecgy,
and Rinetic methods
of analysis
Forms of ilastability
bifurcatica, limit
point
Inpacfection seasitivity

Flexursl Buckling of
Coluans
fquilibrium spproach;
porfect and {mperfect
columns, Southwell
Plot
Rinetic approach,
load-Lrequancy cutves
Cnezgy approach and
Approxinate mathods;
Rayleigh-Ritg,
Calerkim, finite
diffarence
Elastic support
conditions and
elastic foundatioa;
ceitical spring
stilfness
Inelastic behavior;
coluan design curve
Buekling of Plane
framen .
Application of beanm-
coluan theory
Svay buckling
Torsional-Flexural
Buekling and
Lataral Buckling of
Thin-walled Open-
Section Coluans
Nonconsatvative Laads
Beck's Coluan

FIGURE 45. COURSE DESCRIPTION OF VIRGINIA TECH AQE 4054, STABILITY OF

STRUCTURES

.76 -
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ALROSPACE AND OCZAN ENGINTZRIPG 4104 Parcant of

Course
DESIGH AND OPTIMITATION OF COMPOSITE KATERIALS AND STRUCTURRS 1. Introductics teo deslgn and 2.8%
( ADP TITLE: DES/OPT OF COKP NATLS ) optinitation
2. Laminsts coost baba
I. CATALOG DESCRIPTIONI ftutive vior 11.04
184 4. Kechanical lesdinmg (3.3%)
SN 4104
DESIGHN AND OFTINITIATION OF COMPOSITE MATERIALS AND b. Eyyrotharmal loading (3.35%)
FIRUCTURES
e. ?A;ug:;.ng TeAponss, decoupling
Dasign  aspects of laminate constitutive relaticns,
coupling and decoupling of in-plane and out-of-plane d. Deslgn varlable definitions
slastic response. Tailoring of laminated composite : 2.3y
materials to meet design requiremants on stiffrness and
str through the use of gqraphical and nuwarical 3. Compeaits fallure theories %.0%
optisization techniquaes. Introduction to inteqar .
progranming: branch-and-bound methed and genstic a. Lamina fallore (2.5%)
algorithms, Stacking sequence design of laminsted
conposlte beams and plates via integer programaing, b. Llaainate failure (2.5%)
Pre: 3024, CB J404, or E5M JO#4. (3H, 3¢) each, 1II. 4, Lauinate [(n-plane stiffress and 26.0%
atrangth desiga
II. COURSE STATUS:
a. Ranking, carpet plots (5%)
4. New Coursa, b. Graphical optimizaticon (7%)
b. N/A. c. -analc-ll stacking sequance
design (3.5%)
e. Effective date is Spring Samester, 1391,
d. Sardwich laminate daesi
4. Graduats credit ls not requested. (3.58) -
111. PREREQUISITES & CORIQUISITES: .. D-t;lq‘n toi‘o:.;.lptrlturl and
»oisture 7%
Knowledge of the fundanantals of mechanics of deformable ing (7%)
materiaie, and etructural mechanics is prersquisita, 8. sStacking ssquence Sasign via 17.5%
Kpowlsdge of mechanics of composite materials is highly integer progr
recoamended but not required, ‘ »r
v. — l.(“’ anch-and-bound algoritha
taninated composits materials are replacing conventiomal Cane arch
matarisls {n many structursl design applications. An b. (")uc e algoritta
increaszed number of matarial varfables that can ba used
ts weet design requirenents makes optismization an ideal e. Stocking sequence design as an
tool for design. The discrete nature of ply thicknass intager problem ().$5%)
and fiber ocientation angles that are usad for practical
dasign situations further requiras the usa of integer 6. Stacking sequence dasign for 26.0%
prograxming sethods. The deslgn of cosposita matarials bending stiffosss and strength
s, R t.h:ntaro, prmly a \ stacking uquﬂ;c;
timizatioa probles requirss  vary specia
é.gtuznunn tools. b. '(’;:T dastgn for buckling
V. EDOCATIONAL OBJECTIVES: c. Plate design for buckling
At ﬂé: m:ful colp‘liot{on of u:u course, the (graphical) (3%)
studants w. able to design stacking sequence of . 1
laminated composites optl.nui by making use of uniqua 4 Tt&m;&igt(mfum
:,l,a'ﬂc pr:pu;uudo: the rtor al t?-n coup'l; in-plane
out-of-plana deforsation nodes in a complax manner, Expe 0%
Studants will Be able to use novel computer based 7. utaﬁl.y““;nm m::lc;l i 1.0
mmlm mh:;quu for the cuclicl sequincs dasigm, gence 1n composite dasign
enonstrate the approach by designing beam and plate
structures for {n-plane and cut-of-plana Itlffh‘!g and . mﬂ 'g';‘:‘“ tor composits
strength requiramants. g (3:3%)
. . b. Neural networks for compusite
VI, IKSTRUCTOR: design (5.5%)
Zafer Gurdal, ISN Professor, 1-550%5 and Raphael T. Raftka, M
AQE Frofessor, 1-4860.
VII. TEXTS AND SPECIAL TEACHING AIDS:
Téov

Required Class notes by 3. Gurdal, R. T. .Haftkxa, and P,
Bajela (To be Published). Optlonal referance textbooks
include:

Jopes, R. N. MECHANICS OF COMPOSITE MATERIALS. Nav
York, Hemisphare Publishing Co., 1978, 380.

Tsal, Stsphan ¥, COMPOSITE DESIGH. Dayton, Ohio:
Think Composites, 1990. 180,

Vinsen, J. R,, and R. L. Slarakowski. THE BIRAVIOR OF
STROCTURES COMPOSED OF COMPOSITE MATERIALS., Boston:
Martinus Mijhoff Publishers, 1987. xi, )213.

FIGURE 46, COURSE DESCRIPTION OF VIRGINIA TECH AOE 4184, DESIGN AND
OPTIMIZATION OF COMPOSITE MATERIALS
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AEROSPACE AND OCEAN ENGINEERING
Erocoml for ¢ New Coor
AQE 4784
Counprater based Design of Thin-Wall Srectures
ADP Title: COMP. STRUCT. DESIGN
CATALOG DESCRIFTION:
4984 Compaer-based Design of Thin-Wall Stroctees Vo
Methad for creating computar-based sructs] Badely for combined finie elemers
analysis, limit ste analysis and optimiration (for o i de analyvisidesiga projects),
&:Hm;dphm.ﬂﬂendpneh:dqlmdat Egeavalue methods for backling
and viteation, Incremnental plasic ¢ollapar; other progressive eollapse.  Ultizomsy
strength of wrge sructunl moduler  Approximately six eomputer-based ol
apalysisidetign projects, of increasing swope ind radis, are wsigned threughont tee
courm
Pre: 3 ar 322¢. OH)
GDU'RSE'STATUS: .
New course; o commence Spring 1996; | semestar. Graduste credit is requested.
PREREQUISITES:
Some of the maerial in the AOE 3124 and ADE J224 Is exwenrial for this coarse:

busic stroctunl enalysis, the fodamenialy of the tnits clemeyt owthad, 1od the
simpler types of xructural failare.

ViL

JUSTIFICATION

The neressing power and avadlability of dexkiop commpatens, tad advancrs i the lmit
sarxe amalysis (buckling, fractore, plesic collapee, a) of large thin-wall strectures are
transfomming the sroctural detign process for strocrerss, Incressingly dw varioos timit
sazs we wabyied explicily (ather tan oeplicitly, by codes) und are exd W
formulate tae conyriings for & mahemetioal optimization process which prodoces 3
oplimus srocnore, iearding W the designer's spesified measure of merit

This sibiert imtrocycey the smdent to this pew metbod of structural design, giviag

bim/ber

(1) =a edersanding of the various types of srucranal Exilure ivd other Emit states
that cam ocewr is large complex thin-wall sroctures

) o knowiedge of the coxaporer-Sesed alporithns tat are acedud © porform Uit
saw analysis
(e} baodyon esporience, trough & sxics (ppvoximacely six) of mcreasingly

contprebengive and reafistic computer-bund it sats somtysis and oprieam
structural desigs projects, N

This coarse bruilds co the jmicr level et AOE 3124 Aacspace Srwctares md
AQE I224 Ocexa Structures, which give simply w gverview od xox of e
fundamentals (e.g the basics of finjte element analysis, and e sTagler types of Limit
staes). This course covers the maore cples types of limi sates md mecheriams of
fuldure for sructunes of differing geomrtry and koading: dircraft, shopn, and other thime
wall srucnoes. Besides the thenry, & abwo presenty the computatiornl algomhas thae
are requirad for e Limie aae analyws

The computer-tased projecss give the sradent & fisthund mowledge of bow the theory
and the algaritems are actumlly ussd in modera computer-ided opEa structoral
design ad/ar lima qute analysia This pracoas) experience preatly acoiss da
understanding and appreciation of the aubpy cwierial, the sane 1 do borstory
experiments ia e mahoal siences. R Al gives e Tudent some etpetience @ te
design of sructures, which ot precent 3 e g haded i the comicnlom

Gradhate credit 5 requestad becayse this i a stlatively sew develop a
design 1t is mare thorough ond € mvolvey more thaxy (ar ‘eiginesnng sience” or
“fust principley approsch”) tn the Tadiviorsl wnycy sractony] dewg course. Many
aerosTace andfor acean enginceriag deparoments do ot yet weach the acw, mom
comprebensive apprasch, wnd herefore maay weoming praduste sodets wl o be
familiar with .

EDUCATIONAL OBJECTTVES:

Haviag sxccrmiully completed Bis comm, te adem will: (1) hawe 1 good
Dorwiedge of e veriom Rme Satey et porain © tach of e diffaem type of
wull gructures; (1) be facallieg wih the cormpmtationa) uperichens fkor demBag wxh
Gy Eenit sater; (7) waderwand bow de vericos et saics wre egrmnd tuo 3
“ratiorally-tmeed® optiowal detiph mexhord, by constiteting <% of e *conxtrung”
the optisiration: (4) \ave chtatwd frs tmad copericace # wming due alporithes &
limit wae salysis aad of wsing & modew coonputer wided aptitoom srachanl &g
method

INSTRUCTOR: )
Profeszor Owen Hughes, 5747

TEXTS AND SPECIAL TEACHING AIDS:

Text

Hughem, Owen.  SHIF STRUCTURAL DESIGN: A RATIONALLY- BASED,
m Agegzmwnou APPROACH. SNAME, Jasey Ciy, New
Mamasl for e comptetwided deriga projecic

gensmmummma Mroten Engineering, Stevensville, MD, 1985
M

Special Teaching Aide
Nona
SYLLABUS

Topic

Prrcens
o
Courpe
I Modehng Merhods ko Commpuer-Aided Strctunal Design i
Blackling (clestic and inelatic) of Plucy 15
Buckiing (clewic sad inchetic) of Stiffesed Prncle
Buckling (claxric md melewic) of Siffened Cylinders © s
Buckiing and Vibraticn by Eigearaloe Mothods s
Padare of Lurge Stractaral Mcdiles Doe 0 Bending sod Shewr
Methatology of Compuect -Based Strucura) Oesign

R TS

~

FIGURE 47. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4984,

COMPUTER-BASED DESIGN OF THIN-WALL STRUCTURES
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11I.

Iv.

vI.

vit.

vYiII.

Rarch 17, 1984

AERQSPACE AND OCEAM EMGINEERING 5024
VENICLE STRUCTURES
C ADP TITLE: thléll STRUCTURES )
CATALOG DESCRIPYION:
5024
VEMICLE STRUCTURES

€xact and ssproxisate methods fer analysis and design of
seraspace and sarine structures., Steesses, Straing,
Censtitutive Equations, Boundary Value Prodleas, and Twe
Diesnyional Elasticity. Tersion. Variaticonal Metheds,
Yirtual Work and Enargy Princisles, Structural Nechanics
Thaeorems, Traditional Apprezimate Mathods asad Lielnated
Flates. (3M4,30)

COURSE STATUS:

a. Redified Course
b. Ravision of AQE 5221, 2,3 sequence {nte single ceurse
€. Effactive Fall 1788 A

PREREQUISITES & COREQUISITES)

JUSTIFICATION

An accurate stress analysis ef varieus aerdospace and
acaam  structures 19 » prarequisite te their eptisus dea-
siga. In practice, varieus exact and approxiaste analy-
3is techniques are used te serferm such an analysis.
Thare 1s & nead te teach sur graduate students a courss
that pravides an Indesth knowledee of concests ia ad~
vanced Structursl Analysis techniques and alss helpg

thoa IA the underatanding eof varieus cancepts el Struc~

turasl Rechanics.

EDUCATIONAL OBJECTIVES:

The educational sbjectivas of this ceurse vwill be te la-
part a coaprelansive Eknevliadge ef various cencapty ot
Structural Rechanics as saployed £n the snalysis and de-
sign af asrespace and sarine structwres. This knewladge
will slse prepare the students te take ether, mete spe-

cialized, cevrses 1s Structures.

INSTRUCTOR:
R. E. Kapania ~ 4881, R. T. Naftks - 46608

TEXTS AND SPECIAL TEACNING AIDS:

Reddy, J. M., 'ENERGY AND VARIATIONAL WETHODS IN APPLIED
RECHANICS,® John Wiley, MY 1984. Alse class netes,

SYLLANUS,
Parcant of
Course
PART A (THEORY OF ELASTICITY)
1. Inteaduction, Stress and
15%

Strain
Strass and Strain at a
point, Stress Tansors
and Cauchy's Forsulas,
Lagraagian and Evlarian .
Yariables., Retatien
Tensar, Transfareatien
of Stress and Strain
Tangors, Princisral
Streszes, Princisal
Planas, Principal Axes
ef Strain, Compatibility

Equations.

2.

Constitutive Equationg ang
Qther Censidecations
Genaralized Neske's Lavw,
Anistetropic Materinls,
Tanser of Elastic Con-
stants, Strain Energy
Dansity Functisn
Elastic Sysastry,
Transferaatien eof
Elastic Modulll,
Relation among Elastie
Constants, Boundary
Yalua Prodlens fer
Linenr Elasticity,
Saint Yanant's
Principle, Uniqueness
of Selutien
Tarsion
Tarsien of Circular
and Nonclrculae
Sectiens, Thin Valles
Sectiens, $in9le ang
Multicall Tubes,
Warplag Functien,
Oivergonca of afrceaft
wings, Azial censtratat
for thin walled sections
under tersien

PART B (APPROXINATE NETNOOS)

1.

2.

3.

Virtual Werk and Easrgy
Princirles
Werk and Enargy. Strain
ahd Camplenentary Enargy,
Principles of Virtual
Bisplacements, Unit
Dusey Displacesment
Hathed, Princisles of
Tatal Petential
€nergys Virtual
Fercas and Coaplasentary
Potantial Enerpy, Unit
Dumsy Lead Mathed,
Castigliane’s First and
Second Theerews, Rarwell~-
Bateti Reciprecal Theeram,
Tradfitional Asppreximate
Co.g. Ritx, Goleskin,
least square and cellecat-
fon) methodd. Apprexiaate
Reathods te Analyzs Afrcraft
¥ings undar Aeredynamic
Leads
Analysis of Thin Laminated
Plates
Equations of Notiea feor
Isotropic and Thim
Laminated Plates,
Eirchaff'ys Theery, .
Exact and Approximate
Selutions af Bending
at Platea, Tharmal
Stresses, Analysis
of Delta Wings and
Control Surfaces
Analysiy of Thin Lasinated
Shells
Equationy of satien far
eylinderical and
spherical shellys,
Axisymmetri¢, Asymmatric
and Edge leads. Skallows
$hell Theory, Inextensional
Shell Theory, and Raubrane
Shell Theery. Analysis of
Rings {(Bulkheads).
Analysiy af Aerospace
Yehicles

FIGURE 48. COURSE DESCRIPTION OF VIRGINIA TECH AOE 5074, VEHICLE

STRUCTURES ’
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Course Syilabus, Fall 1994

Introduction
Atomic strvctares of saserialy

Axial force, shex, & beading moment

Alloy systems
Bending stresses

- No Class

Basic mewlhurgy of sieed
Composite bears

Shear stresses

Basic metallurgy of seed

Box girder asalysis
Deflections

Stresses & sning
Lsoiropic & asisotropic maerialy
Colambus Day (No Clays)
This walled shells
Thick-walled shells
Compotite shells

Qubis 1

Yield

Practure Criterion

Mumdmmmdaﬂm

Inclastic beading

Fundamentals of mechascal propenies of metals

S50
6145

6t
1178

10.1-10.7
1119, 21-29
11320438

1930
L1203

115818
119420
610 10.12

Awmic mechanisrmt of plastic deformation and fracoure
Alonic mechanisens of phastic deformation and fracture

Plastic limit analysis
Joining and curting j
Veterans Day (No Clans)

Suructaral inswabilicy
Joinisg and cutung echoologies
Column buckling

Quis 2
Brittie frcrure
Thenksgiving Helidar (No

Elasue strun enepy
Briule Ircture
Examples using 2erpy nethod

Vinual werk
Faugue fracture
Casugliano s thecren

Dochhouse 20d 5. ersuuotyres
Project Presentations

1215139

10008

g i

PS#l Om

PS8 Due, PS#2 Ow

P52 Due. P58} Ou

PS43 Due, PSM Ou

PSM Doe

P5#5 Out

P53 Dun, P586 Ow

P586 Due. PS#7 O

P5#7 Due. PS#8 Ou

Ps#8 Dwe

PS#9 Out Term Prosect

PS#Y Due. PS#12 O

25810 Due

Term Prowevt Due

FIGURE 49. SYLLABUS FOR MIT COURSE 13.04, MARINE STRUCTURES AND

MATERIALS
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undergraduate students enrolled. At the master's degree level, and specifically in the
Naval Construction and Engineering program for naval officers well known as Course
XIII-A, Professor Alan Brown has provided the two course flow charts reproduced in
Figure 50. Figure 51 gives a description of 13.410, for some reason entitled there and
on the flow chart Introduction to Naval Architecture even though it is obviously a
basic solid mechanics course. The 13.111, Structural Mechanics, course taught by
Professor Wierzbicki is described in Figure 52 and examination of the topics listed
establish it is largely concerned with plates and shells and would seemingly be very
challenging if preceded only by 13.410. The insertion of 13.10J, Introduction to
Structural Mechanics, should help and so it is described in Figure 53. The brief but
current catalog descriptions of these and several other structures courses are
reproduced in Figure 54, but that and other publications do not provide a coherent or
representative listing the individual courses that must be completed satisfactorily to
earn any of the various graduate degrees awarded. With the availability at MIT of
very many other structural analysis and design courses offered by departments other
~ than Ocean Engineering, however, graduates should be able to complete programs in
this field fully consistent with the image this institution enjoys.

Texas A&M University

The first undergraduate structures course in the ocean engineering curriculum
at Texas A&M is OCEN 345, Theory of Structures, and the syllabus for it is as given
in Figure 55. The topics included in OCEN 301, Dynamics of Offshore Structures, are
given in Figure 56, and those in OCEN 686, Offshore and Coastal Structure, are listed
in Figure 57. These make clear that the undergraduate and graduate programs at
Texas A&M are wholly devoted to offshore and coastal structures and not at all
concerned explicitly with ships.

Florida Atlantic University

While the two undergraduate courses of interest at Florida Atlantic are in fact
technical electives, they are included among four in the structures option that
requires three of the four courses listed be completed. One of the others is entitled
Design of Marine Concrete Structures, but EOC 4414, Design of marine Steel
Structures, and EOC 4410C, named Ocean Structures in the curriculum list but
evidently Structural Analysis I at present, do include ocean engineering applications.
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CURRENT AREA CONCENTRATION IN $HIP STRUCTURES AND STRUCTURAL FABRICATION

Figure 1
13410
_— —  itredxinw
[ Navel Axchbechre
+ .
131% 13 12174
Maforinis ke Ocomy Mruchad Weidrg
Enginwary Mechanis Engineerry
1 N w'x%- Owson Prcien
’ "w"" for Ocwmn Vehici
‘tn&mw 13112
L Saduty of Warn
13412 2002
P o Nevad 35 Mathode of
M Carmnin
Ship Design _ Enginssrg
PROPQSED AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION
Flgure 2
3.0
Struchars s
Propartinn of
nterin
r LERTY Ay
—  Strucun od
Mechanies Joring Procensss
"z 1142
Pu.‘.’::;mh » “mm: ,2';"';“' R
— M
13.PROD 12142
Ship Fabreafion '——— I Safely of Mariw
arei Producton Systana
2042
a2 | ‘ sy Mathods of
fierete | o | Ergnewrry

FIGURE 50. ARRANGEMENT OF STRUCTURAL COURSES FOR MIT III-A, NAVAL
CONSTRUCTION AND ENGINEERING PROGRAM (COURTESY OF ALAN

BROWN) .
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13.410 Introduction to Naval Architecture
(Mechanics of Solids)

Texu An Introduction to the Mechanics of Solids, S. H. Crandall. N. C.
Dahl & T. J. Lardner. McGraw-Hill. 1978.

Course Schedule

Introduction & Fundamentals of Mechanics (Chaprer 1)
. Equilibrium of Rigid Bodies and Free-Body Diagrams (Chapter 1)
. Deformable Bodies (Chapter 2)
Statically Determinate & Indeterminate Structures (Chapter 2)
. Streas & Strain (Chapters 4 & 5)
Mohr’s Ciccle (Chapter 4)
. Equations of Elasticity {Chapter 5)
Initial Yield (Chaprer 3)
9. Fracture & Fatigue (Chapter 3)
10. Pressyre Vessels (Chapter 5 & Class Notes) .
o Thin-walled cylindrical & spherical shells
o Thick-walled cylinders & spheres
11. Elementary Beam Theory
e Bending moment and shear diagrams (Chapter 3)
» Bending stresses and shear flow (Chapter 7)
o Composite beams (Chapter 7)
o Deflection (Chapter 8)
o Torsion (Chapter 6)
¢ Beam buckling (Chapter 9)
¢ Yielding and plastic beam analysis (Class Notes:

~ Inelastic bending and ultimate strengzh Class Notes:
- Plastic Suckling (Class Notes\ -

R S I

FIGURE 51. SCHEDULE FOR MIT COURSE 13.410, INTRODUCTION TO NAVAL
ARCHITECTURE -
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13.111 STRUCTURAL MECHANICS
Fall 1995

in Room [-242

GRADING 20Ut

i’

SECCRENCE 30QK

COURSE INFORMATION

NETRUCTD Tomasz Wierzmicki
Prowessor of Appued Mechames
o0m 3-108 Ext i-i104
Tice Hours: Monaav & Weanesaaw 0. 1
' Frday i1 90.:2.00

CEACHING 33SISTANT  Jiami Boutahbai

Room 3-014A_ Ext 966
OfTice Hours: Monday. ‘wednesday i 90-2 30
ard by arangement

7 Quuzzes ( 25% eacny T
.0 Problem Ses 5
ME®WQ Assigned eacn Wednesaay.

79 be renutned the tollowing Wednesagv
There ail be 2 SEAMLY 1O LNEXCISEA 2i8 nOMeWOrE,
Zxcuses showid be Qureeten W e T A, of the Dty
intaa of ume.

3. C_Ugural, Stresses in Plaies and Shells. MeGraw Hill

\‘] IDI c\.!EI,\gx QE !DI\"‘

+ Imang H Shames ang Clive L. Ovm. Energy and Finite Element Methods
wn Structuras Mechames, MeGraw Hill

I, Timosnenxo ana Wanowsav-smeqer. Theor: of Plares nd Shells.
e =il

COURSE OUTLINE

Oar-Dimensional Cae

nitia} and Current Coordinatey

Elements of Tensor Analysis *

Derivation of Stran Tensors

Stramn-Displacement Relauoas for Moderately Large Deflections of Plates

Coocupe of Streny

* One-Dimensional Coe
* Work Equivakence

» Three-Dimenviondl Coe

Thwore of Lozgar sty
o Suesy-Siran Reliuoes
* Elpaw Stran oo und Complernentary Energy
o 1D Caw 229 Y DO

Vanauong Boswigdes of Sy

* Prncipal uf statnanty of Totad Potenual Energy
Prncigal v Minunum Potentsal Energy

Castighno « Thuorems

Approximation Mty

Ritz Methe Gulerkin Method and thesr Equivalence

- & o .

N 1On o1 A tgngl A f, \1 t ¢
o Three -Dimcaonal Bodv

s Equilibrivm ot Plaies

+ Equilibrium of Shells. Genersl Case

« Rotationalls % mmetric Shells

b Moderatel | orge Detlecuon of Plags
+ Vanauenal Approah
» Equilibnum
s Boundary Condinons
+ Exmples

7 Rlasx Subihty of Stngwres

General Concegx

Adjacens Equilibrium Yersus Energy Method
Lingar Suablity Equations of Plaizcs

Buckling Sofuuons for Rectangular Plates
Buckling of Suffencd Plaies

Uhimate Suengih of Plates

Elastic-Plastic Buckling

8. Buckling of Cylindrica) Shelly

Geoeral Equanons

Applicavons. Uniform External Pressure

Axial Loading

Combioed Loading

Torsional Buckling

Imperfecuons and Compansoa with Experimenrs

9. Bendine of Sheils
* Thin Shell Approvimation
o Shallow Sheil \pproximation
s Membeane Sheils
» Applieations, ) linders, Cones and Spberes

. e 8 s e .

10. Tagsrerve Sheae Fifects in Beams, Plates and Shedls,
Basic Concepts in Nandwich Structires

FIGURE 52. COURSE INFORMATION AND OUTLINE FOR MIT COURSE 13.111,

STRUCTURAL MECHANICS
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1.0

ray - R e VY

Lall 1992
SQURSE QUTLINE
1. Tha concapt of stress

- straszs tanser

- Caueny faroula

- Pr*-::;al strassAR .
- S5toess caviater

==  Plana stress

«=  Mohr sircle

==  Rotazion of csordinste system

- Polar and cylindrical coordinaces

2. The concept of strain

- Strain Ceasures

=~ Strain and spin tangors
==  Phys::al intarpretation
- Plazn straan

- Uniaxi1al ssrain

3. Elastic constitutive equations

- LaZa cinstants

==  Yourg's modulus and Poisson's racie
- IsotTopy and heaogeneity

== Sicpie states: hydrostatic leading
== Unfaxidl stress and pura shasr

- Koox's lav for plain stress

4. Tha concept of equilibrius

-« Eguilitriua of a J-dizensiona. zzxdy

- GCaereralized stresses

- gosiliirium ¢4 2 tean

== Effa_zs of larze rataticns

e ITydilibrium ¢f a zscring line  ixRle)

- Equilibriua vis the principles -7 -irTual Jork

. Elenantary thaory of beans

-~ Love = Kirchhoff hypothesis

-+« Inteqgratad constitutive squation
== Classical bending aquations

==  Boundary conditions

== Exasple solutions

=+ Effects of largs displacements

€. Enargy sethods in elasticity

== Bending and membrane arargies

==  Total potantlsl enargy

== Egquilibrium via variational tot-ulltions
- Boundary conditions

-= Ritz and othar approxisate mathods
- Examplas

7. Stability of aquilibrium - bockling

== Discrece column ~ illustration of basic concepts
== Tretrtz condition for stabillity

== Columa Buckling as an sigenvalue problea

.- tular foraula

- Plastic buckling

- Design of columns = buckling curve

8. Elementary plasticity

-- tield condition as a failure criterion

- Sshavior teyond inftial yielding

-~ Plastic flov and strain - hardening

-=  Necking and fracture ,
-- Plascic banding - the concapt of a plastic hinge

- Limir analysis

- Crushing of circular and prismatis tubes

FIGURE 53. OUTLINE FOR MIT COURSE 13.10J, INTRODUCTION TO STRUCTURAL
MECHANICS

-85 -



v 13014 Marine Structures and Materiale

Praveq.: 2.001, 18.03
um
3-0-9

Fundamentats of soid mechanics and
rasteriels science needed kor design and
tabncaton of madoe sruchores. Topacs related
nmmhmmmm
and structural lekare. Tmmn

M sl scence INCce Bomic struchxes of

13,104 introduction 10 Sructural Mechanice

(Same subject &3 1.573J)

groroq.: 2.01 or 2,001, 18.03
i

4-0-8 H-LEVEL Grad Credit

- 13,110 introductory Structural Anelysie

{Sutiect meets with 12.111)
Prereq: 12014

G)

301

13111 Srvotursl Mechanies

uumumw

(Subyect Meets with 13 110)

avm.- Puorrrission of ineyuctr
{1

309 HLEVEL Grad Credit

Concapt of Gudormabon and squilium in con-
bruam mecharscs and piats and shed sirug.
wares. Denvabon of elagic stress-sran
reations for plate wxd shel slernents. Banding
and buckiing of rectanguiar plates. Nonkinear
gecrmeiric oftects. Post-buckling end ulbmate
strength of typical stiffoned parwis used in
naval architectiae. Gooweal theory of stastic
shelts and pxisymmatnic shels Bucking and
crushing strangth of cytindrical shelis. Mests
with subgect 13110,

T. Wiarzbick

13.112 Safety of Marine Systanm
(New)

Proneq.: 13.014 or 13,410, 13111, 1342,
11129

@
318 HLEVEL Grad Credit

Corcepts of dafornaion and equiitwiam of
one-Gmensonal sinchures (bars, beama,
SWINgs, and cabies). Bending &t shiaar. Prin-
ciphe of virkal work a3 anergy methods in
slasticity. Approxirais 8

vt Galprion. Effect of change.
&mdmummm
Interpeatations and exparimental verification.
Taoght in 1w irst fve wesls of T tarm.
© Mhaats with subject 13.111,

T. Wierzhicki

13.18) Fracture of Structursl Materisls

(Same sutject a3 3900, 1.591J)
Gmﬂ) 203111215
306 HLEVEL Grad Cradit

See doscriplion under subject 3.90.).
K Masubocts, F. J. McGany

13.17J Wolding Enginearing

(Same nidjectas 3
Prmq. ms' 3

12410 bwwroduction 10 Naval Architecture
(Peviaed Corlent andd Unite)

Preteq.: —
G (S)

mumawm
ship geometry, hydrostaics, cakaulstion and

drawng of dsplacament and olher curves, in-

et el daraged stabiity, hul struchure

avd analysh ools.

A Sown

FIGURE 54. CATALOG DESCRIPTIONS OF SELECTED MIT STRUCTURES COURSES
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Class Date Topic Read

| 118 Introduction Chayp. |
2 1720 Basic Concepty 2.1-29

3 1723  Work and Entrgy 210214
4 1728 Virtual Methody 2.152.17
3 1721 Examples :

6 1730  Stiffacss snd Flexidility 215219
? 21 Reactions Cap. 3

| U3 Bumpls .

9 2/6  Visual Analysis Notes by Prof. Roschke
10  2/8  Beams and Frames 5.1-55
1 V10 Shear and Moment Diagrams 56359
12 213 Examnpla 5.10:5.11
13 2/15  Influence Lines (IL) 6.1-6.3
14 217 Mueller-Breshav's Principle 64

1S 290 UsdollL 656.6

(Evening Examination 2/21: 7:00-8:30 p.m.)
16 2722 Examples

17 224 Defiections of Structures 1173
18 227 Virnal Work Method 1416
19 31 Deflection of Beams $.143
20 33  Euamples

21 36  Energy Methods 5.10

22 38 Eumples

23 W10 Sutic Indcierminacy 9.19.4
(Spring Beeak)

U W20 Altemative Analysis 9.59.7
25 321 Saticlly Indeterminaie Structures 9.59.9
26 3724 Compubility Methods 10.1-10.4
77 327 Suppoct Scitkements and Elastic Supports 10.5-10.6
28 V29 Examples

2 331 Statically Indeserminate Trusses 10.10-10.11
30 4/3 Examples

31 45 Slope-defiection Equations IL1-11.4
n 47 Frame Problems 1.5

33 40 Eramples - 1.6
(Evening Examination 4/1195: 7:00-8:30 p.m.)

M4 412 Bquilibrium Method for Truss Analysis 1.8
(Holiday on 4/14)

35 4/17 Equilibrium Bquations by Energy Methods ' 1.10

3 419 Euample

37 421 Moment Distribution Method 12.1-12.4
38 4724 Examples 125

39 4226 Matrix Methods of Analysis 13.1-13.3
40 428 Member Suffness and Flexibility Matrices 13.4-13.7
41 5/l Trnsformations and Esamples - 138139

42 $/3  Review

Ernal Framisation: Friday, 5§ May 1995: 10:00 2.m_-Nooa

FIGURE 55. SYLLABUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF
STRUCTURES
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OCEN 301. DYNAMICS OF OFFSHORE STRUCTURES
FALL 1994, MWF 3:00 - 3:50
Instructor: Dr. M. H. Kim (Rm. WERC 236B, Tel. 847-8710)
Prerequisite: OCEN 300, CVEN 343, and Computer Programming Skill

TOPICS

PART 1. Review of Vibration Analysls
1. Introduction
" 2. Free vibration of single-degrec-of-freedom linear systems
- 8, Forced vibration of single-degree-of-freedom linear systems
4. Two-degree-of-freedom systems
o Examination |
5. Multi-degree-of-freedom systems (introduction)
8. Continuous systems (introduction)
PART II. Application to Offshore Structures
7. Various offshove structures
8. Design consideration
9. Dimensional analysis
10. Eavironmental loads (wind, wave, and current loads)
11. Review of regular and irregular wave theory
¢ Examination II
12. Wave loads on offshore structures (Morison equation)
13. Dynamic system modeling
14. Respounses of offshore structures
15. Design wave loads and statistical design method
16. Elementary mooting analyses

¢ Final Examination

FIGURE 56. TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF
OFFSHORE STRUCTURES
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CVEN 688 Offshore and Coa
2 n wﬁgfmm«

instructor:  Dr. J.M. Niedzwecki

Office:

Department of Cil Enginesring
CE\TTI 705 C

Telephone: 845-1993
Office hours: As posted or call for an appointment.
Lecture: MWF 9-9:50 CVvLB 114

N® A

10.
11.
12.
13.
14.

1S.

. JYoplcs
Offshore and Coastal Structures
Design Considerations and Procadures
Waves and Structures
Environmental Forces
Wave Force Equations
Physical Model Testing
Design Wave Approach
Dynamic Analysis and Simulation Methods

Estimates of Wave Characteristics & Structural Response

Diffraction Analysis — (Dr. J. Roessat, ime TBA)

Mid-semester Examination (Wednesday March 6, 1991)
Fuad-'ﬂdtetsmmns

Pile Driving Analysis — (Dr. L. Lowery, week of March 18, 1991)

Gravity Platforms

Wave Impact Loading on Platform Decks — (Dr. R. Mercier, April 3, 1591)
Mooring Analysis — (DrHJonesweedeprnmn

Compliant Platforms

Coastal

Structures
Seawalls, Bulkkheads, Revetments, Piers and Wharfs
Groins, Breakwaters and Jetties

Pipelines & Outfalls
Final Examination (Monday May 6, 1991, 8-10am)

FIGURE 57, TOPICS LIST FOR TEXAS A&M COURSE CVEN 686, OFFSHORE AND
COASTAL STRUCTURE
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They are described, in the ABET format, in Figures 58 and 59. Brief catalog
descriptions of a number of pertinent available graduate courses are reproduced in
Figure 60.

Florida Institute of Technology

At Florida Tech undergraduate students in the ocean engineering program
complete a basic deformable solids course, MAE 3082, and the first structures course
is CVE 3015, Structural Analysis and Design. This course is described in the ABET
format in Figure 61, and can be seen to be typical of most first civil engineering
structures courses. The single ocean engineering structures course offered is
OCE 4574, Structural Mechanics of Marine Vehicles, and this is described also in the
ABET format in Figure 59. This is a required course in both the Marine Vehicles and
Ocean Systems and the Materials and Structures options in the graduate program.

Technical University‘ of Nova Scotia

As indicated in the previous section, the program at Nova Scotia is only at the
graduate level and of some 16 individual courses available for naval architecture and
marine engineering students five deal with ship and platform structural analysis
and/or design. ME 6700, and ME 6705, Dynamics of Offshore Structures I and II,
focus more on jacket-type and even gravity-based structures; but ME 6820, Ship
Structure Analysis and Design, is ship oriented. ME 6870 and ME 6875, Theory of
Ship Structure Analysis I, and II, together include a more rational approach using a
probabilistic approach to loading, some treatments of reliability concepts and plastic
analysis, and, interestingly, consider springing along with slamming in dealing with
hydroelasticity. The catalog (calendar) descripﬁons of these five courses are
reproduced in Figure 63. With a wide range of graduate-level structures courses also
available in civil engineering, in applied mathematics, and among the other courses
offered in mechanical engineering the situation at Nova Scotia demonstrates that the
absence of an undergraduate program in naval architecture or ocean engineering at
an institution with strong programs in other engineering disciplines - but in civil and
mechanical engineering particularly - can offer a viable and worthy program at the
~ graduate level.
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BOC 4414 - DESIGN OF MARINE STEEL STRUCTURES
Spring Semester 1998

1994-55 Catalog Duta: aocuu:ne;gcdmumsm
Prerequisies; 3150 (Strength of Materials) md BOC 4410C -
Stroctural Analysis [ )
ummmymupdummmmw
into beam, truss and frame structures. Case study of aa
Oam&anmuwaamhndmmAmlnmmn
of Sweel Construction specification and design mamul,

Texthook: McCormac, Jack C., “Structural Steel Desiga: LRFD Method®,
Harper and Row, 1989,

Instructon: Reckx Vergan, Visiting Professor of Ocean Engineering.

Gouls: This course is intended w: (1) introduce seniors ko the design of
simple structural steel members and their incorporation into beam,
truss and frame structures; (2) emphasize sa waderstanding of
theory underlying the design code requiremeots; (3) clarity
learned by recourse 0 a case study of a carefully selected,
frame structure in an ocean engineering application,

Prerequisites by Topics: | Stength of maserials,
2. Structural aalysis.

Toples: 1. Principles of seel design,
2. Tension members.

sie

3

I

Homework, Tests and Projects:

1. Hmmmkmhﬂﬁumdddp‘mhchsmuﬁpdmawﬁy
basis and graded (20%).

2. Two one-hour \ests are given during the term (30%), plus 8 two-bour final cxam at the end
of the term (30%). '

3 mwmmmumumumwmu
dezign of 3 marine seel structure (20%).

Estimated ABET Category Content:  Engineering Science: 1 1/2 credits or 50%
Engineering Design: 1 172 credits or 508

FIGURE 58. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4414, DESIGN OF
MARINE STEEL STRUCTURES
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BOC #410C - STRUCTURAL ANALYSIS |
Pall Somemer 1995

199495 Catalog Data:  BOC 4410C: Strochural Asalysis L, 3 credity,
: Prerequisites BOC 31350 - Strengh of Materials,
area, virtual work, consisent deformations ( method).
Textbook: Fibbeler, Russell C., °Structunal Analysis®, 3« Ed., Prentice-Hall
Publishing Compuary, 1995,

Coordinator; Wamer Lansing, Visiting Professor of Ocean Engincering,

Gonls: This course is designed 10 give senion in occen engi the ability
puﬁmmumlhmmdgzm of m-ﬂhn:
structures by classical methods, the course, chswoon
dlscussiona, Iahorascries and tests all refae 10 practical ocemn
structure design goals a8 much a3 possible.

Prerequisites by Topics:

i

_nﬁr&t:;:uwuu

sruchwe analysis - applications o trus,

POPUPRSE LN PSARNR DN

. EEE
i

§
i
i

%
§

Laborasory Projects (cach consisting of two bours of hab work plus 3 report):

1. Testing of simplifiad model of dock ficifity gantry crane aad comparison with predictions of

2. Engineering work station MDM analysis of Prag trus for offshore crude oll handling fcility,
‘Study of analysis resits. :
3. Same as Lab 2 except structure is muylti-apan beam.
Estimated ABET Casegory Con Engincering Science: 1.5 credi
o Englaccring Design: I.Scmﬁ:

Prepared by: : Dase:

FIGURE 59. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4410C,
STRUCTURAL ANALYSIS
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33

yhin and thick walled cylinders under external hydrostatic ocean
ressure. Beans on elastic foundations. Energy methods, bandling
ooks and curved beams. Contact stresses. Buckling probleas.
Inelastic behavior of beans. Theories of failurs.

Prerequisite: EOC 3150 ) credits
Plate elements in ocean structures, Analysis and design of plate
structures. Includes linear theory, large deflection theory ard the
effects of shear deformation.

. ) credits
Prerequisite: EOC 31%0 : )
Classical formulation of the mathematical expressions for state of
stress and. strain in a three dimensional medium. Constitutive
relations for linearly elastic materfals. Solid bodies as boundary .
value problem. Plane stress and plane strain. Dasp submargence.-
effect on yleld surface.

3 credits
Prorequisite: EOC 3150
Finite element approach to the solution of elasticity probless.
Enphasis on displacement method, using direct stiffness approich for
generation of overall stiffness matrix of a structure. Energy method
. for elemental stiffness matrices.

3 credits
Prerequisite: EOC 6180
ic interaction betwveen fluld and solid systems. Hydroelasticity,
hydrostatic divergence, galloping vibrations and stall f(lutter,
~. vibrations of a pipe containing a fluid flow, and turbulent flow aver
- compliant surfaces.

3 cred

Prerequisite: Permission of Instructor. fts
This course covers the use of composite materials in e ineering
applications. The course covers the folloving topies: non-{sotropic
mechanical behavior; micromechanical behavior of lamina and fibers;
bending, buckling, and vibration of composite materials:; matrix and
reinforcement aatarials for composites; manufacturing techniques for
conposite materials.

3 credics
Prerequisites: BEOC 6152, EOC 6428
Basic features of dynamic loading and response, physical properties of
dynamic analysis, environaental loading, flov induced vibrations,
calculation of the dynamic response of typical structures, effects of
structural vibrations, use of sodels to predict dynamic loads and the
response.of structures, .

] credits
Prerequisites: EOC 3114
Methods of analysis for elastic ocean frames subject to time dependent
loading; vibration theory applied to structural systeas: nodes of
vibration, energy methods, and damping. )

Prerequisites: EOC 6152

Basic structural systems, environmental loading, fixed and gravity
type platforms, seami-submersibles, floating and compliant platforms,
external pressure shell structures including oil storage tanks,
pipelines, wet and dry subsea completion systems, bucy engineering,
concepts for frontier areas, dynamic responss. )

FIGURE 60. CATALOG DESCRIPTIONS OF SELECTED FLORIDA ATLANTIC
GRADUATE STRUCTURES COURSES
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CVE 2015 STRUGTURALANALYSIS AND DESIGN

199406 Catalog Ostee  CViz 3018 Structural Aneiysis and Design. Credlt 2. The sttudy of-the
force-dapiacement relationahips. lor sirpie sructuse: introdtuction 1o the
anslysis ard desigy of sl elements 105 edal, torsionel, sheer, and.
bending loads it steel arxd concrete. inckudes he dessical methods of
virtual work, conststent delormations and moment distbution for

aralyzing structures. Preecqriske: MAE 3082
Taxthooks Schodeic, Structures, Prentice Hell, 1992
References Beer & Johnuon, Mechenics of-Materiale, 2nd edition, McGaw HB
Coordirator: Mr. J. W. Schwabe, P.E, Associate Prafessor of O\l Enginesring
Gosles To tsach the varous methods of anelyzing & structure and 1 introduce
the studert 1o the deaign of structisal elements in stesl and concreta,
Pre requisitas by topic:
1. Swtic
Z. Fresbody dagrams
3. Stess-Struin
4  Mechanical behevior of meteriais
Topics:

1. Stuctirsl systermm, bads and codes; the design procase, (2 classes)
2. Sabllty and determinecy. (2 clesees)
f Vitual worle, (Sciames)

Consistert delormations, ( dasses)
Momaent detrbution. (8 clesess)
Qesigry of steel bearrss, (4 clasess)
Oesign of reinforced concrete beams, (4 ciasees)
Desigry of steel colurme, (4 classes)
Duhndmﬁimat«muﬂnuﬂnng&Ldn-q
8. Design of connections, (5 clasees)
10. S (2 cliossss)

Corrputer Usages  None
Laborsiory Projecte  Nat appiicabie

ppp

Sstimeted ABET Categury Cortent : ’

Enginesrig Sclence 2 avdiis or §7T%
Enginesring Cesigre 1 credit or 33%

Praparsd by L. W. Schwabe JQ&J-/ Detee - 25 - 14

FIGURE 61, COURSE DESCRIPTION FOR FLORIDA TECH CVE 3015, STRUCTURAL
" ANALYSIS AND DESIGN
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Florida Institute of Technology
Marine and Environmental Scisnce Division .
Ocean Engineering Program

OCE 4374 STROCTORAL MECEANICS OF NARINE VENICLES Fall Semester
Instructor: Andrew Iborowski, Ph. D. Room E-112
Taxt: ®"Basic Ship Theory®, Vol. 1, Rawson & Tupper
References: "Ship Design and Construction®, Publ. SMAME,
ABS Rules for Building and Claseing, on Library
* Reserve

Weak Topic

1.2 Introduction. Description of Ship Bull Structure.
Structural Design Based on ABS Rules.

3 Hull Girder. Loade on Null .S$tructure. Calculation
of Shear Forces and Bending Moment.

4,5 Standard calculation. Stress Level and
Calculation of Sectional Modulus. Criteria
of Failure.

6,7 Bending Homent in Waves. Strip Method. Prediction
of Bending Homent in Izrregular Waves. Risk and
Reliability.

8,9 Local Strength. Structural deesign and Analysis.
Buckling. Stiffened Platings. Nidtera Bxan.

10,11 Panels of Plating.

12,11 Vibration of Ship Structure. Application of Simple

Baan Theory and Other Concepts.

14, 15 Impact on Hull Structure at NMigh Speed and due to
Waves. Slamming and its Predioction.

Grading: Home Work 158
Midterm Exam 400
Final Exam 45%

OCE 4574 STROCTORAL MECHANIC!
SYLLABOS
1. Review of marine wvehicles atru

Components of ship structurs.

2. Review of basic concepts of sti

3.

Marine vehicles overall strengt

~Longitudinal bending moment. C;
a simple body floating in cals

-Bending soment of an actual wve
calculation.

=-Calculation of section modulus
stresses.

=-Extension to standard calculat

-Application of classification
structural design.

~Criteria of failure and permis

Probabilietic model for bending
irregular waves. 3trip theory i
Amplitude Operator. Wave spect]
prediction of the bending momer

Basic concepts of reliability 4
Local strength of msarine vehic]
=tiffened plating.

=Panels of plating.

~Rudder and appendages.

8hip vibration.

Kydrodynasic ispact.
~Example of impact load predict

FIGURE 62. COURSE DESCRIPTION FOR FLORIDA TECH OCE 4574, STRUCTURAL

MECHANICS OF MARINE VEHICLES



MEST Dyvacsics of Offshore Strectares |
This course dealy wich methods of asatysis of srvctures
in the ocem inciuding deterministic wave leading and the
sobeequent respomse of jackst-rype sructeses.

The types of wave loading considered e Boear
waves, higher order waves aad waves basod apon e
stream fonction. Matrix stiffacss analysis is waed in the
compuier analysis of structures. The static responses of
Aructures 10 wave loads are determined and the deflecsed
shapes and stress levels determined.  Dynamic response
asing normal mode methods are curied owt usder the
sction of wave spectra and epectral fatigue asalysis is
preseated,

ME&705 Dynamics of Offshore Stractures II

The course deals with random losding and e response
of bodh jacket and gravity desed structures. The statistical
representation of the sea is developed and the diffraction-
radistion analysis of large structures is preseowed. The
finite element method for analysis is owlioed. Yarious
nurnerical methods used ia the analysis of offshore
structures are coasidered. Both time-domain and
frequency-domain analysis is carried out.
Prerequisite: MES00.

MEG520 Ship Structure Analysis and Desiga

Types of kading and eaviroamental conditions affecting
a ship are considered. Topics laclude: siresses on @ ship
and the design of members 0 cary loads; riveted and
welded coapections; girders, compression membery, and
frames. Plates in compression and under fuid loading are
examioed. These concepts are applied 10 bulkheads and
decks and extended 1o the design of shells. Loagitudinal
streagth calculations are also considersd.

MEAS™ Theory of Ship Structure Analyshe |

This course provides studeats with theoretical methods of
structural analysis for ships and ocean siructwres ia
various marine eavironmests '}t contains: probabdlistic
descriptions of ocean wave foads acting oa ships and
ocean stnictures; the input output relations; responses in
loag and short crested seas; extreme valve suatistics of
wave loads; variability on bull-strength modes of failure;
reliabifity concepts and design considerationt
MESS7S Theory of Ship Structural Anatyds I

This course provides students with advanced Beoretical
methods of stractural analysis foc ships and ocean stroctures
in various marine eavironmests. It deals with bull
structure respoases (o environmeot] induced oads;
hydroelastic analysis of bull flexibility, slamming and
spriaging: isotropic and orthotropic plate theories; plastic
analysis of structures; finite ekement methods sod their
applications 10 ships and ocean structures.
Prerequisite: ME6370.

FIGURE 63. CATALOG DESCRIPTIONS OF SELECTED NOVA SCOTIA STRUCTURES
' COURSES
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MARINE STRUCTURAL EDUCATION IN RELATION TO
PRACTICES AND EXPECTATIONS IN INDUSTRY

In order to determine marine structural analysis and design practices and
capabilities in the marine industry at present, so as to be able then to consider the
implications this may have in evaluating the level and type of educational programs
required, a questionnaire was composed and sent to some fifty organizations. Among
them were both representative large and small design firms, several large and small
shipyards, a few ship operators, and several regulatory and government agencies
including the Coast Guard, the American Bureau of Shipping and the Naval Sea
Systems Command. The design firms and the shipyards were geographically well
distributed among the various regions of the United States and Canada. Several
design firms and builders specializing in small craft - including even ocean racing
sailboats, yachts, casino boats, tugs, catamaran ferries, etc. — were included, as were
some that are engaged primarily with offshore platforms and other offshore systems
of various types. Most of the very large design firms and shipyards but only a very
few of the smaller ones have in recent years evidently been concerned with work for
the U.S. Navy exclusively, and still seemed to be when they were contacted.

To solicit frank answers the recipients were assured that their responses would
not be published, or even circulated among those sponsoring and monitoring this
project or in due course reviewing this report. The intent was not to document in
great detail the educational backgrounds and experience of those currently
responsible for structural analysis and design at these organizations, or, for example,
to determine and then state exactly what computer software and hardware they
currently employ, but to seek adequate information to reach on a sound basis some
general conclusions appropriate to this study. Not all organizations contacted replied
and several did not give answers to one or more of the eight questions, but thirty-eight
did and many of them wrote lengthy accompanying letters expanding on their
answers well beyond what was expected. One letter from a major shipyard, however,
stated that they considered company confidential most of the subjects dealt with in
this questionnaire, and did not believe their answers would be helpful, and therefore
did not return it. This single negative response could be construed as indicating that
they consider their engineering personnel and procedures in the area of marine
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structural analysis and design as entirely satisfactory if not exemplary, and if so that
too was helpful information.

The Questionnaire

Copies of the transmittal letter, the actual questionnaire, and the Ship
Structure Committee project prospective that were included in the mailing are shown
in Figures 64, 65, and 66. While it was anticipated that all of the replies would be
received in several weeks, a few were in fact not returned until several months later.
This was due in part to those individuals to whom they were sent - mostly personal
acquaintances or those known to be engaged in or responsible for the structures work
at their organization - having left their organizations for employment elsewhere or
possibly, of course, their having recently retired or been separated because of
downsizing.

The Responses

Questions 1 and 2

The answers to the first two questions made it abundantly clear that, as
expected, marine structural analysis and design today is being conducted as often by
civil and to a lesser extent mechanical engineers as by the naval architecture
graduates of the undergraduate programs described earlier. Several of the civil
engineers had earned master's degrees in naval architecture, but more in civil
engineering or applied mechanics. A surprising number of those engaged in structural
work, perhaps one-quarter, were educated - often in naval architecture, however —
overseas, most notably in the United Kingdom. Unexpectedly, perhaps another
quarter or more of all those so employed have not received any formal higher
education. It would be misleading to describe them all as just very experienced
draftsmen who have learned what they need to know on the job, but it is quite normal
for them to call themselves — and often their employers at most of the smaller firms
also to call them - "designers." Those who were educated in naval architecture in the
United States and Canada were most often graduates of Webb or Michigan, certainly
because these two programs have enrolled and graduated with bachelor's degrees the
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RAYMOND A. YAGLE
Consulting Naval Architect
Room 210, NA and ME Building
North Campus

Ann Arbor, Michigan 48109

Telephone: (313) 764.9138
May 8, 1995

[This "form letter” is most often being addressed to the appropriate individuals for their response,
but in some instances to responsible acquaintances or just an organization in anticipation that it will
be forwarded to the proper person.}

Dear Sir:

[ have for the last two months been engaged in carrying out many of the requirements
secking a determination of the current status of marine structures education as listed in the enclosed
copy of the prospectus for an active Ship Structures Committee project, and am writing to you to
request your assistance now in addressing the several tasks that deal with present practice and
capability within the marine industry. The enclosed questionnaire I have prepared may not be
entirely adequate for your or any other single organization, but I will greatly appreciate your taking
a few moments to jot down -- in pencil if you wish, since the returns are only intended to help me
discern the range in the level of competence being applied in current work and the scope and nature
of the problems being encountered and will not be quoted or identified to anyone else -- whatever
responses you deem appropriate, [ certainly will in due course contact by telephone a number of
those whose answers warrant greater attention, and may even wish to conduct personal interviews
in some instances. This project -- as the prospectus makes clear -- is aimed at improving
engineering education in this specific area and will ultimately [ believe be of some direct benefit to-
your organization and our entire industry; thus frank and even candid answers, when justified, are
essential.

A stamped and self-addressed envelope is enclosed for use in returning the completed
questionnaire, and while an immediate reply is not in any sense mandatory I have phrased the
questions so that answering them should not require more than an hour or so to €nable you to do
so prompdly.

Gratefully,

Raymond A. Yagle

FIGURE 64, COPY OF INDUSTRY QUESTIONNAIRE TRANSMITTAL LETTER
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QUESTIONNAIRE

{Please answer in the space below cach question, but if this is not adoquate use the back of the
sheet to continue. If any answer is more easily bandied by anachiog a page or two of printed
matenal please do s0. Bul if actual documeots are belicved necessary or the wight added s at all

substantial, please mail scparately.)

L. Pleasc identify (even though il is apt to be yourself) the individual within your organization
most responsible for dealing with ship and/oc boat and/or platform structural enginecring
scuvities 1echnjcally, noi necessarily adrunisirstively nor the person with the most

i abilicy or Jongest expernicace.

Bocily. what is his or her jachnical backgrouod: undergraduate degroe school, graduation year
Mdixipun?c:dmilumagrthmﬂmy;pmmcxmmuwmﬂ

2. How many other cogineers within your organizatioo spend a guajor postion of their effort
resolving marine structure] problems or originating manine structural specifications (the actual
assembiy configuration of the various sicuctural clements and their scanlings) as part of the
overall design process?

If only several, please ideatify them and provide similar information oa their backgrounds. If
h;cwmbu.pimmpondl«umﬂmwm ;

3. Does most of your work catail gy ship and/or bost and/oc platform structural design, o

structural alterations 10 accomplish conversions, or modifications 10 slleviae lems
encouniered in operation, oc all three? Are vour “customers” commercial oc mililary, or both?
Please describe several examples, hclly.

Douyuuu;uﬁuﬁonmnﬂuumpoodlomsfmunscvadpmmuemhum
luppot: marine suuctural rescarch and development projects, and if 3o, ploase give scveral

4. In an sttempt to creaie & hicrarchy or scale indicative of the level of complexity of the structural

design work normally carriod out by or thet your organizalion can underteke, sod on the
assumplion that you are probably fumiliar with the books published by the Soclety of Naval
Architecs and Manine Engineers, would you find the level of the material represented by the
treatment in say Chapter 4, Strength of Ships, in the 1967 (Comstock) odmonofhmx&g_n[
Naxal Architeciure represcniative, that same bul more “modem” chapter in the 1988 (Lowis)
edilion more so, o the ¢ven more raticosl and obviously more comprehensive coverage in the
Owen Hughes book Ship Struchurat Design (now published by SNAME) the best match?

Do you routincly evaluate the liability of the structure you desi and utilize probabilist;
melhodslodaqihelmdsmdesubljshsmmalpafmmnioe? & fisic

5. To what degree are matenal considerations a major factor in the stnuciural design effor
your organizatioa? That is, do they routinely involve composites (socluding “eaotic” o
oaly, and/or aluminum, of only selective application of high-surength steel? Do you be
yOu can or could, properly canry out struciural design for any reasooably swiable matcnal
your preseat personacl? Please comment, bocfly.

Arc you coafident your work curmently demonsirates sufficicnl uoderstanding of [ghac
procedures and the concurreot problems that may be encountered wn coNSLOUCUION. OF has
never been & concem? Please explain, haefly.

" 6. To whai cxicat are your undcriakings governed primarily by classification socicty “rules

those of otber regulalory agencics {presumably ABS and the U.S. Coast Guanrd for m
you), and do you sometimes feel this may unduly consirain your developing and
sdvocating unusual o even innovalive stuctural amangements? O, 40 you more oftes
comfort 1o the fact that their guidance precludes the nsk of your making & meyor musi;
even being required to design structure using your own understanding of the fundament
structural mechanics and procedures based wholly upon them — generally 1ermed “dest
trom first principles™? Plcase comment, bogfly, and cite an example or two 10 1llusirat
answer if pouib?c.

7. Do you believe your group is fully competent technically 1o handle properly the sctiv
which you are regularly engaged or do you occassonally encounter situations that en,
some scnse of inadoquacy? Are you in such circumstances sble to hirc s consulian
individual “specialist” or a consulting engincering firm specializing in that aspoct tha
concern? If 30, bow frequeatly do you do 307 Please give an cxamplc or two, if po
explaining that peshaps your organization does not regulasly need 1o determine say ul
strength or vibratory respoasc or estimate fatigue failure, eic., and how you the

Docs your organization encourage pasticipation is continuing cdugation — “short ce
usuajly offered during the summer or regular but limuted enroliment a1 nearby institut
courses in the late afieqooon or evening?

8. Picase respond to previous question bul with regard to your in-house compuicy cap
{rather than personnel), siating what software you use routinely and what oquipme
use¢ it on, whetber you 0n occasion cngage outside computer finmns, ctc., bul again i
your answer (0 struchural analyses and design.

9. If you bave any additional comments — or concerms a0t covered, of suggestions as 4
manncr in which this project should proceed, or whatever — thal you believe will be hel,
please note them here.

FIGURE 65. COPY OF INDUSTRY QUESTIONNAIRE
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Evaluation of Marine Structures Education lin North America

Objective Provide the knowledge needed for the SSC to wisely and effectively take steps
to improve the structural engineering departments in North American colleges and
universities in support of ship structural design.

Benefit The project will result in improved training in ship structural design and
construction and hence improved ship structural designs and international competitiveness
of the U.S. shipbuilding industry.

SSC National Goals
« Improve the safety and integrity of marine structures.
« Reduce marine envircnmental risks,
» Support the U.S. maritime industry in shipbuilding, maintenance, and repair.

SSC Strategy Sponsoring university research in areas such as design tools development,
producibility, production processes, reliability design, and damage-tolerant structures

Background In many instances, ship structural designers have either undergraduate or
graduate degrees, or both, in civil engineering. Therefore, all applicable aspects of
structural engineering are included in this discussion of ship structural design. The SSC
has officiatly recognized in its strategic plan that healthy, capable schools teaching modern
methods of ship structural design and construction are essential to' sustaining and
improving the international competitiveness of the U.S. ship design and construction
industry. At the sams time, the SSC has recognized that the exteqt and quality of ship
structural engineering education has apparently declined in recent years and has indicated
a desire to take steps to improve the situation. Reasouns for the decline noted above seem
to include the general decline of engineering as a career choice of talented high school
students. In addition, the decline of commercial shipbuilding in the U.S. has had two
effects—a decline in the number of students attracted to ship structural design as a career
choice and a decline in the pool of faculty candidates with relevant ship structural design
experience. Furthermore, the reduction in government and industry support for university
research in ship structure research and development has decreased the number of faculty
members who specialize in this area. The SSC must be armed with facts concerning the
current status of and trends in ship structural design and construction education before it
can make proper decisions on how to improve the situation.

Recommendations Perform the following tasks:

« Perform a study to assess the current status of applicable ship structural design
and construction training in North America and trends in the condition of that training.
Address both undergraduate and graduate programs at public and private institutions.
Utilize external resources such as Accreditation Board for Engineering and Technology
and the Education Comumittee of the Society of Naval Architects and Marine Engineers as
well as direct coniact with the institutions themselves,

« Develop a set of questions that can be asked of each institution to gain a
comprehensive understanding of the situation. Examples of topics about which que
might be asked are:

1. the annual number of graduates who have majored in ship structural
and recent trends; |

2. the annual number of students attending ship structural design cours:
recent trends;

3. courses offered in ship structural design and ship construction;

N 4. the content of the ship structural design and ship construction course

offered;

5. the balance between theoretical and practical design courses;

6. design projects required (length, scope, individual versus team effort

7. practical work experience required;

8. lab work required;

9. industry experience of faculty in ship structural design;

10. faculty experience in ship structural design research and developme:

11. industry experience of faculty in ship construction;

12, emphasis given in curriculum to ship production and producibility o
structural designs;

13. emphasis given to economic aspects and cost-effectiveness trade-of
ship structural design; and

14. emphasis given to the relationship between ship structural design an
ship system design.

» Wisit the major North American Naval Architecture and Marine Engineern
universities so that faculty may be interviewed, facilities to support lab work can be
cxamiined, and curriculum to support structures education can be reviewed.

* Perform an analysis of the survey resuits to develop a comprehensive pictu
the current status of ship structural design and construction education in North Ame

In addition to assessing the current status of status of structures education, a
assessment should be made of the current ship structures employment opportunitics
available upon graduation. This will require interviewing several of the major emplo
including design firms, shipyards, class societies, and regulatory and government age
Through the interview an assessment should be made to determine:

1. ‘What is the typical education background of those currently involved
ship structural engineering.

2. What are typical projects they become involved iwith dealing with shi
structural engineering.

3. What type of structural engineering background do they tequu'e fortl
working on their engmecnng projects.

» As a result of the above findings, identify major deficiencies and problem m

* Develop a set of recommendations for SSC actions that would help to corr

the major problems identified,

FIGURE 66. COPY OF SSC PROJECT PROSPECTUS THAT ACCOMPANIED INDUSTRY QUESTIONNAIRE



largest number of students in recent years. Several in this particular group, when
interviewed in person or by telephone, were less than enthusiastic about their normal
work activities and said they were disappointed they were not more challenged and
were not recognized as more important to their organizations than they seemed to be.
Others deemed themselves as part of a larger "team," and had input to other aspects
beyond those involving the structural concerns of the projects on which they worked.
All of these views had to be judged with regard to the type and the size of the
organization at which they were employed.

Questions 3 and 4

The next two questions were intended to clarify this somewhat expected previous
response, but since an effort was made initially to include in the mailing organizations ‘
of many types both large and small, the answers were equally varied. Almost all of
the design firms and most shipyards felt capable of, and were active in, completing
new designs (albeit within the size range of vessels with which they had experience)
and hence would be able to generate the plans and/or handle the construction of
conversions-as well as new construction. Resolving structural problems in existing
vessels was seemingly the one type of task that those from both the large and the
small shipyards and design offices, and the regulatory and government agencies and
operators as well, all felt they could accomplish. Some of those interviewed later
obviously did not really understand, or at least had no experience to suggest to them,
that some conversion structural problems could demand greater sophistication and
capabilities than they anticipated would be needed and that perhaps their confidence
was not wholly justified. This was not the case for those organizations that are
dedicated to doing research and development work in the marine structures area, and
hence are aware that all too often seemingly mundane marine structural problems.
can require the attention of even those with doctoral degrees using procedures and
techniques not available to nor in routine use by practicing engineers.

The great majority of answers to the fourth question, that used the two versions



the book, a very telling reply indeed since it was not always made by the smaller
organizations. The responses to the second part of that question generated the same
discouraging impression: most smaller design firms and even larger ones, and both
large and small shipyards, do not concern themselves with evaluating, for example,
the reliability of their structural designs and, even more significantly since they may
not know how to evaluate reliability, they also do not utilize probabilistic methods to
describe design loads. Loading would seem to be (if most of the responses are to be
taken unequivocally) a matter for the regulatory agencies or most often just common
sense, by which their replies suggest they mean experience gained with structures of
whatever type and "routine" static loads and no unsatisfactory eventual performance
of which they are aware. Whatever their approach, they tend to believe they are
being very. conservative and hence safe to such a large degree that no improvement
in their methods on that basis is routinely required.

Question §

The first part of the fifth question regarding materials universally elicited the
answers that might be expected. Firms dealing with only fiberglass at present were
not at all confident they could work with steel or aluminum. Larger firms normally
engaged in designing or building with steel indicated they could and quite often did have
projects involving high-strength steel, including those dedicated to offshore platforms
rather than ships. The design firms for the most part believed they could handle any
analyses or designing required whether it was aluminum or steel - or evidently any
other material for which the eﬁgineering properties were known - and more than a
few seemed to imply that they wanted it understood they could as well, if called upon,
properly resolve any normal structural problems whether the application was marine
or otherwise. The answers to the second part of this fifth question indicate the
smaller design firms and most yards do include consideration of fabrication
procedures in dealing with whatever structural analysis and/or design activities in
which they may become engaged. This would appear to be especially true in regard to
structural details. Larger design firms evidently do not always worry about
fabrication considerations in the conceptual phases of their design activities, but are
apt to be more familiar with what might be termed good design practices in regard to
structural details and to be better equipped to analyze those they may anticipate will
be troublesome.
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Questions 6 and 7

The next two questions were perhaps the key ones included in the questionnaire
in that they were meant to permit some truly significant conclusions to be drawn
relevant to the major motivation for this project being undertaken. Almost all of the
answers suggest that those individuals and organizations engaged in marine
structural analysis and design seldom question the need for and are comfortable
working with codes or rules or perhaps less specific but still mandatory guidelines,
whether formulated and/or promulgated by classification or professional engineering
societies or by the U.S. Navy or by other regulatory agencies. A few reéponses did
agree that the existence of these on occasion prevent or severely constrain creating
unusual perhaps innovative structural arrangements, as suggested in the question _
itself, but were more passive and unconcerned about this than had been expected.
The tone of the responses in all cases to both questions would suggest that most
marine structural analysis and design has been and is now done in this manner, and
they anticipate it probably always will be. When, or if, the individual or the group
responsible may sense they face a structural problem beyond their competence to
resolve, they do indeed or believe they would go to a consultant or a consulting
engineering firm, or possibly just find the time to delve more deeply into and further
study the appropriate literature so as to eliminate the need for that option. The
inclusion of examples, such as determining ultimate strength or estimating fatigue
failure, in the statement of the questions was meant to suggest that those responding
should also acknowledge in estimating their competence that some problems or some
aspects of a problem that may be important may not on occasion immediately be
apparent to them if they seldom if ever had needed to consider them before. Few
presumably wanted, in writing, to underestimate their abilities, however, and hence it
is not clear just how honest or forthcoming their answers were and how indicative
they collectively are in gauging the confidence those responding have in their
technical abilities.

The answers to the second part of the seventh question were encouraging in that
they demonstrated the appreciation by those answering of the possible value of the
various types of continuing education. Several stated that their participation was
much more prevalent in years past than currently, but left the impression this was
probably due more to economic concerns at present than lack of interest or

recognition of need.
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Question 8

The eighth question produced a wide range of answers, some listing all of their in-
house structural programs and several all but the actual model numbers of the
computers on which they run. Several of the more modest design firms have a gfeat
deal more capability that might be expected - or, perhaps, even necessary - and
some relatively substantial shipbuilding organizations could be deemed somewhat
deficient by current standards if their answers were in fact complete. NASTRAN is
still in use at many locations for finite element analyses, as current and
comprehensive a program as MAESTRO was available to those at more
organizations than was expected, and ABACUS, GIFTS, SAFEHULL, PLATE,
PipeNet, STEERBEAR and perhaps a dozen more programs with recognizable
names used in ship structural analysis and design, and in shipbuilding, were
mentioned in the replies received. Most organizations depended on 486 PC's for
routine work, but one of the large shipyards dedicated to work for the U.S. Navy and
one of the consulting engineering firms said they had workstations with access to
Crays. Only one boatbuilder (but, perhaps, to some extent, another as well) of all
those responding answered in such a way that would indicate their organization's
computer usage was really very limited; most seemed to take some pride in how
extensive their program libraries have become. The term optimization remains
misused or overused, however, the pitfalls of modeling procedures are seemingly not
apparent to some, and uncertainty if not absolute ignorance about how to treat
marine loads rationally is still prevalent.

Question 9

There was a final, ninth, question seeking any additional comments those
responding wished to make and requesting any suggestions, concerning matters,
topics, or procedures that might have, or should have, been included to make the
questionnaire better, or in any way to aid in fulfilling the needs of the study as defined
in the project statement. The responses were lengthy in several instances, and
helpful. That project statement did, of course, require that contact with the marine
industry be made, and the questionnaire and the responses, collectively with respect
to some items and less often individually in regard to others, have been adequate to
suggest and to justify some of the conclusions given in the next section of the report.
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CONCLUSIONS AND RECOMMENDATIONS

The information provided in two of the foregoing sections of this report is mostly
descriptive: what academic programs of interest exist and what are they like in
general, and how, in particular, do they present material concerning marine
structural analysis and design to students. The immediately preceding section
summarizing the responses to the industry questionnaire does not mention that there
seems to be in industry any widespread dissatisfaction, with the manner in which the
various schools have handled that presentation nor with the results they have
achieved, because it was not evident that there was any at all. What is possibly
more disturbing is there seems to be, instead, widespread but certainly not total
indifference with regard to how the schools actually operate, how well educated with
respect to marine structural analysis and design the graduates at all degree levels
from those schools with programs in naval architecture and/or ocean engineering are,
and even how they and their organization might better accomplish the structural
analysis and/or design tasks they encounter and must complete.

Of the dozen schools with undergraduate programs that were included in the
earlier section, the first four would seem to be graduating at present an adequate
number of bachelor's-level naval architects to meet the current needs of the marine
industry. This could not have been stated just several years ago since their normal
collective enrollment, and therefore total number of graduates in the last year or two,
were much reduced because students were not being attracted to this particular
discipline at least in the U.S. due to the view generally held (but by many younger
people especially) that the marine industry was nearing collapse as the U.S. Navy
had to cut back ship procurement programs. But during the intervening period Webb
has been able to admit and to graduate more students than ever before -
approximately 24 and 18, respectively - and Michigan at present is again graduating
23 or 24 students this year and anticipates some further increase in each of the next
several years. While the Memorial bachelor graduates generally remain in Canada
after receiving their degrees, the total number of students at New Orleans would
suggest that more than the usual 10 or so might graduate if it were not that most of
the students work full-time and are only part-time students and concurrent work
opportuhities for them seem to be available at present in the Gulf region. The few
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students now receiving their undergraduate education in naval architecture each year
from Berkeley, and the uncertainty about whether the number will increase, and
much the same situation at MIT with regard to their remaining undergraduate
program in ocean engineering, render concern for what their undergraduate students
are taught or learn regarding marine structural analysis and design seem almost
moot. Much the same conclusion not to include them among the four can be reached
regarding the Coast Guard and Naval Academies even though they annually award
several dozen degrees, since their graduates are not available to enter industry at
once. But Virginia Tech now awards 15 or so bachelor's degrees in ocean engineering,
and, as indicated earlier, their program has much of the same content and is more like
the traditional programs in naval architecture than are those at the three remaining -
schools with programs also specifically called ocean engineering. These other schools
with ocean engineering undergraduate programs are certainly providing additional
graduates to the marine industry, but most continue to seek careers as coastal
engineers or in some other branch of ocean engineering rather than in structural
analysis and design even though they are often just as well qualified to contribute in
that particular area as civil or mechanical engineering graduates.

Table 2 lists the number of degrees, at all levels, granted by the various
institutions in 1993 and 1994, for reference. Some of the values are not necessarily
exact since they were all obtained from several sources and these did not always
agree. Even if approximate, however, they are adequate for the purpose of this
report.
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TABLE 2. NUMBER OF DEGREES AWARDED IN PROGRAMS OF INTEREST
AT INSTITUTIONS INCLUDED IN THIS STUDY

INSTITUTION BY,'93 | B,'94 [ M2 E%, 93 [ M, E, '94] W_QTI
- —
Webb 16 18 | - N _ -
Michigan 18 13 21 25 8 5
New Orleans 17 9 0 0 - -
Memorial 6 4 9 7 2 1
Berkeley 4 5 6 o7 2 3
Coast Guard Academy 23 24 - - - -
Naval Academy 22,33 | 15,20 - - - -
Virginia Tech 17 15 *5 2 * *
MIT ‘ 1 5 41 55 11 13
Texas A&M 21 21 12 17 3 3
Florida Atlantic 16 22 8 14 4 2
Florida Tech 22 30 7 7 0 1
Nova Scotia _ - | - 2 4 0 2

Sources: American Society for Engineering Education Directories (see BIBLIOGRAPHY) and
personal communication.

!B=Bachelor degree, whether B.S.E., B.Sc., B.S,, naval archtitecture or ocean engineering
*M=Master's degree, whether M.S.E., M.Eng., M.S., M.A Sc., naval architecture or ocean engineering
IE=Professional degree: Naval Engineer, Naval Architect, Ocean Engineer

4D=Doctorate, whether D.Eng., D.Sc., Ph.D., naval architecture or ocean engineering

3Separate degrees in Ocean Engineering, rather than in Aerospace and Ocean Engineering,

at the master's level began in 1993, and at the doctoral level no distinction is made.

Thus only the five undergraduate programs of most importance to this study —
Webb, Michigan, New Orleans, Memorial, and Virginia Tech - could and perhaps
should be judged as to how well they handle marine structural analysis and design,
how viable is the content of their individual structures courses and complete the total
coverage, how qualified the various professors involved may be technically, and
maybe with regard to other pertinent factors. But none would in fact be found
untenable, even though all may be wanting in one or several aspects. Discussions
with professors and even those with administrative responsibility at these
institutions make clear they are very much aware in what areas they may fall short,
but are either attempting to remedy that circumstance or have other problems on
which they place a higher priority. The differences among these five undergraduate
programs with respect to how thoroughly they cover the fundamental knowledge
graduates should know to be able properly to keep pace with the technological
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advances that are occurring in engineering today - in materials, in fabrication
techniques, and even in analysis and design procedures - are not really very great,
probably because it has long been accepted that universities are not "trade schools"
and the basics must be taught first and well. The degrees to which these programs
prepare their graduates for practice, how extensively they communicate how the
basic material can be applied to real — and for the concerns of this project, marine —
structural problems, does vary. Whether at several schools a second strength course
taken after a basic one introducing the fundamentals of strength of materials is
properly named, and is indeed concerned specifically with marine structures or just
advanced strength of materials generally, can depend on the individual professor's
inclination which in turn may well depend on his own particular background and
experience. The course syllabuses reproduced in the foregoing do not illustrate any
situations where what might be called the balance between fundamental theory and .
practical application - teaching useful problem resolving approaches and procedures
with appropriate marine structures examples - is too far from equilibrium, even when
some of the professors may have been educated as civil engineers and the
applications may also occasionally involve structural problems not specifically
marine.

What has obviously been of tremendous benefit to those teaching and to the
undergraduate students learning about marine structures at several of the schools,
however, has been the increasing attention being given in their programs to ship
production and to fabrication practices in particular. It is now possible to recognize -
that many undergraduate and even graduate students were formerly not able to fully
envision realistically what constituted structure in ships or platforms or even boats,
and did not concern themselves at all with how the structure was assembled,
especially in the classroom. Only Webb had a formal practical work period
requirement until relatively recently, but summer intern programs have become
popular at several additional schools to their great benefit. That these arrangements
be emulated at the others is well worth recommending. It would also be of real value
if several of the undergraduate programs could include greater treatment of fracture
and fatigue, more on material behavior, and so on for many other topics. But any
curriculum additions can only be accomplished by replacing and thus deleting other
topics, or the unacceptable alternative of increasing the number of credit hours and
hence terms required.
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The trends in graduate engineering education — generally, but certainly at the
master's degree level - towards greater concern for and emphasis on preparing
graduates for practice, rather than seemingly sometimes only for even further
education after a master's degree, bodes well for today's students. But practice must
be interpreted broadly; it is too educationally demanding on the one hand to permit
any but the very brightest graduate students to specialize in a worthy and
meaningful specific area of engineering, and be certain they have dealt with all it
entails technically no matter how narrow it may appear, and on the other hand
simultaneously within the same number of credit hours to prepare them to some
extent also to manage and to carry out the necessary economic planning, to consider
marketability, and to anticipate operational problems and management concerns
with regard to complex engineering systems as currently envisioned in the so-called
"concurrent design" concept.

That doctoral programs, and theses, even in engineering may remain as esoteric
as ever is not deemed a major concern at present. Basic knowledge and
understanding must be advanced, and the entire marine industry with all its
engineering activities and demands seemingly functions at all well only by being able
frequently to utilize and adapt to current problems the advances that have more
often been produced for other elements of industry by research and/or development
efforts in disciplines other than naval architecture and/or ocean engineering. Thus
the recognition that no more than five or six doctoral degrees in naval architectural
aspects of structural analysis and design are being awarded annually in North
America is, while unfortunate, again, an indication this area is not considered as
attractive nor as well funded as others by potential candidates seeking doctoral

degrees in engineering.

But the schools included in this study are, again, collectively seemingly
graduating an adequate number of master's degree-level and even doctoral degree-
level naval architects to meet the current needs of the marine industry. Michigan
and Memorial, and probably New Orleans and Virginia Tech but certainly now
including Berkeley and MIT, continue to maintain more or less traditional graduate
programs, whether they be designated in naval architecture and marine engineering
and/or ocean engineering, capable of educating more students than at present if a
surge in enrollment because of a perceived industry need were to occur. And the
healthy graduate programs at the other three ocean engineering schools endure. But
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more graduate students in all of the programs of particular interest at all of these
institutions are specializing to the extent possible in hydrodynamics than are those in
structures and production and power systems (marine engineering) and operational or
environmental concerns (whatever the options may be called) combined, that is
probably an indication not only that greater research funding and hence graduate
student research is and has been predominantly in that field but that even adequate
support in any of the others — but most particularly in structures ~ could alter that
situation.

What recommendation or recommendations should be advanced to counter the
perceived sort of malaise and uninterested mind-set that seemingly .currently
pervades marine structural analysis and design in general is not clear, but it is
certain the fault is not primarily or even partially in the undergraduate or the
graduate educational programs discussed even though it is manifested there as well
as in practice. All of those teaching at all of the institutions discussed are dedicated
and extremely capable people, productive and enthused about what they do even if
several of the younger professors may possibly on occasion be less enthusiastic than
desirable about teaching undergraduates and most are perhaps too focused on their
research and/or consulting work. The subject content in the various programs is not,
and the topics in the individual courses are not — and should not be - uniform, but
reflect the emphasis and the rationale reasonable minds believe appropriate within
the constraints they face. Ifindeed the problem is really most apparent in practice,
in industry, it may be because the industry itself does not consider marine structural
analysis and design of great enough importance nor amenable to much improvement.
This cannot be due solely to overregulation even though that might be one factor,
despite the fact that the regulators - the classification societies such as ABS, in
particular - have often developed and promoted the approaches that have made more
rational many of the techniques available for use today. That commercial firms have
come to depend upon them, or the Department of the Navy, to do so does relieve them
of the obligation, and does help explain why many recent and current naval
architectural graduates are not as attracted to these activities within their
organizations and less then thrilled when assigned to them.

It may also seem trite to suggest that another cause is that there are no "exotic

new frontiers” in ship structures, at least to the degree there seems to be in some
other engineering fields. But in structures generally, including such land-based
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structures as civic buildings and venues, bridges, and even shoreline structures,
improvement and advances of many types are taking place even though they are
being brought about by a relatively small number of people and organizations. It is
Just not being made apparent to individuals or to organizations in the marine industry
that innovation and creative reconfigurations and other possibly more exciting
developments such as, for example, "smart" materials and structures that adjust and
adapt in response to their own sensors ate indeed desirable and even needed in ships
and platforms. Analyses that justified lengthening the frame spacing in a ship by an
inch or two by modifying the arrangement of other structural members or using
better material, and thereby reducing the hull steel weight overall by as much as one
or two percent, just is in comparison not that satisfying an accomplishment and
probably would not be rewarded anyway. How those who practice in what must be
termed a conservative marine industry can be encouraged to propose possibly ‘
dramatic improvements in the area of structures — as some have in such other areas
as propellers or hull form or even tank coatings — when the prevailing impression is
that structure is governed by rules and codes in the name of safety, and deviation
from these and the resulting redundancy and overdesign that ofterr result will impose
on those suggesting some variation a needless burden, is the real problem. Various
awards to practicing naval architects and/or ocean engineers, for creativity and
productive change, particularly if successful, offered by appropriate government
agencies such as those that constitute the Ship Structure Committee or that
interagency organization itself, might help. The recognition must be extensively
publicized in each case, however, and the awards themselves should be as rich as
possible. The Society of Naval Architects and Marine Engineers and the American
Society of Naval Engineers should be encouraged to participate and could possibly
manage the entire process.

It is foolish to suggest money, financial support for research, financial aid for
education, does not matter;‘ but it is questionable whether the availability
immediately of a substantial additional amount of money will quickly improve marine
structure analysis and design education and capability in industry significantly.
What might help in the coming years, however, are dedicated government tax policies
intended to encourage investors, unwilling to take the entire risk themselves, to carry
through on entrepreneurial ventures that do incorporate or, preferably, even require
innovative structural arrangements, or imaginative new material usage, or other
such features. To encourage the government to do so would require an educational or

- 112 -



lobbying campaign perhaps, but the prospectus for that is beyond the scope
permitted here. However, it is not unreasonable nor inappropriate to recommend
that an intense campaign be mounted at once by the individuals that constitute the
Ship Structure Committee to convince their organizations to double and then double
again their financial support, emphasizing that despite its shamefully modest funding
this committee is at present the only continuous source of funds for research and
development undertakings specifically in marine structural analysis and design, that
these undertakings are not often as theoretical or sophisticated as to elicit the
attention and support of the National Science Foundation or the Office of Naval
Research on any regular basis but normally produce results of immediate value to
the marine industry, and are in fact suggested by representatives from the marine
industry and the cognizant government agencies and thus address current problems
or concerns of real interest to them. At the very least the SCC reports should be
given much greater distribution, thereby establishing how valuable they are and
engendering wider appreciation for and application of the information they contain.

Another recommendation or two also with respect to the Ship Structure
- Committee program, since improving education in marine structural analysis and
design is indeed among its specific goals, are suggested particularly by the
information concerning the various schools and their programs presented in the
preceding sections of the report. If, for example, the intent is to insure that more
students become attracted to and hence interested in pursuing their studies
concentrating in marine structural analysis and design, their single graduate
scholarship and appointing a single student as a Ship Structure Subcommittee
member are at best superficial attractions and probably not really all that effective.
More graduate student support could be achieved if every project they consider
awarding to a professor, whether through his institution or to him personally, required
that the proposal being reviewed listed by name and program level if possible the
students that would participate and the renumeration they would receive, and that
this be a major consideration in evaluating the proposal. And, again, if additional
input is desired, instead of students or even faculty members bring appointed as
liaison members of the SSSC, since at present only those professors from the U.S.
Coast Guard, Naval, and Merchant Marine Academies (none of which have graduate
research programs dealing with structural analysis and design) are, more extensive
liaison instead be sought and established with the National Shipbuilding Research
Program, the Advanced Research Projects Agency's Maritech Program, and possibly
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even with the American Institute of Marine Underwriters, the Shipbuilders Council of
America and/or the splinter group of its former members, or both, and other such
organizations even though these may not be formally affiliated with or an integral
part of the government. Strengthening ties with such existing liaison organizations
as the Welding Research Council, and especially ONR is also essential if synergism of
the level now achieved by the long established arrangement with the Committee on
Marine Structures of the National Research Council is to be duplicated or even
partially achieved with them.

While much of the foregoing is unfortunately capable only of portraying the
status of marine structural analysis and design education, and practice, as somewhat
stagnant, this is misleading with respect to that aspect of the subject that can most
easily be characterized as loads and/or loading. The very best structural analyses are '
only meaningful if they describe the response to realistic loading, and structural
design decisions certainly must be based on loads rationally derived and formulated.
The progress in recent years in this area may be due more to the efforts of those who
think of themselves as hydrodynamicists and their increased concern with motions
than to structural engineers, but the value of and the acceptance of their
contributions has enhanced marine structural analysis and design enormously. Nor
1s this the only positive develoﬁment. The advent of ever more capable computer
programs for both structural analysis and design, and the widespread availability of
and dependence on computers capable of running them, has made it possible to carry
out more extensive and more sophisticated analyses and to evaluate more design .
alternatives with greater confidence than ever before. These, and equivalent progress
in better understanding material behavior, improving fabrication procedures, and
other such advances should be more than adequate to invigorate, perhaps gradually
but surely inevitably, marine structural analysis and design. They seemingly are
capable of sustaining the educational efforts and attention that these subjects are
receiving currently and may in time amplify and extend them, but they will do so only
if the marine industry recognizes their own need that they do so and encourages them
accordingly.
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