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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




l
|
|

satisfactorily achieving the other at the undergraduate level, even though mostl
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 evaluatedJ
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 ocean

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

-4 -




e

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
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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.
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VARIOUS DEGREE DESIGNATIONS AND LEVELS FOR PROGRAMS OF INTEREST AT

[INSTITUTION

TABLE 1
INSTITUTIONS INCLUDED IN THIS STUDY.

DEGREE DESIGNATIONS AND UNITS

DEGREE LEVELS

 Webb

1_in—Naval Architecture and Marine Engineering by Webb
Institute

TBI

Michigan

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

B, M2, E3, D*

New Orleans

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

B.M

Memorial

in Naval Architectural Engiiee;ing, 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,ED

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,M,D

Florida Tech

in Ocean Engineeriﬂg 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 BIBLIOGRAPHY) 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.S., 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 Jjust 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

Xdc



T —————

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 "adjunct" 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 faculty members, 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 a;ny
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

3

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

The subjects of instruction, given during cach of the four years,

are listed on the following pages.

A semester hour represents one hour of recitation or two hours
of drafting or laboratory work per week per semestee The serm “semes-

ter hour™ is identical with the term “credit hour™.

Freshmen
First Semester Sem. Class
Hrs. His.
Technical Communications 2 2
Mathematics [ - Calculus | 4 4
General i 3h 4
Physics I - Elementary Mechanics &

Engincering Statics 4 4
Engineering Graphics 2h S
Naval Architecture I - Introduction to

Shipbuilding 1% 2
Marine Engincering [ - Introduction o

Marine Engincering 1% _2_

19 23
Satisfactory compietion of 8 weeks practical work is required.

Second Semester
Marine Engincering II - Shipboard Systems 3 3
The Human Expericoce | 3 k]
Mathematics II - Cakeulus Il 4 4
Computes d 2 3
Physics [ - Heat, Light and Sound 3 4
Materials Science 4 s

19 2
Sophomores

First Semester Sem. Class
Hrx. Hrs.
Humanities Elective 3 3
Mathematics [II - Differential Equations 3 3
Comgpater i 2 3
Naval Architecture II 3 4
Strength of Materials 4 4
Dynamics 4 4
19 21

Satisfactory completion of 8 weeks practical work is required.

Second Semester
Western Literature 3 k)
Mathematics [V - Advanced Enginecring

Mathematics 4 4
Physics I - Electricity and Magnetism 3 4
Fluid Mechanics 3 3
Thermodynamics 3 3
Marine Engincering Il - Ship Systems [ 4 4

20 21

Juniors

First Semester

Human Experience (I
Engineering Economics
Probability and Random Processes
Marine Engincering IV -
Machine Design and Transmission Systems
Electrical Engincering [ - Circuits and
Electronics

) = W

w

Naval Architecture I - Ship Resistance and

Propulsion
Naval Architecture [V - Ship Structure

sl
VliwNn - [~} U~U§

Satisfactory completion of 8 weeks practical work is required.
Second Semester

American Politics and Foreign Policy

Marine Engineering V - Steam Plants

Engincering Laboratory

Electrical Engincering I1 - Machines and Controls

Naval Architecture V - Ship Hydrodynamics

Naval Architecture V1 - Elements of Ship
Design and Production 3

Thesis h

oW WwN
>
adbabwN

Blea

f

law

First Semnester

Ethics and the Profession

Ship Vibrations

Naval Architecture V11 - Ship Design |

Marine Engincering V1 - Diesel Engines,
PIame;nandCunpumveBeo«mnm 4h ‘

Satisfactory completion of 8 weeks practical work is required.
Second Semester

Professional Communications 2
Naval Architecture VIII - Ship Design I 3h
Naval Architecture IX - Propelier Design

and Vibeations 3
Naval Architecture X - Special Topics in Naval

Architecture 2
Thesis 2y
Seminar 0
Selected Topics 3

L I - N ]

Blomwwn

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 — sumpo sorsie oy rom
Huws 12345678

Subjects required by all programs (56 hrs.)

(See under “Minimum Common Requireiments, * page 57, for allematives)

Mathematics 115, 116, 215, and 216 6 4444 - - - -
Engiish 125, College Writing L
* Personal Computing 7 Y o0o0oocoooc
Chemistry 130 and 125 or 210 and 211 5§ § « « < - + . .
Physics 140 with Lab 141; 240 with Lab 241 8 -44 - - - - -
Senior Technical Communication R I 3
Humanities and Sociat Sciences (see pages61,65) 17 - 6 - 3 - - 4 4
Advanced Mathematics (3 Ms.)

Mathematics 350 § ocooof oo o

Relsted Techaical Subjects (16 brs.)
MSE 250, Prin of Eng Materials

ME 211, Intro to Sofid Machanics

ME 249, intro to Dynamics

ME 235, Thermodynamics |

EECS 314, Cct Analy and Electronics

Program Subjects (38 Ms.)

NA 270, Marine Design

NA 275, Marine Systems Manutacturing

NA 310, Marine Structures |

NA 320, Marine Hydrodynamics |

NA 321, Marine Hydrodynamics §

NA 330, Marine Power Systems |

NA 340, Marine Dynamics |

NA 391, Marine Lab

NA 470, Ship Design or NA 471,
Oftshore Eng Design ) ocoo oo c 3 -

NA 475, Design Project 3 e e e e e - 3

NA 481, Probal Meth in Marine Sys J e oo oo oo c 3.

Technlcal Electives (2 M3.)
These must include at least two of the second
courses in the four areas of concentration—
NA 410, Marine Struc 1l; NA 425, Envir Ocean
Dynamics; NA 430, Mar Power Systems II;
or NA 440, Mar Dynamics 6 - - - - - - 33
Another Technical Elective 3 - - - e e .- 3

Free Electives (6 hrs.) 6 - - - - - 33 -

W WD W
LI T T )

)

]

[Z3F W A el o d
)
)
0
0
.
r
R T S B B T ]
[ T R S Y T |

Total 128 161715161517 1618

*Eng 103 (3 us), Eng 104 (3 hrs), Eng 106 (4 Iws), or Eng 107 (4 hwrs) acceptadle; Eng 106
of Eng 107 prefetred, 1 hour counting as free-elective 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 HRS
ENGL 1187, 1188 ¢ ENGL 2182 3
Arts Bective’ 3 MATH 21186, 2221 ¢
MATH 2111, 21122 10 PHYS 1062 3
PHYS 1081, 1063 4 ENME 2760 3
CHEM 1017 $ CHEM 1019, 1023 ]
CSC1 1204 3  ENCE 2311, 2350, 2331 ?
ENGR 1000 1 NAME 21860, 2160 6
ENME 1781 3 Sociel Science Elective' 3
-2 |
3 38
JUNIOR YEAR CRHRS SENIOR YEAR CR HRS
ECON 2000* 3  Humanities Blective' 3
ENEE 2500, 3518, 3501 7  Socist Sclence or
ENME 3020, 3718, 3720, 3770 10 Humanities Elective’ 3
NAME 3120, 3130, 3140, Utersture Electives' ]
3150, 3180 18 Biclogy Bective’ 3
ENGR 3090 1
NAME 4160, 4158 (]
— NAME 1
3s 33
ANALYSIS + DESIGN = TOTAL
NAME 2180 INTRO TO SHP & OFFSHORE
STRUCTURES DES & CONSTR 20 + 10 e 30
NAME 2180 FORM CALC & STABLITY 30 + 00 s 30
NAME 3081 NAVAL ARCH DES PROJECT 0.0 ¢+ 30 e 30
NAME 3082 MARINE ENG DES PROJECT 0.0 ¢+ 30 e« 30
NAME 3093 SPECIAL PROGS BN NAVAL ARCH 0.0 + 10 s 10
NAME 3098 SPECIAL PROBS IN MARSNE ENG 0.0 ¢+ 10 = 10
NAME 309¢ SPECIAL PROBS IN MARINE ENG 0.0 ¢+ 10 e« 10
NAME 3120 OFFSHORE STAUCT &
SHIP STRENGTH I 1.8 * 18 s 30
NAME 3130 MARINE ENG | POWER SYSTEMS) 20 + 10 s 30
MNAME 3140 COMPUTERS IN NAVAL ARCH 19 ¢+ 00 e 10
NAME 3160 SHIP RESISTANCE & PROPULSION 18 ¢+ 18 s 30
NAME 3160 STRUCTURE &
SHP 28 * 18 o 40
NAME 3900 SENIOR HONOR THESES 0.0 ¢ 30 = 30
NAME 4094 SPECIAL TOMCS IN MNAVAL ARCH 20 * 10 = 30
NAME 4087 SPECIAL TOMCS IN MARINE ENG 0.0 ¢+ 30 « 30
NAME 4120 SHP STRUCTURAL ANALYS:S & DES 20 + 10 = 30
MAME 4130 MARINE ENGINEERING B 0.0 ¢+ 0 s 30
NAME 4131 RELIABILITY, AVAILABLLITY & MAINT
OF ENG SYSTEMS 0.0 + 30 = 30
NAME 4138 INTRO TO COMPUTATIONAL RUD
DYNAMICS AND HEAT TRANSFER 0.0 ¢ 30 s 30
NAME 41419 CURVED SURFACE DESIGN 0.0 ¢+ 0 s 30
NAME 4142 $OLID MODELING 6.0 ¢+ 30 = 30
NAME 4180 OFFSHORE STRUCTURES &
SHIP DESIGN 0.0 + 30 = 30
NAME 4181 SMALL CRAFT DESIGN 0.0 ¢+ 30 « 30
NAME 4185 OFFSHORE STRUCTURES &
SHIP DES PROJECT 0.0 * 30 = 30
NAME 4160 SHIP HYDROOYNAMICS 1 1.0 * 2.0 s 30
NAME 4182 OFFSHORE STRUCTURES &
SHIP OYNAMICS 8 0.0 ¢ 30 = 30
NAME 4171 ADMIRALTY LAW FOR ENGINEERS 2.0 ¢+ 00 = 20
NAME 4181 MATENALS FOR MARINE DESIGN 10 * a0 = 30

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

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 4
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
completed 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.

Uni tates C uar

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

-16 -




CHART OF THE UNDERGRADUATE

Teohrical Floctives
ENGINEERING CORE PROGRAM
? s
s 7021 $008
PRROPUL'N. FLOATING
EFRICIENCY OCN. STRUC.
cs. DESIGN
7933 8048
1312 2208 STRESS MAINTENANCE
MECH. | CHEM. & PHY. ANALYSIS ENGRA. SYS,
i
. MAT. |
OEIENG BT 7924 s0s8
1333 2312 AUTOMATIC SUBMERSIBLES
BASIC ELEC. MECH. 1 CONTROL OESIGN
CONC. CIRC. S i
HYOROELASTICITY MARINE
1404 ‘
UN. ALG. s,:ui._o.,. & CONTROL OF PRODUCTION
PROGRAMM; OCEAN VEHICLES | MANAGEMENT
1412 2421 9065
INTERMED. PROS. & SHIP OPEAN.
caLculus | staTisTics | S— e ol L)
1502 2502
ENGIN. ENGIN.
DESIGN | DESIGN I
100W
sonwms
CHART OF THE NAVAL ARCHITECTURAL ENGINEERING CURRICULUM
_—_*
3 4 ] s ?
3102 102 6101
KVAT ENGINEERING cs. ASSESS. OF TE
ECONOMICS TECHNOLOGY
3208 412 8312 041
CHEM & PHY. MECHANICS MECHANICS MARINE TL
OF ENG. MAT. 1t SOLIOS | SOUDS # ENG. SYS. |
3312 a2 €42 6002 7002 9000
MECHANICAL THERMO- FLUIOS | SHIP HULL SHIP $TR. N.A.E. PROJECT
™ DYNAMICS | 4 STAENGTM DESIGN
3411 22 s432 8032 7031 8014
APPL. DIFE. NUMERICAL ADVANCED SHIP HULL sHp MARINE
EQUATIONS METHOOS CALCULVS VIBRATIONS OYNAMICS | HYDRODYNAMICS
3841 4921 so11 6071 7048 0022
ELECTMCH MECHANICAL RESTNCE PHYSICAL MARNE O8N
CONVASN OESIGN & PROPN | METALLURGY | ENG 8YS 8 OPTIMIZATION
3082 011 soe1 s983 7081 0084
SHIP SHIP SHIP PRODN ELECT.FOR |  swe ADVANCED
OESIGN | STATICS MGMT NON E.€. DESIGN N | MARINE VEMICLES

NOTE: A workehop oourse {200W) is held en eampus prior to the stant of the Sprng Sameeter

FIGURE 4. THE MEMORIAL UNIVERSITY OF NEWFOUNDLAND PROGRAM

(REPRODUCED FROM THE FACULTY OF ENGINEERING AND APPLIED
SCIENCE 1994-95 "CALENDAR™
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Program in Naval Architecture

IEII l_il“\

Effective fall 1994, admission 10 the undergraduate Naval Architecture
degree program was closed. Contact the Student Affairs Office for
more information. Students admitied before fall 1994 should complete

the following program.

Freshman Year Fall  Spring
Math 1A, 1B, Calculus 4 4
Chemistry 1A, General Chemistry 4 o
Physics 7A, Physics for Scientists and Engineers 4
Engin 28, Engineering Graphics 3 -
Nav Arch 10, Ship Systems (recommended, not

required) 3
*Electives - 4 4
Total 15 15
Sophomore Year
Math 50A, 50B, Differential Equations, Linear

Algedra, Multivariable Calculus 4 4
Physics 7B, 7C, Physics for Scientists and Engineers 4 4
Engin 36, Engincering Mechanics | 2
Engin 45, Properties of Materials -
Engin 77, Problem Solving Using Computers

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

Mexc Eng 104, Engineering Mechanics Il K} -
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 .
Mex Eng 133, Mechanical Vibrations . 3
Stat 23, Introduction to Probability and Statistics for

Engineers 3 -
EECS 100, Electronic Techniques for Engineers 4 -
*Electives . 3
Total 14 16
Senior Year
‘Nav Arch 152A. 152B. Ship Dynamics 3 3
Mec Eng 107A, Experimentation and Measurement 3 -
Nav Arch 154, Ship Structures - 3 .
Nav Arch 155A. 155B. Ship Design 4 4
Civ Eng 167. Engincering Project Management - 3
*Electives 3 4
Total 16 14

*Elevtives must include sia courees of af least 3 units each 1n the humanuties and social
studies selecied from an appros od list of courses. Of these at least cae course must be a
componition course Laken from the current approved hist of courses Sce List E of the
Humuniues and Sovial Studics ~cction on page 9 One Jourse must 2l »elected from Mec

Eng 160, 16. 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 program 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 Intro to Engr and Design

3111 Calculus] 2123 Intro to Literature

5102 Chemistryl 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 Stuatics 1204 Engineering Materials Sci

2293 Morals and Ethics 1206 Strength of Materials

3211 Muldvariable 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 —— Physical Education

—— Physical Education

FIRST CLASS YEAR

1442 Principles of Ship Design 1444  Ship Design/System Integ

1453  Ship Propulsion Design 2493 Maritime Law Enforcement

2391 Legal Systems 6418 Nautical Science IV

5330 Occanography 8311 Economics

—— Major Arca 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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Naval Architecture Major

Curricubum Requiresmenis (s sddition 10 the of
kg‘a:'m. plebe yoar)
Mathematics: 212, M22Y;
Sclence P11, P12
Humanitiex HH20S, HIH208 two electives;

EE331, EE332, EM211, EM217, EM2R2, EMOTS, E19, ESI00, £5410;
::p'. END4S, ENIQ2, ENOSD, ENDSS, ENDEO, ENASS, ENATY, ENON, phus two s jor electives; one

REQUIRED COURSES: ELECTIVE COURSES:
Oceon Systems Engineering
Songh of Materdls Analytical Apphcations in Ship Design
Thermodynamics medhp Struchures
' - .
Noval Materiols Science and Hwegnd Pr'_’m n‘Shp‘ Design
1D Hydrodynomics ond Stoblity Advanced Marine : .
g;%tonc.e and Propuision gtbmcme DEesg-n %
Ship Swuc'u:‘d i ll'mt Research Projects
Ship Design 1 & §
Ocean Engineering Major

Curriculum Requirements (In addition to the requirements of plebe year)
Professionat: NL202, N1 302 NL 400, NN200, NS310, NS40X;
Mathemutics: SM212, SM221;

Science: SP211, SP21%; ELECTIVE COURSES:

e Microcomputer Aided Engineerng ond
Ocean Systerrs Design
Sronghol Moterss e e
m Underwater Work Systerms
inhoduchion fo ?amd Foundations for Oceon

Marine Engineering Major

Curricalum Requirements (in addition 1 the requirements of ,
Professional: NL202, NLIR2, NU400NN200, NS310, NS40X; piebe e
Mathematics: SM212, SM221, SM31L;
Sdence: SP21Y, SP1Z
Humanities HH208, HH206 and two electives;
ing EE331, EEXX2, EM2M, EM212, EM232, EM319, EMO24, ESI00, ES410:
Major: EN24S, ENJ61, EN362, EN30, EN 443, EN460, EN463, EN467, phus two major electives: one

free elective.
REQUIRED COURSES: ELECTIVE COURSES:
_*, . .
Ocean Systems Engineeri g%stonco'ond Propusion
%t:ngm of Matenols Underneo Power Systerms
MW goqv.nq Method in Nucleor
Naval K'E tenial Science and Nm Conversion
Engineering _ Independent Reseorch Projects
Marine Power Sysfems
Reetor P
Marine Engneering Design | & 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 undergraduate 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.

Virgini lvtechnic Institute a ta ive

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 specifically to sugges
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 i
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 Ocean Engineering Program
First year students arc admitied in General Engincering, the Mm& mw R
o in eagincering progrt for eng! s i ESM 20'0:' Mechanics of Deformable Bodies 3 (¢)]
curricula. This program provides time for the students to adjos Math 2224: Multivariable Calculus 3 o)
to the college and to select the branch of engineering in wl_l'l.ch Phys 2178: Physics | 3 (s))
they are most intcrested. Al the ef\d of the ycar—after sddfuoml ISE 2014: Engineering = P
counseling, contacts with the various departments, and s_ansfac- ESM 3074: w&‘ °m°'“’ 3 o
tocy progress—students make a selection and, if academically Core clective * P
cligible, are transferred to the curriculum of their choice. Credis  (I7)
Second Semester o
ESM 2304: Dynamics 3
g;:::‘:r Math 2214: Differential Eqe. 3 o
Chem 1035: General Chemistry k} 3 Phys 2176: hys'k: /] 3 o
Chem 1043:; General Chemistry Lab 2 ) Emaemcdneuy 3 o)
" EF 1008 Introduction to Engincering 3 @ AOE 3204: Ship Hydromechanics 3 o
Eng) 1103: Freshman English k) 3) Core clective * o)
Math 1205: Calculus § 3 g; Credits ')
ath 1114; Linear Algeba 2
| ;E‘Itcdn )] THIRD YEAR
Credits  (15) i‘;. maou y o
mester : 3014 Acro/Hydrodynamics
m:;& General Chemistry 3 't} AQE: 3024 Thin Wdled Structures 3 0)
Chem 1046: General Chemistry Lab 2 (1) A&:!OMV‘ibtmnd_Couol 3 o
\ EF 1006: Introduction W Engincering 3 ) ME: 3134 Thermodynamics 3 %))
\ ESM 1004: Statics 3 ()] Mdl.4$640pa_tﬁond Methods 3 M)
Engl 1106: Freshman English 3 3) Geol: 4104 Physical Oceanography 3 0)
] Math 1206: Calcubus | ; g; o Somasr Credin (1)
M 1 Ve Credis  (19) AOE 3054: Instrumentation and Lab ‘ @
AOE 3214: Fundamentals of Ocean Engincering 3 G)
AOE 3224: Ocean Structures 3 (8]]
AQE 3234: Ship Dynamics 310
AOE 4244: Marine Engincering I 0
Math Elective 30
Credits an
FOURTH YEAR
First Semester
AOE 3044: Boundssy Layer and Heat Transfer 3 0)
AOE 4065: Design s e
AOE 4214: Wave Mechanics 3 o
AOE 4254: Occan Engincering Lab 3 )]
Technical Elective o)
Core clective 3 o)
Credits (16)
Second Semester
' AOE 4066: Design s o)
Technical Electives ©
Core elective ¢ Q)
Free Electives and/or core area 7 Q)

Credits (19

All students must take 6 credits each from Areas 2 and 3 of the
University Core Curriculum. The College of Engineering requires
that 6 of these 12 credits be at or above the 2000 level and 6 must

be in a single discipline. Students graduating in 1998 or later must

also satisfy Arca 7 o the Core. Some Ares 7 courses may
simultancously satisfy Core Area 2 or 3 or other elective needs.

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




Bachelor of Science In Ocean Engineering
Course Xill

CLASS OF 1007 or later: Se9 Notes on Course JOR betow

Genecal iInetitute Requirements (OIRs) Subjects

Sclence Requirement [ ]
Humaniies, A/, and Soclal Sclences Requirement® [ ]
Wamnmm“ Yo
Requirement®® [lwo sublects can be safisfied from among
201, 6.071, 18.03. and 13.010 or 13.016 In e Depanmentsl
Prograsmj £ ]

Laboratocy Requirement be satisfied by 13.017
and 13.010 In the wl‘:“ ngunlw

Total QIR Sudjects Required for 8.8. Degree 7w

s

Oepartmental Program

Sudject names delow are ollowed
proroquisites I any [corequisites in
Requived Sudjocte®

1603 Oftecorsial Equations, 12, REST, 18.02°

13010  Introduction 1o Ocean Science and Technology.
12, REST. 0.01. 10.02
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1

Mechanice of Solids, 12. AEST, 8.01, 16.02
Marine Struchures and Materdain, 12 201, 10.03
Dynamics, 12 2.01, 202, 16.09°

mmhmwut

mumu&-ﬂgu
Computation. 12, REST, .01, 18!
i-gmhmmm 12 REST, 18.01,

crodt unils and by

13012

201
13014
13.01
13018

13.018
0.074
13017 of Ocean Systems 12, LAB: 201, 13.014,

13012

Deaign of Ocean Sysiems & 12 LAR: 0.071,
13017

13.018

Reetricted Blactives ]
The student wEh the help of the faculty advisor Musl HROPOSS &

Departmentsl Pregram units that aleo satisly the Gife  (38)

Urvestricted Bectives L)

Total UnRs Beyond the OiRe Required lor 8.8. Degree 196

No subject can be counted bolh as of e 17-subject GiRe
and a3 pan of the 105 units beyond the GiRs. Fvery

subject In 1he student’s depanimental program will cournt towand
one of the othet. Duf not bal.

Helot on Cowzve XN

CLASS OF 1997 or lnter. The Sclence Requirement Incresess ©
oix suDISCts with the scdition of Biciogy a8 & G, and he REST
Requirement decraases from Free subjects 1o 0. keeping e
total number of GiPs constant & 17.

114.01 or another econormics Is strongly suggested s
e Humankies, A, and Social Fequirernent §
another sudject in the flek! of economics and management B
not hcluded in 0v slecthve program.

Sudents must recelve & grads of C or Detier In 0O subjecs
which serve 88 prenequishes & other deparimental 0o
subjects Defore continuing tn the departmental program.
*ARornate prerequishies are lxted I the sutject descriplion.

s*The REST Requiremeni was formerdy calied the Sclence
Distriution Requirement. Sse Chagter Bl for further detalls on
this and ofvwc insiute feQUINMSNiL.

Bachelor of Sclence in Ocean Engineering
Course XIII-C

Course XJI1-C Is an Engineering intemship
that enables students 10 combine

ressarch, and

The Course Xill-C program leading to the
Bachelor of Science in Ocean s
accredited nwmqu-
neering and Technology.

The Course XlIi-C cunriculum Is identicel ©

Course )i, ex het 13.771 i
Intemship (12 ) is taken in of he12
units of research Or design project in
e restricied electives. Further detalis may be
obtained from the department.

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 aspects 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 Cr~
CHEM 102 Fund. of Chem 113 3
CHEM 112 Fund. of Chem Lab 113 1
ENDG 105 Engineering Graphics 2
ENGL 104 Comp. & Rhetoric K
MATH 151 Engr. Mathematics I3 4
Directed elective? K}
Military, air or naval science¢

PHED 199 i

Second Semester Cr*

ENGR 109 Engincering Prob.
Solving & Computing

MATH 161 Enginecering Math 11

PHYS 218 Mechanics

Directed elective?!

Military. air or naval science ¢

PHED 199

[+ R SV

Sl-

| Sophomore Year
| First Semester

MATH 251 Engr. Math Il

MEEN 212 Engr. Mech. 1

OCNG 401 Intro. to Oceanography
| PHY'S 208 Electricity & Optics
Dircected elective?
Military. air or naval science¢
‘ PHED 199

I'— W oda W W W

-
~)

Second Semester

CVEN 205 Engr. Mech. of Mils.
MATH 308 Differential Equations
MEEN 213 Engineering Mech. Il
OCEN 201 Intro. to Ocean Engr.
Directed electives?

Military, air or naval science
PHED 199

Junlor 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 Thermodynamics
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 Ocean 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
Occan Engineers
OCEN 481 Seminar
Technical elective?

Second Semester

CVEN 321 Materials Engr.
OCEN 107 Des. of O.E. Facilities
OCEN 410 Ocean Engr. Lab.
Directed elective !

Technical electives?

- Q
00 b [ W IV JN PV PURR PR 3

¢

0 . Q - _ Qo . 0
Silrwem eaw™ Yl w wwe SMvwwowe™ Ghuvwwemw

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.

lorida Atlanti ive

The other two ocean eng’ineering 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 kr four-yesr students is Bsied

Firet Fall Torm

College Writing | (Gordon Rule)

General Chemisty |

General Chemistry | Lab

Calaudus 1 (Gordon Ruls)
Reason and Value (GR)

Introduction 10 Ocean
Engineering

First Spring Torm

Genecal Physics |

General Physics | Lab
Calculus #l (Gordon Rule)
College Writing I (Gordon Rule)
PASCAL

First Summer Toerm
Macroeconomics
Stalics

CORE courss...
Fine Arts

Second Fall Term

Genenal L ]

Second Spring Term
|

Enginoering Math |
General Chemistry il
General Chemistry it Lab

Second Summer Term

Third Fall Term

Marine Geochemistry

Numerical Meth. or
Probability & Statistics

ENC 1101
CHM 2048
CHM 204SL
MAC 3311

PHI 1030

EOC 3000
subtotal

PHY 3040

PHY 3040L
MAC 3312

ENC 1102

COP 2210

subtotal

ECO 2013
€O0C 3108

ARH 2000, or
MU 2010, or
THE 3000

PHI 00X
MAC 3313
PHY 3044
PHY 3041L

WOH 2012

EOC 3113
EOC 3150
MAP 3308
CHM 2048
CHM 2048L
subtotal

EGS 1111
EEL 3004

EML 3141
OCG 3001
EOC 3114
MAD 3400 or
STA 4032
EEL 3003
subtotal
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EOC 3123
€0C 3200
€0C 3308
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GEA 2000

ECO 2023
subtotal
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EOC 4422

EOC 4804
EEL 3341

"N & W

subtotal

EOC 4183
EOC 4804l

3
3
3
EOC 4831 3
subtotal 12

TOTAL 138

Compiote st least four technical eleclives, tree of
which must be from a single aes of speciallzation es

Indicated in the following:

EOC 4503
EOC 4510
EOC 4308C
OCC 4000

EOC 4202

EOC 4204C
EOC 4201C
EOC 4410C

ENVIRONMENTAL ENGINEERING

Env. Eng. & Aquatic Poluion

Kacine Gootechnique
Vibration, Shock, & Noise Con.
Ship Hydrodynamics |

OCC 4000
EOC 4220
EOC 4115C
EOC 4503

ACOUSTICS AND SIGNAL PROCESSING

Underwster Sound Prop.
Vibrabon, Shock, & Noise Con.

Ship Hydrodynamics |
Env. Eng. & Aquatic Poliution

FROM THE 1994-95 "UNDERGRADUATE CATALOG")

EOC 4308C
EOC 4115C
EOC 4503
OCC 4080

EOC 4220
EOC 4410C
EOC 4414
EOC 4415

FIGURE 11. THE CURRICULUM AT FLORIDA ATLANTIC UNIVERSITY (REPRODUCED



DEGREE REQUIREMENTS

Candidases for 3 Bachelor of Science in Ocean Engincering
rouext complcte the minimum course requirements outlined in
program may be made only with the approval of the student’s
faculty advisor and the concurrence of the deparument head.

For defintion of electives (or engineering programs, see the
Undergraduate Information and Regulations section of this
catalog.

FPresbhman Year
Fall Credits
BUS 1301 Basic Economics® 3
CHM 1101 General Chemisuy 1 ]
QOOM 1101 Composition and Rhetoric 3
MTH 1001 Calcuhus 1 4
OCN 1001 Oceanography and Environmental Systems .“....i;
Spring
OOM 1102 Wiriting abowut Literahare 3
MTH 1002 Calculus 2 4
OCE 1001 Introduction 1o Ocean Enginecring ........w...3
PHY 1001 Physics 1 ) 4
PHY - 2091 Physics Lab 1 T;
“Or Social Sclence Elective
Sopbomore Year
Fall Credits
HUM 2051 Guilization 1 ....... 3
MAE 2081 Statics 3
MTH 2001 Cakculus 3 4
PHY 2002 Physics 2 4
PHY 2092 Physics Lab 2 |
CSE xxxx Restricted Elective (Compuser Sdence) .........—... ..g
Sgring
HUM 2052 Qvilization 2 3
MAE 2082 Dynamics ........ 3
MAE 3082 Deformable Solids 3
MTH 2201 Differential Equations and Linear Algebn ............4
OCN xoax Restricted Elective (Oceanography) .- .«m...._z
¥
Jumior Year
rall Credity
COM 2223 Sdentific and Technical Communication ...
OCE 3010 Engincering Materials 4
OCE 3030 Pluid Mechanics 3
OCE 3033 Fluid Mechanics Lab 1
OQN 3401 Physical Oceanography ... - .
Free Blective ... 3
T
Spriog
BCE 4991 Blectrical GICUR ...cocooeneniienieeneccvnee e reeseoenes 3
MAE 3191 Engincering Thermodymamics 1 ...........c v, 3
OCE 3521 Hydromechanics and Waves ... -3
OCE 3522 Water Wave Lab ... O |
OCE 4541 Ocean Engincering Design ..
OCE 4571 Fundamentals of Naval Architecture e X
16

Sumener
OCE 4911 Marine Ficld Project |
OCE 4912 Marine Field Projea 2
OCE 4913 Marine Fiedd Project ..., 3
3
Sentor Year
Fall Credis
CVE 3015 Stuctural Analysis and Desigh .................... ... 3
OCE 4545 Hydroacoustics ..3
OCE mox Restricted Blective (Ocean Engincering) .............. 3
Humanitics Bective .........cocoereene.n. s
13
Speing
CVE 4000 Enginecering Economy and Planning....................... 3
OCE 4518 Protection of Marine Materials .............................. 3
OCE 4542 Ocean Engineering Systerns Design.....................3
Technical Bective 3
B
TOTAL CREDITS REQUIRED 13%

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 prepared
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 systems 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 de not offer graduate 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
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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 applicatiori 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 prospectus. 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 - Berkel
The graduate studies programs at Berkeley offered by the 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, andf
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. ButI
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 publications. 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 Universit

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 Engineer 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 Engineefing 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 Structures (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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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
stréngth of materials course are given in Figures 14 through 17. The ship design
course is 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
practice has many of the original publishers very much concerned and has led to a
number of law suits) but blend these and the instructor's own material into a
coherent package that reinforces and to some extent supplements the lectures.
Several additional courses in structures beyond NA 510 are available for graduate
students at Michigan, including particularly NA 518, Strength Reliability of Ship and
Offshore Structures, and NA 574, Computer-Aided Hull Design and Production.
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NA IV - SHIP S8TRUCTURES PROF. PETRIE
FALL 1994
Lecture
No, Date Topric Reading
1. M-8/22 Course Overview & Introduction 1-16
2.3, T-8/23 GCeneral Approach to Analysis 78-8¢
of Design
4. Th-8/25 Sources of Loading
s. M-8/29 End Launching
6.7. T-8/30 Lab-Launching Project
8. Th-9/1 Load Transfer & Framing Systeas
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
14.18, T-9/13 Lab-F.E.M. Intro; ALGOR plate modelling
18. Th-9/15% Shear Lag-Effective Width
17. M-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. M-9/28 Hull Module; Loads & B,C.
22.213. T-9/27 Lab-ALGOR-stiffened panel
24. Th-9/29 Hull Girder Shear Flow
25. M-10/3 EXAM #1
26.27. T-10/4 Lab., - Project I - Hull Module
28. Th-10/86 Design Criteria
29. ¥-10/10 Fajlure Modes & Limit States
30.31. T-10/11 Lab. - Project I
32. Th-10/13 Patigue Assessaent
33. M-10/117 NO CLASS - PFALL RECESS
34.35. T-10/18 Lab., - Project I
36. Th-10/20 Large Deflection Plate Bending Theory
7. M-10/24 Intro. to Elastic Buckling of Plates
38.39. T-10/28% Lab. - Project I
40, Th-10/27 Plate Buckling
41. M-10/31 Stiffened Panel Buckling
42.43., T-11/1 Lab. -~ Project I DUE
44. Th-11/3 Principal Member Analysis - Modelling
45. M-11/7 Principal . ¢ - Loads & B.C.
48. T-11/8 {Monday Schedule) Intro. to Project II-P.M.A.
47. Th-11/10 GRP - Material Properties .
48. M-11/14 GRP - Single Skin & Cored Construction
49.50. T-11/15 Lab. - Project Il
51. Th-11/17 SNAME Meetings
52. M-11/28 GRP - Panel Design
53.54. T-11/29 Lab. - Project Il
5S. Th-12/1 GRP - Panel Design
56. M-12/$ 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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310. Marine Strvctures |

Presequisie: ME 211. 1 (4 credils)
M-ﬂthMMNM!M&M#Mm,
wmwmwmmm;mmww
Combined styesses and Gikse Bheories. Framing systems. Biittle Kacture and fatigue
failure modes, structural delails. Midship section synthesis, classification sociely rules
stress superposdlion. Material and fabrication considerations.

NA310 MARINE STRUCTURES |
Fall 1994
COURSE OUTLINE

Notes It
I Tetroduction ] 1.1-1.8
o Still Water Losding 1l
b Wave Loading D
n. Beam Stress Analysis 23
Y ile Beam Bending -]
tm‘ls«:ﬁouAdyia k1]
1 ¢. Beam Buckfing “ 12.1-128
| 4. Stress Superposition @
J ¢ More Thoroegh Evaluatioa of Stress Y, 21-24
{ . Stiffeacd Plate s0d Framing Systerms 93
| c sod Euﬂ‘qdlﬂudnﬂu 110 13.1-134
" IV.  Escrgy Methods i 51.58
u.'lothndm&eﬂ 11
b Virtusal Work and Equilibcim Requirements 116 ’
V.  Faike Blement Acalysis ¥4 19.1-19.6
Vi. Failere Analysis 39
& Ductile and Britfle Failure Criteria (k. 4.14.6,18.1
&, Fracture 19 15.1-15.4
c Fetigue 9 16.1-163
|\ Vi. Stectoral Details 140
8. Stress Conceatrations {40 14.1-143
b. Weld Stress Asalysis 140
¢. Bolted Coanectioas 14
|
INSTRUCTOR:
Prof. Dele G. Karr
NAME 2368
%4-3217
QOURSE MATERIALS:
Course sotes (by William S. Vorus & Dele G. Kamr) available ot Ulrich's
Text: Mechanics of Materials, by Boresi, Schmid, and Sidebotiom; fifth editics.

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



410. Marise Structsres Nl

PrerequisAes: NA 310, pracedsd or accompanied by NA 340, |, Il (3 credits)
Equilibrium methods, energy mefhods and matrix methods are applied to problems in
finear elastic beam theory. Soksions lor classic beam problems include static bending,
forsion, buckling. and vibration. Modeling and analysis lechniques for ship and marine
structural design are reviewed. Introduction o finite element analysis.

NA41¢ MARINE STRUCTURES H

Fall 19%¢
Course Outline
Topic Dexcription
L Unsymmetrical Beam Bending and Extensios
ided sod :
:gﬂ; um, Stresses, sad Deflection
¢. Blastic Suabifity
fl.  Energy Methods
:wg‘t'.‘dlimihulw
c.hcmaﬂm Foewy
4. Recigrocal Theorem
¢. Rayleigh-Ritz Method
flil. Torsica
8. Circular asd Noacircular Cross Sections
. This-Walled Closed Cross Sections
c.Wuph‘_
d. Lateral-Torsional Beam Bockfing
IV. BasticPlastic Analysis
$deal '
:lim'nwdaau

¢ Thick-W Pressure Vessels

8. Beams sod Bearn $

b. Plane- and Analysis
INSTRUCTOR:
Prof. Dale G. Karr
NAME 368
764-3217

IEXL

7."7‘
12.1-12.8

st
$2-34

6.16S
66
6.7

4142
69,78
1n.i-ns

193

Advanced Mechanics of Materials, by Boresi, Schmid, and Sidebottom; fifth editica.

FIGURE 19. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR

NA 410, MARINE STRUCTURES II
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§10. Marine Strvctural Mechaaics

Preroquisie: NA 310 or CEE 312 or ME 311 or Aero 314 R {4 credits)

Von Karman plate equations, Strip-beam and plate sohulions with geometric and material
non-linearities. Application to ship and platform analysis in damage condition. The
flange tripping non-fineardy. Elastic and plastic analysis of Mal plates. Eftects of aspect
ratio. Ship main-deck buckling example.

NASLO
MARINE muc‘l}y”nu MECHANICS
Couswe Ogillze
Topic Teat Qugeer
latroduction

& Geometric and Matenial NoaSinearities
b Trpplag of Plate StifTeaers -

fl.  Cootinvum Mechanics

& Stress asd Deviatoric Stress Teasars 1.1
&, Deformation Teasars 1.7
1.7
11

¢. Strala Teasors
4. Coostitwtive Bquations

{il. VYoa Karmes Plate Equations 8

4 Yoo Sis Diglsoemeat Rluom
. Bquilibeive kod Compatibility Equations

V. CGulcalus of Yaristions 201-212

& Principls of Virtual Work 1.
& Priaciple of Miaimom Total Poteatial Esergy ;_% 32 ‘
¢. Liscar Besm Theory 40-44

\%ﬁpm
anc«am
V.  Agglicstions

& Stp Beam Asalyses 83.84
% Saep- Problems 88 |
¢ Plane

iTe 37-!@
¢. Classical Piste Theory &1-.67

VI  Fadure of Plales

& Plate Bucklisg R
& Post Boﬁm&mg 13-8is
¢ Efective Width snd
Vil.  Tatroductios to Theory of Plasticity
2 Yield Cooditions

b. Rigid, Perfecdly Plastic Deformation
¢. Upper and Lower Bound Theorems

4 Plastic Coflapse of Structural Elemests
INSTRUCTOR:
Prof. Dale G. Kagy
NAME 2368
764-3217
IEXTS:

%dmwﬂMhMHmleMMCL

NAS10 Marine Structural Mechanics Course Notes, by D.G. Kaer sod W. 8. Voros,

FIGURE 20. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 510, MARINE STRUCTURAL MECHANICS
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NA 310 - MARINE STRUCTURES |

Table of Contents
 Page(s)
1. INTRODUCTION l
a. Still Water Loading 10-24
b. Wave Loading 24-26
[I. BEAM STRESS ANALYSIS 27
a. Co ite Beam Bending 27-35
b. Mi gSecuoo Analysis 3545
¢. Beam i 46-73
d. Stress Superposition 74-83
¢. More Thorough Evaluation of Stress 84-102
HI. STIFFENED PLATE AND FRAMING SYSTEMS 103
a. Hull Transverse Strength 105-110
b. Static Stability and Determinacy 111-118
¢. Bending and Buckling of Rectangular Plate 18
V. ENERGY METHODS 119
3. Work and Strain Energy 119-123
b. Virtual Work and Equilibrium RequiremeaTS 124-134
V. FINITE ELEMENT METHOD 135§
a. Virtual Work 136-137
b. Truss Bar Elements 137-146
¢. Beam Finite Blemeats 147-155
V1. FAILURE ANALYSIS 156
VII. STRUCTURAL DETAILS 157
a. Stress Coocentrations 187
b. Weld Suess Analysis 157-161
¢. Bolted Connections 161-168

APPENDIX A  Refereoces
APPENDIX B  American Bureau of Shi ing

Rules for Building and Classing

Steel Vessel Vessels 1994, Pant 3, Section 6
APPENDIX C  Midship Sections

APPENDIXD  Moment Distribution

FIGURE 22. "NA 310 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF VORUS
AND KARR)
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TABLE OF CONTENTS

I. INTRODUCTION . 1

A. GEOMETRIC AND MATERIAL NONLINEARITIES 2

B. TRIPPING ANALYSIS 6
. CONTINUUM MECHANICS 1S
A. STRESS TENSORS 1
B. DEFORMATION TENSORS 18
C. CONSTITUTIVE EQUATIONS 23
IOL VON KARMAN PLATE EQUATIONS 32
A. STRESS AND STRAIN 32
B. HOOKE'S LAW 32
C. STRAIN-DISPLACEMENT RELATIONS 33
D. REDUCTION TO FLAT PLATES 14
B. RESULTANT-STRESS RELATIONS........... 3s
F. EQUILIBRIUM 39
G. THE VON KARMAN PLATE BQUATIONS. 41
H. STRIP-BEAM SOLUTIONS 44
IV. CALCULUS OF VARIATIONS. = 50
A. THE NOTATION OF YARIATIONAL CALCULUS 53
B. PRINCIPLE OF MINIMUM TOTAL POTENTIAL ENERGY 60
. C. THE RITZ METHOD 60
Y. APPLICATIONS. 67
A. STRIP-BEAM ANALYSDS 57
B. THB SNAP-THRU PROBLEM 78
VL PLATE BUCKLING 8t
| A. EXAMPLE FORMULATION 81
B. SIMPLY SUPPORTED PLATES 33
Vil. IDEAL PLASTICITY. 88
A. CONSTITUTIVE EQUATIONS 38
B. PLASTIC FLOW LAWS 91
C. PLASTIC COLLAPSE 9s

FIGURE 23. "NA 510 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF DALE
KARR)
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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.

Th iversity of New Orlean.

The required undergraduate course in marine structural analysis and design at

- New Orleans is NAME 3120, Ship Hull Strength, 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 undergraduate
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

=51 -




COURSR DESCRIPTION
NAME 3120--Ship Hull 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: William S. Vorus, NA310 Ship Strength I: Informal
Notes, U. of Michigan NAME, 1986.

Reference: Ship Design and Construction, and Ship Structural
Design, SNAME.

Coordinator: J.M. Palzarano, Assistant Professor of NAME

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

Prerequisites by topic:

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

Topics:

1. Introduction to ships and offshore Structures (3 classes)
2. Loads on ships and offshore structures (2 classes)

3. Longitudinal Strength (4 classes)

4. Transverse Strength (2 classes)

S. Plated Structures (4 classes)

6. Stress concentration and Fatigue (2 classes)

7. Joints in ships and offshore structures (2 classes)

8. Pabrication and Welding (2 classes)

9. Midship Section Design (4 classes)

7. Tests (2 classes)

Computer usage:

1. Each student must write and run a FORTRAN 77 program 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 50%
Engineering design: 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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COURSE DRSCRIPTION
NAME 4120--Ship Structural Design and Analysis
Spring Semester 199¢

1992 Catalog Data: NAME 4120 Review of Longitudinal Strength;
principal stress distributions and stress trajectories; local
strength analysis; panels under lateral lcad; 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.,b1982. °

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 beams, beam/columns and plates to integrate thea into overall
ship structural design.

Prerequisites by topic:

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

Topics:

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

2. Derxrivation 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)

S. Ship Rull and Beam Vibration (6 classes)

6. Buckling of Beam Columns (2 classes)

7. Energy Methods (2 classes)

8. Plates/frames (2 classes)

?. 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. Falzarano 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

Textbogk: William Weaver, Finite Elements for Structural
Analysis, Prentice Hall, 19584.

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: l
1. Basic Ship structural design

2. Strength of materials
3. Basic vibrations

Topics:

1. Introduction to Finite Elements (6 classes)
2. Plane Stress and Strain (6 classes)

3. Isoparametric Formulation (4 classes)

4. Flexure of Plates (4 classes)

S. General and Axisymetric Shells (4 classes)
6. Vibration Analysis (4 classes)

7. Instability Analysis (2 classes)

8. Tests (2 classes)

Computer usage:
|
1. Three homework as§ignments, students are required to run a
general purpose finite element program to analyze various|
aspects of finite glement 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: 1 credits or 33%

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

FIGURE 26. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, FINITE
ELEMENT ANALYSIS IN SHIP STRUCTURES




COURSE DESCRIPTION
NAME 4096 - Stability of Ship Structures
Spring Semester 1994

Proposed Catalog Data:

NAHE.4096 Stability of Ship Structures. J Credits.

Stability problems of ship and off-shore structures; stability of
columns and frames, beam-columns; plastic buckling; buckling of
plates and thin shell-type structures.

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

Reference: Structure Stability, W. P. Chen and E. M. 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)

Estimated ABET Category Content:
Engineering Science: 3 credits or 100%

Prepared by: Dr. B. Inozu Date: March 24, 1994

FIGURE 27. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, STABILITY OF
SHIP STRUCTURES
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ENMB 4756-Mechanics of Composite Materials
Pall Semester 1993

1992/9%4 Catalog Data: ENME 4756 Mechanics of Composite
Materials Cr. 3

Prerequisites: Civil Engineering 4353 or consent of
department. 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 FPiber 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
service conditions. A design project including a
written and oral presentation is required.

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

Topics:

1. Introduction (1 class)

2. Materials and processing (3 classes)

3. Behavior of uni-directional composites (4 classes)
4. Analysis of orthotropic lamina (8 classes)

S. Analysis of laminated composites (6 classes)

6. Damage mechaniems and fajilure criteria (3 classes)
7. Impact and fatigue (2 classes)

8. Bnvironmental degradation (1 class)

9. Nondestructive evaluation (1 class)

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%
Engineering Design: 1 credit or 33.3%

Prepared by: Paul Herrington Date: September 24, 1993

FIGURE 29. COURSE DESCRIPTION FOR NEW ORLEANS ENME 4756, MECHANICS OF
COMPOSITE MATERIALS
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COURSE INFORMATION SHEET

COURSE NUMBER & TITLE: Engineering 6002 - Ship Hull Strength
CALENDAR REFERENCE: Page 297 of the 1991/1992 Undergraduste 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
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER LABORATORY/TUTORIAL
SECTION: 6/168
MAJOR TOPICS:

1. Longitudinal Strength of Ships (9 lectures).

2. Transverse Strength (12 lectures).

3. Torsion (3 lectures).

4. Matrix Displacement Method (6 lectures).

8. Finite Element Methods (8 lectures).

PRESCRIBED TEXT(S):
1. Strength of Shipa, by J.R. Pauling,
Chapter 4, in
€.V. Lewds, Editor. , SNAME, (1988).

2. Introductory Structural Anatvsis,
by Wang and Saimon, Prentice Hal, (1984),

INSTRUCTIONAL HOURS PER WEEK: 3 lectures and 2 lab.utorial hours per week.

COMPUTER EXPERIENCE: Students are required 10 design 8 spread sheet for s ship's {
midship section calculstion.

LABORATORY EXPERIENCE: students ars required to submit 8 midship section design i
project.

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

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

AVERAGE GRADE/FAILURE RATE: 69%/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 Structursl Analysis and Design
CALENDAR REFERENCE: Page 299 of the 1991-92 Undergraduste University
Calendar (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: §/13
MAJOR TOPICS:
1. Ship structursl safety: rationsl design; rule-bssed design; partial safety
factors; safety index; probability of failure (5 lectures)
2. Long uniformly loaded thin plates: elastic, elasto-plastic and plastic design;
various edge constraints (8 lectures)
3. Finite aspect ratio plstes: elastic, elasto-plastic and plastic design; vanoua
odgo constraints (4 lectures)
4. Buckling and ultimate strength of columns (3 lectures)
8. Buckling of (long) plates including concepts of effective and reduced
effective width (6 lectures)
6. Grillage design: effective breadth; plastic design of beams; combined loads
and faiture; magnification factor; interaction equations to estimate failure (8
lectures)
7. Buckiing of wide plates; welding distortions snd their effect on incremental
coflapse (4 lectures)

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

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); occasionsl
tutorial and discussion sessions averaging out to 1 hour every two weeks,
COMPUTER EXPERIENCE: nil

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 Mechanies 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 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 1
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 byi
selecting from among them much as do those at Michigan and the other universities.
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FIGURE 32. SELECTED MEMORIAL CALENDAR COURSE DESCRIPTIONS
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NA 134
Fall Semester 1988

1988-89 Catalog Data: NA 134: Ship Structures. Credit 3. Introduction o the specialized f
of ship structures and their design. Structural loads, hull ;i:dul:.‘& r.e::lum
components analysis, laterally loaded grillages and cross-stiffened plates,
Py 4 Heifobion ey ks I e
classification society rules in ination in the desi
Prerequisites: NA 151, CE | BECReNprocess.

Textbook: J.P. Comstock Editor, Principles of Naval Architecture, SNAME, 1967.
R. Taggan, Editor, Ship Design and Construction, SNAME, 1980,

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

Goals: To introduce the student who has atready compleied a course in elementary
swength of materials 1o 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:
;. ggucnrﬂ loads cxpegmed by ships shtcn:r :t‘l:' marm:l s:t«focnnué’ (Glclassa)
. X girder theory with emphasis oa torsional effects. (7 classes)
3. Hulldeckhouse interaction.  classes)
4. Elastic theory of stiffened plates. (7 classes)
S. Plate buckling theory and the used of design charts for predicting the buckling strength of structural
p nts. (S classes)
7

. ‘lk{ie sm?c‘nﬁ:g gzsﬂg: ;feg, mfmﬁwgﬁfm lnfl7 r:m)pmedures. (7 classes) .
Computer Usage:
1. Homework assignment on designing stiffened panel of a ship bottom structure.
Laboratory Projects (including major items of equipment and instrumentation used):

1. None

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

Engincering Science: 2 credits or 66%
Engineering Design: 1 credits or 33%

Date:; Sv[l./!irf

Prepared by: AHW

——

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

}b; Mn » secondary and tertiary dehavior
tyoic aidship sections
2. Loads applied to ship structure

(3) Static Toads--standard longitudinal strength calculations
(b) Dynamfc loads--low and high frequency loads

3. 8ox girder analysts
(3) Two dimensfonal stress analysis
(b) Stress distridutfon around 3 sectfon
(c) Shear and girth stresses
(d) Design considerations

e) Ultimate strength and faflyre
4, éhe)ar ‘ag and ef?egcuve dbread& nodes

(3) Bastc concept
(d) Application and design charts

S. Oeckhouses and superstructures
(a) Two-beam analysis
(b) Experimental results

6. Bending of plates
(a) lsotropic plates
{b) Orthotropic and stiffened.plates

7. Buckling of plates
{a) tsotropic
(d) 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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fnstructort

Ship Structures
J. R, Pavlling

Fall 1999

Course Outline and Schedule (Subject to chinge ot whin of instructor)

Feading Reference!

Heek

® ® ~w o

10

12
13

14

13

Pub. SNAME, N.Y,, (9¢8,

Tooig
Introduction - The big picture.
Ship structural static loads.

Dynaaic wave loads - detersinistic,
Probabilistic.

Long tera extrese loads.
Other coesponents of dynamic loading

Box girder snalysis
Section sodulus computation

Shear and transverse stress distridbution
Shear lag and sffective breadth

Torsion and related effects

Secondary structural response

Plate beanding
MIOTERM EXAM

Transverse strength considerations
Deckhouses and superstructures

Modes of structursl failure, lieit states
Fajlure theories

Structural instability and buckling

Ultinate strength
Fatigue

Introduction to reliability

Catch up. Loose ends. Review.

FVA » Principles of Naval Architecture, Vol. 1, Lewis (Ed.)

Reading Referenceg

Ch, 3, Sect. t

20‘. 20‘

2,3-2.8
2. 6'2..

20"2- 10
2.11

2.1-3.2
3.3

3.4-3.3
.6 |
3.7

3.8, 3.9
.10, 3.18
.12

312

‘.l-‘.3

4.3-4,7

4,9

Sect. S

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




3.

Topicalt Outline
WA 184 - Ship Structures

Nature of sbip etructures aad dasic coacepts of ship
structural desigs.

a. Arrangement of structural compoanests.
b. TFunctioa of structural components.
¢. Comparison of ship structures to other structures.

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

Ship structural loads (demand)

a. List of loads (static, quasi-static, dynamic)

b. Standard static load computation and use in classification
society rules.

Plane stress analysis

a. Derivation of equatiocas of equilidrium.

b. Stress conceatratioa.

Analysis of hull girder and bhull module cosponeats

a. Elementary box beam analysis ia bending.

b. Torsioa of thin-valled slender beans vith closed sections.
¢. Shear effects 1a thin-walled slender beams.

Laterally loaded grillages and cross-stiffened panels:

descriptios of phesomens, derivatioa of equatioas of equilidriuam,
use of design charts.

Buckling and ultimate strength of columns and plates.

Further aspects of structural faflure (capadility).
8. Teonsile/compressive fracture and failure theories
b. Patigue

e. Brittle fracture

d. Velded coanections
Uncertainty of design process (demand vs. capadbility).

Classification society rules.

FIGURE 36. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES
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2407 - THEORY OF SHIP STAUCTURES
Alas Mansour

TENTATIVE OUTLINE

I. Representation of the Sea Surface
1. Probebility distcibutions associated with a randoa
process,
2. Statlonary and ergodic processes,
3. Autocorcelation function and spectral density of a
stationary crandoa process.
4. Typlcal sea data and sea spectra.

tl. Oynsmic loads and cesponse of a ship hull considered as a
tlgid body.
1. Input - output relations
2. Transfer functions /response asplitude operators.
3. Shilp cresponse spectra in long-and shoct-crested seas.

I1l. tong-terms Prediction of Wave Loads - €xtreme Value and
Order Statistics
1. Llong-ters distridutions.
2. Extceme wvave loads - ocder statistics,
3. CExtceme total wvave and stillwater loads.,

IV. Pully Prodbabilistic Relliadility Anslysis (Level 111)
1. vacladility in hull strength.
2. Reliadbllity concepts.
3. Pcobadility of faflure using deterainistic o¢ nocmally
distributed stillvater loads,
4.M0des of fafluce In hogging and sagging conditions -
bounds on the total pcobadility of Caflure.
V. Paflure Analysis Procedures - Design Considecations
1. Long-tera procedure.,
2. Short-teca proceduce.
J. Application of fafluce analysis to a Mariner and 3
tanker.
4. The level of safety-optimlization critects.
S. Deternination of & hull section ®odulus for s prescribed
level of salety.

VI. Seal-Prodabllistic Relfability Analysis (Level 11)
1. The acan value (fcst order second aoment method.
2. The Rasofec/Lind reliability {ndex,
3. Inclusion of distcibution {nforsation,
4. Parctial safety Cactors (Level I).
$. Cxample application and coamparisons.

vil. Oynamic Loads and Response of a Ship Hull Considered as &
flexible Body
1. High-(requency steady springing loads and response.
2. High-lrequency transient-slamming 10ads and response.
). Combining the high-and low-frequency loads.

vIitl, Ship Mull Ultimate Stcength
1.Palluce a3 3 cesult of ylelding and plastic €lov (the
plastic collapse, shakedown and (nitisl yleld moments),
2. Failute 23 3 cesult of Instability and buckling (modes of
stiflened plate buckling falflure).

FIGURE 37. COURSE DESCRIPTION FOR BERKELEY NA 240A, THEORY OF SHIP
STRUCTURES
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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 these involving structural analysis and design. But Figure 38
includés 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.

Virgini lytechnic Institute a Universi
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 -




Priaciples of Ship Design 1442
The ant and sciencs of ship design.  Hell streagth and structana) design
requirements by first priaciples and ABS rules; the desiga process; applice-
tion of estimation and iteratioa procedures with emphasis oa preliminary bull
dimeasions sad weight estimases; comperative saalysis of vessel and peyload
with figures of merit; hull vibratoas; preliminary developmeat of geaeral

CAD Ineeasive course ierminases widh 3 team-prepared
prefiminary hull snd amangements design 1o be completed ia Ship Design/

Syseem Intcgration (1444).

Crodit Hours: 40

Format: Qlass Project

Presequisite: 1342

Corequisite: 1453

Restrictionss Lic Cadets and NAME Majors caly

PROECTED OFFIRING: FALL

19. Longitudinal Strength Analysis (8) - Based wpoa your Second
Weight'COG Estimate, Losdiag Cooditioa Calculaticns and sppropriate
routines from MaxSurf/Hydromax, the Desigs Team shall:

a. Evaloste Still Water, Hogging and Saggiag Longitudinal Strength of
your vessel In each of the 4 loadiag conditicns. The maximum
bendiag moment and sbear force shall be highlighted for each
coaditioa.

b. Usiag the maximum beading momeat and shear force values from
part a), determine the material used in the coastructioa of your
bufl and cakulate the maximum permissible beading and sbear
stress.

¢. Cakulate the required midship section modulus for your vessel.

d. Provide plots of the weight, buoyancy, load, shear and bending
momeat curves for each of the analyzed cases, ideatifying the
focations of the maximom shear and beading momeat values.

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

a. Design, draw and label the midship section for your vessel [Insure
that all major stroctural members are included and dimeasions
are provided.

b. Determine the plate thickaess for all decks, shell and bottom
platiag.

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

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

e. Determine the Moment of Inertia and location of the Neutral Axis
for your midship sectioa. Provide actual bending moment and
shear stress calkculations for this section and compare said actual
values 1o 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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Eaginsering
Majors. Completion of projoct begus i Priacipies of Skip Design (1442).
Hull model resistance testing, elecuic phat sad susilfiary rymcm design,

CPMAERT ploning, HVAC, engiaceriag ecosomics, end wads off studies Ouidance for Looolufioal Sirecgld Roeponalie Person :
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m&nhpdhm-mrw—mdﬂu L Generst Procedume :
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Former Chasy/Projecy M"W\!‘%mmmwmmm
Prerequisie: 1442 ond 14D sncountared g

Resrictions NAME Myjors caly 2 A e longhudnal strengh porion of he Hydromax program.

PROJSCTED OITIRING: SrRDe
K. Speciic Design Procedure :
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L Oelverables :

Guidance for Midehip Secsion Dasign Responalie Person: 1. Obisin numesicel autpat for your Sghtship, bumaut, minimum opsraling
conditions.
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Design of
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LI I U I

V. Schedude : NLT Apdl 10

2 Provdde e typcal
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L § mwmmmwm

1. Provide a scaled o 2
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4. Design Nsiory documentation.
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FIGURE 39. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG

ACADEMY COURSE 1444, SHIP DESIGN/SYSTEM INTEGRATION

-69 -




STUNLONYLS dIHS ‘89¢ NA ASHNOD ANIAAVIYV TVAVN SN HOJ SNAVTIAS "OoF JUNDIA
L pow 9 ssmdwD) ‘(861 (vontpg

PITY1) WA ma *-aujuewBuor ‘saddn] ‘) g pus ussmTy ‘Y ] o, Amay] diys g (g vé 95 rmay HQEMOl[Y 30) UBraq | W #T 14
L Y, B ! | 6, W] MWL 2401 pUOKag popeo] SeLd | N ZT a
SIN oty puw £ - | Uiy ‘g pe uweg penquio) Jo seaadosg e Jo e, (£ Lomger Bupwsg worg | mNIT | Loqn)
= . _Tel . lowpawmduonseyaqaley| mwor | 9z
130 §$$0 woday ENLQAI TN IS (W . 100395 SAREPAN ¥ 36 uBiiaq rurganng !_dw_ 3 e Bupngomy | AN L] 134
16 RomRyaq WS - fuipsag ey | AN ¢ (44
(194 )0 0) L961 WOPUOY "I PIOWY “MPT IR M, ‘FnsS by fo yiBusus (S _, Bsag woysas diypy | mWy1 | op el
) €361 ‘AN A L | i SR BRI s.no Aminng sanm | AW (1 194
NG FUMUIA [|200)) (J0UPT) SIAZ H [ 2 M) puodes ndsoe0?) ulisaq jomunas diys (v _  weug -E.m N 019
P61 °OQ DABUNTIM, 1 FONLIPIL0?) UBia amidnng smaasm) | N 24
(J5S) 2ununuoy ameonag dyg ‘(01pI) SURAT “H [ ‘sdsowo?) uljeag paysnug diys (€ ¢c (o) BT o] weix 1 &
‘0861 "AN “WOA AN “TNVYNS ‘(2011p3) weBdv ], ‘wopnyneo)) puo ulisaq diys (7 907 sp2Qouy swoig | QY4 3T so a1
9 =dwi3) 1861 “AN "WOA 43N ‘INVYNS S 1 7 Sp— o o o] LT ke
(onp) smaY ‘A yiBusus puo Ki1qoiS - | st 2Ny aY 1oaoy fo sadiursg (1 132 woun(y weag AwuipsQ | 994 7 61
_ s MW usag AuQramuay | QI ZT ]
SeT—Y SLIIO Dasy nslgouy ssuf | 1T | veen
‘9361 TV wosan] 0] S1JIONVSVYD ‘ ewiy sswnd S1410. Aepmeyy Leq s mepieanyg | Q3407
B 9L61 ‘prwunno) T$ (woo) ;s g perurof-uid | Q34 L1 0 el
Runsks w25 AN ‘0109-L60-d1-0060 VASAVN.. SIS 00ums; [eAuN 20§ [enuspy uBrsa mudnng, Ts pwuypowiorng | ga4 51 91 =
"BR61 WOA My ‘ssooun N PO® SIMANIY [MABN JO 30130 MR SSUNG arOnng | QR4 p1 1 ’
W J Va0 y300.ddy wosijiKl() PIpry-semdeo) v!aé?s!u v ubisag s s r's g 90 Xy UYNS | "R €1 »!
ey A r's wmng | 9401
e o , 6t vonouse] ampnasdng-IMH | "4 8 4]
e ] o 1 © ey wie | e
sat AA.S&q_.x:._ v!,éua.io.u vjoduprong | 1y o7 i I - - Loy mmgmnnyI s | 949 =
WIysag wouses dyepy | wavsz | tieen , Le (veo0) seang moyg 2O IMH | 94 € u
s€l 13umd pomagng-ssaa) 8 jo Buippag | udy yz o , Le RIS WS OANO UMK | P o
[ T uaayRs jo Buippng woo] | (udy 1z ¢ | JOHS Boyey snopog uors il | uef 1€ | TN A
Tei- el ('w00) sjaumy pocagng joInppeg oneeg | Tudy 61 € . 1 e PNy weeg modwio) | wer of 6
907 Supong siwpg | v gt | 1ieee] 9t Moy vones | ey LT ]
el mosd peuayns jo owpeg o | vl | g e (wao) snSoeg opno IMH | W 5T L
S N T T TS T = _ 41 mmadopsasg sam) M3iop | WYL | Inqe]
144 o] paunquo ppan emwd | (udy Z1 s¢ NN | A — )T a4 >
u3isaq wones dyspyy | 108y 11 | 01 w1 Tt (w00) 3meodery :5pn0 (InH | wwroZ s
; Y- €T s wousadwo) g | 1udy o1 " et moodsy SEIO IINH | Wer g1 4
ro T ) (00) Buyyong awid opswra | (udy ¢ I LAY NaS amenng SANSSUO R0y | ey L1 ¢
weng| pdye i . _Aopuopt oJery sy musnyy | wwg 91 eso
| g vopses dwspyy | 1dvy | 6pav] Jwas wopmy ranng sdns v jo swauodwo)) | we 4
121 |  womsaxdwo) e - Suippng omyd onwwg [ qudy ¢ 143 e 8T VT NS TR s | (I )| !
Y . molmewyewey3 | CEWIC | I Serpeey peadory oy ong | werwy
- Bnnpng vumio) | N 62 ot e
E9psaq oS Sy | SN ST | Be Q) $661 WLLSINDS DNTeIS
(SN g vwno) | N (2 (34 o

P 2 = _ o = X o STRALINLS SING




3¢9 ®Itpead ¢

q o SHUNLONULS ONTHIINIONI NVADO
¥y NH ISHNOOD ANIAVIV TVAVN SN HOA SNHVTIAS ANV NOLLJI¥)OSIA ASYNO0D

tubyseq Buyaesurbugy

RCC  AIPOID T  eueyOos Buyaeeuibuz

$JUSJUO) ejTMYINE

*SP8PI}0 PUE SUOCTIOOTJOP
03 ®3IN3INIJE SIOUNJJO ue Jo sysiiwue pelieieq :3oefoig wmxel °%

1s30efoxg Krojeioqw]

*80anPNIS JOo sysireur 103ndmoo XTI °C
030 ‘wpeocy WOl ‘SE0I0] SAwA
YITA pejvjoosse suojjende ieTeds jo Buimmeaboxd seyspesxdg ¢
‘uoysIeAuy xyxyem Aq suoyyenbe
Jeeuyy JO uwogInios e3ndmoo Xfijew puw suoTIeiedo XTIIENH T

€

tobuen 03ndeod
eel °

(34 SINJONIIW BIOYSIJO JO sysieuy °
¢ oBuIpeo] GARA Ppuw pPuIM
'3 ¢ syeileun TRINIONIIS XJIIEN T

TSUBYYD
stvjaejey Jo yabuemyg ¢

*8OINIONIAS SAOYSJ IO
3o ubBysep puw sjsiivue 03 eeYex Len
29 SUOTIVASPTOUCD LVOTITPUNOJ DUV sbugpeoT
(IUTMBITAUS ‘sslTeur {TUINIONIIS XTIIN
30 ehperacuy Suyxioa v sxofva Suyaesuybue
uwedo GAfS 03 peubisep ST OSIN0CO SIUL

308993014 ‘UOBSA®] ‘R °I

(uosawg °n °3 Aq) (TTem
©07US 1Y) ONICTINIOND TVENIOOLLE TUOHSLLO

‘LT
1o37oTNBeIOLS °POIPNIO DIV SUOTIVIGDTRUOD
slevyIoywe puv ‘Suypeor ‘SUCTITPUTOJ
‘ejoe3 e SAUA ‘BUOTITPUOD Azepunog
*peONPOIIUY 939 STsAlwur JuUsEeT® OJITUTI
puv spoylem XyIywa Burpnisuy sendiuyoely
ubyeeq *S9IN3ONIAS UWEDO POX]I 303
PUOTIRIIPTIVCO UBTSOP TEINDNAINE ° (C-0-C)

STENIONULIS ONIMAINIONE KVYEDO Tyl

€

] SUOTITIGPTSUCD UOTIVPUNOL  ° Y
<

3

1soydoy

tooydoy, g sv3yeyndexexd

$9Yv0D

1IOJVUTPICOY 9BIANOD

2
1@\& AooqIXeL

1w3eq nBoTvIRD (66T

SEVALIO0NELS ONIUNERIDNE NYEOO -~ TP0NR

‘Ir ANDIA

PoTIed uoTaIeuyuex] T1-6 03 »-§
AOIASY L £2 1
™ 1 2444
sejon S8PLd SUOYIEPUNO L=
» SIND
" . ot-v
. . -
se30R S8R spoy3eN oyIvas LT-¢
sot-cCct 44 - m o og-¢
ccr-zey 4d SPeO] [TIUSWUOATAUR 12 814
Xwolg BDuyadg | 24
zot-9¢ 4d - . Le-t
s¢-¢s 4d ®pROT [PIUSWUOITAUR or-t
T sInd
08-¢9 44 . - ct-2
19-1% 64 s1etsuy Teanjoniag 22 4
T ™
1s-9¢ 44 . . oc-t
oc-Lt 64 srsiyeuy (eINIONIG ce-t
- °xqeb1yY XTIIW I-1
xypueddy wxqebly xyaaen
st-¢c od 0T 3IONPOIIUL 6-t
ussubyesy Suypeey oydoy yoop
11 [} STEALONYLS ONIVTINIONT NVIDO0 19 NI

271 -




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 Figure 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
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Movesber 13, 196%

ALROS?ACT AND OCTZAN ENGINEIRING 024
STRUCTURES
( ADP TITLI: $TRUCTVRES { )

CATALOG DESCRIPTION:
3024 STRUCTURES |
Reviev of sechardcs of materials. Stresses in stifZened
shell beasms. Deformation analysis by energy aeZhods.
Multicell beanms. Introduction t3 e salcix s312%ness
sethoed (aclud ing truss and beam elesents. Pre: esn
2004 (38, XC), I
COURSE STATUS:
a. Ravised Course
b. Comdinatioca of present AOL 251, 3252 and 3253 coverage
c. ECfective March 1987
d. Not [or Crtaduatas Credis
PREALQUISITES & COREQUISITES:

2SM 2004 Mechanics of Deforaable 3odies lays the fousda-
tions for the material fa this course.

JUSTIZICATION:

This 1is the basic siructures course for aecospace and
ocedan enqineers. It (s focused oa the hia-valled Deans
that doainate the coastructioa of aecdspace and scean
vaehicles. Thls coutse is & combination of macerial f:-5a
the cucrsent (Quarter) coucses )25, $2, S).

EDUCAT [ONAL QB8JECTIVES:

The ¢Cv0 major objectives are 20 make the s=udent qaia
tie physical understandiag of 2Me effect of loads on je-
aeTi¢ 470 & ocean stIuCIuses 4nd 5 acualat Cthes wilid
sisple cosputational technigues neeZed 3¢ rough ssti-
sates of stresses and displaceseats.

[NSTRUCTOR:

R. Haftka, 4860

TEXTS AND SPECIAL TEACHING ALDS:
Peecy and Azar, A[RCRAST STRUCTURES, Mcsraw-@ill, 1362.

SYLLABUS:
Peccent of
Course
L. Reviev of sechuanics of materials b} 4
2. Stresses In stiffened-shell beras 3153

Skin-stzinger agproximatioz
Opea sec=iocns: siresses and stear centar
Single-cell slosed sections: si-essas
Unsyamet:sical sections
J. Deformaction analysis by energy sethods2C3
Strain enezgy asehod
¥ork-enesgy sethod
Vait load mezhod
Single<cell closed sectiocns: Twist and elasc:¢ axis
Maxvell's theores of rec1pzocal displacesens
4. Multi-zell Deans 15%
Stcesses and deforaazions
Tocsisnal scillzess and olastic ax:is
S. T[ateoduczion T2 the matosix st:ffness 2325%2d
Review of linear aijebrs ax 2atrix asizhasecs:e
vefinstiong: descrete displaceaents. act:ises.
and dejrees of f:rsedoa; flex:dirii%y and
stifiness mazrices
Elesent sti1llness 3atrizes 237 Tsiss asd Sela
silements
tracnuse sTiilless 2atrix By superposition
Solution for displacements and Teact.ons
Coeputer appilicasiong

oCT

FIGURE 42. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3024, STRUCTURES I
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AZROSPACE AND OCRAN DGOEZRING 3224

OCRAN STRUCTURES
(ADP TITLE. OCEAN STRUCTURES)
CATALOG DESCRIPTION:
bz ] OCEAN STRICTURZS

Overview of pertace ﬁmummﬂm—uuu‘
Appbcaos of veam aad plase deediag sad buckhng theores. Frame aad Sam elomam
srecowndl analysa Pre 0N (30 )0) B

OOURSE STATUE:

& Reviesd Courm
& No major changs Mevision of courne gylebes
¢ Cihcive Jan 1996

PREREQUISITES & COREQUSITES:

NWWHMJMWH-&W*-
provided by ACE 3024,

ASTIFICATION:

The increasing power sad svailablity of deskaog computers, sad advances is Smit sty onulysis
mlm#ﬁﬂ«u)dh.ﬁﬂm-nm-b.h
Stroctural desigs procest for thigs snd ocses strectwns. The revisions iacorporate thees asw
uchods of srecesrel dacign.

EDUCATIONAL CBECTIVES:

Haviag mcceestelly completnd is coprse, S sudeat will be sbils i (1) idestify G varioss
Hmunﬂhddh&-mimmm-um
wwkuta—u-mmw“ﬁn
Gaite slomment machod, (€) dusign ecem recteres Gt cas withetzed he harvh logd epvirenment
od parfarm their intended feace

DETRUCTOR:

Oues Faghas, 1-5747

TEXTS AND SPECIAL TEACHING AIDS:
Tex

Flaghm, Owen, SHIP STRUCTURAL DESIGN: A RATIONALL Y-SASED, COMPUTER-
ADED OPTIMIZATION APPROACH Society of Noval Arxchitecs and barins agineess,
Jersey, Ciny, NJ. 1983, 564 pags.

SYLLADUS Prcent
Corm
Priscignl Loading eed Strectral Rasposse of Ocuea Strecowms. »
Basic Aspeces of Fisite Blowent Asalysia 8
Puse Beading, 1
Bucktung of Colwnas and Beam Columan 1
Buckfing and Uenste Stroagnh of Psing, »

FIGURE 43. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3224,
OCEAN STRUCTURES
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ALROSPACT NO OCLAN CMCIMLERIMG 4024
CONPUTATIONAL STRUCTURAL ANALYS(S
{ ADP TITLE: COMP. STRUCT. AMALYS. )
I. CATALOG DESCALPTiON:
43¢ COMPUTATIONAL STRUCTURAL ANALYSIS

Static and vidratory response of framed sttuctures. The
matrix eigenvalue prodlea for buckling and free wi-
brations. Static response of laminated coamposite plates
by the (finite element method. Pre: 3124 or )22¢.
(38,3¢) tt.

11. COURSE STATUS:

a. Revised course

b. Expansion of the present AOL 4250
¢. Lffective Narch 1987

d. Graduate credit not requested

118, PREREQUISITES & COREQUISITES:

fatroduction to aatrix stiffness sethod and linesr vi-
brations of multi-degres-of-freedoa systess. AOC 311¢
and AOC 3224 cover thess topice.

I¥. JUSTI{FICATION:

This course is designed o continue from AOE 3124 or AOE
3224, and presents sore advanced computerited analysis
of etructural statics, stability, and vibrations. Thls
course is an expansion of the saterial nov covered |{a
AOL 42%0. Prerequieites sake this a sgaior level course

V. EDUCATIONAL OSJECTIVES:

The objectives ars to provide the understending of, and
sethods to implement the computer solutioca to, the
static and vibratory response of skeletal and cootinuous
structures found {n vehicles.

Vi. INSTRUCTOR:
£. R. Johnson, 6699

VII. TEXTS AMD SPECIAL TEACHINC A1DS:

VIll. SYLLABUS:

Pecceat of
Coutse
1. Con%inued matrix structursl
snalysies by the stiflness
nethod for trusses, frames,
and grids 20%
Distributed loads,
temperature vacriations,
structursl sodifications,
symmatrical structures
Rateix algebra and linear
simultanecus eqQuations:
bandedness, sparsenass,
trisngularizatioa
2. The matrix Ligeavalue
Problem 20%
Buckling of coluans
and simple frames
{qecmetcic stiffness)
Free vibrations of
sulti-degree-of-
freedom structures
Matrix iterationa

{otroduction to numerical
Analysis of laainated
Ceaposite Plates
Rirchhoff plate
theory; strajin-
dieplacesant
oquations, equi-
lidbrium equations,
boundary conditions,
vertual work
Classical lamination
theory: shear-extension
coupling, extensioa-
bending coupling
finite element method
for static response
of aid-plane symmetric
lantnates: the plane
stcess or in-plane

peodblea; the bending
problea

FIGURE 44. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4034,
COMPUTATIONAL STRUCTURAL ANALYSIS
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vi.

vit.
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FIGURE 45. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4054, STABILITY OF

Noveaber 29, 1903

ALROSPACT ASD OCCAN EMCINEERINC 4034
STASILITY OF STRUCTVRLS
( ADP TITLE: STAS. OF STRUCTURLS )
CATALOG DESCRIPTION:
4054 STABILITY OF STRUCTURES

{atroduction to the methods of static structural stabil-
ity anlysis and their applications. Buckling of coluans
and frames. [Energy sethod and spproximate selutioas.
Elastic and {nelastic behavior. Torsional and lateral
buckling. Ues of stabllity as 3 etructural design cri-
‘;orioa. Pre: . 3024 or CT 3111 or ESK 3080. (3N,3C)
AL,

COURSE STATUS:

a. Revised coucse

b. Expansion of AL 4500

€. Effective Rarch 1987

d. Craduale credit requested

PREREQUISITES & CORIQUISITES:

Banic methods of structural analysis covered ia 3024 or
CE 3111 or ISN )080.

JUSTIFICATION:

This course 10 an elective for AOEC, CE and LSK senlorse
and graduste studeats. The course includes both theore-
tical concepts of stability and applications to struee
tural engineeriag practice. To understand the
satheaatical theory zeQuires a minimum of seaior lgvel
maturity ia structural analysis. Thie is an expansion
of the material covered in AOE ¢600. The course s
cross listed with CT and ESK 40%4.

EDUCATIOMAL OBJECTIVES:

The aim is to give students an understanding of the im-
portance of stability as & govecning desiga criterien
and to provide the basis for understanding the buckling
criteria (n design codes.

INSTRUCTOR:
€. R. Johnson, 6499
TEXTS AND SPECIAL TEACHING AIDS:

Simitses, G. M., IZLASTIC STABILITY OF STRUCTURES,
Preatice Hall, 1976.

SYLLABUS:

Percent of
Course
1. Introduction Using Rigid Bar

and Spring Nodels of Real
Structures 20%
Concepts and delinitiocas

of stability

Equilibrium, energy.

and kinetic methods

of analyeis

Corms of instadilicy

bifurcation, liatt

point

Isperfection seasitivity

STRUCTURES

-76 -

. Tlexural Buckling of
Coluans

Equilibriua approach;

perlect and taperfect

coluane, Southwell
Plot
Kinetic approach,

load-frequency curves

Enerqy approach and
spproximate methods;
Rayleigh-Rits,
CGalerkia, fiaite
difference

Clastic support
conditions and
elastic foundatioa;
critical spring
otiffness

Inelastic dehavior;
column design curve

3. Buckling of Plane
frames

Application of beaa-
coluan theory

Svay buckling

4. Torsional-Flexural
Buckling sad
Lateral Buckliing of
Thin-Walled Opea-
Section Coluans

$. MNonconservative Loads
Beck's Coluan

0%

a8

—§




AZROSPACE AND OCZAN DNGINTERING 4184
DESIGH AND OPTIMITATION OF COMPOSITE MATERIALS AXD STRUCTURES
( ADP TITLE: DES/OPT OF COMP NATLS )

f. CATALOG DESCRIPTION:

4104
BEM 4184
DESIGH AND OPTINIZATION OF COMPOSITE KATERIALS AMD

STRUCTURES

Desi aspects of laminats constitutive relstions,
coupling and decoupling of in-plane and out-of-plane
elastic response. Tailoring of laminated composite
materials to meet design requirements on etiffness and

str through the use of graphical and numerical
optimization techniques. Introduction to integer
programming: branch-and-bound Bmethod and genetic

algorithms. Stacking sequence design of laminated
composite beams and plates via integer programaing.

Pres 3034, CB 3404, or ESX JO84. (IH, 3C) each. 1II.

I1. COURSE STATUS:

a. New Course.

b. N/A.
e. Bftective date is Spring Semsstar, 1993.
d. Graduate credit is not requested.

I1X. PREREQUISITES & CORZQUISITES:

Knovledge of the fundamentals of mechanics of deformadle
saterials, and etructural pechanice is prerequisite.
Knovledge of wechanics of composite naterials is bighly
recomsended but not required,

IV. JUSTIFICATION:

taminated composite materials are replacing conventional
saterials in many structural design applications. An
{ncreased number of material variables that can be used
to wmest design requiresents makes optimization an ideal
tool for design. The discrete nature of ply thickness
and fiber orientation angles that are usad for practical
design situations further requires the use of integer
programning methods. The design of cosposite materials
is, therefore, primarily a stacking sequence
optimisatioa prodbles which requires’ very special
optimisation tools.

V. EDUCATIOMAL OBJECTIVES:

At the successful completion of this course, the
students will be able to dulgn stacking esequence of
laninated composites optisally by making use of unique
elastic proparties of the material that couple in-plane
and out-ot-ghm deformation nodes in a complex manner.
Students vill Dbe abdle to use novel computear bised
programaing techniques for the stacking sequance designm,
and demonstrate the approach by designing beas and plate
structures for in-plane and ocut-of-plane stiffness and
strength requirements.

VI. INSTRUCTOR:

Zafer Curdal, ESN Professor, 1-5905 and Raphael T. Raftka,
AOE Professor, 1-4860.

ViI. TEXTS ARD SPECIAL TEACHING AIDS:

Required Class notes by 3. Gurdal, R. T. Baftka, and P.
Bajela (To be Published). Optional reference textbooks
include:

Jones, R. N. MECHANICS OF COMPOSITE MATERIALS. WNew
York, Nesmisphere Publishing Co., 197%. 1380.

Tsai, Stephen W, CONPOSITE OESIGN. Dayton, Ohio:
Think Composites, 1990. 380,

Vinson, J. R., and R. L. Sierakovski. THE BERMAVIOR oOF
STRUCTURES CONPOSED OF CONPOSITE MATERIALS. Boston:
Martinus Nijboff Publishers, 1987. xi, 323.

§.

Percent of
Course

Introduction to design and 3.%%
optinisetica

Lazinate constitutive behavior 12.0%
a. Nechanical losding (3.3%)

b. Bygrothersal loeding (3.358%)

{ng response, decoupling

€. Coupl
(3.5¢)

d. Design varisdle definitions
(2.5%)

Composits failure theories s.0%
a. Llasina fallure (2.5%)
d. Laminate failure (2.5%)

Laninate in-plane stiffness and 26.0%
strength design

a. PRanxing, carpet plots (58)
d. CGraphical optimizatioa {7%)

e. -cnpulcal stacking sequence
design (1.5%)

4. Sandvich laminats design
(3.%8)

e. Design for tamperature and
molsture loading (7%)

Stacking sequence design via 17.5%
i{nteger programaing
a. Branch-and-bound algoritha

(7%)

». Cenetic search algorithm
(%)

€. Stocking sequence design as an
integer problea (3.38%)

stacking sequance design for 2¢.0%
bending stiffoess and strength

b. Bean design for buckling
(%)

c. Plate design for buckling
(graphical) (2%)

4. Plate design for buckling
(computational) (108}

Expert systems and artifical 11.08%
intelligence in composite Julqn

a. DExpert systeas for composits
design (9.5%)

d. BReural netwvorks for coaposite
design (5.58%)

FIGURE 46. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4184, DESIGN AND
OPTIMIZATION OF COMPOSITE MATERIALS
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AEROSPACE AND OCEAN ENGRNEERING

Brogoml for o New Coone
AOB 984

Compuser dasod Desiga of This-Wall Strectures
CATALOG DESCRIPTION:
4984 Computes-based Desiga of ThinWall Strucreres Vi
Method for creating computer-dased structwral models for combined flaite element
analysia, 5mit ste analysis and optimization (for wse i the analysis/desigs projects)
Buckling of plates, xiffenod panels and cylinders.  Eigenvalue methods for buckiing
and viteation. Incremencal plastic collapse; other progressive collapse. Ukinmse
srength of large mrucrural modules  Approxicnately six computer-based Lt
analysisiesign projects, of increasing scope ind realiem, are assigned throughoat the
course.
Pre: 326 or322¢. CH XO). &
COURSE STATUS:
New course; 10 commence Spring 1996; 1 semester. Gradusie credit is requested.
PREREQUASITES:
Some of the material in the AOE 3124 and AOE 3224 Is essential (or this cour:

asic structunl anatysis, te fundxmengals of the Anits elerent method, and the
simpler types of sructural failure.

v

JUSTIFICATION

The increasing power and availability of deskiop computen, aad sdvances @ the limit
stase asalysis (buckling, fracture, plastic collapee, sc.) of farge thin-wall stractures &re
tansforming the stroctural design process far grucrares. Increasingly the varioos timit
uunmwymmw.nm)umuu
Sormulate the constraints for & mahematical optimization process which produces =
opticum structure, accarding 0 the designer’s specified meanure of merit

'm biect mtroduces the stodens 1o this new method of sructural desigs, giviag
himyher:
(1)  =a onderstanding of the various types of sroctwal faihwre and other Bt seates
that can oo is large complex thin-wall sroctares

8 knowledge of the compater dased algorithms that are sseded © perform Hmit
o~ .

hands-on experiencs, through a series (approximataly six) of increasingly
comprebensive and reafistic compruter-desed Timit state soalyris sad optimum
structural design projects.

This course builds cn the jumiar level couwrses AOE 3124 Acrospace Stractures aad
AOE 322¢ Ocesn Structures, which give simply 18 overvicw and some of e
fundamentals (e.g. the basics of finite clemcat analysis, md e simpler types of liomi
states). This course covens the tore complex types of limit states md mechanions of
failure for sructures of differing geometry and loading: sircraft, shipa, and other thin-
wall sructures. Besides the thecry, it also presencs the compatationsl algorithens thet
sre required for these limit ste analyses.

@
o

The compuer-based projects give the srodent 3 firstand knowledge of bow the theory
and the algorithms are sctually used i3 modera compuier-tided optizum srvcture
design and/or Umit sate analysis. This practical experience greatly assists te
undersanding and sppreciazion of the subject mwterial, the sne a8 & aborstary
experiments in the narural wiences. B also gives the wudent some experience ia the
design of sructures, which a present is act inchuded in the curmicalan.

od

Grachote credit is req this is 3 relanvely aew developoiens i srucrunul
design. &t i core thorough and & involves more thecry (ar “engineering science” or
“first principles approach”) than the traditional senicr sructaral desigs couwe.  Many
aerospace and/or xean engirvering deparunents 3o ot yet \each thn nrw, more
comprebensive approach, and erefare many wcoming graduate srudents will et be
familiar with &

-78 -
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EDUCATIONAL OBECTIVES: ‘
Having successfully completed this cowse, the srodent will: (1) have & god
Inowledge of s verions st mates that portain w0 cach of e Eifferent types of th
wall grectures; (2) be faomliar with the compotational algorithes for dealing wxb
theos Enil sateg; (3) enderstand bow the verions it maies are o 8
“raticoally besed” optioams design mechod, by constituting scxme of de “construnes”
the optimization; (4) bave cbtained firsm hand cxpericace & waing thens algorithms h
imit mate sralysis aad ot wsing & moders comptar aided optizaes srectwra) design
method.

INSTRUCTOR: ‘
Professor Owea Hughea, 5747

TEXTS AND SPECIAL TEACHING ADDS:
Text

COMPUTER-AIDED GFTMIZATION AFPROACH S, ke Cio New
Jersey, 1982 - 364 pages. e
Manual for he compster-eided design projects

gER’SHANUALMMAESIIO. Protews Engincering, Stevensville, MD, 1985
pages.

Spocial Teaching Aide

None

SYLLABUS

Tpic Percens

| of
Coung

I Modefing Mechods for Compuser-Aided Stracrural Design s

1 Buctling (clestc snd ioclawic) of Plaxes 15

3. Duckiing (clastic snd loclestic) of Siffened Prncls

¢ Buking (clastic aad inehwic) of Siffennd Cylinders ts

S, Bucking aad Viraios by Eigravaiue Mechods ts

& Pudwe of Large Strectaral Modales Due 1 Bending snd Shear E

1. Metudology of Compusa-Basd Sructural Desigs 15«

FIGURE 47. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4984,
COMPUTER-BASED DESIGN OF THIN-WALL STRUCTURES




tv.

ve.

vit.

Rareh 19, 1986

AEROSPACE AND OCEAN ENGINEERING $024
VENICLE STRUCTURES
C ADP TITLE: VENICLE STRUCTURES )
CATALOG DESCRIPTION:
5024
YEMICLE STRUCTURES

€xact and spproxieate methods far analysis and design of
88rospace and sarine structures. Stresses, Straing,
Ceastitutive Equastions, Boundary Yalue Predlees, and Twe
Dimensfonsl Elesticity. Tersien. Varfotional Retheds,
Yirtual Work and Ensrgy Princisles, Structural Nechanics
Theoreas, Traditionsl Apprexisate Nethods and Laminated
Plates. (34,30

COURSE STATUS:

8. Redified Course
B. Revisien of AOE 3221, 2,3 sequence inte single coeurse
€. Effective Fall 1788

PREREQUISITES & COREQUISITES,

JUSTIFICATION:

As accurate stress analysis ef various aserospace and
ocesn structures 13 2 prarequisite te their optisua de-
siga. In sractice, varieus exsct and asprexisate snaly-
8is techniques are used te perfora such an asnalysis.
There 13 & need te tesch our graduate students » ceurse
that prevides an {ndenth knowvledge of concests {a ad-
vaaced Structursl Anslysis techalfques and slse helps
thee ia the understanding ef various concepts of Struce
tural Rachanics.

EDUCATIONAL OBJECTIVES:

The educatieonal objectives of this ceurse will bde te 1~
port a coaprehensive knewledge of various cencests eof
Structursl Rechanics as eesleyed 4in the snalysis and de-
sign of asrespace and sarine structures. This knewledge
will alse prepere the students te take othar, soere spo-

cfalized, courses in Structures.

INSTRUCTOR:
f. K. Xapanis - 4881, R. T. Ralftha ~ 4840

TEXTS AND SPECIAL TEACNING ALDS:

Reddy, J. N., "ENERGY AND VARIATIONAL METNODS IN APPLICD
MECHANEICS,® Jehn Wiley, MY 1984. Alse class notes.

SYLLANUS:
Parcent of
Course
PART 4 (THEORY OF ELASTICITY)
1. Introduction, Stress and
18%

Straina
Stress and Strain at »
point, Stress Tensers
and Cauchy's Forsuls,
Lagrangian snd Eulerian
Yarjables, Retatien
Tenser, Transfarsation
of Stress and Strain
Tensors, Princisal
Stresses, Princisal
Planes., Princisal Axes
of Strain, Cospatidilicy

Equations.

2.

N

Constitutive Cauatiens ang
Gther Cansiderations
Generalized Rooke’s Law,
Anistetrepic Matarinly,
Tenger of Elastic Con-
stants, $train Energy
Density Function
Elastic Sysumatry,
Transfersation eof
€lostic Modulls,
Relation smong Elastic
Constants, Boundary
Yalue Probless fer
Linear Elasticity,
Safint Yenant's
Princisle, Unieueness
of Selutien
Torsien
Tersten of Circular
and Moncirculae
Sectiens, Thin Walled
Sectiens, $ingle ang

Multicell Tubes,
Warping Functien,
Divergonce of airceafe
wings, Aziasl censtraiat
fer thin welled sectiens
under tersien

PART B (APPROXINATE NETNODS)

Virtual Work and Energy
Princisles
Werk and Energy, Straia
snd Ceaslementary Energy,
Princisles of Yirtual
Displacenents, Unit
Duesy Disslacesent
Mathod, Principlas of
Tetal Petential
Energy, Virtusl
Forces and Coeplesentary
Potential Energy, Unit
Dumsy Lesd Nethed.
Castigliane’s First and
Secong Theoress, Naxwvell~
Jotti Reciprocal Theesrea.
Traditional Asprexisste
(e.9. fitz, Galeskin,
lesst seuare 8nd cellecat-
fen) aethods. Apprexieate
Retheds te Analyze Alrcrafe
Wings wunder Aeredynsafic
Loads
Analysis ef Thin Lasinated
Plates
Equations of Netien for
fsotroptc and Thinm
Lasinated Plates,
Kirchoff's Theery,
Exact and Aperoxieate
Solutfons ef Bending
of Plates, Thersmal
Stressss, Analysis
of Delta Wings and
Control Surfaces
Analysis of Thin Lasinated
Shells
€quations of satien for
cylindrical and
spherical shells,
Axisyametric, Asysaetric
and Edge leads, Shallow-
Shell Theory. lnextensional
Shell Theory, and Neebrane
Shell Theery. Analysis of
Rings (Bulkheads).

Analysis of Aerospace
Yahicles

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

STRUCTURES
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t. W?
2 W
3. w2
4 W4
s. wié
6 w9
7. i
8. W
9. W2
10. Y28
"I m
12 10
13. WS
1. W7
10710

15. W2
16. 10714
17. won?
18. 1019
19. 10121
20. 10724
21. 1026
2. 1028
3. 10t
& W2
8. 1w
% W7
n. we
(7] ]

3 114
9. 1é
0. s
n. tunt
k DI T2l
1nrs

32 nes
3 11130
Y S g
- DA
F g Il
Rk S
39 .‘.. I:

Course Syiladus, Fall 199%¢

Istroductios
Atomic structares of meserials

Axial force. shew, & bendiag moment

Alloy sysiems
Bending stresses

Neo Cless
Basic metalturgy of seed
Comgposite beams

Shesr stresses
Basic metallorgy of sied
Box girder amlysis

Dellections

Stresses & saning
Lsotropic & sisotopic materials
Colambus Dey (No Class)

This-walled shells
Thick-walled shells

Composite shells
Quis 1
Yield

Fracture Criterion

Mechanisms of increating streagths of alfloys

Inclastic bendieg

Fundamentals of mechasical properties of metals

5.1.5.10
61463

(¥
1478

10.t-10.7
l-l'l-’o l"”
3132 3438

19-3.10
-3

15818
L19820
60 10.12

Atomic mechanims of plastic deformation and fractare
Alomic mechanismns of plastic deformation aad fracture

Plastic limit analysis

Joiniag and cuttiag techaologies
Veierans Day (No Cless)

Suuctural instabiliey
Joiniag and cutuag techaologies
Columa buckliag

Quiz 2
Briule frcrure

Thenksgiving Holiday (No Class)

Elastic strain enerpy

Briute frxcture

Examples using 2aergy nethed
Vintual work

Faugue fracuure
Casugliano s theceen

Dochhouse and §.oemsu:tares
Project Presentations

138-1)9

105118

10750010 1314

PS# Ow

PS# Due. PS#2 On

PS#2 Due. PS#) Ow

P543 Due. PS4 Owm

PS84 D

P583 Om

P583 Dus. PS#6 Ow

PS86 Due. PS#7 Om

PS#7 Due. PSS Owt

PS#9 Owt. Term Prosect

PS#9 Due. PSe!2 Ot

25210 Due

Term Prosevt 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.




’ CURRENT AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION |

|

Figure 4
13490
- —— e = dxthn
[ Novel Archiechse
1318 13141 1347
Malfertain for Ocean Srvohurd Weiding
Engreetng Macheniss Enginourtng
‘l i |
1ne
20 e o= oe={ m"““"' Design Principies
Design far Ooean VeNciae ‘
|
|
P 13442
dverced SNp Sadety of Mertne
Producton Syslame
|
13,412 7 T 1“3‘
Prircipies of Newl Mathods
Acaiysls

PROPOSED AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION

Flgure 2
m
Snchure ond
Properiss of |
| Materte
1390 .
1 Sruchnd Weidng and ‘
Machanios Joiring Procesess
|
\
w2 na \
(EXTTF) Ship Struchurd Design Principiss
Plates and Shels P Analyeis 0w = for Ocean Vehicies
| _omer
13.PROO 13.112 [
Shp Febrication 1 g Le—— P Safety of Mare
ardt Production | Srtem I
[’ ‘ 2082 |
13412
EY-7Y) Methods of
Principies of Newel
' pova Corrosion Enginsering

FIGURE 50. ARRANGEMENT OF STRUCTURAL COURSES FOR MIT I1I-A, NAVAL
CONSTRUCTION AND ENGINEERING PROGRAM (COURTESY OF ALAN \

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

Text: An Introduction to the Mechanics of Solids. S. H. Crandall. \. C.
Dahl & T. J. Lardner. McGraw-Hill. 1978.

Course Schedule

- Introduction & Fundamentals of Mechanics (Chapeer 1)
- Equilibrium of Rigid Bodies and Free-Body Disgrams (Chapter 1)
. Deformable Bodies (Chapter 2)
. Statically Determinate & Indeterminate Structures (Chapeer 2)
. Stress & Strain (Chapters 4 & 3)
. Mohr’s Circle (Chapter 4)
. Equations of Elasticity (Chapter 5)
. Initial Yield (Chapter 3)
9. Fracture & Fatigue (Chapter 5)
10. Pressure Vessels (Chapter 5 & Class Notes)
e Thin-walled cylindrical & spherical shells
¢ Thick-walled cylinders & spheres
11. Elementary Beam Theory
¢ Bending moment and shear disgrams (Chapeer 3)
¢ Bending stresses and shear flow (Chaper 7)
e Composite beams (Chapter 7)
® Deflection (Chapter 8)
o Torsion (Chapter 6)

e Beam buckling (Chapter 9)
® Yielding and plastic beam analysis (Class Notes:

- Inelastic bending and ultimate strengzh 'Class Notes:
- Plastic duckling {Class Notes!

D N e WD N

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

in Room 1-242

NS

TEACUING ANQISTANT

COURSE INFORMATION

(Os) Tomasz Wierzoicki
Protessor of Appiied Mechancs
Room £-218 Exr 12104
Tice Zours: “onoay & Weanesaay .
Frday i1 90-:2.%0

I |

Jiamti Boulahbai

Room 3-014A. Ext ;<966
ffice Hours: Monday. Wsdnesday i.90 - 2.30
and by amangement

GRADING e 3 Quizzes 125% eacas T8
.0 Problem Sets e
AV} 1Yol Assigned each Wednesaay.

<

v

L
*
*

.
*
.

79 be rerumed the following Wednesaav

Taere il be 2 cenaity 1or unexcuseq e tomewon.
Ixcuses saoud be directen w0 e T A. or ine acuity
aneaa of time.

| SEFSRENCE 300K, 3. C. Ugunal. Stresses in Plates and Shetls. \icGraw Hill

of € A Q 'G

+ ang H Shames ana Clive L. Dvm. Energy and Finite Element Methods
8 Structuras Mechanses. MeGoaw Hill

3. Tlmosnerxo ana Waowsay-X-eger. Theor of Plazes and Sheils.

TleGean Al

COURSE QUTLINE

t. Coocept of Strain

Ooe-Dimensional Case

(nitial and Current Coordinaes

Elements of Tensor Analysis ®

Derivation of Stramm Tensors

Stram-Displacement Relauoas (or Moderately Large Deflections of Plates

Concens of Stress

Oae-Dimensional Cave
Work Equivalence
Three-Dimenvional Caoe

Y Theone o Lizgar ' usnuny

Stresa-Serain Relgtons
Elasaic Straen Lnvr gy and Comple mentary Energy
1D Cave 223 3 Do

4 Vanaiony Poropiss o Clany

Prncipar of Satnawnty of Total Potenual Encrgy
Pnncipal ot Minunum Puenual Encrgy

Castighiano « Theorem

Approximation \ethudy

Rz Methay  Gulerkin Method and their Equivalence

5. Apphcauion vt L inunwngl Metheds for Deavayon of Equilibaum Equanoas

Three -Dimenseona Buady
Equilibnum .t Plaes

Equilidrium of Shells. General Case
Rotationalls Sy mmetric Shells

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

STRUCTURAL MECHANICS
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& Modergiely Lrge Detlecuon of Plaies
o \anauonat Anproach
o Equiibnum
o Boundans Cunuitions
¢ Examples

7. Blasuc Sabilicy of Structures

General Concept

Adjacent Equilibrium Verus Enecgy Method

Linear Stabslity Equauons of Plaies

Buckling Solutions for Rectangular Plates

Buckling of Stiffened Plates

Ultimate Strength of Plates |
Elastic-Plasuc Buckling

8. Buckling of Cslindneal Shell
General Equations

Applications. Uniform Exicrnal Pressure
Axial Loading

Combined Louding

Torsional Buckling

Imperfecuons and Compansoa with Experiments !

o Thin Shell Approximation

* Shallow Shell \pprocimation

* Membeane Nhells !
o Applications. Chlinders, Cones and Spberes ‘

10. Transverse Nhear Effects in Beams, Plates and Shells,
Basic Concepts in Sandwich Structures




1. The concept of strass

Stress tensor

Caucsy forouls

Prainzizal stresses

Stress deviater

Plans stress

Mohr =1ircle

Rotaz:ion of csordinate system
Polar and c¢cylindrical coordinates

2. The concept of strain

StTain Teasures

Strain and spin tenseors
Physizal intarpretation
Pla:a szzaun

Cn:axial ssrains

3. Elastic constitutive equations

LaZe cconstants

Yourg's oodulus and Poisson's tatic
Isotrapy and kcaogeneity

Slcpie states: Rydrostatic loading
Uniaxial stress and pure shear
Hook's law for plain stress

4. The concept of equilibriua

Eyqsilitrivm cf 3 3-dimensional :ady
Garerilized siresses

ggeilibrium ¢ 2 tedd

Tstaticns

azcring lize :c:2le)
Eguilibriua vis cthe ¢rincipies :¢ <irtual vork

. Elesentary theory of beams

Love - Kirchhoff hypothesis
Integrated constitutive equation
Classical bending equations
Soundary conditions

Example solutions

Effects of large displacements

€. Energy methods in elasticity

Bending and membrane ensrgies

Total potential eneryy

Equilibrium vis variational formulations
Boundary conditions

Ritz and other approximate metdods
Exanples

7. Stability of equilibrium - buckling

Oiscrete column - illustration of basic concepts
Trerttz condition tor stabflity

Column tuckling as an eigenvalue problem

fuler formula

Plastic buckling

Design of columns - buckling curve

8. Elementary plasticity

7ield condition as a failure criterion

Sshavior teyond initial yielding

Plastic flov and strain - hardening

Necking and fracture

Plastic bending - the <concept of a plastic hinge
Limit analysis

Crushing of circular and prismatic tudes

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




12.014 Marine Structures and Materisle

Prereq.: 2.001, 18.09
v
309

Furdamentals of soiid machanics and
materiais science needed for desion and
tabrcaton of mesne sructres. Topics related
0 3056 mechanics include advanced beam
and structural tekrre. Topics redsied o
mmmwwm
fechniques.

13.10J introduction 0 Structural Mechanice

(Same subject a3 1.573).

zrm: 2.01 or 2.001,18.03
(U]

4-0-8 H-LEVEL Grad Credit

Fundamental concepts of siuchual mechanics
with appiEcations 10 Maring and chdl structures.
ing equstions of connuum mechanics.

Goveming
Analysis of beams, columng, and shefs. Exact

and approximate methods for analysis of stas-
cally indetermingte STUCRI6S, Srergy

12.110 Introductory Structursl Anelysie

{Subject meets with 13.111)
\M.Z‘lo“

G{1)

301

Concepts of delormaton and equilibrium of
ong-Ghmensional sruchurss (bars, beams,
swings, and cables). Bending andg shear. Prin-
cipte of virlual work and energy methods in
and Galeriin. Effect of geometry changss.
Buciding of dscrete #d continuous columne.
intecpeotations and @ verificaton.
Tooght in the first fve weeks Of the term.

Meels with subject 13.111.
T. Waerzbicki

13111 Srvotursd Mechenies

(Subrect mests weih 13 110)
Prereq.: Perrmission of Insvuctor
aq)

3-0-0 H-LEVEL Grad Credt

Concept o delormabon and equiibeum in con-
nres. Dertvation of elastic stress -sran
1elations for plate and shel slernants. Bending
ond buckding of plates. Nonkinear

12.112 Safety of Marine Systeme
(New)

Proceq.: 13.014 or 13.410, 13,911, 12.42,
13.121

s@
314 HLEVEL Grad Credit

13.122 Ship Sructural Analysie snd
Ossign

Prereq.: 13.111, 13.14 or 12.410
@
3-2.7 HLEVEL Grad Credit

on primary strengih. Transverse shear stes-
ses and hermel stresses in e Ned girder. Tor-

ptvp.anmn
struchurel desgn of 8 midship module.
A J. Brown

FIGURE 54. CATALOG DESCRIPTIONS OF SELECTED MIT STRUCTURES COURSES |
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13.16J Fracture of Structural Materisle

(Same subject as 3.90J, 1.591J) [
m:zm«anuaus

\
13.17J Weiding Engineering !
|

{Same subject as 3
Preceq : 13.18 — !

I
13.410 Inroduction 10 Naval Architecture
(Revised Content and Units)

Prereq.: —

as) |
309

Introducton 1o principles of neval architectire,

in




FIGURE 55.

Class Dae Topic

| 1718 Introduction

2 1720 Basic Coocepts.

3 172}  Work and Energy

4 1725 Vil Methods

s 1727 Examples

é 1730  Stiffnces and Flexidility
7 2/} Reactions

$ 23 Eampa

9 26 Visval Analysis

10 2/8 Beamsand Frumes

1" 2/10  Shear and Moment Diagrams
12 213 Examples

13 2/1S Influence Lines (IL)

14 2/17 Mueher-Breshau's Principle
1S 2720 UseoflL

(Evening Examinatioa 2/21: 7:00-8:30 p.m.)
16 222 Examples

17 2724 Deflections of Structures

18 2727 VYirval Worck Method

19 3/1  Deflection of Beams

20 33 Euampls

21 W6  Energy Mctbods

n 38  Examples

23 V10  Sutic Indeterminacy

(Spring Break)

2 3720 Alemative Analysis

25 3/22 Satclly Indeterminaic Structures
26 3724 Compatbility Methods

27 3727  Suppoct Setements and Elastic Supports
28 V29 Examples

29 331 Subcally Indeterminate Trusses
W 43 Euamples

31 &S Slope-deflection Equations

»n 477 Frame Problems

33 410 Examples

(Evening Examination 4/11/95: 7:00-8:30 p.m.)
M 412 Bquilibrum Method for Truss Analysis
(Holiday on 4/14)

35 4/17 Equilibrium Equations by Energy Methods
36 419 Examples

37 4721 Moment Distribution Method

38 424 Examples

39 426 Matrix Methods of Analysis

40 428 Member Stiffness and Flexibility Matrices
41 5/t Transformations and Examples

42 S/3  Review

Einal Framinafion: Friday, 5 May 195: 10:00 a.m.-Nooa

SYLLABUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF

STRUCTURES
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Notes by Prof. Roschke
5.1-5.8

5.65.9

$.10-5.11

6163

64

6.56.6

7123
1.47.6
8143
$.10

9.1-9.4

9.59.7
9399
10.1-10.4
10.5-10.6

10.10-10.11

1L1-11.4
13

iLé
R

11.10
12.1-12.4
1n.s
13.1-13.3
13.4-13.7

13.8-13.9




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

FIGURE 56.

TOPICS

PART L. Review of Vibration Analysis

1. Introduction

2. Free vibration of single-degree-of-freedom linear systems
3. Forced vibration of single-degree-of-freedom linear systems
4. Two-degree-of-freedom systems

¢ Examinatioan I

8. Multi-degree-of-freedom systems (introduction)

6. Continuous systems (introductioa)

PART II. Application to Offshore Structures

7. Various offshore 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 (Marison equation)
13. Dynamic system modeling

14. Responses of offshore structures

15. Design wave loads and statistical design method

16. Elementary mooring analyses

¢ Final Examination

TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF

OFFSHORE STRUCTURES
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CVEN 688 Offshor andcoo
& wttllsructuro

Instructor:  Dr. J.M. Niedzwecki

Department of Civil Engineering

Office: CE\TN705C

Telephone: 845-1993

Office hours: As posted or cafl for an appointment.
Lecture: MWF 9-9:.50 CVLB 114

N LM

10.

11.

12
13.
14.

18.

FIGURE 57.

Jopics
Oftshore and Coastal Structures
Design Considerations and Procedures
Waves and Structures
Enviconmental Forces
Wave Force Equations
Physical Model Testing
Design Wave Approach
Dynamic Analysis and Simuiation Methods

Estimates of Wave Characteristics & Structural Response

Diffraction Analysis — (Dr. J. Roesset, ime TBA)
Mid-semester Examination (Wednesday March 6, 1891)
Q&Mnsuwa

Mm&wﬁn'u

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

Gravity Platforms
Wavukwaaloadnonﬁaﬂmnom-(br.ﬂ.‘ﬂerder.ma. 1991)
Mooring Analysis — (Dr. H. Jones, week of Aprl 7, 1891)

Compliant Platforms
Seawalls, Bulkheads, nmmmmwmm
Groins, Breakwatem
Pipefines & Outfalls

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

TOPICS LIST FOR TEXAS A&M COURSE CVEN 686, OFFSHORE AND
COASTAL STRUCTURE

e
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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) descripiions 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 1995

lMC&b;Dm. BOC 4414: Design of Marias Sicel Structures, 3 credits.
Prerequisites: BOC 3150 (Strength of Materials) aad BOC 4410C -
Structural Analysis [
Usderlying theory and design of structural steel members and their
into beam, truss and frame structures. Case study of aa
MWWWWWMMM
of Sweel Construction specification and design manual.

Textbook: McCormac, Jack C., *Structural Steel Desiga: LRFD Method®,
Hupuandlawlm

Instructor: Hector Vergars, Visiting Professor of Ocean Engineering.

Goals: This course is intended 10: (1) introduce seniors 10 e design of

simple structural sieel members and their incorporation into beam,
mwmmmmumdm
theory underlying the design code requirements; (3) clarify lessons
learaed by recourse 10 & case study of a carefully selected, small, 3D
frame structure in an ocean engincering application.

Prerequisites by Topics: 1. Strength of materials.
2. Structural analysis

Toplcs: 1. Principles of steel desiga.
2. Teasion members.

1. Homework problems involving aspects of design covered in class are assigned o a weekly
basis and graded (20%).

2. Mom—mmmﬂmdunuhmool),plulmmﬂﬂmuuuﬂ
of the term (30%).

3 mupmmmmumnmwumwmu
design of 2 marine steel structure (20%).

Estimated ABET Category Content: Engineering Science: 1 1/2 credits or 0%
Engineering Design: 1 172 credits or 50%

FIGURE 58. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4414, DESIGN OF
MARINE STEEL STRUCTURES
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‘ BOC #410C - STRUCTURAL ANALYSIS |
‘ Pall Semester 1993

199495 Catalog Damn:  BOC 4410C: Structural Asalysis L, 3 credita,
Prerequisite: BOC 3350 - Strength of Materials,

Texthook: Hibbeler, Russell C., *Structural Amalysis®, 3d Bd., Prentico-Hall
Publishing Company, 1993,

Coocdirator: Warmer Lansing, Visiting Professor of Ocean Engincering.

Gouals: ‘This course is designed o give seniors in ocean the ability 0 |
mbidsid methods. the
discussions,

| Prerequisites by Topics:

Laboratory Projects (each consisting of two bours of lsb work plus & repor(): |

1. ing of si modd of dock wod ison with jons of

2 ineering wark station MDM is of Prat trum for offshore crude ol 5
gsyne;m rk station analysis handling facility

3. Same as Lab 2 except structure is multi-span beam. |

Estimated ABET Caegory Con Engineering Science: 1.5 credits
" Engicring Deigs: 1.5 cedin 1

Prepared by: Dase: __ |
|

FIGURE 59. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4410C,
STRUCTURAL ANALYSIS
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) creaits
grerequisite: PoOC 3150
enin and thick wvalled cylinders under external hydrostatic ocean
gessure. Beans on elastic foundations. Energy methods, handling
ooks and curved beams. Contact stresses. Buckling probdleas.
gnelastic behavior of beams. Theories of failure.

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

3 credits
Prerequisite: EOC 3150 .
Classical formulation of the mathematical expressions for state of
stress and. strain in a three dimensional medium. Constitutive
relations for linearly elastic materials. Solid bodies as boundary
value problen. Plane stress and plane strain. Deesp submergence
effect on yleld surtace.

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

3 credits

Proroguloltoz 2OC 6180
c

tnteraction between fluid and solid systems. Rydroelasticity,
hydrostatic divergence, galloping vibrations and stall flutter,
vibrations of & pipe containing a fluid flow, and turbulent flow over

compliant surfaces.

3 credits

Prerequisite: Permission of Instructor.

This course covers the use of composite materials in engineering
applications. The course covers the folloving topics: non-lsotropic
mechanical behavior; micromechanical behavior of lamina and fibers;
bending, buckling, and vibration of composite materials; matrix and
reinforcement materials for composites; manufacturing techniques for

composite materials.

3 credits

Prerequisites: EOC 6152, EOC 6423

Basic features of dynamic loading and response, ph{oécnldpror:n::c of
nduced vibrations,

calculation of the dynamic response of typical structures, effects of
structural vibrations, use of models to predict dynamic loads and the

dynamic analysis, environmental loading, flow

response.of structures.

3 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, environnental loading, fixed and gravity

type platforms, seai-submersibles, floating and coampliant platforms,
external pressure shell structures including oil storage tanks,
pipelines, wet and dry subsea completion systems, buoy engineering,
concepts for frontier areas, dynamic responss.

FIGURE 60. CATALOG DESCRIPTIONS OF SELECTED FLORIDA ATLANTIC
GRADUATE STRUCTURES COURSES
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CVE 2018 STRUCTURAL ANALYSIS AND OESIGN

199408 Catalog Oatac  CVE 3018 Structurel Anslysis and Oesign. Credt 3. The auxly ot the

reistonstips.lor sirpie Krxtiiee introducton o
udmhuidnbutlnﬂnidlmuntrutthnhutdn-:J:r
bending loads it steel and concrete,. Includes the clessical methods of

andlyzing structures. Prersquistec MAE 3082
Textbooks Schodek, Structures, Prentice Hel, 1992
Refersrce Beer & Johnson, Mechenics of-Matariais, 2nd edition, McGaaw HIL
Coordraton Me: J. W. Sctwabe, P.E, Assadiate Professor of Ml Engineering
Gosles To teach the various methods of anellyzing & structure snd 1 Introduce

the student ta the design of structural elements in steel and concrete,

Strees-Strain concepts
Mechanical behavice of meterisls

1. Stuctursl systems, loads and codes; the design process. (2 classes)
2. Stablly and determinecy. (2 clssses)
: Vitual worie. (Sclasses)

Prapared by J. W. Schwabe 3 Datee §-25 - 14

|
FIGURE 61. COURSE DESCRIPTION FOR FLORIDA TECH CVE 3015, STRUCTURAL

ANALYSIS AND DESIGN

-94.




SATOTHIA INTHVIA 4O SOINVHOIANW

TVINLONAULS ‘PLSY 300 HOFL VAIHOTd HOd NOLLAIYOSAd ASUNOD - ‘29 AUNDIA

*3302> peeds b1y jJo uoT3IDIPead peol Idowdwy Jo erdwexnz-
*3owday OTWPuUApoIpiN

‘uoyIvIqQIA dTys

‘sebepusdde puw leppny-

‘Suyeid jJo sreuwg-

*Sugzvid peuelyig~

‘EOIDIQOA sujIVE 3JO YIbuesle (wooq]

*oyedioue xsyx pue XIYTTqeiIdx jo s3dedsucd dyseq

“99es WOpURI Uy Juewow DBuypueq eyl JO UOTIdTpeId
303 poyleE (vIIdeds puw wniideds saw) °303wIedg epn) ¥ (duy
sgsuodesy JO UOIIVIND(ED puw Lroeyl dTIag °eeAva JIvInbesiy

203902 UT UOTIDTPSId Juswow Sutpueq JOF [OPOW OTINT]rTQeqoly

80800139 srqyseiwIed DUV GINITPJ JO PTIITID-
‘ubyesep (CINIONIYIS
diye 307 SS[NI ,00TI0TI09 UOTIVITITESED JO UOTITDS [ddy-
TOAIND SIUSNIJUL °UOCTIVINDIPD PIVPUWIS 03 UOTSUSIXZ~
X IIITPEY]
Suypusq JO UOTIVUTEIGISD DUP SNTNPOE UOTIDOS JO UOTIPINDTEI~
‘goyrIeIndTed
PITPURIS “SBARA UT (0890A [¥NIOE UY JO Juswow bujpueg-
"Je3eA wI®d uy SuiIeo]J Apoq eldwie @
o3 veson Buypueq JO UOCTIVINO(WD *Iuswon Sutpusd [wuIpnITbuOT-
*QIBueIys [[VIGAO SO[OTYSA BSUTIEWN

cOOTUTYOSE [WINIONIIS O 8IAIU0D OFeNq JO ASTASY
*pan3IONIe dyye 3o sIusucdeo)
"owe1qo3d TUINIINIIS S[OTYSA STTIVE JO ASTANY

SOSVTIRS

STLOINIA SRIUVM 40 SIINVHOIZN TVEOLOOULS

‘s
‘L

°9
‘s

*€
i 4

°T

Sy 320

(14 .eRz [wuly
(114 YoXNE WISIDIMN
L 1 YI0M OWOH tbuypern
*UOTIOTPO I 63T puw Butwwe(g °*esAwy
03 onp puw peedg YBIM 3IP 8INIONIIE [INH YO Idwdwy 1 ‘91
*s3deduo) 10yl pue K109yl wesg
o1dutg JO UOTIWDTTAdY “ein3zdniIxs dTYS JO UOTIRIQTIA €'zt
‘Bbujae(d jO sjeuwy 17°07
‘woxg BIO3IPIN °eBureid peuezjiTIs ‘Burixong
cevekIvuy pue ubyeep TPINIONIIE Yibuelas [wdoq 6’9
*Aayizqeyrey
_pue NOTY “9eAwy Ivinbesxy Uy Ivewon burpueg jo
UoTIOTPeId “pPoyIeN dTIIS “SeAwy UT Jusmon Buypueg L’
‘eIny{yeg 3o
OIIOITID *HNINPON [PUOTIONE JO UOTIWINOTW)
PUW [OA®] 680338 °UOTIVINO(ED pIPPURIS S’y
*3uswon Buypueg pue sed3104 1weyg 3O
UOTITINOTED “OINIMIIF’ [{NY VO ePWO] “IepITH [INH €
csoIny BEVY UO peseg ubjiseqg [wINnISNIS
*9In3AINIIg TINH 4TYS Jo uoyridyiideeg °UOTIINPOIJU] Tt
aydoy Xoam

sAlevRy
LxexqQ377 uo ‘Buyeswi) puw Huypryng I0J eeIny SEY

‘INYNS TqNd ‘ LUOTIDNIJeuc) puw ubiseg dyys, reedUSISIBY
J0ddng 9 uosawy ‘1 "T0A ‘. Lioeyl diys OIseg, 1Ixey

L11-3 wooy
dejseweg (193

wexboig buiaesuybugz ueddQ

UOTSTATG OJUSTOE [PIUSWUOITAUT PUP BUTIWN

ABotouyoal 30 e#3n3TIBUL PPTIOTL

°@ "Ud ‘TNSAOIOQZ MSIPUY tIOIINIISU]
SPrDDINEA INIEVH 40 SOINVEDAN TVEOGIO0EES PLSP EDO

-95.




FIGURE 63. CATALOG DESCRIPTIONS OF SELECTED NOVA SCOTIA STRUCTURES

COURSES

MEST90 Dynanics of Offshore Strectures |
This course deals wich methods of analysis of structares
i the ocean including deterministic wave leading s0d e
subsequent resposse of jacket-type structeres.

The types of wave loeding considered ame Bincer
waves, higher order waves aad waves based apos e
streasm function. Matrix atiffocss analysis is weed in e
computer analysis of structures. The static respoases of
structures 10 wave losds are determined and the deflected
shapes and stress levels determined. Dynamic response
using normal mode methods are carried ost under the
sctiog of wave spectra and spectral fatigue analysis is
preseated.

MES§765 Dynamics of Offsbore Structures U
The course deals with random loading and e respoase
of boch jacket and gravity based structures. The statistical
joa of the sea is developed and the diffraction-
radiation analysis of large structures is presented. The
finite element method for analysis is oulioed. Various
sumerical methods used ia the analysis of offshore
structures are coasidered. Both time-domain and
frequeacy-domain analysis is carried out.
Prerequisite: MES700.

ME6820 Ship Strecture Asalysis and Desige

Types of loading and eaviroamental conditions affecting
a ship are considered. Topics laclude: stresses oa & ship
and the desiga of members 10 carry loads; riveted and
welded connections; girders, compression members, and
frames. Plates in compression and under fluid loading are
examioed. These concepts are applied 0 bulkheads and
decks and extended 10 the design of shells. Loagitudinal
streagth calculations are also considered.

MEAS™ Theory of Ship Structure Analysh 1

This course provides studeats with theoretical methods of
structural analysis for ships and occas sructures ia
various marine eavironmests. } contains: probabilistic
descriptions of occas wave losds acting oa ships and
ocean structures; the input output relatioas; respoases in
loag and short crested seas; extreme value statistics of
wave losds; variadility on bull-strength modes of failure;
relisbility concepts and design considerations.

ME&687S Theory of Ship Structural Analyds Il

This course provides studeats with advanced Greoretical
methods of structural analysis for ships and ocean structures
in various marioe eavironmeats. I deals with bull-
structure respoases 10 eavironmeatal induced loads:
hydroelastic analysis of bull flexidility, stamming and
speiaging; isotropic and orthotropic plate theories; plastic
analysis of structures; fisite elemeot methods and their
applications W0 ships and oceas structures.
Precequisite: MES$70.
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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 l

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 l
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 l

|
|

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:

I bave for the last two months been engaged in carrying out many of the requirements
seeking 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 1 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. I 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 I 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 enable you to do
so promptly.

Gratefully,

Raymond A. Yagle

FIGURE 64. COPY OF INDUSTRY QUESTIONNAIRE TRANSMITTAL LETTER
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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

of the strength chapter in the Principles of Naval Architecture editions and the
textbook Ship Structural Design - all published by The Society of Naval Architects
and Marine Engineers — as a rough scale by which to characterize the complexity and
the level of work they felt capable of handling and/or in which they were normally
engaged, did not select the latter. Some in fact responded that they did not know of
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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 5§

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 engineering 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 responses 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 great
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 questionmnaire 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,
weie 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
opportunities 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

[NstiTUTION [ B.'93] B,'94 | M2,E%,'93 [ M, E,94] D, 93 F D, '94 || l
[Twebb I 16 18 T - _ _ S
[ Michigan I 18 13 21 25 8 5
II New Orleans {r 17 9 0 0 - w - 1' I
{ Memorial 6 4 9 il 1
I Berkeley ll 4 5 6 7 2 3
uCoast Guard Academy 23 24 - - ﬂ - -4" !
Naval Academy 22,33 | 15,20 - - - - I
Virginia Tech 17 15 *5 2 * R N
MIT 1 | 5 41 | 55 11 13 4
Texas A&M 21 21 12 | 17 3 3
Florida Atlantic 16 22 8 14 4 2
Florida Tech il 22 30 7 7 0 1
Nova Scotia II - - 2 4 i 0 2 __l

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

1B=Bachelor degree, whether B.S.E., B.Sc., B.S,, naval archtitecture or ocean engineering
2M=Master's degree, whether M.S.E., M.Eng., M.S.,, M.A.Sc., naval architecture or ocean engineering
3E=Professional degree: Naval Engineer, Naval Architect, Ocean Engineer

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

5Separate 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 are 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 ofter 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
stricture 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
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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
is this the enly positive development. 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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