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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

i



satisfactorily achieving the other at the undergraduate level, even though most
schools have until recently not considered the preparation for general practice as the
main focus at the graduate level. The degree to which this is so at the dozen or so
schools of concern in this project will be assessed. Their programs will be evaluated
primarily with respect to the content appropriate to the subject of this report, marine
structural analysis and design, while noting that the generic term "ocean engineering3'
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 andlor 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 andior 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



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 ANI) OCEAN ENGINEERDJG
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



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 fuffilling their service

obligations or even later when retiring after often gaining service experience or

possibly additional formal education that might suggest that choice is quite
appropriate. These late entrants to the field have sometimes majored in engineering

disciplines other than naval architecture or ocean engineering while earning their

undergraduate degrees at the academies.

These dozen institutions are thus at present the principal sources of very nearly

all of those naval architecture and/or ocean engineering bachelor's degree-level

graduates now entering practice or continuing their studies at the graduate level, and

have been (with some variations at several of the schools) the sources for the last

several decades. They are also schools that have traditionally offered graduate

programs in naval architecture and/or ocean engineering, and still do with the

exception of the military academies and Webb - which is initiating a master's degree

program in "Ocean Technology and Commerce" as this is written. Again, several
other institutions do have graduate programs in ocean engineering, notably Hawaii,

Miami, New Hampshire, and Rhode Island, and there is now a graduate program in

5



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

INSTITUTIONS INCLUDED IN THIS STUDY.

Sources: Bulletins (Catalogs, Calendars) of the various schools (see BIBLIOGRAPHY) and personal
communication.

B - Bachelor degree, whether B.S.E., B.Sc.
M - Master's degree, whether M.S.E., M.Eng., MS., M.A.Sc.
E - Professional degree, Naval Engineer, Naval Architect, Ocean Engineer
D - Doctorate, whether D.Eng., D.Sc., Ph.D.

7

INSTITUTION DEGREE DESIGNATIONS AND UNITS DEGREE LEVELS

Webb in Naval Architecture and Marine Engineering by Webb
Institute

B'

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

B, M2, E3, D4

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

B, M

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

B, M

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

B, M, E, D

Coast Guard
Academy

in Naval Architecture and Marine Engineering by the
Department of Engineering

B

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

B

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 Engineering by the Department of Ocean
Engineering

B, M, D

Nova Scotia in Naval Architecture by the Department of Mechanical
Engineering

M, D



Engineering Education Trends and Concepts

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

Faculty members are also not entirely free to direct their own efforts as they
alone may choose. Those associated with most of the programs listed in the foregoing
must conduct research as well as teach, and have administrative committee
assignments andlor 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



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 doctoralgraduates

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 any

of these programs is thus subject to temporary and even permanent modifications

because of such changes in the size and composition of the faculty.

But programs must also be changed if the "service courses" which are included

in the curricula are altered. These obviously include the basic courses in
mathematics - typically through differential equations - and chemistry, physics, and

often computer programming and usage included in all undergraduate engineering

curricula, but termed service courses because they are typically given by a unit other

than the departments responsible for the naval architecture and/or ocean engineering

programs of interest in this study. This is usually also the situation with regard to
the introductory courses in thermodynamics, electrical and material science and
engineering, and mechanics - statics, dynamics, fluid mechanics, and solid mechanics

(mechanics of deformable materials or bodies, strength of materials, or whatever

name may be used). Changes may also be caused by revisions in composition and/or

technical writing requirements or arrangements, decisions by the entire school or
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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 andlor other excerpts from their
catalogs (or bulletins or calendars, as they are sometimes called) trusting that the
course titles are representative enough to preclude the need to provide also each and
every one of the individual course descriptions usually also contained in the catalogs.
Pertinent marine structural analysis and design course descriptions, and the
syllabuses for them, will be included in the next section of this report, however.

Webb Institute

Webb is unique among the programs of interest to this study, in several
respects. First, all of the entering students are there to study only naval architecture
and must all complete the identical sequence of courses created, and truly integrated,
with that beneficial circumstance providing a distinct advantage not present
elsewhere. Basic mechanics, for example, need not be introduced first in general
physics courses and then essentially retaught in engineering science courses and then
revisited in professional courses as is characteristic in the curricula at other schools
at which the contents of the physics courses, with ABET - Accreditation Board for
Engineering Education and Technology - encouragement, are usually determined by a
somewhat remote physics department. At Webb material first taught in engineering
science courses can be used in the various naval architecture courses that
immediately follow very much as if the two courses are considered together a single
entity. There are several other arrangements by which Webb can gain special



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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The University of Michigan

The current undergraduate curriculam 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 mor.e 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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Eng 103(3 h(s), Eng 104(3 h(s). Eng 106(4 his), or Eng 107(4 his) aceptabI; Eng 106

or Eng 107 preferred, I hot% cour4ing as free-electi' credit.

FIGURE 2. '[liE MICHIGAN PROGRAM (REPRODUCED FROM 'l'ifE COLLEGE OF
ENG1EER1NG 1995.96 'BULLETIN)

- 14-

Hoss

Subjects required by al! proçrams (56 hit.)

(See der Minirnisn Cc,mrici'r Pjirarn(s, page 57,

12345678

Mathematics115,116,215,nd216 16 4 4 4 4

English 125, CoflegeWritirÑ 4 4

Personal Computing 3 3

Chemistyl30and 125or210ni0 211 5 5

Ptsics140withLab141;240wthLaÖ241 8 4 4

Senor Technical Communication 3 3

Humanities and Social Sciences (see pages 61. 65) 17 6 3 - - 4 4

Advanced Mathematics (ihr,.)

Mathemahcs 350 3 -

Related Technical Sub/acts (16 bit.)

MOE 250, Pun of Eng Materias 3 - 3

ME 211, lntw to Solid Mecha'iics 4 - - 4

ME 240, Intro to Diamics 3 - - - 3

ME 235. Thermodynamics I 3 - - - 3

EECS314Cc1Mdcs 3 3

Program Sub/acts (38 Ire.)

NA 270, Marine Design 3 - 3

NA 275. Marine Systen Man,ing 3 - - 3 -

NA31O,MañneStructuresl 4 - - - 4 - -

NA 320, Marine Hydrodynam I 4 - - 4 -

NA321,MaiineHrodynamicsl 4 4 -
NA 330, Marine Power Systen'61 4 4 - -

NA 340, Manne YynamicsI 4 4 -

NA391,MarineLab 3 3 -

NA 470, Ship Design or NA 471.

Off shore Eng Design 3 3 -

NA 475, Design Pro 3 3

NA 481, Protal Meth in Marine Sys 3 3 -

Technical (Fact/ns (9 M.)
These must include at least two at the second

courses in the four areas at concanf ration-
NA 410, Marine Struc Il, NA 425. Envir Ocean

Dynamics; NA 430, Mar Pe Systems II;

xNA44O,MacDynamicsl 6 3 3

Another Technical Elective 3 3

Free Electives (6 bra.) 6 33-
Total 121 1817151515171516

Required Programs Sample Schedule by Tarin



AN YEAfi
DIOL 1157, 115$Ms O'
MATH 2111, 2112'
PI(YS 1061.1063
0CM 1017'
cScI 1201
D4GR 1000
D4E 17*1

.LP4IOR YEAR
ECON 2000'
ENEE 25-00, 3518, 3501
ENME 3020. 3716, 3720. 3770
NAME 3120, 3130, 314.0.
3150, 3100

2150

NAME 2180
N*M( 3061
NAME 30*2
NAME 3013
NAME 3091
NAME 30*4
NAME 3120

MJ.0 3130
kAMt 3140
NAME 3160
NAME 3160

MAME 3*00
NAME 4098
NAME 4097
NAME 4120
PIAulE 4130
NAME 4131

KAMt 413$

NAME 4141
NAME 4142
NAME 4150

NAME 4131
4.,ME 4155

NAME 4180
NAME 4182

NAME 4171
NAJ.lE 41*1

CRKS

CR HRS
3
7

10

$OPI4OMOfC YEAS
S DIGL 2112
3 MATH2IIS.22.21

10 P*(v11062
4 EM.lE 2750
3 CHEM 101V, 1023
3 EN 2311, 2350. 2351
I NAME21SO,2100
3 Sod. Sdnc S.ctv'

15

35

lITRO TO SI-W & 0FFSH01
$TRUCTt.WtS DES & ONSTR

F0F4 CAIC & STABUTY
NAVAL A4 0ES P11OJT
MA DIG 0ES PROJET
vccw. PROSS P4 NAVAL A?C34

AL 6S PI MA4E DIO
VL4L PROPS PI UAFN( DIG
OFFSI«W STJCT &

D* $TTOIGTh I
C DIO I SITaI

C%1PUT PI NAVAl. ARCH
51* F*S1STAN & PROPILSION

FIO S1*ICT'IJ( I
51*

-sI. HON Th
VWM. TOPICS PI NAVAL MDI
vew TOPICS P4 M.*J1 BIG
51* STfl.IAL ANALY51$ & oaW,C D4G*IGI

JAJTY. AVALANJ1Y I MAI«
DIG SYSTEMS

INTRO TO COMPUTATIONAL RI.
DVN.4i.I AND HEAT TPANSF

51Â DON
PXL MOOSG

F$Ho ST!UCTUF3 &
51* DESIGN:« cï :=-i

OFSH0rC STT.ICfl.S &
51* DES PROJET

51* HvD400YNAMIcs I
VSHO STflUCTI. &
51-IP DY?4AJC3 I

AD$IWALTY LAW FOR DIGI4
ATS FOR MANIE DESIGN

- 15-

SENIOR YEAR
ns EIcvs'

Soc& Sd.nc. '
s EVS'

LJtcatti Osctivu'o'
ENGR 3000
NAME 4150. 4155
NAME EIctIvu'

3
I
3
3
5
7
e
3

cfi HP.3
3

3
e
3
I
e

JI
33

ANALY*S$ + DE31 TOTAL

2.0 + 1.0 s 3.0
3.0 . 0.0 - 30
0.0 f 3.0 - 3.0
0.0 f 3.0 $0
0.0 + 1.0 1.0
0.0 1.0 1.0
0.0 + 1.0 - 1.0

1.0 f Ii 3.0
LO + 1.0 - 3.0
1.0 0.0 1.0
1.1 + 1.1 3.0

2-I f 1.1 4.0
0.0 f 30 - 3.0
2.0 f 1.0 3.0
0.0 + 3.0 3.0
LO + 1.0 3.0
0.0 + 3.0 - 2.0

0.0 f 3.0 3.0

0.0 f 3.0 3.0
0.0 s 3.0 3.0
0.0 + 3.0 - 3.0

0.0 f 3.0 3.0
0.0 3.0 3.0

0.0 f 3.0 - 3.0
1.0 + LO 3.0

0.0 + 3.0 - 3.0
2.0 + 0.0 2.0
1.0 + 2.0 - 3.0

FIGURE 3. THE UNIVERSITY OF NEW ORLEANS CURRICULUM (EXCERPTS FROM
THE COLLEGE OF ENGINEERING 1994-95 "iNFORMATION BULLETIN')

2 -3
33 3e



Memorial University of Newfoundland

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

The University of California - Berkeley

The current undergraduate curricula in naval architecture at Berkeley is shown

in Figure 5. It will evidently be changed somewhat as the program soon becomes
established as another regular option in ocean engineering in the Mechanical
Engineering Department, but the ocean engineering courses will then still be given by
the faculty in the present Naval Architecture and Offshore Engineering Department.
It would perhaps be more meaningful to include here the curriculum as it was several
years ago at Berkeley - and maybe at all of the other schools, since graduates that
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.

United States Coast Guard Academy

At the Coast Guard Academy the major of interest is accredited as in naval

architecture and marine engineering combined, as noted above has been the case
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(REPRODUCED FROM TIlE FACULTY OF ENGINEERING 1995-96
"ANNOUNCEMENT)

Algebra, Multivariable Calculus 4 4

Physics 78, 7C. Physics for Scientists and Engineers 4 4

Engin 36, Engineering Mechanics I 2

Engin 45, Popetties of Malerials 3

Engin 77, Problem Solving Using Computers
[FORTRAN] 3

Beetives 6

Total 14 16

Junior Year

Mec Eng 104. Engineering Mechanics II 3

Mec Eng 106. fluid Mechanics 3

Mec Eng 105, TherTnedynamics 4

Gv Eng 130. Mecttanics of Materials 3

Nay Arch 151, Statics of Naval Architecture 4

Mec Eng 133. Mechanical Vibrations 3

Stai 25. Introduction to Probability and Statistics for
Engineen 3

EECS lOO. Electronic Techniques for Engineers 4

'Electives 3

Total 14 16

Senior Year

Nay Arch I52A, l52B. Ship Dynamics 3 3

Mec Eng 107A. Experiinentatioo arid Measurement 3

Nay Arch 154. Ship Structures 3

Nay Arch l55A. l55B. Ship Design 4 4

Ci' Eng 167. Engineering Project Management 3

'Electives 3 4

Total 16 14

'Electives 4 4

Tot-al is is

Chemistry IA. Genera] Oiemastry 4

Physics 7A, Physics for Scientists and Engineers 4

Engin 28. Engineering Graphics 3

Nay Arch IO, Ship Syscrns (recommended. not
required) 3

Freshman Year Fall Spring

Math IA. IB. Calculus 4 4



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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FIGURE 6. TIlE SCHEDULE OF CLASSES AT TIllE U.S. COAST GUARD ACADEMY
(REPRODUCED FROM THE 1994-95 "CATALOGUE OF COURSES")

FALL SEMESTER

FOURTH CLASS YEAR

SPRING SEMESTER

0901 Academic Orientation 0903 Academic Orientation
2111 English Comp and Speech 1112 Intro to Engr and Design
3111 Calculus! 2123 Intro to Literature
5102 emisuyl 3117 Calculus 11
7102 Found of Computer Sci 5106 Chemistry II
8111 OrganiLational Behavior 6112 Nautical Science I

Physical Education Physical Education-
ThIRD CLASS YEAR
1202 Stcs 1204 Engineering Materials Sci
2293 MoralsandEthics 1206 Strength of Materials
3211 Muldvariable Calculus 2241 History of the U.S.
5262 PhysIcal 3215 Differential Equations
6214 NaudcalSciencell 5266 Physical!
8201 Leadership I 8203 leadership II

Physical Education - Physical Education

SECOND CLASS YEAR
1211 DramEs 1342 PrincofNavalArchitecture
1220 Electric Circuits and 1353 Thermal Systems Design

Machines 1459 Heat Transfet
1340 fluid Mechanics 2263 American Government
1351 Thermodynamics 3415 AdvEngineeringMath
6316 NauticaiScienceffi 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 LegaI Systems 6418 Nautical Science IV
5330 Oceanography 8311 Economics

MajorArea Elective Free Elective-
PhysicalEducation Physical Education-
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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.

Virginia Polytechnic Institute and State University

At Virginia Tech the program designated as being in ocean engineering, shown in

Figure 8, does concentrate more on the engineering aspects of marine vehicles and

marine structures than on the ocean environment and such physical processes as
estuary hydrodynamics and sediment transport, although the students are required

to complete a course in physical oceanography offered by the Geological Sciences

Department. Enough traditional naval architectural considerations are included in

the undergraduate curriculum generally and in several courses specifically to suggest

that graduates of this program should indeed be as well prepared for practicing
professionally in the same areas of the marine industry as are those from programs

advanced as being for those interested in becoming naval architects. Marine design is

treated as a process based on many the same considerations that would be involved if

the system of concern were for operation in the atmosphere or in space; and many of

the prerequisite analysis courses in for example dynamics and structures, that must

be completed before the capstone design course in the fourth year, present the
material in such a basic manner that it is more universally applicable even though

the particular applications are in just aerospace or ocean engineering.

Massachusetts Institute of Technology

The MIT bachelor's degree program in ocean engineering known as Course XIII

is defined in Figure 9, but the format shown as it is presented in their bulletin does not

include a representative or suggested schedule of the courses to be taken each term

(as given for the other schools) and hence the sequential structure can only be

envisioned by combining the courses in the subjects included as General Institute

Requirements with those 11 courses listed for this specific program plus some

number of approved elective courses - restricted and unrestricted. It is apparent,

however, that individual students can with faculty guidance fashion a program that

could be somewhat more specialized than is the situation at any of the other schools

considering the very large number of courses offered by the Ocean Engineering and
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FIGURE 8. THE PROGRAM AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE
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Ocean ErgIneerIng Program
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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 andlor 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

Fresh man Year
First Semester Cr
CHEM 102 Fund. of Chem 113
CHEM 112 Fund. ofChem Lab I1
ENDG 105 Engineering Graphics
ENGL 104 Comp. & Rhetoric
MATH 151 Engr. Mathematics 1
Directed elective i
Militari, air or naval science4
PFIED 199

Second Semester
ENGR 109 Engineering Prob.

Sohing & Computing
MATH 161 Engineering Math II
PUYS 218 Mechanics 4
Directed elective I 6
MiIitar, air or naval science4
Pl-lED 199

Sophomore Year
First Semester
MATH 251 Engr. Math 111 3
MEEN 212 Engr. Mech.! 3
OCNG 401 Intro, to Oceanography 3
puys 208 Eleciricity & Optics 4
Directed elective I 3
Military. air or naval
PHED 199
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Second Semester
CVEN 205 Engr. Mech. o( Mt Is.
MATH 308 Differential Equations
MEEN 213 Engineering Mech. 11
OCEN 201 Ini ro. to Ocean Engr.
Directed electives i
Military, air or naval science4
PHED 199

Second Semester
CVEN 302 CompAppl.in Engr.& Con.
CVEN 365 Geoecbnkal Engr.
ENGL 301 Technical Writing
OCEN 462 Hydromechanics
OCNG 410 Intro, to Phs. 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

Ocean Engineers
OCEN 481 Seminar
Technical elective2

Second Semester
CVEN 321 Materials Engr.
OCEN 407 Des. of O.E. Facilities
OCEN 410 Ocean Engr. Lab.
Directed elective'
Technical electics2

FIGURE 10. THE PROGRAM AT TEXAS A&M UNIVERSITY (REPRODUCED FROM AN
UNDATED BOOKLET "OCEAN ENGINEERING AT TEXAS A&M
UNIVERSITY1)
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such usual coastal engineering topics as seawalls and breakwaters but also is
concerned with offshore pipelines and dredging and control of oil spills - topics included
in what are designated as elective ocean engineering courses at only several of the
other schools. There is a single course entitled Principles of Naval Architecture
available as an elective, and the content is much like the introductory courses at the
other schools but does seem to be the only one dealing specifically with ships.

Florida Atlantic University

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

Florida Institute of Techno'ogy

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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FIGURE 11. TIlE CURRICULUM AT FLORIDA ATLANTIC UNIVERSITY (REPRODUCED
FROM TRE 1994-95 IrUNDERGRA])UATE CATALOG")
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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 andlor 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 andlor naval architecture
and marine engineering programs.

Graduate Programs

Graduate programs in the U.S. and Canada in naval architecture andlor naval
architecture and marine engineering or in ocean engineering are not as amenable to
fixed or even reliable description as have been the undergraduate programs.
Curricula are not usually published in terms of listings of required courses and almost

never in suggested sequential term requirements. Further, several levels and types of
degrees are available: master's degrees in engineering, master of science and master
of science in engineering degrees, what are termed professional degrees leading to the
titles of Naval Architect or Ocean Engineer or Naval Engineer (and Marine Engineer

as well, a matter of no great interest in this report), and doctoral degrees of
engineering and of philosophy. Some schools have programs leading to combined
bachelor's and master's degrees as a single integrated curriculum, and there is a
continuing trend that seeks to establish the master's degree rather than the
bachelor's degree as the true measure by which a graduate might rightfully deem
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himself or herself an engineer professionally qualified to enter practice utilizing
today's high technology procedures and well aware of the vast increase in knowledge
and capability that can now be applied in resolving engineering problems.

Several among the dozen schools included above do not offer 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 application of
engineering science at the level of advanced engineering practice. The Doctor of
Philosophy degree also requires additional course work beyond the master's degree
requirements, plus pursuing an independent investigation in a special new area or
concern of naval architecture and marine engineering so as to complete a dissertation
that contributes original and significant knowledge and understanding to this
discipline. Doctoral committees are created for each doctoral candidate after their
successful completion of preliminary examinations and preparation of a prospectus
describing their intended investigation, but the chairman of the committee is the
student's chosen advisor and usually has assisted in preparing the 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 I M.B.A. in Business Administration
program has been available for some years and it requires 45 credit hours in business
administration plus usually fewer than the 30 hours normally required for the M.S.E.
degree depending on the business administration courses elected. Additional aspects
of the graduate programs at Michigan, such as how faculty assignments or
promotions are made, how graduate students are supported, more detailed
descriptions of several key if not all individual courses, how frequently specialized
graduate-level courses - usually with small numbers of students enrolled - are
offered, the special arrangements with the U.S. Coast Guard and the normal
procedures for the contingent of Coast Guard officers assigned there for study each
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year, and others, would need to be described to provide a more complete
understanding of them (or of any of the programs at any of the other schools), but for
the purposes of this study the more pertinent details on the structural specialization
option and the structural courses will be covered in the next section of this report.

The University of New Orleans

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

Memorial University of Newfoundland

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

The University of California - Berkeley

The graduate studies programs at Berkeley offered by 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, and
Master of Engineering arid 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 ofa
minimum of 40 units of which at least 20 must be for graduate courses and the total
program must include 16 to 20 units oriented towards design and analysis. There are
other distribution requirements much as for the graduate programs at the other
schools being discussed, and while each student has considerable latitude in selecting
the courses to include his total program has to be acceptable to his or her academic
advisor, the department, and the college. With only a few departmental faculty
members at present, and hence a limited number of graduate courses available from
the department, it may well be that the current graduate students at Berkeley must
complete a number of courses offered by other engineering departments. But
Berkeley is a large and truly outstanding engineering college and this should not be a
significant problem. The doctoral degree requirements are similar to those at
Michigan - and MIT, Texas A&M, etc. - but four semesters of residence, a minimum
of 33 units of formal courses, a program consisting of one major field and two minor
fields, the usual qualification exams (often referred to as prelims), and a thesis that
demonstrates the candidate has made a creative contribution to the knowledge of the
chosen field of study or (for the Doctor of Engineering) to the solution of a significant
engineering problem, are all mentioned specifically in their graduate 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 University

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

Massachusetts Institute of Technolo

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 Engineering which
seemingly is awarded infrequently and requires industrial experience as well as a final
comprehensive examination. There are 18 graduate-level ocean engineering courses,
only two of which are concerned with structures even though ocean structures (along
with coastal engineering and marine hydrodynamics) is considered one of the primary
areas of interest. There are, however, suitable additional structures courses in
mechanical and civil engineering so that comprehensive individual programs can be
arranged; but ship structures specifically would not be the focus.

Florida Atlantic University

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

Florida Institute of Techno10

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 TIJNS 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

C ¡JRRICULA

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
strength 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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FIGURE 14. SYLLABUS FOR WEBB COURSE NA W, SHiP STRUCTuRES
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Lab-F.E.M. Intro; ALGOR plate modelling
Shear Lag-Effective Width
Modelling of Combined Beam and Plate
Lab-ALGOR-beam flexure
Hull Module; Structural Modelling
Hull Module; Loads L B.C.
Lab-ALGOR-stiffened panel
Hull Girder Shear Flow
EXAM 01
Lab. - Project I - Hull Module
Design Criteria
Failure Mode, k Liait States
Lab. - Project I
Fatigue Assessment
NO CLASS - FALL RECESS
Lab. - Project I
Large Deflection Plate Bending Theory
Intro, to Elastic Buckling of Plates
Lab. - Project I
Plate Buckling
Stiffened Panel Buckling
Lab. - Project I DUE
Principal Member Analysis - Modelling
Principal a - Loads L B.C.
(Monday Schedule) Intro, to Project II-P.P4.A.
GR? - Material Properties
GR? - Single Skin & Cored Construction
Lab. - Project II
SNAME Meetings
GR? - Panel Design
Lab. - Project II
GR? - Panel Design
GR? - Stiffener Design
Lab. - Project II
GRP - Stiffener Design

NA IV - SHIP STRUCTURES ÇJF. PE'IRIE

FALL 1994
Lecture

No, Date Topic Re ad i



FI
G

U
R

E
 1

5.
SY

L
L

A
B

U
S 

FO
R

 W
E

B
B

 C
O

U
R

SE
 N

A
 V

I,
 E

L
E

M
E

N
T

S 
O

F 
D

E
SI

G
N

 A
N

D
 P

R
O

D
U

C
T

IO
N

?*
O

. T
D

JC
A

P
O

1.
 P

tT
I

N
A

 V
I .

L
D

tV
(f

l 0
V

 D
W

C
N

 M
P 

P*
O

D
U

C
fl

O
fl

fc
ea

T
aa

Ia
: M

uo
io

 -
Sm

ith
 £

3I
I 

c(
Sp

 D
od

p
S

hi
p 

D
.o

d
S

$A
) 

- 
P

flp
ls

N
si

od
 A

,c
hi

i

R
IG

 *
N

um
u

L 
T

C
A

?t
 n

m
a

La
b

41
14

La
b

4/
24

R
U

D
IG

 $
N

N
A

V
I-

 r
LD

U
N

T
S

 0
V

 D
E

S
IG

N
 A

N
D

 P
*O

D
D

C
IP

O
N

1h
oW

Le
ct

ur
a

14
4/

26
-i

l
- 

O
--

'e
d.

P
m

by
. O

N
i

21
27

lM
ro

c*
1c

.
ab

lp
 4

Si
 (

I)
IS

4/
2$

3,
sd

4
sl

al
 o

s

o
*

La
b

S
II

2b
ow

b-
D

si
v,

l4
sw

2
3/

I
D

ap
D

od
io

d.
 L

.v
.is

.
1-

I)
16

5/
3

P
I$

 it
d 

&
.A

.J
tq

(f
lk

k.
a)

. -
.-

17
5/

3
A

IV
ia

 O
C

.r
&

i3
,. 

D
II

jj
pc

tâ
u

3
31

C
P

' '
P

 (
T

)
-

13
-3

4
L

ib
5/

$
2b

)i.
 1

2
1$

5/
10

C
ss

ed
y$

l-U
S

ib
ip

d

4
3/

6
Pv

eb
m

ái
y.

 t
d 

da
ip

 (
T

lk
ka

)
-

p.
 3

4.
-2

e
1

5/
12

C
l2

-E
w

op
os

w
d

3o
d

. 2
La

b
5/

13
2b

os

5
31

$
F

c.
aa

bi
h1

ys
oi

(T
)

20
3/

17
C

s.
Pj

$3
.J

a1
.1

.1
__

sd

6
3/

lO
A

.m
ia

a
ii 

do
dp

D
p 

d
N

od
5/

1v
Jo

rs
A

S
N

!
Li

b
2b

-D
ia

pr
av

lu
w

7
3/

13
Pr

op
ol

U
oe

l t
ad

 b
oU

t. 
(P

fls
)

2*
5/

24
C

as
ø

4-
bt

us
i

1
3/

15
Pl

A
m

A
oa

sy
gh

i
po

os
to

( 
(T

ko
)

22
5/

26
C

rI
io

s
os

es
c(

9
3/

17
E

ag
la

.t
ed

-'-
'd

--
 (

T
)

N
o 

de
s

5/
2e

U
y

L
ib

3/
20

i h
ow

 li
b

23
5/

31
W

i.
sn

 ..
.i_

37
.4

1

IO
S

4s
uc

tu
ts

J
-

ht
aI

 ,.
,.,

...
iM

.
ed

co
.

--
 3

P
N

A
 V

et
Ik

40
-7

*

24
41

2
W

E
M

L
ab

)
I 

ho
w

 la
b

L
ib

4/
S

2h
si

a
L

ab
3/

24
I 

ho
w

 la
b

2$
41

1

L
ib

3/
27

I 
bo

or
 li

b
26

4/
I

W
1

co
sm

i t
ed

gl
a

37
-4

1

Il
D

ip
Pa

I*
(P

lu
ie

)
. 3

L
ib

3/
29

I 
bo

w
 la

b
Pt

4A
V

SI
pL

40
-7

I

La
b

3/
31

Ih
oo

ita
b

Li
b

4/
*2

L
ib

4/
3

ih
ow

Ia
b-

D
ad

pm
W

27
41

14
p 

pe
oj

S

Il
Su

ff
ai

ci
 d

sl
R

av
ia

d 
ai

M
 ta

1

L
ab

4/
5

ih
ow

lib

I)
4/

7
iM

ac
t t

ed
 ¿

as
el

e 
oi

b4
ñy

 (
fl

kk
a)

L
ab

i/I
O

2h
ou

gl
ib

L
ab

.4
/1

2
1 

ho
w

 ta
b



I
u

j
D Ii i

i I I
I ji
I I

8

I
il I i

IiiI Il I

'Ii I
I

l

il III I

il fi j. fiji J Jfli I j
Ii i i L III h i i
- - r, - r, - r, - p,

'. ,- - e4 rs

1E !. a.

- 43 -



P
0
F
.
 
0
.

L
.
 
P
5
T
$
I
S

s
e
p
h
o
.
o
r
.
.

$
T
*
1
W
 
0
f
 
M
A
T
I
*
Z
A
I
.
Z
 
(
4
 
h
o
u
r
.
)

,
A
,

2
$
.

1
0
/
1
1

a
s
t
 
a
n
d
 
W
o
.
.
n
t
 
D
t
a
g
r
a
.
.

6
-
S

1
0
/
1
3

S
h
a
s
r
i
n
g
 
S
t
r
a
s
,
 
b
y
 
E
q
u
t
l
i
b
r
i
u
s

S
-
9
.
 
6
-
I
O

1
0
/
1
3

S
h
.
a
r
i
n
g
 
S
t
r
.
.
.
 
P
o
r
s
u
l
a

6
-
1
3

T
I

W
s
c
h
.
,
n
i
t
a
 
o
t
 
I
t
a
t
a
r
i
a
l
.
,
 
4
t
h
.
 
E
d
.

l
i
g
d
o
.
 
O
h
i
.
.
n
,
 
S
t
i
l
.
.
,

W
..

a
n
d
 
l
i
y
 
-

l
o
h
r
,
 
V
U
.
y
 
a
n
d
 
S
o
n
.

i
l
l
S

T
h
a
 
F
i
n
i
t
.
 
I
l
a
n
a
n
t

M
a
t
-
h
o
d
,

2
n
d

1
4
.

k
o
c
k
s
y
,

L
'
a
n
.
.

3
2
.

1
0
/
1
5

P
r
i
n
c
i
p
a
l
 
S
t

i
n
 
6
.
.
.
.

e
-
i
:

O
r
i
f
f
i
t
h
.
.
 
a
n
d
 
N
.
t
h
.
r
c
o
t

3
3
.

i
o
/
i
l

t
J
n
.
y
.
s
.
t
r
i
c
a
i
 
B
a
n
d
i
n
g

5
1
2

N
.
.

D
a
l
.

S
4j

.'o
t

S
t
u
d
y

P
r
.
b
.

A
.
.
i
g
a
.

A
.
.
i
g
a
.

3
4
.

1
0
/
3
0

T
h
i
n
 
W
,
l
l
.
d
 
O
p
.
n
 
S
.
c
t
t
o
n
s
-

S
_
i
S

h
.
a
r
 
C

5
/
2
2

C
o
o
c
.
p
t
 
o
f
 
S
t
r
.
.
.

1
-
1
 
t
o
 
1
-
4

3
5
.

1
0
/
2
0

5
/
2
3

S
t
r
.
.
.
 
a
t
 
a
 
P
o
i
n
t

1
-
5
,
 
1
-
5

3
6
.

1
0
/
2
4

C
o
a
p
O
S
i
t
e
 
n

t
a
l
.

S
-
1
6

5
/
2
6

P
r
i
n
c
i
p
a
l
 
S

1
-
7

3
1
.

1
0
/
2
6

T
E
S
T
 
N
U
W
B
E

3
t
a
s
s
o
n
s
 
2
5
 
t
h
r
u
 
3
e

S
/
I
S

W
e
h
r
'
.
 
C
i
r
c
i
.
 
t
e
r
 
S
t
r
.
.
.

1
-
s

3
$
.

1
0
/
2
1

F
1

i
 
D
.
f
1
.
c
t
i
o
o
s

8
/
2
1

C
o
n
c
.
p
t
 
o
f
 
S
t
r
a
i
n
,
 
s
t
r
a
t
a

a
 
P
o
i
n
t

2
-
1
 
t
o
 
2
-
4

3
5
.

1
0
/
2
1

S
u
p
e
r
p
o
s
i
t
i
o
n

7
-
I
O

S
.

$
1
3
0

P
l
a
n
s
 
S
t
r
a
i
n

2
-
5

4
0
.

1
0
/
3
1

S
t
a
t
i
c
a
l
l
Y
 
I
n
d
.
t
.
r
.
i
n
.
t
.
 
9
.
.
.
.

S
_
I

4
-
?

7
.

8
/
1

P
r
i
n
c
i
p
a
l
 
$
t
r
a
i
a
.
-
N
a
t
.
r
t
a
i

2
-
5
,
 
3
-
1
,
 
3
-
2

4
1
.

'
u
t

P
r
o
p
.
r
t
 
i
a
a

1
1
/
3

C
o
.
b
l
n
.
d
 
S
t
a
t
i
c
 
L
o
a
d
i
n
g

3
-
1
 
-
,
 
9
-
4

S
.

1
/
i

l
o
o
k
.
.
 
L
a
w

3
-
3

9
5

1
1
/
3

I
.

I
/
S

S
t
r
a
i
n
 
b
o
o
r
g
y
,
 
W
o
r
k
i
n

3
-
4
.

'
'

4
4
.

1
1
/
7

T
h
.
o
r
i
.
.
 
o
f
 
P
a
i
l
u
r
.

l
-
5

I
/
S

T
U
T
 
M
U
M
m
 
I

L
a
s
s
o
n
s
 
I
 
t
h
r
u
 
5

4
6
.

1
1
/
5

F
i
a
i
t
.
 
b
i
o
s
o
n
t
 
A
a
a
l
,
.
t
.

P
a
g
a
 
3
3
-
3
1

5
/
5

*
.
a
i
a
l
 
l
o
a
d
 
A
p
p
l
i
c
a
t
i
.
.
.

4
-
1
 
t
o
 
4
-
3

4
5
.

1
1
/
1
0

-
P
a
g
.
 
4
0
-
4
3

1
/
1
2

S
t
a
t
I
c
a
l
l
y
 
I
a
d
.
t
.
r
.
i
a
a
t
.
 
N
.
.
b
.
r
.

4
-
4

4
7
.

I
l
/
I
O

P
a
g
a
 
4
4
-
4
5

5
/
1
)

P
r
.
.
.
u
r
.

1
.

4
_
5

4
5
.

1
1
/
1
4

9
/
1
5

T
o
r
s
i
o
n

6
-
1
 
t
o

4
5
.

1
1
/
1
5

P
a
g
a
 
4
8
-
S
S

I
S
.

I
/
i
s

S
t
a
t
i
c
a
l
l
y
 
I
n
d
.
t
a
r
.
i
n
a
t
.
 
M
a
.
b
.
r
.

5
-
4
,
 
5
-
5

5
0
.

P
a
g
.
 
7
0
-
7
5

I
S
.

1
/
l
I

S
t

O
b
l
i
q
u
a
 
P
i
a
.
.
.

5
-
6

6
1
.

1
1
/
1
1

T
I
S
i
'
 
M
U
N
I
E
S
 
I

L
3
1
 
t
h
r
u
 
5
0

1
7
.

1
/
2
0

1
n
.
l
a
a
t
i
e
 
A
c
t
i
o
n

5
-

6
2
.

1
1
/
2
5

C
o
l
i
i
a
i
 
T
h
.
o
r
y

i
O
-
I
 
t
o
 
1
0
-
3

I
I
.

5
/
2
2

N
.
n
c
i
r
c
w
l
a
r
 
S
.
c
t
i
o
n
.

5
-
1
0
,
 
5
-
1
1

6
3
.

1
1
/
2
1

1
0
-
4
 
t
o
 
1
0
-
S

I
I
.

1
/
2
2

F
i
n
i
t
.
 
L
1
.
.
.
n
t
 
A
n
.
l
y
.
i
.

P
a
g
.
 
S
-
1
2

5
4
.

1
2
/
1

-
1
0
-
7
.
 
I
O
-
I

1
/
2
5

-
-

-
P
a
g
a
 
1
2
-
I
S

1
/
2
7

l
i
a
i
t
.
 
L
l
.
.
.
n
t
 
A
a
.
l
y
s
i
a

P
a
g
a
 
2
0
-
2
4

6
6
.

1
2
/
1

W
.
l
d
.
d
 
C
e
.
n
.
c
t
i
o
a
.

1
3
-
4

5
/
2
0

-
-

P
.
1
.
 
2
4
-
2
5

5
6
.

1
2
/
S

S
t
r
a
s
s
 
C
o
a
c
.
n
t
r
a
t
i
o
n
 
S
 
P
a
t
i
i
v
a

i
-
1
0
,
1
1
-
1
 
t
o
 
i
i
-
3

1
/
2
1

P
a
g
o
 
2
0
-
3
2

6
1
.

1
2
/
8

F
a
t
i
g
u
a

i
l
-
4

3
4
.

1
0
/
3

T
U
T
 
j
U
M
B
L
E
 
2

L
.
.
a
.
o
n
 
1
1
 
t
h
r
u

S
S
.

1
2
/
S

L
i
a
i
t
 
D
.
.
i
g
n
 
C
o
n
c
.
p
t
.

S
-
6

2
5
.

1
0
/
4

F
1

1
 
5

a
n
d
 
S
t
r
a
i
n
.

S
-
i
 
t
o
 
6
-
4

2
8
.

1
0
/
5

F
l

i
S
-
G
.
 
A
p
p
.
n
d
.
 
B
-
1
 
t
o
 
4

.
C
.
r
a
n
o
.
.

1
 
M
a
r
i
a
.
 
S
 
E
r
a
i
g
,
 
I
n
g
i
n
.
.
r
k
n
g
 
j
.
,
r
h
a
n
i
c
a

V
o
l
.

1
 
S
t
a
t
i
c
a
 
2
n
d
 
I
d
.
,
 
C
h
a
p
t
a
r
 
4

3
1
.

1
0
/
6

-
A
p
p
.
n
d
.
 
B
-
5
 
t
o
 
S
-
S

2
$
.

I
O
/
l
o

$
h
.
a
r
 
a
n
d
 
4
o
.
.
n
t
.
 
i
n
 
l
o
u
a

6
-
5
,
 
6
-
7

FI
G

U
R

E
 1

7.
SY

L
L

A
B

U
S 

FO
R

 W
E

B
B

 S
T

R
E

N
G

T
H

 O
F 

M
A

T
E

R
IA

L
S 

C
O

U
R

SE



311. Martiis StvcIuru I
PrejsÀe. £211, I(4c'ad.)

-statc aPis c sh liA V OIt$hO(e gnLt%ts t*jfl rixy respe.
htcxi to ctbhslic PI*i nes d shÇ druit c«t
Coctwd st1esse rij taik%e Frìn &I1e ktj j *
tailue m4es slrtdi detaib J.fdshj sedi S)eS. c sifcii s1xrn flJeS
mess rposon. Material and taOn siderjm.

NA3II MA1NF.. STRUCTUUA I

P.fl 1994

COURSE 0TrLINZ

f.trodudoc I 1.1-1.5

LflW&L«1A*g u
23

BcaSùeisAn!yis 25

aCcBeg 25
ipSedoeAft1Iys 33c.Buckflq 44 ¡21-123d.Str*sSupepoib

e..MorelEvsival3oedststss

Sffcoe4Ii&eFr*niqSy*n 95

s.HUTrvtaSrt1Cb 97
b. Sk SbiIIty d Dcternùacy 1W

Bg d Buckling ci RtAnZtdwP 110 13.1-13.4

EaijMeho III 11-5.5

s.Wc*tsdSrsiaEacaty III
b. Vutui Wost d Eqbva Rtiiuneos 116

FWtc Be Anaiyù ¡77 19.1.19.6

ftAn*lyù 139

& tiIc ai Brittle Failre Qiiaia 139 4.1-4.6,15.1b. Fricturs 139 111-15.4
c.Fstigus 139 1&1-163

Vi. rvd De*1s 140

LSZzsCtntmtioos 140 14.1-143
Weld Sistsi Anaiyis 140
Bolted Coozx'ctioos 144

pci. 01140. Katy
NAME 23
164-3217

JBSE WJERLL

Cowie (b William S. Vits I OsM G. kan) svaiWk Urick's
Text kMwd'MecM,k3 qMa1ib. by 8ore. Sch& sød S ieboflom fifth editi.

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

- 45 -

I



41S.NIIH$bid&S$I
P4 310. P1 tv atxrçii& t ?4 340 ¿ II ( cí&is)(r cr3th. gy nods v nZiz rds we pti to pob4ei m

tmew eic beaT' y. Soi1ione b dass bea' xobesT include static bendg,
kxsion. ickknç. wid ion. Modebng we wa tfriQutS b ship and nwrne
stnxtt design we reie*ed. toiion b finite eIen analysis.

PfA411 MARINE STRUCTURES n
Fall 14

Course Outll

T* Daiig
L Usyetic &n Bco ad E.teosios

L Equili. &seiaa, sd Ddkcdos
b. Sbe&ccocn
e. E1*k abvty

U. Ea«Me&è

LWOtkdE&W
b. Prace i aim Total i.J E
e. C&diaao's Thcoe
t R.dxal Theores
L R id-Rz 1o4

UL Tonics

-46 -

7.1.7.4
ti-s.s
12.1-12.5

5.1
5.2.54

s. Cs'uIx sad Ncirculw czo Secti 614.5b Tha-Wsfle Oosed Cross Secrioss 44e. Watpiai 67t L..&enI-Ì«ii ßcssn B4ac*i1a$

(V. ac4iakAads
ideal f1a,&ity
Lirrit Aaslys ci Bea

e. Tbic&Ws&d PTesss Vs

V. Ralt B Aaaiyth

Bcaas sod 8ca Syesns
E*e- sod Spsce-Fame A1yiiz

O.k G. kin
NA
764-32L7

Athe1U«#wks 'M4as, by B, sad S4thi* fitb ebos.

FIGURE 19. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 410, MARINE SThUCTURES II

4.1-4.2
6.97.5
11.1.11.5

'93



510. MarIni Strçturat Mschanc*
Prtjs. NA 3WctCEE3l2ctM(3llctAero3l4 I(4cîi'(s)
Von Karrnan pae r-t and pte oh wi ieometrc mateaJ
çn-Ii AOçon to sIç pLatom ana v ciara9e conditon Tr*
tmnçe non-tinenty E and pasLcana cit !t p(es E1s al apecI
rato. S7Ç Taifl-d* b.dJnç

NASh I4AkLIE STRUCTIJL&L 41IJQt
Cows. O:.

L CcometÑ md MaWii NoG1icitics
b.Tr(pçlqeS4Teen -

II. CM
L Srcss i-ad Dcatoric Sttss Tesson
b. Dc(cru0s lesson
cSuiiaT.sson
t C«tbs Fsa&tg

Hl. VKwmNRess6
i. PkCflit Sr*tX(.cesme Re1sd
b. Kcbo(r Ap ozi k
C. md C«n*tib1ity Fca6oN

ck d V*

L Pi4i i( Vu Voit
b. Pipk mi Toral &a1 EaeEre. lr I Thoiy

i. F-aetV
I. Emlet-Ligmate &os
Mi. Pal i-nd 1acc &y Cc*o

Ap&ios
a. 4p Besm Auly*s

t Tb. rkbú.O Bessa
s. Ossalcal s Tbeoiy

VL e(rte.
Pe BuctEq

b.PcstBuctcjSre*
e. BTectM Vb i-nd

VU. 1nx Th o( Ptaicity

i. YeId Coodtio
Ri,id. Peifecily Rastic Dcfmatoi

e Upper and lowes Bnd Theciems
t Plzsiic Cc4c c( Szictiiral Dee,ts

stUcT&
Pn.bs3ec1agNA
764.3217

- 47 -

Tn

2.1 .2.12

3.1 .3.3
3.3
4.0. 44

&wrV .id F Mctods M M*s by L R - C L

.sio M__S .-nd MecA.'ks Cow,i N by DO. K d W. 3. Vcs.

FIGURE 20. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR
NA 510, MARINE STRUCTUBAL MECHANICS



P
U

A
T

A
L 

II$

U
.S

 T
I.k

d
I

Ii 
Y

.M
T

1I
a

4

I)
 L

 M
-

l
S

i A
I

ii
57

r,
.

$ s

s 
1

i I
3.

5 
O

-d
aP

,
S

LI
 I

M
.

S
L)

d 
M

32

3.
4

T
_.

...
.I_

_4
__

 4
' S

P

oI
.4

..
33

3.
3 

O
i_

_.
U

.i 
--

- 
4'

4'
. C

4'
 -

M
4y

2k
 D

_l
__

4'
 a

 O
*t

._
.Ip

M

3.
7

T
p

ut
r-

3'
2k

Û
-a

'Y
4$

u_
__

U
5

7)

n
.

s.

4*
 L

L
- 

4'
M

%
M

dL
M

.k
ii)

4.
) 

IL
Lu

 M
 -

 1
14

.j 
y

c
- 

S
4.

4 
Y

4'
1s

4.
3 

A
M

..
S

M
44

 C
__

__
.

4'
M

P
S

*7
4 IM

$ 
'.-

 -
3*

 P
ud

 I.
_p

 P
.a

54
)

si
T

(r
--

-1
-

50
L)

 C
.a

 T
h.

_-
--

M
tD

a
P

IT
)

34
- 

-.
4'

 r
- 

D
-_

__
 M

57
3

2.
3 

M
IL

g_
_I

i_
...

s.
.

IN
r,

a_
U

I

O
.fr

A
L 

1V
rI

l *
D

V
A

(A
M

I

4

45
 T

.l4
'a

P
sN

M
,4

'
O

ae
 1

.0
..

U
i

Fi
G

U
R

E
 2

1.

$

- 
- 

fle
a,

 a
- 

--
 s

. a
e

.4
..

ti 
L_

_1
.1

4'
..

IM
4.

4 
T

 P
0.

0
--

- 
- 

A
s

U
I

43
- 

. c
._

si
4.

4 
S

T
.W

d 
7.

1.
.

5r
 '

00
. M

N
0

$3
4.

7 
iW

d 
T

.
M

. U
--

-
$3

43
1*

...
s.

..J
 $

. 4
' M

 7
.4

'..
n.

&
y.

ì .
7.

1.
.

ri
s)

L0
.-

25
1

7 
rL

,_
_I

LJ
 s

..m
. .

4 
-

Ii
. N

$_
_U

J.
1

r-
25

)

72
 -

 a
 N

 -
 r

-
r-

 $
3

0
7.

3
.
.4

 r
- 

- 
o 

r
U

- 
35

2
7.

4
2*

4

7.
3 

?.
I.u

4'
 M

 t-
 ,_

_r
75

4

U
I

M
--

3$

S
G

M
 ib

W
S

a.
1.

.

II 
A

__
I_

M
N

 T
M

.W
.S

O
. S

ol
a.

.
»5

P
N

. N
Q

..
0.

2M

L)
M

 a
2$

5.
4 

M
w

 Q
...

 4
' C

M
w

 F
uw

ul
 5

w
.1

S
M

24
2

LS
 M

..
4'

 5
.. 

M
w

74
$

.
2I

s
1$

I
N

l

II
1

C
M

4.
11

.1
 M

w
M

w
..

44
0

11
2

-
M

 a
 C

7w
 .4

M
44

4

IS
.)

 M
a.

-.
i .

4'
 lu

M
i V

1S
- 

M
 C

44
,

11
.4

 O
la

a$
ad

V
43

1
I"

11
.3

 P
i.

p
.

,
Ilk

 C
M

S
o 

I
M

-
-

$3
P

.5
5w

45
3

--
-o

-
.0

O
.1

$M
 4

'
4K

*3
.5

L1
..t

..I
_

o
M

4'
r-

 4
$

*3
.2

lo
pu

w
 .(

C
4'

.. 
,r

-
-e

L
47

2

*2
.)

T
 M

w
 ?

uw
M

 M
 C

P
a4

 5
.0

47
3

-
*3

.4
 5

w
4'

 C
.5

5
la

i
C

uw
4K

IL
S

 L
r-

4'
 C

uM
w

4K
$7

12
.4

M
áN

a4
' C

as
...

.
0.

$3
fiM

o.
.

$1

IL
l

Ia
ua

5w
a.

III
IL

l S
I0

.l.
1t

aM
I..

flM
P

S
aW

III
IL

) 
K

i S
ua

o-
fh

_.
-.

 ft
 M

 P
lu

w
15

4

12
.4

.1
ou

&
--

 T
bi

y4
'

fla
*P

N
ì.

72
*

IL
S

 S
.w

-I
U

w
.T

.a
.p

...
sa

..s
 ia

s.
...

i..
 i.

.p
a.

S
Ia

M
 P

N
o

m
i).

'
S

ir4
'Ia

.p
4'

.P
S

ai
a

1$
i)?

5a
.a

d.
 C

..d
o.

oM
 P

Ia
l..

S
))

ilk
 S

4'
ow

d*
ui

u.
aa

Iu
P

Ia
la

P
,

32
5

IL
)

1.
Ñ

u.
.4

'C
P

ia
s.

 P
.5

5w
74

3

P
aM

...
33

3

M
w

..-
S

IP

*4
 M

w
$3

14
1

N
as

os
 4

'. 
5w

 C
ja

l..
 P

s.
Ìl 

Io
--

c.
...

.j.
.. 

ro
-

14
.1

S
u.

. C
o-

au
.

F
aO

...
 T

5w
 .4

14
)

*4
.)

 M
w

 C
 ..

...
...

ui
.i-

.&
 F

o-
a

C
.5

I 
L

.a
M

77
4

54
.4

 S
o-

 C
w

a.
a.

 P
os

.. 
1a

...
...

..0
.J

 T
..*

4'
...

..
S

I
4.

3 
5M

w
 5

w
 C

..s
0.

4'
a.

 F
o-

u
S

I
*4

.4
 1

M
w

 S
u.

. C
4.

$N
. P

os
a.

..
M

w
S

S

P
M

I $3

$3

Li
 P

O
5w

.P
,o

sw
a

IS
It)

 T
ha

5w
a.

o7
C

..5
C

l!
IL

) 
C

..5
 P

r.
-»

 S
aw

 la
o-

, V
...

.
C

II
*3

4
F

...
...

 0
.4

4.
?.

...
.

IS
$1

3

l4
'u

w
$3

5

IC
P

ul
p.

...
 P

.a
M

..

**
 r

h.
...

. F
.a

O
o,

 i 
I4

.
C

el
a 

V
N

. P
4a

.4
'

C
M

iI4
IO

5
$5

3

14
, S

M
...

. S
o-

 C
o-

a.
...

.. 
F

a,
...

. S
a.

i L
as

O
*1

1

4.
)

eM
...

. S
oC

ua
aa

ua
 F

...
...

 (
).

N
. I

.M
w

M
m

P
..N

...
$3

4.
o-

$3
)

IP
T

b.
 r

ia
s.

. s
o-

 '4
M

ai

*3
.5

Ia
la

iM
m

a.
J1

IP
.)

F
...

ia
. P

Ia
..I

l.s
a.

o.
7

7)
)

It.
)

T
N

.P
5w

..n
..&

.
IiI

1,
4

T
IC

 L
...

.
Q

.0
4a

.&
74

$

IP
.)

T
IC

 P
l..

. p
...

. L
O

o-
IM

4 
C

i&
o-

i.
I!)

P
5I

..a
11

3

lM
...

7

M
iP

A
R

T
 U

I sa
zc

nø
 A

D
V

A
N

D
 T

I2
K

g,
,

PO
R

T
IO

N
S 

O
F 

T
H

E
 T

A
B

L
E

 O
F 

C
O

N
T

E
N

T
S 

O
F 

A
J)

V
A

N
C

E
D

 S
T

R
E

N
G

T
H

 O
F

M
A

T
E

R
IA

L
S 

B
Y

 B
O

R
E

SI
, S

C
H

M
ID

T
, A

N
D

 S
ID

E
B

O
T

T
O

M
, 5

T
H

 E
D

IT
IO

N
,

PU
B

L
IS

H
E

D
 B

Y
 W

IL
E

Y

C
O

N
T

E
N

T
S

?A
aT

 I



NA 310. MARINE STRUCTURES I

Tabt of ContenU

I. INTRODUCI1ON

Still Wate Loading
Wave Loading

11. BEAMSTRESSANALYSIS

Composite Beam Bending
Midship Section Analysis
Beam Buckling
Stress Supe.ipositioo
Mcxc Thomugh Evaluauoo of Stress

Ill. STIFFENED PLATE AND FRAMING SYSTEMS

Hull Transvese Strength
Stalic SiahIity and zminy
Bending arid Buckling of Rectangular Plaie

IV. ENERGY MET}(OE

Work and StrainEnergy
Vixtuai Work and Equiliwn RequiremenTS

V. FiNiTE EW'{ENT METHOD
VjçtualWcxt
Truss BarElemeins
BeaxnFLniteE3cments

VI. FAILURE ANALYSIS

VII. STRUCTURAL DETAILS

Stress Coocenuaiions
WeldStress Analysis
Bolted Connections

- 49 -

Page(s

L 0-24
24-26

27

27-35
35-45
46-73
74-83

84-102

¡03

105.110
111-1 18

118

119

119-123
124-134

'35
136-137
137-146
147-155

156

157

157
157-161
161-168

APPENDIX A Refatcixs

APPENDIX B Ame&an Bureau of Shipping
Rules for Building and Classing
Steel Vesse) Vessels 1994. Pan 3, S.ectioo 6

APPENDIX C Mi.ds1ip Sections

APPENDIX D Moant Disznion

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



TABLE OF CO?(FENTS

I. INTRODUCTION I
GEOMETRIC AND MATUAL NONLINEARmES............

TRIPPING ANALYSIS_.............

IlL VON KARMAN PlATE EQUATIONS 32
A_ STRESS AND STRAOL_____ 32
B. HOOKE'S LAW

C.. STRA1N-D1SPLAC1T R.AT1ONS..........._ _......... ...,,j
RHXJCIION TO FLAT RATES 34

B. RESULTANT-STRESS RELATIONS ____s
F. EQUILIBRIUM 39
O. THE VON KARMAN PlATE UATIONS 41
H. STRIP-BEAM SOUTI1ONS 44

1V. CALCULUS OF VARIATIONS.. 5 O

THE NOTATION OF VARIATIONAL CALCULUS 53
PRINCIPLE OF MINMUM TOTAL POT4TIAL ENGY 60

60
V. APPLICATIONS 67

STRIP-BEAM ANALYSiS . 47
THE SNAP-THRU PROBLL_- 7 $

YL PLATE $UCI1LIN( * 1
EXAMPLE RMULkT1ON--..-...--... j I

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

- 50 -

II. CONTINUUM MECHICS...... .._1 S
A. STRESS TSORS ..___............_......... 5__1
B. DYORMAIION TENSORS . 1$
C. (X)NSTfl1.TI1VE EQUATIO _......j 3

B. SIMPLY SUPPORTE) PLATES $3
VII. IDEAL PLASTICITY__ 8$
A. CONSTITIJI1VE EQUATIONS ..__. ..... $5
B. PLASTiC H.OW L&WS.._.._.. - ....__9 L
C. PlASTIC COLLAPSE____ _..... _...9 5



There are of course several dozen also available among those offered by the
Aerospace Engineering Department, in the Applied Mechanics program of the
Mechanical Engineering Department, and by the Civil and Environmental
Engineering Department, for example, and those students interested in structural
analysis, and design could in selecting among these courses specialize in any aspect of
this broad field. The advantages of being a graduate student in a large and
comprehensive engineering college are indeed apparent.

The University of New Orleans

The required undergraduate course in marine structural analysis and design at
New Orleans is NAME 3120, Ship Hull 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
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CUI $XPTI0I
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 curvas; aidshlp section
modulus; composite bull 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.

Coordinator: J.N. Falzarano, Assistant Professor of NANE

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:

Ship hydrostatics, weight and buoyancy
Strength of Materials

Topics:

Introduction to ships and offshore Structures (3 classes)
Load.s on ships and offshore structures (2 classes)
Longitudinal Strength (4 classes)
'transverse Strength (2 classes)

S. Plated Structures (4 classes)
Stress concentration and Fatigue (2 classes)
Joints in ships a-nd offshore structures (2 classes)
Fabrication and Welding (2 classes)
Midship Section Design (4 classes)

7. Tests (2 classes)

Computer usage:

Each student must write and run a FORTRAN 77 program to
determine the section modulus of a ship midship section

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: pr J M. Falzarano Date- )4arch 28. 1994

FIGURE 24. COURSE DESCRIPTION FOR NEW ORLEANS NAME 3120, SHIP HULL
STRENGTH

William S. Vorus, Mk310 Ship Strength I: Informal
Notes, U. of Michigan NAME, 1986.

Ship Design and Construction, arid Ship Structural
Design, SNA).

- 52 -

Textbook:

Reference:



cP.fl $cRX rri

tQI 4120--Ship Structural Design and Analysis

Spring Semester 1994

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

Textbook: Robert E. Sandstrom. NA41O Ship Strength II Lecture
Notes, U of Michigan., 1982.

Reference: Principles of Naval Architecture, SNAME.

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

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

Prerequisites by topic:

Elementary ship structural design
Elementary Vibration.s
Ordinary DEQ's, Fourier series, introductory PDEs

Topics:

Overview of ship structural design and analysis (2 classes)
Derivation of general asyus.etric beam equations (4 classes)
Application of beam equation to static stress and asyunetric
bending (6 classes)
Shear Stress, shear center, shear in asymmetric and closed
sections (4 classes)

S. ship Mull and Beam Vibration (6 classes)
Buckling of Beam Coluisns (2 classes)
Energy Metbod.s (2 classes)
Plates/frames (2 classes)

7. Tests (2 classes)

Computer usage:

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

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

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

Prepared by: Dr. JM. F&lzaraflQ Date: March 28. 1994

FIGURE 25. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4120, SHIP
STRUCTURAL DESIGN AND ANALYSIS
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COURSE DZSCRIPTION

NAME 4096--Finite Eleinent Analysis in Ship Structures

Fai]. Semester 1992

1992 Catalog Data: NAME 4096 Special Topics in Naval
Architecture

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

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

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

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

Prerequisites by topic:

Basic Ship structural design
Strength of materials
Basic vibrations

Topics:

Introduction to Finite Elements (6 classes)
Plane Stress and Strain (6 classes)
Isopararnetric Formulation (4 classes)
Flexure of Plates (4 classes)
General and ?.xisymetric Shells (4 classes)
Vibration Analysis (4 classes)
Instability Analysis (2 classes)
Tests (2 classes)

Computer usage:

1. Three homework assignments, students are required to run a
general purpose finite element program to analyze various

aspects of finite element analysis including a cantilever
beam and a plate with a hole in it.

ABET category content as estimated by faculty member who prepared

this course description:
Engineering science: 2 credits or 67%
Engineering design: i credits or 33%

Prepared by: Dr. J.M. FalzaraflQ Date: March28. 994,

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

NAME 4096 - Stability of Ship Structures

Spring Semester 1994

Proposed Catalog Data:
NAME 4096 Stability of Ship Structures. 3 Credits.
Stability problems of ship and off-shore structures; stability ofcolumns and frames, beam-columns; plastic buckling; buckling ofplates and thin shell-type structures.

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

Reference: Structure Stability, W. F. Chen and E. 14. 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: r. B. Inozi Date: March 24. 1994

FIGIJRE 27. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, STABILITY OF
SHIP STRUCTURES
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E1D' 4756-Mechanic, of Composite Materials
Pall Semester 1993

1992/94 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 ccxnpoeite laminates. Topics
include laminated plate theory, stress analysis of
orthotropic plates, damage mechanisms, fatigue,
impact, and environmental effects.

Textbook: Agarwal, 9. D., and Broutman, L. J., Analysis and
Performance of Fiber Composites, Second Edition, J.
Wiley & Sons, Inc.

Reference: Jones, E. M., Mechanics of Composite Materials,
Scripta Book Co., 1975.

Coordinator: Paul D. fferrthgton, kssistant 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 arid oral presentation is required.

Prerequisites by Topics:
Advanced Strength of Materials
Engineering Analyais

Topics:
Introduction (1 class)
Materials and processing (3 classes)
Behavior of uni-directional composites (4 classes)
Analysis of ortotropic lamina (8 classes)
Analysis of laainated composites (6 classes)
Damage uechanisa and failure criteria (3 classes)
Impact and fatigue (2 classe.)
Environmental degradation (1 class)
Nondestructive evaluation (1 clase)

Computer Usage:
Students are required to use the VAX-cluster and/or microcomputer
for solving homework problema 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: i credit or 33.3%

Prepared by: Paul Herrington Date: September 24, 1993

FIGURE 29. COURSE DESCRIPTION FOR NEW ORLEANS ENME 4756, MIECHANICS OF
COMPOSITE MATERIALS
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COURSE INFOAT)ON SHEET

COURSE NUMBER & TITLE: Engineering $002 . Ship Hul Strength
CALENDAR REFERENCE: Page 297 of the 1991/1992 Undirgrsduati University

Calendar.

CEAB COURSE TYPE: Program Computso4y
TOTAL NUMBER OF LECTURE SECTiONS: On.
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION 5/15
TOTAL NUMBER OF LABORATORYFTUTORIAL SECTIONS: One
MINIMUM/MAXIMUM NUMBER 0F STUOENTS PER LABORATORYÍr1JTORL
SECTION: 6/16
MAJOR TOPiCS:

LongitudInal Strength of Ships (9 lectws).
Transverse Strength (12 lectures).
Toalon (3 lectures).
MatrIx D(splacement Method (6 lecttxes).

S. Finit. Element Methods (6 Iecttses).

PRESCRIBED TEXT(S):
Strength of Sha, by J.R. Psi*g,
aapt.r 4 in Principles of Naval Archltacti.wa. Vta. (
E.V. LeMa, Editor., SHAME, (198$).
Introductoty Structurai AnaFys

by Wang and Sainon Prentice Hal, (1984).

INSTRUCTiONAL HOURS PER WEEK: 3 lectures and 2 lab./tutortal hours per Week.

COMPUTER EXPEPJEN Students we reqt*ed to design a sPread sheet for a shipi
midship section csIcadon.

LABORATORY EXPERIENCE: students i reQi*ed to s&kimk a rrdshlp section desIgn
pioj.ct.

PROFESSOR-IN-CHARGE: M. R. Haddwa, Pt.D., MS.. P.Eng.. C.Eng., Professor
(Naval Arthitectual Engineering).
TEACHING ASSISTANTS (NUMBER/HOURS): 1/52

CEAB CURRICULUM CATEGORY CONTENT:
TOTAL NUMBER OF LOAD UNITS z 4
Engineering Science 2.4 units
Engineering Design z 1 .6 units

AVERAGE GRADE/FAILURE RATE: 69%/OS

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

COURSE NUMBER & TiTLE: Engr.7002 Ship Structural Analysis and Design
CALENDAR REFERENCE: Page 299 of the 1991-92 Undergraduate 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: 5/13
MAJOR TOPICS:

Ship structural safety: rational design; rule based design; partial safety
factors; safety Index; probability of faIlure (5 lectures)

Long uniformly loaded thin plates: elastic. elasto-piastic and plastic design;
various edge constraints (8 lectures)

AnIta aspect ratio plates: elastic, elasto-plastic and plastic design; venous
edg. constraints (4 lectures)

BucklIng and ultimate strength of columns (3 lectures)
Buckling of (long) plates including concepts of affective end reduced

effective width (6 lectursa)
GrJage design: effective breadth; plastic design of beams; combined loads

and failure; magnification facto; interaction equations to estimate faflure (6
lectures)

BuckII-ig of wide plates; welding distortions and thek effect on Incremental
collapse (4 lectures)

PRESCRIBEO TEXT(S): No texts are prescribed due to expe; the following is a
reference for the Course:
Hughes, O.F., 1983, Ship structural design, Wiley-lnterscience. RepublIshed by The
Society of Naval Architects and Macine Engineers, New Yort.

INSTRUCTiONAL HOURS PER WEEK: 3 lectura hours per week (1 term); occasional
tutorial and discussion sessions averaging out to 1 hott every two weeks.
COMPUTER EXPERIENCE: nM
LABORATORY EXPERIENCE: n

PROFESSOR-IN-CHARGE: Ne 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 z 3.25
Engineering Science 1.5
Engineering Design 1.75

AVERAGE GRADEIFAILURE RATE: 12.4/0 (1988-91)

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

The University of California - Berkeley

The single undergraduate structures course in the current undergraduate
program at Berkeley is NA 154, Ship Structures, and the description of it in the
ABET format is shown in Figure 33. More interesting perhaps are the several
outlines in hand for that same course in recent years, particularly the differences in
actual content as well as the different ways in which several of the same topics can
be described by two different but knowledgeable professors (and Professors Mansour
and Paulling are indeed very well qualified to be so designated). Also, because these
outlines collectively include just about every topic with which it would be highly
desirable every bachelor's degree naval architect and/or ocean (or "offshore," since
Berkeley is the subject) engineer had presented to him, they are reproduced in Figures
34 through 36. Viewed in that sense, they also clearly demonstrate that a single
required course in marine structural analysis and design in any undergraduate
program in naval architecture or offshore engineering is indeed inadequate. With the
situation at Berkeley currently in transition it is probably not entirely established
what material should be in what course at present, but there are two graduate
courses, 240A and 240B, being given at present by the department. A tentative
outline for 240A, Theory of Ship Structures, is shown in Figure 37, primarily to
illustrate how rational and current course content at that level can be in that the
probabilistic approach to loading and a reliability based determination of response are
both included. Other departments and programs at Berkeley in all of the established
engineering disciplines offer a great number of additional courses in structural
analysis and design and related subjects, and graduate students in the Naval
Architecture and Offshore Engineering Department can specialize further by
selecting from among them much as do those at Michigan and the other universities.
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NA 154
Fall Semester 19U

1988 9Cauio Dala: NA 154: Ship Structurei Crut3. uctiespjaljreaiuof sIip sucturej and their (ksir. Structural kadi. hull girdei andhull
aniJysii. laterally loaded grillages and CTOss.sliffenetj plates,

)!ZtC c±ling, modes of possible failure to be designed against, use of
theory and classitication society ruks in mbinon in
Prerequisites: NA 151.CE 130.

Tcxtook IP. Cocnstock Editor, Principles o( Naval Architeciure, SNAME, 1967.

R. Taggart, Editor, Ship Design and Construction, SNAME, l9g(

Qx%dinator: Msa E. Mansotr, Protcssor of Naval Architecture & Offs&e Engineering

Goals: To introduce the student who has already completed a course in ctementasr
strength of materials to the speciali red aspects of ship structurai analysis
and design.

Perequisites by Topic.

2-D elasticity.
Ekmen theory of bending of beams.
Elementary column buckling theory.
Theory of torsion of simple closed tubes.

Topics:

Structural loads experienced by ships and oher marine süucttues. (6classes)
Box giner theoçy with emphasis on shear and torsional effects. Q classes)
HUUdCCkhOUSe mieracrion. classes)
Elastk theory of stiffened plaies. (7 classes)
Plaie buckling theory and the used of design charts for predicting the buckling strength of structural
components. (S classes)
Mode-s of ship failure and appropriate design derations. (7 classes)
The structural design process as a synthesis of rules, codes and rational procedures. (7 classes).

Conutez Usage:

1. Homework assignment on designing stiffened panel of a ship bottom structure.

Laboratcty Projects (including major hems of equipment and instrumentation used):

1. None

ABET category content as estimated by faculty member who prepared this course desaiption.

Engineering Scien: 2 credits or 66%
Engineering Design: i credits or 33%

Prepared by Ç\ 1L.r-..- Date: 5fLJ( rr

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



NA 154

- 63 -

OUTL1

Ship Structures A. E. M1&rsour

1. Claracteristcs of ship structure

(e) Strength versus stiffness

Primary, secondary and tertiary behavior

lyoical .idsh$o sections
2. Loads eppfled to ship structure

Static loads--standard longitudinal strength calcvlatlons

Dynamic loads--low and high frequency loads

3. ox girder ìnilysis

Two dimensional stress analysis

Stress distribution around a section

Shear and girth stresses

Cd) Oesiqn considerations

ft)U1ti..atestren$h an4 felluri modes
4. Sheer lag and effective breadth

lasic concept

Application and design chirts

S. Oeckhouses and superstructures

Two-beam anlys1s

Experimental results

6. 8ending of plates

isotropic plates

Orthotropic and stiffened. p'ates

7. 8uckling of plates

Isotropic

Orthotropic

8. Ultimate strength of beams, plates and box grders

FIGURE 34. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP
STRUCTURES



64

Sht Structures rau 1949

I n struc t ori J. L Paulling

Cours, t1ln. and Scheduli (Subject to change at wfis of in5tructr)

Reading R.6er.nc, $ s Principles of Nial Ar'chitectur,, Vol. 1, Lewis (Ed.)
rub. SN, N.Y., i9.

sk Tc!Qç Ra4jn R,fer,nc1

¡atroduct ion - The big picture. O. 3, Sict. I
Ship structural static loads. 2.1. 2.1

2 Dynaiic wave badi - deter.inhstic, 2.3-2.5
Probabilistic. 2.6-2.4

3 Long ten .trea.. loads. 2.9-2. 10
Other co.çontnti of dynaaiic bing 2.11

4 Pox girder analysis 3.1-3.2
Section s.o&bus co*putat ton 3. 3

5 Shear aiid transverse stress thitnibut ion 3,4-3,5

4 Shear leg and effective brea4th 3.6

7 brilon ar4 related effects 3,7

$ Secondì.ry structural response 3S, 3.9

Plate bending 3.10, 3.11
PIIDTER$ (1'(

tO Transverse str.nçth considerations 3.12
Dec khousii and superstructures

Il Modes of structural (allur, liett states 4.1-4.3
Failure theoriet

¡2 Structural instability and buckling 4.-4,7

13 Ultilate strength
Fatigue 4. 1

14 ¡ntroductcr to reliabtllty Sect. 5

¡5 Catch up. loose ends. Review.

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



0$)lCa) Outlia

g* 154 - Ship Structures

i. natur. of ship Structures ssd basic coocepts of ship
structural design.

a. Arrangeet of structural componeats.

b. Functios of structurai components.

c. Comparison of ship structures to other structures.

d. Sabdivisloo of response (primary. secondary, terciar,).

2. ShIp structural loads (demand)

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

Standard static load computation and use is classificat loo
society rajies.

3. Plane stress analysis

Derivation of equations of equilibrium.

Stress conceatrstio..

4. Analysis of hull gtrd.r and hull moduli co.poeents

Elementary box bes.. analysis la bending.

Torsion of this-welled slendir besas with closed sections.

Shear effects is this-walled slender bea..

5. Laterally loaded grillages and cross-stiffened panels:
descriptios of pb.so.esa, derivation of equations of equilibrium,
use of design charts.

6. Buckling aad ultimate strength of columns and plates.

7. Further aspects of structural failure (capability).

Teasile/contpreSSlve fracture and failuri theories

Fatigue

e. Brittle fracture

d. Welded connections

8. Uncertainty of design process (demand vs. capability).

9. ClassifIcation societj rules.

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



- TMCORT Of SNIP STRUCTURCS
Alla Mansour

?EWTATLVC 04Jt11wt

L. Representation of the Sea Surface
I. Probability distributions associated with a random

process.
Stationary and ergodic processes.
Autocorrelation functior and spectral density of a
stationary random ptocess.
TypIcal sea data and sea spectra.

if. Dynamic loads and response of a ship hull considered as a
rigid body.

i. Input - output relations
transfer functions /response amplitud. operators.
ShIp response spectra in long-and short-crested seas.

III. Long-ter. Prediction of Way. Loads - fxtreae Value and
Order Statistics

Long-ter, distributions.
tztreme wave loads - order statistics.
trtre. tota) wave and stiliwater loads.

IV. fully Probabilistic Reliability Malysis (Level III)
I. Variability ivi hull strength.

RelIability concepts.
ProbabilIty of failure using determinIstic oc normally
distributed stillwatec loads.

4.Modes of failure in hogging and sagging conditions
bounds on the total probability of failure.

V. Failure Analysis Procedures - Design Considerations
I. Long-ter. procedure.

Short-term procedure.
ApplicatIon of failure analysis to a Mariner and a
tanker.
Th, level of safety-optt.ization criteria.

S. DeterminatIon of a hull section modulus for a prescribed
level of safety.

VI. Seai-Probabilistic Reliability Analysis (Level ¡1)
I. The mean value first order second moment method.

The Eaaof.c/Lind reliability indes.
Inclusion of distribution Information.
Partial safety factors (Level I).

S. trample application and comparisons.

Dynamic Loads and Response of a Ship Hull Considered ¿sa
Flexible 8ody
I. Hijh-frequenCy steady springing loads and response,
2. High-frequency transient-slamming loads and response.
I. Combining the high-and low-frequency loads.

Ship Huit Ultimate Strength
I.Failure is a result of yielding and plastic flow (the

plastic collapse, shakedown and initial yield moments).
2. Failure as a result of instability and buckling (modes of

stiffened plate buckling (allure).

FIGURE 37. COURSE DESCRIPTION FOR BERKELEY NA 240A, ThEORY OF SHIP
STRUCTURES



United States Coast Guard Academy

The contents of the 1442 course entitled Principles of Ship Design and 1444,
entitled Ship Design and System Integration, at the Coast Guard Academy include
many topics beyond those involving structural analysis and design. But Figure 38
includès 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 s2veral aspects of
structural analysis and design in the naval architecture and in the ocean engineering
programs at the Naval Academy, and more elective courses available, EN 358, Ship
Structures, and EN 441, Ocean Engineering Structures, are, respectively, the
principal ones. The respective capstone design sequence courses include the usual
structures content, but students in both programs are also required to take EN 380,
Naval Materials Science and Engineering, and evidently learn about fatigue and
fracture there in addition to the more scientific topics which are all that are included
in many of the basic materials science courses elsewhere. Syllabuses for EN 358 and
EN 441 are included in Figures 40 and 41, along with the reference list for 358 and the
ABET description for 441. These last two items would seem to indicate some
difference in the levels of the treatments in the courses, but this could be in error and
is only suggested because the 358 reference list includes some quite old - but classic -
entries despite listing the very valuable Hughes book as well.

Virginia Polytechnic Institute and State University

The required undergraduate structures courses at Virginia Tech reflect the
arrangement that places the ocean engineering program and the aerospace
engineering in the same department, and that it is an ocean engineering program
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Peqis: 1342
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19. LongItudinal Strengjb AiiiIythJ1. Based upon yo Second
WeighOG Estimate. Loading Cooditlos Calculations and appropriate
rontIos from MuSurUHydromaz, the Design Team shall:

Evaluate Still Water, RoULaS and Sagging Longitudinal SIzengih of
your vessel In each of the 4 loading conditions. The rnutmu'n
bendIng moment and shear toree shall be highlighted foe each
condition.

Using the minimum bending moment and abear torce values from
past a), determine the material used la the cooztructh. of your
hull sad calcolate the minimum permhsibk beading and shear
stress.

e. Cakelate the required midship section modulus foe your vessel.

d. Provide plots of the weight. buoyancy, load, shear and bending
mosneat curves fa each of the analyzed cases. ideMiíyiag the
locations of che minimum shear and bending eat values.

20. Midship Section Design (Sì - Bund upon the results of the
Longitudinal Strength Analysis of your vessel and appropriate
structural design criteria, the Design Team shall:

Design, draw and label the midship section for yo veuet Insure
that all major structural members are included and dimensions
tre provided.

Deianiine the plate thickness foe all decks, shell and bottom
plating.

Determine the size and location foe all m.ajce structural members
In accordance with applicable ABS rules. USNflJSCG specifications,
tod OER requirements.

Determine the required thickness and stiffener sizing for typical
bulkheads . collision, deep tank arid standard watertight.

Determine the Moment of Inertia and location of the Neutral Aus
for your midship section. Provide actual bending moment and
shear stress cakulations foc this section and compare said actual
values lo 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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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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FIGURE 46. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4184, DESIGN AND
OPTIMIZATION OF COMPOSITE MATERIALS
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YCMICI.( $TNUCTViE$

C LOP TITLE. VVIICLI STEUCTUIES )

I. CATALOÇ o(scNIPTIOM.

Silt

VIHICLE STIUC1UNIS

Exact and aiproxiaat. sethods for analysis and d.sin e?
asrospece and sann. structures. St Strains.
C.nstjtutiv. Equations. iqjndary Value ProU..,. sAd Tue
DI..nsional Elasticity. T.nslon. Variational M.theda.
Virtual Work and Energy Principles, Structural Mechanics
Ti Traditional Lpprexieate Methods and Lasiratad
Platea (3N,)C)

U. COUESE STATUS.

N.difi.d Cours.
tevialon e? LOE 3221, 2,3 sequence ints sjngl. course

C. Effect!,. Fall ltl$

PtEI(QUISITES £ COLEQUISITIS.

JiSTIFICATION

La accurat. stress analysis if varleus end
scia., structures is a prerequisite te their eiU.u. de-
sign. In practice, varieus exact and aiir.xi..t. analy-
sis techniques ¿r, used ts erfor. such an analysis.
Tiere is a teid te teach sur graduate students a cluse
that pr.vides an ind.pth knowledge e? conceits is ad-
v.nc.d Structural Analysis t.ctiniqu.s and alta help,
the. In the understanding e? various conceits s? Struc-
tarai Mechanics.

Y. EDUCATIONAL OIJECIIYES.
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part a Pesi,. knowledge et various conceits a?
Structural Mechanics as eaployad in ti. analysis and d.-
aipa .t aerospace and aarine structures. This knowledge
will sise prepare the students te take ether, se. 5pe-
cialIzed, courses la Structures.

Y!. INSTIUCTOC.

I. c. Eapanla - 'lii. 1. 1. Naftka - t$i

TEXTS AND spEciAl. TEACMINÇ AIDS,

teddy, . , GY AND VAIIATION*t. METHODS IN APPLIED
NECMAMICS,' J,hn Wiley, NY iSSt. Aise class notes.

SYLLAIUS,

Percent o?
Ceuta.

PACT A (THEOCY O ELaSTICITY)
1. IntroductiO"' Stress and

Strain i 5z

Stress and Strain at
ioint. Stress Tensors
and Cauchy'$ Foi.ula.
Lagrangian and Eulerian
Variables. letsUan
T , Tranlføratien
s? Stress nd Strain
Tensors principal
St principal
Planes. princiPal Axes
5V Strain. Coaoatibility
Equitions.

MsCh lt. ¡$4

FIGIJRE 48. COURSE DESCRIPTION OF VIRGINIA TECH AOE 5074, VEHICLE
STRUCTURES
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Saint Venant'S
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fir thin walled sactiens
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I. Virtual Work and Esergy
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Work and (ns'gy, Strain
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Principles t Virtual
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Fercea and CøePl.eentary
P.t.ntiai £n.rgy, unit
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Shell Theory. Zaert.n,iQflal
Shell Theory, and N.ab-an.
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Project Presentations

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 13.1OJ, 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.

-81 -



CURRENT AREA CONCENTRATiON IN SHIP STRUCTURES AND STRUCTURAL FABRICATiON
Flgur I

I

PROPOSED AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICA11ON

FIgure 2
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13.410 Introduction to Naval Architecture
(Mechanics of Solids)

Text An Introduction to the Mechanic of Solids. S. H. Crandall. N. C.
Dahi & T. i. Lardner. McGraw-Hill. 19Th.

Cow-se Schedule

Introduction & Fundamentals of Mechanics (Chapter 1)

Equilibrium of Rigid Bodies and Free-Body Diagrams (Chapter 1)

Deformable Bodies (Chapt« 2)

Statically Determinate & Indeterminate Structures (Chapter 2)

Stre & Strain (Chapters 4 & 5)

Mohr s Circle (Chapter 4)

Equations of Elasticity (Chapter 5)

Initiai Yield (Chapter 5)

Fracture & Fatigue (Chapter 5)

Pressure Vessels (Chapter 5 & (lasa Notes)

Thin-walled cylindrical k spherical sbel

Thick walled cìinders k spheres

11. Elementary Beam Theotv

Bending moment and shear diagrams (Chapter 3)

Bending stresses and shear flow (Chapter 7)

Composite beams (Chapter 7)

Deflection (Chapter 8)

Torsion (Chapter 6)

Beam buckling (Chapter 9)

Vielding and plastic b.ea.rn ana1rs (Clam Notes i

- Inelastic bending and ultimate strenrh 'Class Notes'
- Plastic suckling Cass Notes'

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
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13.IJ;:cT's STUCTPAL !C"À1C

Tail lt,

JRE 7T1tX

t. The concept of striai

-- Stress tenser
-. Caucy rula
-- Pr::;aL stresses
-- Stress avtetcr

Plan. stress
-- Mohr circle
-- Rot$0n of coordinate syste2
-- Poli: and cylndricil coordinates

The concept of strain

Str.?t easures
Strain and spin tensors
Phys:3l interpretetion
Pie-n szrin

-- en:ial szr3

Elastic cnstitutivS equations

-- Lirne c:nstants
-- Your.gs ooduius and Poisaons ratio

Tsotrpy and csoqen.ity
-- Sicpie states: Pydrostetic loading
-- Uniaxial stress and pur. shear

Moos lay for plain stress

mc concept of equilibriva

zT.:riuo cf a 3-di.nSiora. :dv
Cee-sLi:ed s:esses

cf a :ea
Ete..:s of lar:. :;taticns

-- __. cf acr..-.g late :.e)
E-.:r:u2 y:! :e crnci;.es :f ::rtual ..ork

El e..ntuy theory of bsa25

-- Love - Kirchhoff hypoth.sis
rnteqrat.d constitutive equation
Classical bending equations
8oundlry conditions

- - Exasple solutions
Effects of large displacuenti

Energy uethod.s in elasticity

endinq and sarans energies
-- Total potentiel energy

Equilibrius via variational foriulations
-- 0undary conditions
-- Ritz and other approxisate aethods
-. txaaples

7. StsJility of equílthriu - buckling

-- Disrete coluin - illustration of basic concepts
-- Trectz condition for stabuity
-- Colunn buckling as an eigenvalue proble.

Euler forula
Plastic buckling
Design of coluens - buckllnq curve

S. tleeentary plasticity

field condition ai a failure criterion
3.havior beyond initial yielding
Plastic flow and strain - hardening
eckinq and fracture
Plastic bending - the concept of t plastic hinge
Liait analysis
Crushing of circular and pris.atic tutes

FIGURE 53. OUTLINE FOR MIT COURSE 13.1OJ, ThTRODUCTION TO STRUCTURAL
MECHANICS
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FIGURE 54. CATALOG DESCRIPTIONS OF SELECTED MIT STRUCI1JRES COURSES



11 2/27 rutuJ Wot Method
19 311 Ddkdiono(&atflS
20 3/3 Eainplei

21 316 Fi'esgj MeLhds
fl 3lEwn$ei
23 3/10 Stabctndcternkcy

(Spcug Bù)

24 3/20 Mtcrîath ft.Jysu
25 3/22 Statkafly t miraLc Structurea
26 3124 Compatibility McThcids

21 3/27 Suççax Sctien'icnts ¡M E]a& Sup1x1i ¡0.5- 30.6
21 3/29 Eampka
29 3/31 Statifly 1ia&temiratc Trus.es 10.10-10.11

30 4/3 E.wnp1
31 415 SSoçc-&fl«tion Equations
32 4/7 Frame Prtkms

33 4/10 E.u.rnp1

(Evening Eijdrtc 4/11195: 7:C»-8:)0 p.m.)
34 4/12 Equiiibium MeÍxzi for Truss AraJysas
(Holiday on 4/14)

9 5.97
9 1-9.9
10.1-10.4

35 4/17 Equilibrium Equations by Enesgy Mcthod3 11.10
36 4/19 Ei.amples
37 4121 Moment Distribution Method 12.1-12.4

3.1 4/24 E.xa.mp1 32.5
39 4/26 Malni Mc Kds of Analysis 13.1-13.3
40 4/28 Mmbcz SWYness ¡M Fkxibility Matnc 13.4-13.7

41 5/I Transfo(Tr..ar]cxls ¡M E.UJrpks 13$- 13.9
42 5/3 Revic-w

Final FvAmination- Friday, 5 May 1995: ¡0;Q3 a.m.-Nonn

FIGURE 55. SYLLABUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF
STRUCTURES
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C1243 Date Topic

I 1/IS Wrodx*i C. 1
2 1120 Ba.Ccq 2.32.9

3 1123 Wort sM Etiergy 2.10.214
4 3125 Vutal Methodi 2.15-2.17
S 1121 E.u.mp1

6 1/30 SaidF1eaibWty 2.11-2.19
7 2/1 P.c-i($ Op.3
$ 2/3 E.u.mpic*

9 216 Vsuai Aai)iU Nc by Pro(. Roc)ske
10 2/1 &aii, and Frii ¡-S.S

Ii 2/10 Sv ¡M Moment Diaranu 5.6-5.9

¡2 2113 E.samç'k* 510-5.11
13 2115 mfaUnc(tL) 6.1-6.3
14 2/17 Mue&i-Btthui Principk 6.4

15 2/20 Uaeo(fl 6.5-6.6
(Eering Ewrii,sa1iot 2/21: 7:(»-8:30 p.m.)
16 2122 F.u.m$cs
17 2/24 Ekflkso(StrJcjr1 7.1-7.3

7.4-7.6
1.1-1.3

5.30

9.3.9.4

111-11.4
Iii

11.6

11.9



OCEN 301. DYNAMICS OF OFFSHORE STRUCTURES
FALL 1994. MWF 3:00. 3:50

Instructor Dr. M. H. Kirn (Rin. WERC 236B, Te]. 47-871O)
Prerequisite: OCEN 300, CVEN 345, and Computer Programming siu

TOPICS

PARI' I. Review of Vibration Analysis

Introduction

Free vibration of single-deçee-of-freedixn linear systems

Forced vThraton of sia f-freedom linear systems

Examination I

Multi-degree-of-freedom systems (introduction)

Cootintus systems (introduction)

PARi' II. Application to Offshore Structures

Variois offshore structures

Dezi,çi oensideratioc

Dimensional analysis

Environmental loads (wind, wave, and current loads)

Review of regular and irregular wave theory

Examination Il

Wave loads on offshore structures (Mxi.,on equation)

Dynamic system modeling

Responses of offshore structures

Design wave loads and statistical design method

Elementary mooring analyses

Final Examination

FIGURE 56. TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF
OFFSHORE STRUCTURES
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CVEN 686 OffshOre $fld COa$tal Sfructurs
Course O.*is - Spring igel

nstructor . J.M. Nledzwecki
Deparünent o( CM Engineering

Office: CE\Tfl 705 C
Telephone: 845-19

Office hours: As posted or caR for an apponUnent
Lectue: MWF9-9:50 CVL..8 114

Topics

Offshore arid Coastal Structures
Oes4gn Cons4dera6ons and Procedures

Waves and Structures
En*onental Forces
Wave Force Equations

Ptrysic Modd Testing

DesIgn Wave Apro

Oynamc M&ss d SImulation Methods
Estimates c Wave Chwacteristics & Struur Response
DdYraction Analysis - (Dr. J. Roesset, Urne IBA)

d-senster ExamInation (We&iesday Mardi 8,1991)

Offshore Structures
J_ RIgs
Foced Jadc Structures

NeDrÑingMalysls(Dr.LLowery,weeko(Marthis, 1991)
Gavy Platforms

Wave kTpac1 Loeig on Platfonn Dedcs- (Dr. R. Mercier, Apd 3,1991)
Mooring M&ysls - (Dr. H. Jones, week o(A4x1 7,1991)
Compard Plat1Q-ms

Coastal Structures
SeawaRs, Btheads. Revetments, Piers and Wharfs
&cins, Bre*waters and Jetties

Pipelnes&OutfaRs

Final ExamInation (Monday May 6, 1991, 8-lOam)

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

Figure 60.

Florida Institute of Technolo

At Florida Tech undergraduate students in the ocean engineering program
complete a basic deformable solids course, MAE 3082, and the first structures course
is C'VE 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
andlor 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) descriptions 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 - D1GN OF MAP2' Srb.. frguCrup.
S Sn 1995

1994-95 Cataioi 111 4414: DesIgn of MarIns Sad nes, 3 ae$.
PequWs B(X 3130 (SLreng of Maiais) ad C 44 IX-
SusI A1yÑ I
Uedtytng thcy and dedp of taI ' meben and
1ncuporz In beim, u.' and frime C of

*u Engineaing aç&ation baic4 upon, Aiaic*n 1nitu*
of Sad Cornctkn calon and desp man.

Texthixk McCormic, J* C., 'Structutal Sied DesIgn: LRFD Method',
Hupa and Row, 19*9.

Indruc1 Rcc*x Vugax*, Vinting Profcsi of Ocean EngineerIng.

Gc*1s: This axirie Is Ln Io: (I) in(rod* sens b the design cf
sImple waI ed n and th& kKupratks InIo beam,
buu and frvne nwea (2) empiialze a dernng of the
- mdaiying the design oede reet (3) clsiify ks,orzs
learned by r«oune b a cs. study of awthfly 1'c,d, nnafl, 3D
frame *nirc In an n esgineicring çp&l

Pruequiûtes by Topics: 1. S*ugth of aieriaIs.
2. Sinctwii lysIi.

Topics:

Bnewoà, Ts sed Pn

Homewort prob1ecis Involving aeds o(deiign covered In cliii are itii,ji4 on a weekly
sand graded ()S).

Two con-hour ests are gives during d lerm (30%), plus a Iwo-kat nel a.im at the essI
o(the m (30%).
The design pro«* usigned requires d u b iynthesirz the cq*i asnul Leso the
design oft wririe ed mucture ()%).

Estinzed ABET Caegcwy Con Engiretiing Sciencs: 1112 crediti er 50%
Engineering Design: 1112 cr er 50%

Prepared by: Date:

FIGURE 58. COURSE DESCRIPTION FOR FLOR[DA ATLANTIC EOC 4414, DESIGN OF
MARINE STEEL STRUCTURES

ncfplesofmedgi
T mes.
A
Resi'w

.m1umnL
Cvw'cdc*ii.

ue study of on agincesing *ruct.ue.
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BX i S1TUlAL AXALY3 I
1 Sø 1995

1994-95 C10 33C 4410C: r*v AJ7,Ii 1, 3 a.
Prufl EX 3350 -(11 mc ci a1yÑ &b ei s vth
Sr i e çç (kr .

L C., Sn Ai)sis', 3rd Ed,
Pub Coy, 1995.

Cxxw Wir Linsia. Vtth Pr& ci Piine&t.

Oosix
pufxin b w4 dcSrutk* lyws ci, 4

by -"J mrd Ths4*i
icwkma, cirit, s ifl r prI

* dc4n p1* u iic u

PTUUiSIt$
' flx.*x a badt uim.

sibe*n.
AnalyÑ ci u w'd .

cibnu.L (ii
Th Xd P4tW&

De*m
&sm agmc by po

s. m
a sich u1bian.

ApçrIn xaiyÑ (iIE JL
S. &am dc«'s by ii1Di' by 4it eut.F n i ruth1 e iaiyÑ -

bcsm uTc ua
L1ky Pro«ti (b Y4fl( ci tv huai ci at jhs içc*1):

1ifl( (i ifl ' ci kiEty p*y a d mç th &&ru ci- n & mth Ott, t
E zitcit MDM ua ci Pr Sr c twdin5 &ility.

Same u Lth 2 a u rm.i16-i bum.

Eiimaacd ABEr C*ciy Cc* Engneai Scmce 1.5 cr*5i*
Dep 1.5 cui3

Prçred by:

FiGURE 59. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4410C,
STRUCTURAL ANALYSIS
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f152 Aciv. )!echanjca of fl&t.rials In Ocian ooicat1on crts
1sreq'u1sit.s tOC 3150
rean and thick walled cylinders under external hydrostatic ocean
555ra. Batas ort elastic foundations. Energy sethods, vdlinq
looks and curvd biais. Contact stresses. Buckling probless.
jnelistiC behavior of baus. Theories of futur..

C 6133 Theory of P1ata
prerequisite: tOC 3150
plat. lea.nts tri ocian structures.
structures. Includes linear theory,
effects of shear detonation.

OC 6154 Theory of £tasicity 3 credit..

Prer.quisits: tOC 3150
Classical forsulation of the satheattical expressions for state of
strass and. strain in a three disensional sedius. Constitutive
relations tor linearly elastic saterials. Solid bodies as bowid&ry
value problea. Plans stress and plan. strain. Deep subeiszgence

effect on yield surface.

OC 6155 Finita Elenent Methode 3 credits

Prerequisite: tOC 3150
Finite eleient approach to the solution of elasticity problems.
Ezphasis on displacesent iethod, using direct stiffness approach for
generation of overall stiffness matrix of a structure. Energy method
for .lenental stiffness matrices.

LOC 618$ Fluid Structura Interactior 3 credits

Prerequisite: tOC 6180
Dynaalc interaction between fluid and solid systas. Rydro.lasticity,
hydrostatic divergence, galloping vibrations and stall flutter,
vibrations of a pip. containing a fluid flow, and turbulent flow aver
coapt iant surfaces.

OC 6203 Coavosit. Mat.rial 3 credits
Prerequisita: P.nission of Instructor.
This course covers the use of coaposits saterials in engineering
applications. The course covers the following topics: non-isotropic
,echanical behavior: uicroi.chanical behavior of launa and fibers;
bending, buckling, and vibration of composite auterials; matrix arid
r.inforcea.nt materials for co.posit.s: manufacturing techniques for
cosposita materials.

OC 6417 Advanced Marina Strwtural Dynauici 3 credits

Prerequisites: tOC 6152, tOC 6425
Basic features of dynauic loading and response, physical properties of

dynaaic analysis, environmental loading, flow induced vibrations,
calculation of the dynamic respons. of typical structures, effects of
structural vibrations, use of od.ls to predict dynamic loads end the
respons. ai structures.

tOC 6425 Ocean Structural Dynamics
Prerequisites: tOC 3114
Iethods of analysis for elastic ocean Cranes subject to time
loading; vibration theory applied to structural systems;
vibration, energy methods, and danping.

tOC 6431 Offshore $trjcture
Prerequisites: EOC 6152
8asic structural systems, envtronmentat loading, fixed and gravity

type platfot-as, scsi-submersibles, floating and compliant platforms,

external pressure shell structures including okl storage tanks,

pipelines, vet and dry subsea completion systems, buoy engineering.

concepts for frontier areas, dynamic response.

FIGURE 60. CATALOG DESCRIPTIONS OF SELECTED FLORIDA ATLANTIC
GRADUATE STRUCTURES COURSES

3 credits

Analysis and d.siqn of plat.
deflection theory and the

- 93 -
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1O4 CoOU cV XI, Q*t Th.m* *temst thI b
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tt md1 to e.d tneils bi

reqiby top
I. S
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Z.
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Cortdomi (5mi
Mcmsl imbt t cMasss
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T. zxw. (4vt 012 doori*.L 0WI iwoe (5 ds,i
1G. .T.. (Z-IU 4

W,.
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2Ercy CU
wçSdsi Z oc 67%

çWnOe tor%

Prer.d by J. W. Sctr*b

XIS $TJC1R'4.MtM.yAIC 0EGK

ohkJ. zc-T+

FiGURE 61. COURSE DESCRIPTiON FOR FLORIDA TECH CVE 3015, STRUCTURAL
ANALYSIS AND DESIGN
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MARINE STRUCTURAL EDUCATION IN RELATION TO
PRACTICES AND EXPECTATIONS IN INI)USTRY

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 oth&r 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



structural analysis and design as entirely satisfactory if not exemplary, and ifso 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 i and 2

The answers to the first two questions made it abundantly clear that, as
expected, marine structural analysis and design today is being conducted as often by
civil and to a lesser extent mechanical engineers as by the naval architecture
graduates of the undergraduate programs described earlier. Several of the civil
engineers had earned master's degrees in naval architecture, but more in civil
engineering or applied mechanics. A surprising number of those engaged in structural
work, perhaps one-quarter, were educated - often in naval architecture, however -
overseas, most notably in the United Kingdom. Unexpectedly, perhaps another
quarter or more of all those so employed have not received any formal higher

education. It would be misleading to describe them all as just very experienced
draftsmen who have learned what they need to know on the job, but it is quite normal

for them to call themselves - and often their employers at most of the smaller firms

also to call them - "designers." Those who were educated in naval architecture in the
United States and Canada were most often graduates of Webb or Michigan, certainly

because these two programs have enrolled and graduated with bachelor's degrees the
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RAYMOND A. YAGLE
Consulting Naval Architect
Room 210. NA and ME BuIding
North Campus
Anr ArborS Mchigan 48O9
Te'ephone: t313) 7649138

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 have for the last two months been engaged in carrying out many of the requirements
seeking a detennination of the current status of marine structures education as listed in the enclosed
copy of the prospectus for an active Ship Structures Committee project, and am writing to you to
request your assistance now in addressing the several tasks that deal with present practice and
capability within the marine industry. The enclosed questionnaire I have prepared may not be
entirely adequate for your or any other single organization, but I will greatly appreciate your taking
a few moments to jot down -- in pencil if you wish, since the returns are only intended to help me
discern the range in the level of competence being applied in current work and the scope and nature
of the problems being encountered and will not be quoted or identified to anyone else -- whatever
responses you deem appropriate. 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 ¡ 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 TRANSM1FAL LETFER
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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 andlor 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 andlor in which they were normally

engaged, did not select the latter. Some in fact responded that they did not know of

- 102 -



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 andlor 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 andlor promulgated by classification or professional engineering
societies or by the ILS. 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 justifr some of the conclusions given in the next section of the report.
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CONCLUSIONS AND RECOMMENDATIONS

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

Of the dozen schools with undergraduate programs that were included in the
earlier section, the first four would seem to be graduating at present an adequate
number of bachelor's-level naval architects to meet the current needs of the marine
industry. This could not have been stated just several years ago since their normal
collective enrollment, and therefore total number of graduates in the last year or two,
were much reduced because students were not being attracted to this particular
discipline at least in the U.S. due to the view generally held (but by many younger
people especially) that the marine industry was nearing collapse as the U.S. Navy
had to cut back ship procurement programs. But during the intervening period Webb
has been able to admit and to graduate more students than ever before -
approximately 24 and 18, respectively - and Michigan at present is again graduating
23 or 24 students this year and anticipates some further increase in each of the next

several years. While the Memorial bachelor graduates generally remain in Canada

after receiving their degrees, the total number of students at New Orleans would

suggest that more than the usual 10 or so might graduate if it were not that most of
the students work full-time and are only part-time students and concurrent work

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 1? PROGRAMS OF ThTEREST
AT ThSTITUTIONS fNCLIJDED IN THIS STUDY

Sources: American Society for Engineering Education Directories (see BIBLIOGRAPHY) and
personal communication.
'B=Bachelor degree, whether B.S.E., B.Sc., B.S., naval archtitecture or ocean engineering
2M=Masters 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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INSTITUTION M2 ,E3, '93 M, E, 94 D4, '93 D, '94
Webb s - - -
Michigan ¡ 13 21 25 8 5

New Orleans 9 0 0 - -
Memorial 6 4 9 7 2 1

Berkeley 4 5 6 7 2 3

Coast Guard Academy 23 24 - - - -
Naval Academy 22,33 15,20 - - - -
Virginia Tech 17 15 *5 2 * *

MIT 1 5 41 55 11 13

Texas A&M 21 21 12 17 3 3

Florida Atlantic 16 22 8 14 4 2

Florida Tech 22 30 7 7 0 1

Nova Scotia - - 2 4 0 2



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, arid 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 andlor development
efforts in disciplines other than naval architecture andlor 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
andlor 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 andlor 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. If indeed 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't 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 often result will impose

on those suggesting some variation a needless burden, is the real problem. Various

awards to practicing naval architects and/or ocean engineers, for creativity and

productive change, particularly if successful, offered by appropriate government

agencies such as those that constitute the Ship Structure Committee or that
interagency organization itself, might help. The recognition must be extensively

publicized in each case, however, and the awards themselves should be as rich as

possible. The Society of Naval Architects and Marine Engineers and the American

Society of Naval Engineers should be encouraged to participate and could possibly

manage the entire process.

It is foolish to suggest money, financial support for research, financial aid for

education, does not matter; but it is questionable whether the availability

immediately of a substantial additional amount of money will quickly improve marine

structure analysis and design education and capability in industry significantly.

What might help in the coming years, however, are dedicated government tax policies

intended to encourage investors, unwilling to take the entire risk themselves, to carry

through on entrepreneurial ventures that do incorporate or, preferably, even require

innovative structural arrangements, or imaginative new material usage, or other

such features. To encourage the government to do so would require an educational or



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 ftmding
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 Agencyts Maritech Program, and possibly
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even with the American Institute of Marine Underwriters, the Shipbuilders Council of

America andlor 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 only 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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