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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, andoi 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 underling historical

evolution of ideas and problems that have led to-the distinctive definition of that field.

But it is equally necess~ that they acquire the capaci~ to contribute their efforts

in practicing professionally in that field, whether that entils resolving typical current

problems with existing approaches and procedures or, less often, conducting and

perhaps directing research a.dor development undertakings seeking to enhance and

often to improve them or, more frequently, just to understand the problems

themselves more fully.

These tin demands are clearly evident in engineering education. The programs

at some schools have curricula that emphasize one usually at the expense of
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satisfactorily achieving the other at the undergraduate level, even though most

schools have until recently not considered the preparation for general practice as the

main focus at the graduate level. The degrep to which this is so at the dozen or so

schools of concern in this project till be assessed. Their programs will be evaluated

primarily with respect to the content appropriate to the subject of this report, marine

structural analysis and design, while noting that the generic term “ocean engineering”

is unlike “naval architecture” not at all limited to the analysis and design of vessels

and offshore platforms and the structures content therefore in

extensive. Two of the schools are indeed military academies

special circumstances at them must be acknowledged.

several may not be

and the somewhat

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 b

determine how correct the perception mentioned above actually is, and this report will

describe and discuss the material and other information that permitted some

conclusions to be reached. Colleagues at all the schools were helpful in providing this

material and interchanges with them have been most beneficial, and are much

appreciated. Many other friends or acquaintances in the marine industry were also “

interviewed and/or responded to, and often elaborated on their answers to, a

questionnaire sent to them or their organizations.

This report will first include brief descriptions of the undergraduate and the

graduate programs at the various schools that satisfy the engineering needs of the

marine industry by having created and sustained educational efforts particularly in

naval architecture andlor 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 repo”rt will review the responses to a series of questions

addressed to individuals and/or organizations representing the vtious branches of the

total marine industry that are concerned to some significant degree with structural

analysis and design. Their impressions and expectations regarding the education

programs, their satisfaction with their own basic knowledge of and their confidence in
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their current marine structural analysis and design practices, and their views on how

their own or the marine industry’s circumstances with respect to these matters

might be bettered, were sought.

The report will be completed with a section providing the conclusions reached as

a result of undertaking this project, plus some recommendations suggested by those

conclusions.
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NAVAL ARCHITECTURE AND OCEAN ENGINEERING
PROGRAMS IN NORTH AMERIC&

AND THEIR REMTION 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 &chitecture 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 M-e 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

militay schools included in this study even though accredited programs are available
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at two .of the maritime academies - in marine engineering systems at the U.S.

Merchant Marine Academy and in naval architecture and, separately, in marine

engineering at the State University of New York Maritime College - which both

incorporate the so-called Regimental System and could therefore be considered

military, or perhaps quasi-military, schools. They were not included, however,

because so very few of their graduates seek careers practicing naval architecture and

fewer still specializing in marine structural analysis and design. At Annapolis majors

are available in naval architecture, in ocean engineering, and in marine engineering

from naturally enough, the Department of Naval Architecture, Ocean, and Marine

Engineering. At the Coast Guard Academy the single major in naval architecture and

msrine 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 andlor ocean engineering immediately after fuMlling their semice

obligations or even later when retiring after often gaining semice 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 decade$. They are also schools that have traditionally offered graduate

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

exception of the military academies and Webb – which is initiating a master’s degree

program in “Ocean Technology and Commerce” as this is written. Again, several

other institutions do have graduate programs in ocean engineering, notably Hawaii,

Miami, New Hampshire, and Rhode Island, and there is now a graduate program in
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naval engineering at the Naval Postgraduate School in Monterey, But limiting the

study to these dozen schools and dealing with their undergraduate curricula and the

corresponding graduate programs, but including also the graduate program at the

Technical University of Nova Scotia, would seem sufficient to gain an adequate

understanding of and to describe adequately the state of marine structures education

in North knerica. Table 1 indicates the degrees at all levels granted by these

institutions.
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TABLE 1
VARIOUS DEGREE DESIGNATIONS AND LEVELS FOR PROGU OF INTEREST AT

INSTITUTIONS INCLUDED IN TEUS STUDY.

INSTITUTION IjDEGREE DESIGNATIONSANDUNITS

Webb in NavalArchitectureandMarineEngineeringby Webb
Institute

Michigan in NavalArchitectureandMarineEngineeringby the
Departmentof NavalArchitectureand Marine
Engineering

NewOrleans in NavalArchitectursJandMarineEngineeringby the
Schoolof NavalArchitectureandMarineEngineetig

Memorial in NavalArchitecturalEngineering,alsoin Ocean
Engineeringat GraduateLevel,by the Facultyof
EngineeringandAppliedScien&

Berkeley ‘ as OceanEngineeringOptionin MechanicalEngineering
at undergraduateleveland in NavalArchitectureand
OffshoreEngineeringat graduatelevelby Department
of NavalArchitectureandOffshoreEngineering

Coast Guard in NavalArchitectureand MarineEngineetig by the
Academy Departmentof Engineering

NavalAcademy in NavalArchitectureor in OceanEngineetig (or in
MarineEngineering)by the Departmentof Naval
&chitecture, OceanandMaine Engineering

VirginiaTech in OceanEngineetig at the undergraduatelevel and at
the Master’sdegreelevel,but in Aerospaceand Ocean
Engineeringat the Doctor’sdegreelevel,by the
Departmentof AerospaceandOceanEngineering

MIT in OceanEnginegtig at the undergraduatelevel and in
OceanEngineetig or NavalArchitectureor as Naval
Engineerat the graduatelevelby the Departmentof
OceanEngineering

TexasA&M in OceanEngineetig by the Departmentof Civil
Engineering

FloridaAtlantic in OceanEngineeringby the Departmentof Ocean
Engineering,but alsoMaster’sdegreein Civil
Engineeringas wellas OceanEngineering

DEGREELEVELS II

B, M2, E3, D4

B, M

B, M, E, D

B I. .

I

-1
B

.

B, M, D

-1
B, M, E, D

B, M, D

FloridaTech in OceanEngineeringby the Deparhnentof Ocean
Engineering

Nova Scotia in NavalArchitectureby the Departmentof Mechanical
Engineering

Sources: Bulletins(Catalogs,Calend&s) of the variousschools (SeeBIBLIOGm~ andperson~
communication.
1. B - Bachelordegree, whetherB.S.E., B.SC.
2. M - Master’sdegree,whetherM.S.E., M.Eng., M.S., M.A.SC.
3. E - Professional degree, Naval Engineer, Naval Architect, Ocean Engineer
4. D - Doctorate, whether D.Eng., D.SC.,Ph.D.

-7-



Engineering Educatwn Trends and Cmcepts

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, hopefidly, the subject matter is

amenable to such a format. Very small enrollments, especially in undergraduate

courses, often attract the attention of administrators and can lead to elimination or

revision, including being offered less frequently.

Faculty members are also not entirely free to direct their own efforts as they

alone may choose. Those associated with most of the programs listed in the foregoing

must conduct research as well as teach,. and have administrative committee

assignments and/or counseling responsibilities and other service-type duties. Most

presumably are permitted to do some consulting, and several of particular interest to

this study as well as many others have outside activities extensive enough to

warrant personal incorporation. While the concep~ of tenure and academic freedom,

the requirements for promotion at large universities, and other such matters are

beyond the scope of this study, it is pertinent to note that younger and newer faculty

members are in fact judged and rewarded largely upon the extent and level of’

sophistication of their publications and the number and the quality of the theses

produced by the doctoral students they have directed. Both of these depend largely
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upon the extent and level of sophistication ~d thus the number and the quality of the

research endeavors for which they have obtained funding. While such an

arrangement is not at all inconsistent with the overall academic mission of the large

research university as it exists in North America today, it has led to faculties in any

given discipline that often consist mostly of the best and brightest doctoral graduates

in that discipline from one of the schools having almost immediately obtained a

teaching position at one of the others and thus having gained very limited if any

experience or knowledge concerning professional practice in industry, While this is

not entirely characteristic of any of the schools being reviewed, it is to some greater

or lesser degree the situation at many of them and probably increasingly so at most. “

In recognition of this several have appointed as “adjunct” professors individuals with

industrial experience whose presence at the schools may have been prompted by the

need to hire them to take advantage of their experience to assist in conducting

research, but anticipating they may also teach for perhaps several years. Others

have hired local practicing naval architects ancVor 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

oflen 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 “semice 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 semice 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 mechap.ics

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

name may be used). Changes may also be caused by revisions in composition ardor

technical writing requirements or arrangements, decisions by the entire school or

-9-



college, with regard to the number and distribution

humanities and social sciences, or other similar factors.

of elective courses in the

That curricula are in a seemingly perpetual state of transition is therefore an

accepted situation, in engineering education in any case, but this condition stems as

much or more from the technological changes – actually the pace of technological

advances - that are affecting the knowledge and understanding needed to practice in

any of the engineering disciplines.

Undergraduate Programs

Adequate descriptions, for the purpose of this report, of the individual

undergraduate programs dealt with can best be accomplished by reproducing here as

figures the typical term-by-term course listings and/or other excerpts from their

catalogs (or bulletins or calendars, as they are sometimes called) trusting that the

course titles are representative enough to preclude the need to provide also each and

eve~ 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

respecti. First, all of the entering students sre 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 sre considered together a single

entity. There are several other arrangements by which Webb can gain special

-1o-



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 desi~ 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 maybe 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 consisti

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 comae listing in Figure 1.
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The University of Michigaq

The current undergraduate cticulurn at Michigan, while similar in many ways

to that at Webb, is almost classical in its structure and content including as it does

only minor modifications over the last decade or two. It is shown in Figure 2. TWO

recent changes that should be noted are the insertion among the program subjects

just after the introductory course entitled Marine Design, of one new one devoted to

production considerations, replacing the more traditional course in hydrostatics and

stability which is now covered more completely in the introductory course and in the

second new course entitled Marine Hydrodynamics I. The latter course also includes

most of the material previously taught in a more general fluid mechanics service

course offered by the Mechanical Engineering Department, and required in most of ‘

the other mechanics-based programs such as civil and mechanical engineering but

not aerospace. The traditional resistance and propulsion material is now included in

the Marine Hydrodynamics II course, probably giving the impression to some that

naval architecture and marine engineering is now even more predominantly

concerned with hydrodynamics rather - of which more later - than the long-standing

“four areas of concentration” referred to in the Technical Elective requirements.

These only recently were “ship” strength, hydrodynamics, power systems, and

dynamics (vibrations and rigid body motions, both of which are periodic), and are now

preceded by the designation “marine” to reflect that they now are more devoted to a

more systems-oriented treatment involving all types of marine systems and not just

to ships and boats.

The Unive~ity 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.

-13-



FIGURE 2.

RequiredPrograms &m@l# &hodul& by Tom

l-hs 12345678
Subj#cB raqulfad by dlfiro$nmz (56h.)

(*h “Mifli~ m~imt”paw v hxahmbim)
MallwdiI% 115,116,215,ti216
English125,&Jl@ Writi~
“ PmN’ld Ccmputing
Cknislry 130aixl 1250r210ti 211
R@x140tiUrL ab141:240wiIhM241
SeniorTechniutCmn~
Humnili~andS@l Sciemm(W psw 61,65)

Adv8nc#dAfWr#m#ll#(Sh.) .
MrHlulii m

Rdstd T#cf/nlalSub/ach(16hm)
MSE250,PrinOfErqMalefiah
ME211,Intro10Solid~
ME240,intro10Dyrmia
ME235,Ttwm@wniG I
EECS314,CdWY andEM*

Rogmm Sublom (36 hi%.)
M 270,MarinsC@qn
M275,MineS@M?SMmMuirq
M310,MarilWwml
~ ~, MafiwHyd@TuT@I
NA321,MarineHydrodymiul
tM3N,MarinaPowsyslwm!
tU341MarimoynarniQl
tU391,Marimld
M470,ShipC&@orM4471,

OffskreErqk@
NA475,kign Props
!LA461,ProbalMdhirrh4arimSp

WJnw Ewlws @ /Ifs.)
TMerndirWdeatMtwdllwsecond
mumsin Hwfourar= d cwmiralia+
NA410,Mwim!Stnx11;W 425,Emirb

Gmllii, MAm, MarPow $%klnSIt
ofNA440,MarcynafnkSd

AnotbrTechniulEbdiw

Frm Ek?tlvts (6 I/m.)

Total

16
4
3
5
8
3

1?

3

3

:
3
3

:

:
4
4

:

3
3
3

6
3

6

12t

4444 ----
4 -------

-.. . . . .

i“ -”----
-4 .4-----
. . . . . .
~6-3=~:

..- -3 --”

-3 -:----
. . 4 -----
..-. . . .
. . “L”-
. ..+ -3--

. “3-”””-

. . -3-”””

. . . -4 --”

. . . . 4 ---
---- “4-”
.-. . 4--’-
. ..- -4--
.-. . -3--

. . . . - -3”

.-. . . . . 3

. . . . . -3-

. . . . - -33

. . . . . . “3

. . . . “33-

1617151815171616

“Erq103(3hrs),Eq 104(3 ks), EIq lM(4hr3), of Erq 107(4 Ws)Wx@bkEq lU
or@ 107preferred,1houradirq asfrwledii credit

THE MICHIGAN PROGFUM (REPRODUCED FROM THE COLLEGE OF
ENGIMEERtNG 1995-96 ‘~ti-

-14-



.

.

RRwy
UATH2111,211P
R4Y2 IW1, 1W3
w 101F
w 1201
BJGn lm
EWE 1741

Wwoll YEAR
ECON~
K 25m, 3518, 3s01
M 3020,3716,3720,3770
NhME 3t2’o# 31%, 3140,

3160,3100

CRHR$
3

1:

16

6amoMM YEAR
E?a2182
UATM 2116,2221
fnm Im
M 2760
am 101U, 1023
-2311,2330,2331
NAW216O,21OO
Sdd SekmSti’

Lttu’salmadd
W&#a#’
FUME4160, 416S
NAMElwtw

id
OA

0.0

04
0.0

0.4
2.0
1.4

CRH#
3

- TOTAL

0 4.0
- 1.0
9

-H.
- 3.0
=2.0

:E
0 3.0

- 3,0
9 3.0

.

FIGURE 3. THE UNIVERSITY OF NEW ORLEANS CURRICULUM (EXCERPTS FROM
TEE COLLEGE OF ENGINEERING 1994-95‘~ORMA~ON BULLETIN”)

-15-



Me oria “versi~d

The undergraduate program at Memorial reflects the fact that high school

graduates in Canada have advanced further than isgenerally true in the United

States and therefore their curriculum need not include for example such courses as

composition and general chemistry and physics in the first year, nor the electives in

the humanities and social sciences scattered throughout the curriculum that are

required in the U.S. The graduates of this program are thus nearly but not quite fully

equivalent in educational breadth and professional preparation to those receiving

master’s degrees at most of the other schools being described here. They can

specialize to some extent in selecting technical electives in the last two terms, as

shown in the chart in Figure 4, concentrating perhaps in production management

rather than entirely in the design of ships or platfoms 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 US.
. .

The Universi@ 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 cumiculum 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 cumiculum 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 Academv

interest 1s accrealtea as m naval

as noted above has been the case

At the Coast Guard Academy the major of “ ‘ ‘ “ ‘”’ ‘ ‘ ‘

architecture and marine engineering combined,
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at several of the other schools, but only four

And though all of the topics that are covered

progrmn-defining courses sre required.

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, c&inates 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 fashicmable approach entitled concurrent ship design. The marine engineering

content of the program is for the most p’art included in courses offered by the

mechanical engineering std of the Engineering Department.

United States Naval Academv

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 hlethods in Ship Design and another called

Analytical Applications in Ship Design and other electives clesrly 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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preparing undergraduate courses and teaching them concurrently with their effofi

on behalf of the graduatdresearch program often has some benefit in attaining and

maintaining a somewhat higher level of quality and treatment than would othetise

be possible.

Viminia Polytechnic Institute and State University

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

Figure 8, does concentrate more on the engineering aspects of msrine 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 Techncdom

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

-22-



Ocean En@neering Pro~-m

F- yar *ts uc drnittal intied Enginccrin&tk
~on tkhna8n qkerins FWOgnmfof ~gi~g
cun-icuh ThisIXOgrampmvik timef~ * *U to ~W
to the collegeandm wIed W branchof cnginting in which
thq arcmoa in- AI theendof they=+ xlditiorwl
aw~iin~ CJMIlXtSwith be VMOUS dep~k md ~isfe
w ~~ “~’ a “l”[i”” ~ ‘f -idly
diglhl%m-cttztosfetmdtothecumiculumof Llwirchoia.

FIGURE 8.

3
2
3
3
3
2

Cdii

3
2
3
3
3
3

cd

(3)
(1)
m
(3)
m
G)
(1)

(1s)

(3)
(1)

m
0)
(3)

(3)

(8

THE PROGRAM AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE
UNIVERSITY (REPRODUCED FROM THE 1994-95 ‘T.UNDERGRADUATE
COURSE CATALOG AND ACADE~C POLtCJES”)

-23-



lbm
13.010

lao12

aol
l&o14

m.mw
lw16

12.010

6.071

Mm?

12.o18 b&dCblan5%iIn’nL 12M@.o?l.

. .

FIGURE 9. THE PROGRAM AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY
(REPRODUCED FROM THE 1993-94 !J3ULLETIN, COURSES AND DEGREE
PROGR4MS ISSUE’9

-24-



the other departments at MIT, even though many of these would notnomallybe

open ta 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 11 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 fist but in the second, at

MIT, the student design projects are not usually ships or platform but smaller

systems (such as experimental apparatus) and are often actually constructed and

operated.

Texas A&M University

While the undergraduate curriculum in ocean engineering at Texas A&M is

representative of those programs designated as in ocean engineering elsewhere,

including as it does courses in wave mechanics and other aspects of physical

oceanography along with those in basic coastal engineering and even hydroacoustics,

it also includes the mathematics and mechanics and the other engineering science

subjects that are included in the early years in naval architecture and/or marine

engineering curricula or those of aerospace or civil or mechanical engineering. It is

shown in Figure 10. Perhaps because of the close relationship with civil engineering

there and the basic structures courses required for that discipline, however, ocean

platforms of various types are the focus of several individual courses and the one

entitled Dynamics of Offshore Structures introduces loading prediction and the”

concepts of linear structural dynamics as well as dealing with mooring and towing

analyses for example. ‘The Basic Coastal Engineering course, OCEN 400, deals with
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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

en~neering. It should be noted that the area in fluids (parallel ta 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 Technolow

Florida Tech’s undergraduate program is in some ways less comprehensive than

that at Texas A&M and Florida Atlantic, but with a somewhat smaller faculty and

somewhat fewer students the basic engineering science courses, for example, are with
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the exception of fluid mechanics offered by and taught by faculty from other

departments. ~ereisa required course in Fundamentals of Naval &chitecture,

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 anumber of graduate courses also devoted to various aspects of ships and

platforms, the bachelor’s degree graduates are probably not usually as well prepared

to practice naval architecture as graduates from one or two of the other programs

that are presented as being in ocean engineering. For the most part those who have

created these programs do not now nor did they ever see them as variations of the

existing programs in naval architecture and/or marine engineering, with their

graduates also being educated for careers at say ship design firms or shipyards, but

the presence of naval architects among the faculty members for all of these

programs and the fact that a platform of some sort is essential in almost any ~

conceivable ocean system has led to material concerning or common to naval

architecture being included in their curricula. Similarly, many aspects of ocean

engineering beyond those that relate to the design of floating platforms and other

offshore systems are now included in the courses offered at the schools and in the

units that have housed the traditional naval architecture and/or naval architecture

and marine engineering programs.

Graduate Program

Graduate programs in the U.S. and Canada in naval architecture and/or naval

architecture and marine engineering or in ocean engineering are not as amenable to

fixed or even reliable description as have been the undergraduate programs.

Curricpla 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

ofscience 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 capabili~ 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 mtine engineering. The

relatively new M.Eng. degrees are administered by the College of Engineering while all

of the other degrees are granted by the Rackham School of Graduate Studies – an

umbrella-like organization that among its other responsibilities attempts to insure

some degree of uniform high quality among all graduate degree programs throughout

the University whether they be in anthropology or zoology or any field in between.

Students seeking admission to the M.Eng. degree programs must have a bachelor’s

degree in an engineering discipline plus relevant industrial experience, and initially it is

intended primarily for those who plan to return to industrial careers. The two

-31-



professional degrees of Naval Architect and Marine Engineer require an additional 30

credit hours of course work beyond the master’s degree requirements and successful

completion of a comprehensive examination, and both emphasize application of

engineering science at the level of advanced engineering practice. The Doctor of

Philosophy degree also requires additional course work beyond the master’s degree

requirements, plus pursuing an independent investigation in a special new area or

concern of naval architecture and marine engineering so as to complete a dissertation

that contributes original and significant knowledge and understanding to this

discipline. Doctoral committees are created for each doctoral candidate after their

successful completion of preliminary examinations and preparation of a prospectus

describing their intended investigation, but the chairman of the committee is the

student’s chosen advisor and usually has assisted in preparing the 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, msrine 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 ~cb.itecture and Marine Engineering / M.B.A. in Business Administration

program has been available for some years and it requires 45 credit hours in business

administration plus usually fewer than the 30 hours normally required for the MS.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 Orleanq

The School of Naval &chitecture 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 houm

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 spectically in naval architecture and marine engineering..

Memorial University of Newfoundkm~

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

co-urses 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 l~ading to a Master of Engineering

degree.

The University of California - Berkelev

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 and Doctor of Engineering, The latter degree has been in place

for a number of years and Berkeley is one of only a few schools that now awards it,

but there is a strong trend at many of the better engineering colleges towards doing so

as well. This is partly because the Master of Engineering – rather than the Master of

Science in Engineering - programs have been well received by indust~ and because

the so-called professional degrees are still not well understood outside academic

circles. At Berkeley the Master of Science degrees require at least 20 units of

primarily graduate work plus a thesis, or a minimum of 24 units and a comprehensive

final examination. The Master of Engineering program is awarded for completion of a

minimuni 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 Efigineering

Department alone at Berkeley still has a doctoral program language requirement. A

combined engineering and business administration

interdisciplinary programs are available at Berkeley.

Virtinia Polytechnic Institute and State University

At Virginia Tech the graduate programs

program, and several other

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

reqtied in the two master’s degree progrsms, a thesis counting for 6, and 27 hours of

graduate level courses are required in the doctoral program,

Massachusetts Institute of Technolom

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 necessay 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 fial

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 pfiary

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 houm 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 H. 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 Technolo~

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. fiere 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

similsr to that at other schools, but 48 credit hours beyond the master’s degree are

required. VJhile 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 admi~stratively 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 Depsrtrnent of Mechanical Engineering. With a slightly different name than the

MS,E. degree awarded at most US. schools, the Master of Applied Science degree at

TUNS is similar particularly in contrast to the TUNS Master of Engineering degree

in the same sense as in the US. It requires completion of a minimum of six courses

and a thesis, while the Master of Engineering requires completion of a minimum often

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

CURRICUM

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’ mvn 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

Curnculwn and can therefore integrate the courses in the curriculum to great

advantage. The actual course descriptions of interest born 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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R.: Info on ship structur- contant in W.bb Naval Arch. Program

kttachsd ●re courna outlhas for ●*v*ral courmos, wholly or
partly dovotsd to ●spcts of ●hip ●t~oturem. IrI ●ddition, I
offer thm follouhq owntary, on ● couraa by caurss ba=h.

?rOshman I

MA-1 Introduction to ?hval Architmturo (outlhs not inaludsd)

Bamio non*nalatur*, inaludinq cowan ●truatural ●lauants.
Studontm parform ● u.lqht/foot oalauhtion for given midmhip
●oation. Studonto oonmtruut ●mall madols of typiaal ●-otural
dotalls, i... ● hatch aarncr, doublo bottom, wob frma, bulkhaad,
●ta .

CAD/Graphios (outllna not lnohlad)

AS ● final drafting/CkD ●xeralma, students prmparo ● CAD
drawing of ● givmn ●idmhip ●motion.

Strmaqth of Hatorlaln

Dada principles, ●m notad on tour.m outlina. Intrrduation
to finito ●lsnnt ●nalyslm; basic principles of mtrix ●tiffnmss
●nalysis, derivation of rad and bsan ●l*aant 8tiffn9sm matricam.
JlmwJoaloulations of ●loaantary struatur.s (truss probl@.

MA-2 Ship Staticm

Pr~aarlly hydrostatics, trim and ●tability. ~msntals of
lonqitud~nal ●trangth ●ddrmsmad in hoturom 4S, 48, S1, 52 ●nd
55. ●S notad on wurmo autlina.

Juniors:

HA-4 Ship structures

Imngitudinal strength, prhary, ●ooondary, tarthry
strosmos, ●h-fir flou calaulatlons, plata banding, fatiguo
●ssessment ●nd ●lamtic buckling of platas ●nd stlffsnad panals,
●s shown on course outlina. “Ship Structural Oasign by Hugh8s is
wad ●s ● raforanco. Sovaral finita damsnt problrn ● ro workad,
usinq ALGOR Progra8. T* ●8siqnm8nts includa

1, ?lat plata Under uniform load VI difforont mesh
dmaitios and boundary conditions (compars to plats
ttmory)

2. Camblnad baam and platm (ca=parm to baam th.ory)
Stiffsnad pan-l under unifora load.

:: MUM tiuls ●nalysis projact (Coarss mash 3-D =Odal)

Nsu to the couras this yaar Lm ● smriss of six lacturas ●t
tha ●nd OS tho tan dhsctad to conpcmits matsrials ●nd domign
Bathod8 .

MA+ Ship Qynanica

Pri-rily aansuwring ●nd saakaaping, 8s ●heun on course
outlinm. Strip thaary ●pproach to aamputi

?
ship wtionm ●nd soa

loads L* lntroduoad, ●long with prababili=t a ●pproach to
smthathg ●xtrana valuas.

HA-6 E1.Bants of Osmign ●nd Production

Mainly a prdimlnary danign couras, ravlnad this ysar to
includm dosiqn of GRP hulls typical of yacht-sizo ●sml-
displaaannt craft. Dasign lnoludas preliminary scmntlingm of
ch-11 and lonqltudin=l ●titfmmrs. using GRP laminato8, and
oarrospondhq waight ●mthatas.

S9nLorsl

MA-7

MA-8

Ship “basign I (courso outline not includad}

Projact 1 Pr.l~minmry daslgn of container ship
Projsot 2 Lines plan for ●amo ship

ship Dasiqn IX

Projsct 1
Projaot 2

Proj* 3

Rsviss d-iqn to conrora to final mat of lim=
EValuat* longitudinal ●trmngth rsquiroaantm, uninq
ASS RqIos. Qua-i-static banding smant and Dasiqn
Soa PI*thod (SHP87 wavo inducad loads).
Davmlop scantlhgs for midship saction, using hBS
Rul*n . Evaluats typical transvorso web frams
using AIXXR f+nita ●lsaant pr~ram.

FIGURE13. EXCERPTFROMLEmERFROMPROFESSORPETRIEDESCRIB~G
STRUCTURES CONTENT INCOURSESAT WEBB



course in ship structures, for example, and that a midship section is prepared in their

first-year CAD/graphics course. (It should also be noted that while that first course

in ship structures for example is in the figure referred to M 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 Michi~an

If the total Webb undergraduate progrsm 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 Stmctural 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

ti h f th i i l bli h h d d h l d t



HA IV - SHIP STRUCTURES m. m~

Lecture
FALL 1994

No* ~ate ToPiG R eadin~

1*
2.3.

4*
5.

6.7.
8.
9*

10.11.
12.
13.

14.15*
16,
17.

18.19.
20•
21.

22.23,
24,
25*

26.27.
28,
29.

30.31,
32,
33.

34.35,
36,
37*

38.39.
40.
41,

42.43.
44.
4s.
46.
47*
48.

49.50.
51.
52.

53*54.
55.
36.

57.58.
59.

u-8/22
T-8/23

Th-8/25
14-8/29
T-8/30
Th-9/l
14-9/5
T-9/6
Th-9/8
14-9/12
T-9/13
Th-9/15
n-9/19
T-9/20
Th-9/22
U-9/26
T-9/27
Th-9/29
u-lo/3
T-10/4
Th-lo/6
H-lo/lo
T-10/11
Th-10/13
n-lo/17
T-lo/18
Th-10/20
tl-10/24
t-lo/25
Th-10/27
H“lo/31
T-lI/l
Th-11/3
14-11/7
T-n/8
Th-11/10
H-11/14
T-11/15
Th-11/17
)1-11/28
T-n/29
Th-12/l
H-12/5
T-12/6
Th-12/8

Course Overview & Introduction 1-16
General Approach to Analysi8 78-84
of Design
Sources at Loading ●

End Launching
Lab-Launching Project
Load Transfer k Framini Systems
NO CLASS - LABORDAY
Lab-Launchin# Project
Candidate Structure Design procedure

Plate Eendin# Theory
Lab-F,E,H. Intro; ALOORplate aodellinc
Shear Lag-Effective Width
140delling of Combined Beaa and Plate
Lab-ALOOR-bean flexure
Hull Hodule; Structural Hod=lling
Hull Hodule; Loads & B*C.
Lab-AWOR-stiffened panel
Hull Girder Shear Flow
EXAH #l . .

Lab. - Project I - HUil Module
Design Criteria
Failure Modes & Limit States
Lab . - Project I
Fatigue Assessment
NO CLASS - FALL RECESS
Lab. - ProJect,I
Largo Deflection Plate Bending Theor~
Intro+ to Elastic Buckling of Plates
Lab. - Project I
Plate Buckling
Stiffened Panel Bucklint
Lab. - Project I DUE
Principal Member Analysis - Hodelling
Principal ● ● - Loads & B.C.
(Monday Sch*dule) Intro. to Project 11-P,H.A.
GRP - Material Properties
GRP - Single Skin & Cored Construction
Lab . - ProJect 11
SNAHE Heetin#s
GRP - Panel Design
Lab. - Project 11
GRP - Panel Design
GRP - Stiffener Design
Lab. - Project 11
GRP - SLiffener Design

●

FIGURE14. SYLLM3USFORWEBB COURSE NAIV, SHIPSTRUC!I’UmzS
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There are of course several dozen also available among those offered by the

Aerospace Engineering Department, in the Applied Mechanics program of the

Mechanical Engineering Department, and by the Civil and Environmental

Engineering Department, forexample, 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 stmctural 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 &chitecture 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 Universi@ of Newfoundland

Required undergraduate structure courses at Memorial are Engineering 60.02,

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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~ =6ar#xa

M 3120--ship PIUll Strmgth

?all Semester 1991

1992 Catalog Data: M 3120: Lmgitudinal strangth, simple ham
theory, trdwidal wave end sm-ith correction, weight, buoyancy,
load shearing force andlmding moiaent tunes; ●idship section
x&ulus; co~slte hull girder; transverse strength, strain
energy and moment distrihtion methds; torsional &trength;
torsion of thin wall~, opm sections, torque distribution;
torsional loads, the use of classification s=iety roles in
midship section design.

Textk@ok : William S. VOAM, WIO Ship Strength I: Informal
Motes, U. of xichig~ -, 1986.

Reference: Ship Msign end Constructim, and Ship Structural
Design, -* .

Cmrdinator: J.M. Falzara.no, Assistant

-18: Thin course is desigml to give
architecture and marine engineering an
overall ship structural design pr=esa

analyaia techniques. Also included are
fabrication and prduction.

-er~isitea by topic:

Profes80r of NAME

junior8 in naval
Understandiq of the
hclucling lM&, hsic
special topics rtlata to “ v

1. ship hydrostatics, weight and lmoyancy
2. Strength ef Material#

Topics:

Introduction to ships and offshore St~ctues (3 classes)
;: bads on ships and offshore *tructuxes (2 classes)
3. M@tudinsl Stran$th (4 classes)
4. Transverse Strength (2 classes)
5. Plated Structures (4 classes)
6. Stress concentration and Fatigue (2 classe*)
7. Joints in ships ad offshore structures (2 classes)
8. Fabrication and Welding (2 classes)

xid.ship section -sign (4 classes)
;: Test* (2 classes)

Computer usage:

1. Each student must mite and run a FORTRAN 77 pr~ram to
determine the section mdulus of a ship midship section

2. TM computer pzqr= Witten for the ahve is then usti in
designing a midship section that meets AM requirements.

ABET category content as esti~ted by faculty membr who prepared-
this course description:

Engineering science: 1.S credits or SOQ
Engineering desire: 1.5 credits or SO%

Prepard by: ~ ~te’ ~

FIGURE24: COURSEDESCRIPTIONFORNEW ORLEANSNAME3120, SHIP HULL
STRENGTH
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KME 4120--ship Structural tisign and Analysis

spring Semester 1994

1992 Catalog Data: NAME 4120 Review of bngitudinal Strength;
principal stress distrihtions and streaa trajectories; local
strength analysis; panels under lateral lmd; COIWS and
stanchions under uniform edge compression l-ding and ~els
under shear and combination loading; rational ship *tactural
design s~thesis based u~n stress loading hierarchy; primary,
secondaxy, tertiary stress as a criteria of ship strenuth
including grillage aspcts.

Text%k : Rohrt E. Sardstrom, IIA41O Ship Strength
Notes, U of 14ichigan.,1982. ●

Reference: Principles of Naval Architecture, SNhME.

Cardinator: J.M. Falzarano, Assistant Professor of

II Lecture

N.A.X.E.

Goala: TMa course ia designd to give seniors in naval
architecture and mrine engineering a mre advanced understanding
of MLUU, ka.dcolumns and plates to integrate them into overall
ship structural design.

Prerwisitea by topic:

Elementary ship structural design
;: Elementary Vibrations
3. Ordinary DEQ’s, Fourier series, introductory PDE’s

,

Topics:

1.
2.
3.

4.

Ovemiew of #hip structural design aml analysis (2 classes)
Mrivation of general as~tric ~- *ations (4 classes) “
Application of Mam quation to sbtic stress and asyuanetric
&nding (6 cla8ses)
Shear strest, shear center, shear in asymatric and closed
sections (4 classes)
Ship ~11 and Se-Vibration (6 classes)
Buckling of Seam Columns (2 classes)
Energy Xethds {2 classes)
Plates/frames (2 classes)
Tests (2 classes)

Computer usage:

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

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

Engineering science:
●

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

FIGURE25. COURSE DESCRIPTIONFORNEW ORLEANSNAME 4120, SHIP
STRUCTWIL4LDESIGN ANDANALYSIS
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Cou’Mt mflcnxpmoa

NM 4096--Fin~te Element Analysis in Ship Structures

Fall Semester 1992

1992 Catalog Data: N.MIE 4096 Special Topics in Naval
Architecture

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

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

Coordinator: J.M. Falzara.no, Assistant

Analysis Fundamentals,

Prefessor of N.A.14.E.

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

Prerequisites by topic:

1. Basic ship stmctural design
2. Strength of materials
3. Basic vibrations

Topics:

i
3.
4.
5.
6.
7.
0.

lntrduction to Finite Elements (6 classes)
Plane Stress and Strain (6 classes)
Isoparametric Formulation (4 classes)
Flexure of Plates (4 Classes)
General and kisymetric Shells (4 classes)
Vibration Analysis (4 classes)
instability Analysis (2 classes)
Tests (2 classes)

Computer usage:

1. Three homework assignments, students are required to m 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:
Engineering design:

2 credits or 67%
1 credits or 33%

Date: 2a. .A

FIGURE26. C0UR$EDE$CRIFT10NFC)RNEW(MUJMNSNAME4096, FINTT’E
ELEMENTANALYSIS INSEtPSTRUCTURES
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- 4096 - Stability of Ship Structures

Spring Semester 1994

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

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

Reference: Structure Stability, W. F. Chen and E. 14.” Lui,

Elsevier, 1987.

Coordinator:

Goal: TMS course iS designed to give students the knowledge of
stability problems of ship and offshore strictures.

Prerequisites by Topics:
Theory of stresses and strains
Differential equations
Theory of -ding of hams
Knowledge of ship/off-shore structures

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

Esti~ted ABET Category Content: ‘
Engineering Science: 3 credits or 100*

Prepared by: R. Date: eh 24. 1994

FIGURE27. COIJRSEDESCRI~IONFORNEWOR~S NAME4096,ST~~~OF
SHIPSTRUCTU’RES
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Spring S9me8tor 1994
..2. ~sign ●xarnplm 60 ft. high

1934 catalog Dat=:NhuE 4151: *11 Craft Design. Credits 3. 3. Planing Iaull hydrodynamics
4. HMrofoil/catmr- dauignCasm ●tudy of ● 60-ft. motor boat &sign, planing theory, trim,

life and drag in planing. usa of ●tandard ●orioa, hydrOfOil
vommml perforaanco c-lculaciom_, 8eakmmping. hull structure, hull
MtOrhh, ~riw u~kw 8WSrc@VitathU prO~lhr8 Or --j.t.
?rmr~imito: Credit or regi$tr&tion h MhME 3120.

~*: Robert Mtorro, MMIE 4151, till Craft De*ion. Informal
Note sot, Vob. I and 11.

RMoramo*n:

~. ~. G-H.
Publications, Ltd., London, 1971.

a. ~. a. R.
BinhopCulf Fubliahing, 1903.

Hatch, Thorasa R*ad

ClayBon, m. E. D.

3. ~. John P. Ccraatock, editor,
Thm Socioty of Naval Architacta and Marina Engineerm, 1967.

~torc Dr. Robart Latorr*, Aamociat* Prof*saor, 3ikkmE

Ma: TIM objectivo of this courBa is to pro-ant tho design
methodology for high speed small craft such ●8 planing hulls and
~ofoilo in contrast to the convational ship off-dkoro
●tructura. This cour80 i- de8ignu3 to givo juni~rs in Naval
&rchitectura and tir~na Enginearhg am introduction to tlm 8mall
craft demlgn spiral through ● caso study {R-f. 1) and then treat
in dot-ii tha do.ign calculations raquired for propulsion and
hull str~ngth.

Sruunmimit*a by ~io:

1. ship and off-dim. ●t=ctur*8, weight
loads and ctiined ●troasoo.

2. Structural consi&racion of floating.
and j&Ck-~ Platforms.

distribution, dymadc

fixed pilm, wtmarsiblo

speed Vassel. (9 classe8)
and El!? .stimat-. (6 claase:

(3 cl-nes)
s. Siakm9ping’ dmmign. (3 Clams*s)
6. Structural loads on hull. (1 cla-=)
7. Structural &sign with ●luminum - FRP. (2 clasB*9)

Supsrcavitatln9 propellerm/pumP jot. (1 Clmas)
Y Tests . {2 elaasos}

~tu UMaga:

1. Hcmawork Asmignmenta.

ml nevalonmant of high ●eed craft powering data baa.—.—— -——-
uaing Lotus l-2-3-on Ks,

b) Zsthation of high speed craft resimtanco u.:
polyn-hl expr-sions.

2. Projmct. Msign of Modularized high ●peed Plann

coqwtmr Aided rnuimring using cla8s =t*ri~~m.

ng

~hs : Hull scantling ravien software
ii;. ~erfo~ce ●mtimte of h-ofo~l we-l

3. Strength of plated ●tructuram and stiffeners. d. ?ailurm
modem .

5. t)asi~ Of bott-. ● ide and deck plating; welding and othar
fabrication tochnologio..

~iam:

1. Introduction. (1 class)

F[GURE28. COURSE DESCR.IPTIONFOII NEWOltLEANS NAME4151,SMALL CRAFTDESIGN
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1992/94

Text-k:

Reference:

~ 4756-Mechanics of Caqmsite !laterialg
Pall Semester 1993

Catal(q Data: W14E47S6 Ptechanica of Com~uite
Materials cr. 3

Prertquieitea: Civil Engineering 43S3 or consent of
department. Analysis of atreae, strain, and strength
of fibr reinforced composite laminates, Topics
include laminated plate theory, streaa analysia of
orthotropic plates, damage mechariis~, fat~we,
impact, and environmental effects,

Aga-1, B, D., and Broutman, L. J., M&lysi8 and
Performance of Fibr Composites, Second Edition, J.
Wiley & Sons, Inc.

Jones, R. M., Wchmics of Comxmite !4ateriala.
Scripta Bmk CO., 197S.

. - .

Cmrdinator: Paul D. Herrington, Uaistant Professor
t

Goals: The gc.al of this course is to provide students a
fundamental understanding of the mechanics of
cqite materials and their bhavi~~ under typical
Bezvice conditions. A design project including a
written and oral presentation Is required.

Prerequisites by Topics:
1. Advanced Strength of Materials
2. Engineering Aaalyai8

Topics :
1. Intr@luction (1 class)
2. 14ateriale andp=eBsing (3 classes)
3. Behavior of uni-directional C~8iteS (4 classes)
4* Analyeis of o*tropic lamina (8 classes)
5. Analysia of laminated cmgmaitea (6 classes)
6. Damage mechanisms and failuxe criteria (3 classes)
7. Im#act and fatigue (2 classem)
e* Environmental degradation (1 class)
9. Nondestmctive evaluation (1 class)

Computer Usage:
Students are required to use the VAX-cluster and/or micr=omputer
for solving homwork problema and for the analysis of design
project alternatives.

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

Engineering Science: 2 credits Or 66.7%
I credit or 33 3* ●



COURSEINFOMTION SHEH

COU=E WMMR & TME: EIwheW W2 . 3t@ M stro~th
CALENDARREFERENcE:f##02;7 Of m 1991/1992 tJfWqrsduw Univw~

●

CEABCOURSEII’i%: ProgramCornpu~
TOTALNUMBEROFLECTURESECTIONS:Ona
MINIMUM/MAXIMUMNWBER OFSWOENTSPERSECTION:S/1$
TOTALNUM8EROFLABORATORY/TUTORIALSECTIONS:k
MINIMWAXMW NuM~R OF 5~E~ =R LABO~TORY/TUTORtAL
sEcnoN: 6/1s
MAJORTOPt=:

1. W@tMiI@ SUqth OfShips(9 tihxu).
2.lrarwr~StfaWth{12 Mm).
3. Tw8iwl [3 bctuma).
4. MatrixOl@awnant M8thd (6 IwIwsI.
s. Fwto -t M’atho’de(6 lwlwaal*

PRESCRIBE TExw:
l.~b~J.~P- ‘“

mama 4, h ~
E.V. Law% Ed?w. , SNAME,(lS$SL

2. ~
by wmg ad Sakr+On,PrenticeW, 11S64.

INSTRUCTIONALHOU= PERWEEK:3 -M md 2 U.hutodai how parwk.

COMPUTER-M- S- *Q -d @de$fw a sw~d $hwt fw s oh@’s
midddpauth @a$tdom

tA~RATORY HE-. studwN$- m@d to - a mid$hip$eotbnales@
projwt.

PROFESSOR-IN-CHARGE:M. R. Hsddara,ph.OwM.S., P.Ew, C.Eng,, ?rofeaam
{NavalArohitectwalEn@wrin$J.
TEACHINGASSISTANTS(NUMBEFWOUIIS):1/52

CEAOCURRICULUMCATEGORYCONTEMR
TOTAL NUMBER OF LOAD UNIT6 = 4

Engineering !%ienco = 2.4 units

Engineering Design = 1.6 units

AVERAGE GRAOE/FAIWRE WTE; 69%/0%

●

FIGURE 30. COURSE INFORMATION S-T FOR MEMORIAL E6002, SKIP HULL
STRENGTH

-58-



COURSEINFORMATIONSHEET

COUFW NUMBER&mu: Engr.7M2 ShiPStmc!wd Af14Ysh m Oesigfi
CA LENOAR REFERENCE: Page 299 of tha 1991-92 Undergraduate University

Calendar (listedas 8W21
CEAB COURSE WPE: CWIIIUI$OW
TOTAL NUMBER OF LECTURE SECTIONS: 1

MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/13
TOTAL NUMBER OF lABORATORYflUTORIAL SECTIONS: 1
MINIMUM/MAXIMUM NUMBEROF STUOENTSfER laboratory/TUTORIAL
SECTION:S/13
MAJOR TOPi~:

1. Ship structural safety: rational design;rule-baseddesign;partialsafety
fa+x~; Sefoty irxlex;Wobbitii of failure(5 Wurw)
2, Lmg w@- loadedthinplates:elastk, daat+plastk andplastk design;
varku$ edge cmstrahta (8 lactureu)
3. finite aspwt ratk platm:elastic,alastc+plastkand@8stkdesign;variotm
edgeoonatrainti(4 lectures)
4. BWMW ati uttknatestrengthof cohunm (3 Mctured
S. Sucklingof Oong)plates~udlw conqxs of eff~tivo ati racked
offecdvawidth (6 Iwttrw)
6. G- rkeJw .ffwtw breadth;Pk$tk dedw of h; cmblned beds
and faiiuro;megnif%xkn factm; Interactb’twtkms to Mtknatofaflum(6
Iwtu@
7“- ~ ~ plat=; MJ@W fito~~ W N eff~t on incrmmx
-a~, (4 bcture8J

PRESCRIBED-(S): No textsare prescribed&w to eqense; the followingis a
referencefm the mwsm
Hugba, O.F,, 1983, ShtPstructural &sign, Wilay4ntw~. RepubJiahedby Tho
!Wiety of NavalArchitwtaandMarim Engineers,New Y-

INSTRLICTIONALHOU= PERWEEK:3 bcturohoumw -(1 term);~ionai
tutcwialati cfiscwitm -lone averagingoutto 1 h evw M weeks.
COMPUTEREXPERIENCEnH
LABORATORYEXPERIENCE:I’M

PfiOFESSOR-lH-Cl+A~E Nafl BOSS,Ph.D., P.Eng., As-. Prof. (Naval Architectural
Engineering)
TEACHIW ASSISTANTS (NUMBER HOURSI: 1/50
CEAB CURRICULUM CATEGORY CONTENT:

TOTAL NUMBGR OF 10ADUNITS = 3.25
Engineering Science = 1,5
Engineering Oesign = 1.75

AVERAGE GRADEIFAILURE RATE: 72.4/0 (1 988.91)

FIGURE 31. COURSE INFORMATION SHEET FOR MEMORIAL E7002, SKtP
STRUC~ 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 431’2 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 professor (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 antior ocean (or “offshore,” since

Berkeley is the subject) engineer had presented ta 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 reliabili@ 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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FIGURE 32. SELECTED MEMORIAL CALENDAR COURSE DESCRIPTIONS
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m 1s4
FaUScmSIa IW4 “

R TaggarLEdim, ShipMign ~ m$IJw~. SNAME,1980.

Rerquisim by Topic

1. 2-DCbs!icity.
2. Eknw*dwy of hdin~ of bam
3. Ekmtaty co!umnbwklingkq
4. Thecwyof Mmt of simple closd tuk

1. HIXWwcrkassignmentonduigninfstiffenedpanel&a ship Mua ~

bba~ RojcUs @dxling @W items ofcquipnwnt and iuQnmtkn laticmlU@

ABHcatcgmymxitcntasestimatedbyfacultynwmkr wlm pqafed this COLH dcsmipk

Engiiw’ing Science 2aeditsa -
Engincuingk’gn: 1 credits m 33%

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

MA ]54 Shf# $trwturct A. f, Uansour

1.

2.

3.

4.

5.

6.

7.

8.

FIGURE 34.

Ch3r4cterfsttct of ship structure

(t) Strength ve~us $tfffnes%

/c\ lyofcX ●idshfp wctfw
b Prim , secondtry~nd terti~ubeh~vior

loads WQli& to ship structm
(-)$t-t{c lmds-.-stwidard longftud~n41strength ctlculttiooz

(b) Dynamfc Ioads--lwandhfgh fmwmylotds

84s gfrderanllysf$

(?)
(b)

(c)

(d)

7* diwnsiwtl stress mly$it

$trtssdtstributtm around a stcttm .,
Shearad girth stresses
(k$iCJI’iCOfMidWdtiOfM

PIe U] tmte$trength ~n
hear aga~efftctivt L%!lKe ‘“

(J) EJslccmcept

(b) Applfc*tion mddesfgnch~rts

Wkhouses and substructures

(4) Tuo-bemmlysi$

(b)tx~rfmtal result%

WWng of p14tts

(1) IswoPfcplJtes

(b) OrttWropic mdstfffened. pl~tes

Bucklingof plates

(4) ISotl%’pfc

(b) Orthotropic

Ultimte strenqth of twain, pl~tes andbx girder%

ANOTHER COURSE DESCRIF1’ION FOR BERKELEY NA 154, SHIP
STRUCTURES
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Wln *1- stwctww8 F*I1 19W

Rr~ding Rcfefoncml FW m Principles of N*vJ] khit~tuf@, Vol. 1, L~is {id.)
Pub. SAW, N,Y,, l=,

Tml<

1 G* 3, *t. 1
2,1, 2,1

2

3

2,3-2.5
2, b-2m O

2.9-2,10
2*11

4 3.1-3.2
3*3

3.4-3. s

%mr lag md 8ffutiw brmdth 3.6

Tc8wiwi w-d re14tti cffets 3*7

3.8, 3.9

%10, 3* Ii

10 Transv- strerqth cumidef%t 1-
kkhmses ad sup*tnxtur-

3,12
3.13

4.1-4*,3

St-tural mstabi 1 ity and buckllq12

13

14

15

4.5”4.7

Ult imatc strwqth
Fat i qus

4,*
4,:1

Intrductlm to mliabilitv *ct. s

●

FIGURE 35. ANOTHER COURSE DESCRI~ION FOR BERKELEY NA 154, SHIP
STRUCTURES
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?opict~ txltllm*

M 154 - Ship Structures

1. Raturo of ibip otrueturm aadba.lc coaccpts of dIip
structural de8im.

t. Arrang-at of atructurd compxitata.

b, Yunctioa of structural ccmponentx.

c. Compsriivon of ship structures to othw $tructur**.

d, Subdivision of respns. (prlmry, secoodtry, tertimry),

2. Ship structural losds (demand)

a, List Of loads ($tstiC, quasi-static, dyn~ic)

b. Stkndard static load c-put~tion And uS* la cltssificttioa
Society rules.

3. Plans strea taslysis

** Wrlwtion of Wustioas

b. Str*as coocamtrttioa.

4, hs@i9 Of hull cird,r and

of equilibrium,

b. Torsion of thh-=mllad *lead*r beau ●itb closed aoctioaa.

c. Slmr ●tfscts ii thin-w~lled slender beau.

s. Mtorally lomd@ grilhcem and croe8-stitf8ned psnels:
d~scrlpti~ of phtina, derivation of squatloss of equilibrium,
use of desicn charts,

6* Buckline and ultl=ste strewtb of columns =d plates.

7. Further as~cts of Structural fallur. (capability).

4. Tmile/@=Pr@ssive fracture and ftilure tkories

b. htlgue

c. Brlttla frscturo

d. Telded m’anections

a. Urxert-lnty of design proces* (dc*aad vs. cwabtlity),
●

9. Clnssiflcation society rules.

ANOTHERCOURSE DESCRIIWIONFOR BERKELEY NA154,SHCP
STRUCTURES
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249A - 7uCORY Or SHIP S?nuCtrJnH
blah Mnswr

TIWTATIVt OUTLfMC

1. Represcntatlon @f tht Se8 SurfJct
1. Prob~bllIty dlstrlbutiefis Jssociatcd w[th 8 r~ndom

process.
1. Sttt[ontry JIM *rqodIe processss.
3. Autocarrclation functf~n *n$ sptctrsl density of *

$t*tlonary rtndos proccs9.
4. Typical sea data and set sp+ctra.

It. oyn*mle lo~ds *nd r~~Pon$* O( * shlphuil Cons(dtrtd *S s
rlqid bdy.

1. Input - output rel-tlons
2. transf*r functions /~*S~fi.* 4*pl(tud. o~rator,.
3. Ship rcs~nst sptctrt in long-and $hort-cr@sted S*SS.

It!. t~hq-ttrm Pr*d~ction Of WiVO Lo*d* - Cxtrtmc VJIUe ~nd
Order St#tIstlcs
1. kng-tera dlstributforts. .
2. txtrem~ waw loads - order statistics.
3. Cxtrta~ tottl W*V* *nd Stillwater Iogds.

Iv. Fully Probabilistic ”R*li*bI~lty ktly$ls (LSVQ~ 111}
1. Vari*bllity in hull strswth,
2. R911ablilty Cw’wpts.
3. Pcobabillty *f Ctllur* u$ifq d*t*tminlstta ●C normally

distributed stillvtttr lo~ds.
4.uodts ot f~ilurt In hoqqlnq ●nd s~qqing eondltlons -

timds On the total pcob~billty Of ttilUtt.

v, ?zilura Analysls Proccdurcs - Mslqn Considcrttlons
1. Laq-t*ra pr-cdur~.
2. Short-term prcaduro.
3.Application of ftilut. ●nalysis to J Hsrln@r znd 4

t*nk*c.
4. *O lWJOI at ssfcty-optl~lzatlon crlt*rla.
5. mtcrminztlon et ● hull $@ction ●oduIw fW * Pr@SCtIbed

l*V*l of safety.

VII, oyn~mic Lo*ds ●nd RtsPOns* of ● Ship Hull Considered *S J
rlcxiblt Wdy
1. Mlgh-frequency ste-dy Sprln91nq Io*ds ●nd response.
2. r4i9h-frm?uency tr~nsi~nt-slamminq loads, tnd response.
3. Combininq the high-*nd Iow-frtqucncy le~ds.

VIII. Ship Hull Ulti*Jt8 Sttcqth
l.~ailure 4s * rtsult of yl*idinq *nd pl~stlc flow (the

plJstic COI1*PSQ, shaktdovn Jnd inlti~l yield momnts).
2. Fsilure ●s J tcsult of {nSt4bil$tY snd bvcklinq (modes of

●

stiffcnsd pl~t~ bucklinq failurs).

FIGURE37. COURSEDESC~IONFORBER~LEYNA240& TKEORYOFSHIP
STRUCTURES
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United States Coast Guard Academv

Thecontents of the 1442 course entitled Principles of Ship Design and 1444,

entitled Ship Design and System Integration, at the Coast Guard Academy include

many topics beyond those involving structural analysis and design. But Figure 38

includes the actual two assignment 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 Academv

While there are several required courses dealing with several aspects of

structural analysis and design in the naval architecture and in the ocean engineering

programs at the Naval Academy, and more elective courses available, EN 358, Ship

Structures, and EN 441, Ocean Engineering Structures, are, respectively, the

principal ones. The respective capstone design sequence courses include the usual

structures content, but students in both programs are also required to take EN 380,

Naval Materials Science and Engineering, and evidently learn about fatigue and

fracture there in addition to the more scientific topics which are all that are included

in many of the basic materials science courses elsewhere. Syllabuses for EN 358 and

EN 441 are included in Figures 40 and 41, along with the reference Iist”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.

Virtinia Polv-technic Institute and Sta& Un.iversilw

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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a,

b.

c.

d.

●✎

b.

c.

d.

e.

Deti$%draw ardwltbmwiip=doa fwpvwd Irime
that all @w Stnwtd mcinkl U8 iaclodd ad &mHtsba
ara plidd.

Damninc the phte thick- fm all decks,shctltad httm
plmhg.

Dam5iae tbu siz4 ad Imatioa fc8 all msjm stwturd mcmtws
ia ~ with sppl.icabk ABS rules, USNI’USCGspcifkstioas,
ad - requirmcntt. -

Wtumina Lherequ”d thicknessd stiffcriw sisin~ for typical
bulkkeadt- collision, &cp tmk and stands.rdwa[ertigh~
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FIGURE 39. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG
ACADEMY COURSE 1444, SHJJ?DESIGN/SYSTEM INTEGFWTION
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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, Stabili@ 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 Institut e of Technolo~

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 Fi~e 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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undergraduate students enrolled. At the master’s degree level, and specifi~ly in the

Naval Construction and Engineering program for naval officem well known as Course

MII-A, Professor Alan Brown has provided the two course flow charts reproduced in

Figure 50. Figure 51 gives a description of 13.410, for some reason entitled there and

on the flow chart Introduction to Naval Architecture even though it is obviously a

basic solid mechanics course. The 13.111, Structural Mechanics, course taught by

Professor Wierzbicki is described in Figure 52 and examination of the topics listed

establish it is largely concerned with plates and shells and would seemingly be very

challenging if preceded only by 13.410. The insertion of 13. 10J, Introduction to

Structural Mechanics, should help and so it is described in Figure 53. The brief but

current catalog descriptions of these and several other structures courses are

reproduced in Figure 54, but that and other publications do not provide a coherent or

representative listing the individual courses that must be completed satisfactorily to

earn any of the various graduate degrees awarded. With the availability at MIT of

very many other structural analysis and design courses offered by department 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 MO 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 441OC, named Ocean Structures in the curriculum list but

evidently Structural Analysis I at present, do include ocean engineering applications.
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FIGURE 55. SYJJA.BUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF
STRUCTURES
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FIGURE 56.

~ Hnsl Exarnjnati~

TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF
OFFSHORE STRUCTURES
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FIGURE 57,
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TOPICS LIST FOR TEXAS A&M COURSE CVEN 666, OFFSHORE AND
CO.ASTAL STRUCTURE
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They are described, in the ABET format, in

descriptions of a number of pertinent available

Figure 60.

Florida Institute of Technolo~

At Florida Tech undergraduate students

Figures 58 and 59. Brief catalog

graduate courses are reproduced in

in the ocean engineering program

complete a basic deformable solids course, MAE 3082, and the fist structures course

is CVE 3015, Structural Analysis and Design. This course is described in the ABET ~

format in Figure 61, and can be seen to be typical of most first civil engineering

structures courses. The single ocean engineering structures course offered is

OCE 4574, Structural Mechdcs 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
,..

& indicated in the previous section, the program at Nova Scotia is only at the

graduate level and of some 16 individual courses available for naval architecture and

marine engineering students five deal with ship and platform structural analysis

and/or design. ME 6700, and ME 6705, Dynamics of Offshore Structures I and II,

focus more on jacket-type and even gravity-based structures; but ME 6820, Ship

Structure Analysis and Design, is ship oriented. ME 6870 and ME 6875, Theory of

Ship Structure Analysis I, and II, together include a more rational approach using a

probabilistic approach to loading, some treatments of reliabili~ 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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FIGURE 58. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4414, DESIGN OF
MMINE STEEL STRUCTURES
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FIGURE 59. COURSE DESCRWI’ION FOR FLORIDA ATLANTI C EOC 441oC,
STRUC~ ANALYSIS
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3 crtiits

?fnito ●lernent approach to th. solution of ●lasticity problem..
Emphasi8 on displacement sethd, usl~ d~roct stlffrm$o sppr~ for
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DyM-=iC 11’k*raCt~On ktween fluid ●rul solid systems, flydr~lsgtlcity, .
hydrostatic divarqenco, galloping vibrations ●nd stall tluttor,

:. Tibration8 of ● pipe contsiniq a fluid flw, ●nd turbulmt flw owr
“ Coq)lhnt Suxtaceo.

~lmtmctor,
Pr*requi8it*:

3 crtiits

~is coursa covers the use of coqmsito nat*ria18 in s lneeri~
appl icatiorm. 7Ilm eours* cov.rs ths follsvl~ topics: non- sotr~ic

mactiani-1 hl’iav~or; n~cromectiwtl~l hhavlor of lamha ml fihm;
ktndhq, Mcklinq, *M vibration Of commdte ~teriah; mtrix am!
rohiforcesent Mt.riah for c-w$itml mnufact~riw t-hnlqu9s for
msite nat*rial*.

6417 1~ 3 crulits
Pr*regui8ite*: EW 6152, EM 642S
Basic features of dynamic loadirq ●nd roqm’iso, phymical pr~tiios of
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FIGURE 60.

for frontier areas, dynamic response.

CATALOGDESCRIPIYONS OFSELECTEDFLORIDA ATIJiNTIC
GFL4.DUATESTRUCTURES COURSES
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FIGURE 61, COURSE DESCRIPTION FOR FLORIDA TECH CVE 3015, STRUCTUTML
‘ ANALYSIS AND DESIGN
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FIGURE62. COURSEDESCRIPTION FORFLORIDATECHOCE 4S74,STRUCTURAL
MECHANICSOF MARINE VEHICLES
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MARINE STRUCTURAL EDUCATION IN RELATION TO
PRACTICES AND EXPECTATIONS ~ INDUSTRY

In order to determine marine structural analysis and design practices and

capabilities in the marine industry at present, so as to be able then to consider the

implications this may have in evaluating the level and type of educational programs

required, a questionnaire was composed and sent to some @ organizations. Among

them were both representative large and small design firms, several large and small

shipyards, a few ship operators, and several regulatory and government agencies

including the Coast Guard, the American Bureau of Shipping and” the Naval Sea

Systems Command. The design firms and the shipyards were geographically well “

distributed among the various regions of the United States and Canada. Several

design firms and builders specializing in small craft - including even ocean racing

sailboats, yachts, casino boats, tugs, catamaran ferries, etc. – were included, as were

some that are engaged primarily with offshore platforms and other offshore systems

of various types. Most of the very large design firms and shipyards but only a very

few of the smaller ones have in recent years evidently been concerned with work for

the U.S. Navy exclusively, and still seemed to be when they were contacted.

To solicit frank answers the recipients were assured that their responses would

not be published, or even circulated among those sponsoring and monitoring this

project or in due course reviewing this report. The intent was not to document in

great detail the educational backgrounds and experience of those currently

responsible for structural analysis and design at these organizations, or, for example,

to determine and then state exactly what computer software and hardware they

currently employ, but to seek adequate information to reach on a sound basis some

general conclusions appropriate to this study. Not all organizations contacted replied

and several did not give answers to one or more of the eight questions, but thirty-eight

did and many of them wrote lengthy accompanying letters expanding on their

answers well beyond what was expected. One letter iiom a major shipyard, however,

stated that they considered company confidential most of the subjects dealt witli in

this questionnaire, and did not believe their answers would be helpful, and therefore

did not return it. This single negative response could be construed as indicating that

they consider their engineering personnel and procedures in the area of marine
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structural analysis and design as entirely satisfactory if not exemplary, and if so that

too was helpful information.

Th Questwnnuire

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 - tiostly personal

acquaintances or those known to be engaged in or responsible for the structures work

at their organization - having left their organizations for employment elsewhere or

possibly, of course, their having recently retired or been separated because of

downsizing.

The Responses

Questions 1 and 2

The answers to the first. two questions made it abundantly clear that, as

expected, marine structural analysis and design today is being conducted as often by

civil and to a lesser extent mechanical engineers as by the naval architecture

graduates of the undergraduate programs described earlier. Several of the civil

engineers had’ earned master’s degrees in naval architecture, but more in civil

engineering or applied mechanics. A surprising number of those engaged in structural

work, perhaps one-quarter, were educated - often in naval architecture, however –

overseas, most notably in the United Kingdom. Unexpectedly, perhaps another

quarter or more of all those so employed have not received any formal higher

education. It would be misleading to describe them all as just very experienced

draftsmen who have learned what they need to know on the job, but it is quite normal

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

also to call them - “designers.” Those who were educated in naval architecture in the

United States and Canada were most often graduates of Webb or Michigan, certainly

because these two programs have enrolled and graduated with bachelor’s degrees the

-98-



RAYMONO A. YAGLE
Cbmdting Naval Architect
R- 210, NA ad ME Building

Notih Campus

Ann Arhr, Michigan 481 ~

Telephone: (313) 7W.9138

May 8, 1995

~s “form letter” is most often being addressedto theappropriateindividmls for theirresponse,
but in some instances10rqwmible acquainbncesor just anorgm.izationinanticipationthatit will
b fonvatdd to thepro~r pxson.]

mar sir

I have for the last two months ken engag~ in camying out many of the requirements
*king a determinationof thecu~ent s~tus of rnannestructuraeducationas listedin theenclod
copy of the prospxtus for an active Shp StructuresCommitt= proj=ti andam writing lo you to
request your assistance now in addressing the sevem.1tasks that deal with present practice and
capability within the marine industry. The enclosed questionnaireI have prepared may not &
entirelyadequatefor your or any othersingleorgtit.ion, butI will greadyappreciateyour taking
a few moments to jot down -- in pmcil if you wisk since thereturnsareonly intendedto help me
discern the~ in thelevel of com~tence Mng appliedincurrentworkandtheSCOPandnature
of the problems king encounteredapd will not lx quotedor identifiedto anyoneelse -- whatever
respnses you deem appropriate. I cefiairdy will in due course mntact by telephone a numtxr of
those whose answers warrant greater attention, and may even wish to conduct pxsonal inteniews
in some instances. This project -- as the pros~tus makes clear -- is aimed at improving
engineering education in this s@fIc area and will ultimately I M.ieve k of some direct Ixmefit to: J
~o~a;~aniution andour entireindustq; thusfrankandeven candid answers,whenjustifi~ are

.

A stamped and self-addressed envelop 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 mSMITTAL LETTER
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FIGURE 66. COPY OF INDUSTRY QUESTIONNAIRE



Evaluation of Marine Structures Education in NortlI America

Objmtive Providethe lmmvledgeneeded for the SSC to wisely and effectively take steps
to improvethe structuralen@neeringdepartments in North American colleges and
universities m support of ship structural design.

Benefit Theprojectwillresoltmimprovedtrainingmshipstructuraldesignand
constructionandheneeimprovedshipstructuraldesignsad internationalcompetitiveness
OfthcUisishipbuilding@iustry.

Ssc Nationalconk
● Improvethesafetyandintegrityofmarineslxuctures.
● Reduee marine environmental risks.
● supporttheUs. maridmeiLKiUStry in Shipwg, ~t~c% ad repair.

SSC Strategy Sponsoringuniversityreseareh m areas such as design tools development,
produciiy, productionprocesses,reliabilitydesignjanddamag~tolerantstructures

Background In manyinstauees,ship structural designers have either undergraduate or
gmduatedegrees,or Mhj mcivilengineering.Therefore,allapplicableaspectsof
structuralengineeringare rncludedrntbis discussionof shipstIueturaldesign. The SSC
hSSOfflCi@’fW3a m itS StflitegiC Pbll tit heahhy,ah? SChOOkkWhiIIgmod-
methodsof ship structuraldesign andumstmcdon areessential to sWaio@ and
improvingthe internationaleompetidvenessof the U.S. shipdesign and construction
industry. At the sameW, the SSC hasremgnimd thatthe extqt andqualityof ship
structuralengineeringeducation has apparently declined m recent years and has indicated
a desire to take steps to improve the situation. Reasons for the decline noted atmve seem
to hichdc the general decline of engineering as a career choice of talented high school
students. In Mitio% the decline of commercial shipbuilding m the U.S. has had two
effects-a deeliue m the number of studimts attracted to ship structural design as a wresr
choiw and a decline m the pool of faeoky cmxlidates with rdevant ship structural design
experience. Furthermore, the reduetion m government and industry support for university
research in ship structure research and development has decreased the number of fiwulty
memkswho s@alizernthisarea. l%e SSCnmstbeamnedwith fiwtsmntigtie
current status of and trends m ship structural design and construction edueation before it
can make proper deciions on how to improve the situation

ReeonuuendationsPerfonnthc following tab
● Perform a study to aswss.& current status of applicable ship structural design

and wmstruetion training m North America and trends in the condition of that training.
Address both undergraduate and graduate programs at public ad private institutions.

Utilize extemalreso~ws such as Aecredhation Board for Engineeringd Technology
andtheEducationCarnrnitteeof theSocietyofNavalArcbikctsandMarineEngineersas
wellasdimdcontactwiththeinstitutionsthemselves.

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

1. the annual number of graduates who have majored m ship shwtuml des
and recent trends;

2. the annual number of students attending ship structural design courses a
recent trends;

3. courses of%red m ship structural design and ship wnstructio~
4. the emtent of the ship structural design and ship emstruetion eaimes

Otmred;

5. the Mauce between theoretierd and practical design courses;
6. design projects required (leng@ seape, individual versus team efforts,et
7. practie+dwork experience requir~
8. lab work required;
9. industry experience of faculty in ship structural desi~
10, fiwultyexperiam in ship structural design research and development;
11. industry experience of faculty m ship cmstxuctio~
12. emphasis given in curriculum to ship production and producibiiy of

sbwtural designs;
13. emphasis given to economic aspects and mst-efktiveness trade-ofi i

ship structural design; and
14. emphasii giverito the relationship betsveen ship stmetural design and to

ship system design.
● W* the major North Ammican Naval Architecture and Mariue Engineering

universities so that faculty maybe rntmiewd facilitkx to support lab work can be
examiincd, and curriculum to support structures education cm be reviewed,

● Perform an analpis of the survey results to develop a comprehensive picture o
the current status of ship structural design and construction education m North America

In addition to assessiogthe current status of status of structures educatio~ an
assessment should be made of the current ship structures employment opportunides

available upon graduation. This will require rntervkwiog several of the major employer
including dwigo firms, shipyards, class societies, and regulatory and government agenci
llrough the interview an assessment should be made to determine

~. What is tbe typical education background of those currently involved in
ship structural engineering.

2. Wmt are typical projects they Ixxmmernvohwd iwith dealing with ship
structural engineering.

3. Whattypeof stroetural engintig background do they require for those
working on their engineering projects.

● As a result of the above tindings, ident@ major deficiencies and problem areas
● Develop a set of recmnmendations for SSC actions that would help to correct

the major problems identified.

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



Iargest number ofstudents in recent years. Several inthisparticular 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 citify this somewhat expected previous

response, but since an effort was made initially to include in the mailing organizations

of many types both large and small, the answers were equally varied. Almost all of

the design firms and most shipyards felt capable of, and were active in, completing

new designs (albeit within the size range of vessels with which they had experience)

and hence would be able to generate the plans and/or handle the construction of

conversions- as well as new construction. Resolving structural problems in existing

vessels was seemingly the one type of task that those from both the large and the

small shipyards and design offices, and the regulatory and government agencies and

operators as well, all felt they could accomplish. Some of those intemiewed later

obviously did not really understand, or at least had no experience to suggest to them,

that some conversion structural problems could demand greater sophistication and

capabilities than they anticipated would be needed and that perhaps their confidence

was not wholly justified. This was not the case for those organizations that are

dedicated to doing research and development work in the marine structures area, and

hence are aware that all too often seemingly mundane marine structural problems

can require the attention of even those with doctoral degrees using procedures and

techniques not available to nor in routine use by practicing engineers.

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



the book, a very telling reply indeed since it was not always made by the smaller

organizations. The responses to the second part of that question generated the same

discouraging impression: most smaller design firms and even larger ones, and both

large and small shipyards, do not concern themselves with evaluating, for example,

the reliability of their structural designs and, even more significantly since they may

not know how to evaluate reliabili~, 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 ofkn did have

projects involving high-strength steel, including those dedicated to offshore platforms

rather than ships. The design firms for the most part believed they could handle any

analyses or designing required whether it was aluminum or steel -or evidently any

other material for which the engineering properties were known - and more than a

few seemed to imply that they wanted it understood they could as well, if called upon,

properly resolve any normal structural problems whether the application was marine

or otherwise. The answers to the second part of this fifth question indicate the

smaller design firms and most yards do include consideration of fabrication

procedures in dealing with whatever structural analysis and/or design activities in

which they may become engaged. This would appear to be especially true in regard to

structural details. Larger design firms evidently do not always worry about

fabrication considerations in the conceptual phases of their design activities, but are

apt to be more familiar with what might be termed good design practices in regard to

structural details and to be better equipped to analyze those they may anticipate will

be troublesome.
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The next two questions were perhaps the key ones included in the questionnaire

in that they were meant to permit some truly significant conclusions to be drawn

relevant to the major motivation for this project being undertaken. Almost all of the

answers suggest that those individuals and organizations engaged in marine

structural analysis and design seldom question the need for and are comfortable

working with codes or rules or perhaps less specific but still mandatory guidelines,

whether formulated and/or promulgated by classification or professional engineering

societies or by the U.S. Navy or by other regulatory agencies. A few responses did

agree that the existence of these on occasion prevent or severely constrain creating

unusual perhaps innovative structural arrangements, as suggested in the question .

itself, but were more passive and unconcerned about this than had been expected.

The tone of the responses in all cases to both questions would suggest that most

marine structural analysis and design has been and is now done in this manner, and

they anticipate it probably always will be. When, or if, the individual or the group

responsible may sense they face a structural problem beyond their competence to

resolve, they do indeed or believe they would go to a consultant or a consulting

engineering firm, or possibly just find the time to delve more deeply into and further

study the appropriate literature so as to eliminate the need for that option. The

inclusion of examples, such as determining ultimate strength or estimating fatigue

failure, in the statement of the questions was meant to suggest that those responding

should also acknowledge in estimating their competence that some problems or some

aspects of a problem that may be important may not on occasion immediately be

apparent to them if they seldom if ever had needed to consider them before. Few

presumably wanted, in writing, to underestimate their abilities, however, and hence it

is not clear just how honest or forthcoming their answers were and how indicative

they collectively are in gauging the confidence those responding have in their

technical abilities.

The answers to the second part of the seventh question were encouraging in that

they demonstrated the appreciation by those answering of the possible value of the

various types of continuing education. Several stated that their participation was

much more prevalent in years past than currently, but left the impression this was

probably due more to economic concerns at present than lack of interest or

recognition of need.
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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. NASTRA.N is

still in use at many locations for finite element analyses, as current and

comprehensive a program as l’!fAESTRO 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

helpfid. 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 justi~ 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 progrsms in naval architecture andor 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 architect 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 intemening 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

opportunities for them seem to be available at present in the
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students now receiting 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 h 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 horn several sources and these did not always

agree. Even if approximate, however, they are adequate for the purpose of this

report.
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TABLE 2. NUMBER OF DEGREES AWARDED IN PROGRAMS OF INTEREST
AT INSTITUTIONS INCLUDED IN THIS STUDY

INSTITUTION Bl, ~93 B, ’94 M2,E3,’93 M, E, ’94 D4, ’93 D, ’94

Webb 16 18
Michigan 18 13 21 25 8 5
New Orleans 17 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 - .-

V@nia Tech 17 15 “ *5 2 * *

MIT ‘ 1 5 41 55 11 13

Texas A&M 21 21 12 17 3 3

Florida Atlantic 16 22 8 14 4 2

Florida Tech 22 30 7 7 0 1

Nova Scotia 2 4 0 2

Sources: American Socie@ for Engineering Education Directories (see BIBLIOGR4PHYI and
personal communication.

lB=Bachelor deizree.whether B.S.E., B.SC,.B.S.. naval architecture or ocean erwineerimr
“

2M=Master’s de-wee; whether M.S.E~,M.Eng., M.S., M.A.SC.,naval architecture ;r ocean engineering
3E.Professional degree: Naval Engineer, Naval Archikt, 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 stmctural analysis and design,

how viable is the content of their individual stmctures courses and complete the total

coverage, how qualified the various professors involved may be technically, and

maybe with regard to other pertinent factors. But none would in fact be found

untenable, even though all may be wanting in one or several aspects. Discussions

with professors and even those with administrative responsibility at these

institutions make clear they are very much aware in what areas they may fall short,

but are either attempting to remedy that circumstance or have other problems on

which they place a higher priority. The differences among these five undergraduate

programs with respect to how thoroughly they cover the fundamental knowledge

graduates should know to be able properly to keep pace with the technological
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advances that are occurring in engineering today - in materials, in fabrication

techniques, and even in analysis and design procedures - are not really very great,

probably because it has long been accepted that universities are not “trade schools”

and the basics must be taught first and well. The degrees to which these prograras

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 concermed 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 studenti 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 w“as 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 amangements

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 tmns 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 studenti. But practice must

be interpreted broadly; it is too educationally demanding on the one hand to permit

any but the very brightest graduate students to specialize in a worthy and

meaningful specific area of engineering, and be certain they have dealt with all it

entails technically no matter how narrow it may appear, and on the other hand

simultaneously within the same number of credit hours to prepare them to some

extent also to manage and to carry out the necesscq economic planning, to consider

marketability, and to anticipate operational problems and management concerns

with regard to complex engineering systems as currently envisioned in the so-called

“concurrent design” concept.

That doctoral programs, and theses, even in engineering may remain as esoteric

as ever is not deemed a major concern at present. Basic knowledge and

understanding must be advanced, and the entire marine industry with all its

engineering activities and demands seemingly functions at all well only by being able

frequently to utilize and adapt to current problems the advances that have more

often been produced for other elements of industry by research and/or development

efforts in disciplines other than naval architecture 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 architect 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 gradurate

programs, whether they be designated in naval architecture and marine engineering

and/or ocean engineering, capable of educating more students than at present if a

surge in enrollment because of a perceived industry need were to occur. And the

healthy graduate programs at the other three ocean engineering schools endure. But
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more graduate students in all of the programs of particular interest at all of these

institutions are specializing to the extent possible in hydrodynamics than are those in

structures and production and power systems (marine engineering) and operational or

environmental concerns (whatever the options may be called) combined, that is

probably an indication not only that greater research funding and hence graduate

student resesrch 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 sre 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 andfor 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 maybe because the industry itself does not consider marine structural

analysis and design of great enough importance nor amenable to much improvement.

This cannot be due solely to overregulation even though that might be one factor,

despite the fact that the regulators - the classification societies such as ABS, in

particular - have often developed and promoted the approaches that have made more

rational many of the techniques available for use today. That commercial. firms have

come to depend upon them, or the Department of the Navy, to do so does relieve them

of the obligation, and does help explain why many recent and current naval

architectural graduates are not as attracted to these activities within their

organizations and less then thrilled when assigned to them.

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

new frontiers” in ship structures, at least to the degree there seems to

other engineering fields. But in structures generally, including such

be in some

land-based
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structures as civic buildings and venues, bridges, and even shoreline structures,

improvement and advances ~Of many ty-pes 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 reconfiguration and other possibly more exciting

development such as, for example, “smart” materials and structures that adjust and

adapt in response to their own sensors tie indeed desirable and even needed in ships

and platforms. Analyses that justified lengthening the tiame 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 satis&ing 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 fichitects and Marine Engineers and the tierican

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 c~

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

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

such features. To encourage the government to do so would require an educational or
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lobbying campaign perhaps, but the prospectus for that is beyond the scope

permitted here. However, it is not unreasonable nor inappropriate to recommend

that anintense campaignbemounted at once bytheinditiduals that constitute the

Ship Stmcture Committee to convince their organizations to double and then double

again their financial support, emphasizing that despite its shamefully modest funding

this committee is at present the only continuous source of funds for research and

development undertakings specifically in marine structural analysis and design, that

these undertakings are not often as theoretical or sophisticated as to elicit the

attention and support of the National Science Foundation or the Office of Naval

Research on any regular basis but normally produce results of immediate value to

the marine indust~, and are in fact suggested by representatives &om the marine

industry and the cognizant government agencies and thus address current problems

or concerns of real interest to them. At the very least the SCC reports should be

given much greater distribution, thereby establishing how valuable they are and

engendering wider appreciation for and application of the information they contain.

Another recommendation or two also with respect to the Ship Structure

Committee program, since improving education in marine structural analysis and .

design is indeed among its specific goals, are suggested particularly by the

information concerning the various schools and their programs presented in the

preceding sections of the report. If, for example, the intent is to insure that more

students become attracted to and hence interested in pursuing their studies

concentrating in marine structural analysis and design, their single graduate

scholarship and appointing a single student as a Ship Structure Subcommittee

member are at best superficial attractions and probably not really all that effective.

More graduate student support could be achieved if every project they consider

awarding to a professor, whether through his institution or to him personally, required

that the proposal being reviewed listed by name and program level if possible the

students that would participate and the renumeration they would receive, and that

this be a major consideration in evaluating the proposal. And, again, if additional

input is desired, instead of students or even faculty members bring appointed as

liaison members of the SSSC, since at present only those professors from the U.S.

Coast Guard, Naval, and Merchant Marine Academies (none of which have graduate

research programs dealing with structural analysis and design) are, more extensive

liaison instead be sought and established with the National Shipbuilding Research

Program, the Advanced Research Projects “Agency’s Maritech Program, and possibly
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even with the American Institute of Marine Undemvritim, the Shipbuilders Council of

America and/or the splinter group of its former members, or both, and other such

organizations even though these may not be formally affiliated with or an integral

part of the government. Strengthening ties with such existing liaison organizations

as the Welding Research Council, and especially ONR is also essential if synergism of

the level now achieved by the long established arrangement with the Committee on

Marine Structures of the National Research Council is to be duplicated or even

partially achieved with. them.

While much of the foregoing is unfortunately capable only of portraying the

status of marine structural analysis and design education, and practice, as somewhat

stagnant, this is misleading with respect to that aspect of the subject that can most

easily be characterized as loads ador 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 maybe 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 anslysis 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 stmctural 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 industq recognizes their own need that they do so and encourages them

accordingly.

-114-



BIBLIOGIMPHY

1. ASEE’s 1994-95 DIRECTORY OF ENGINEERING GRADUATE STUDIES

AND RESEARCH, Published by The American Society of Engineering

Education.

2. 1993 DIRECTORY OF ENGINEERING AND ENGINEERING TECH-

NOLOGY UNDERGRADUATE PROGRAMS, Published by the American

Society of Engineering Edumtion.

3. ENGINEERING ANll TECHNOLOGY DEGREES 1994, Published by the

Engineering Work Force Commission of the knerican Association of

Engineering Societies, Inc.

4. CATALOG, WEBB INSTITUTE, 1995-96.

5. The University of Michigan, BULLETIN, COLLEGE OF ENGINEERING

1995-96.

6.

7.

8.

9.

10.

11.

12.

13.

The University of New Orleans, COLLEGE OF ENGINEERING

INFORMATION BULLETIN 1994-1995.

CALENDAR 1994-95, Faculty of Engineering and Applied Science, Memorial

University of Newfoundland.

The University of California, Berkeley, ANNOUNCEMENT OF THE

COLLEGE OF ENGINEERING 1995-96.

1994-1995 CATALOGUE OF COURSES, United States Coast Guard

Academy.

United States Naval Academy, CATALOG 1993-1994,

Virginia Polytechnic Institute and State University, UNDERGRADUATE

COURSE CATALOG AND ACADEMIC POLICIES 1994-1995.

Massachusetts Institute of Technology, BULLETIN 1993-94 (Courses and

Degree Programs Issue).

Texas A&M University, OCEAN ENGINEERING AT TEXAS A&&l

UNIVERSITY, Undated Booklet.

-115-



14. ~orida Atlantic University, UNDERGRADUATE CATALOG 1994.-1995.

15. - Florida Institute of Technology, UNIVERSITY CATALOG 1993-’94.

16. 1994/95 ACADEMIC CALENDAR, Technical University of Nova Scotia.

-116-



“Proiect Technical Committee Members.
PTC List for l?ublicati~n

The following persons were members of the committee that represented the Ship Structure
Committee to the Contractor as resident subject matter experts. As such they performed
technical review of the initial proposals to select the contractor, advised the contractor in
cognizant matters pertaining to the contract of which the agencies were aware, and performed
technical review of the work in progress and edited the final report.

Rob Holzman -Chairman U.S. Coast Guard

John Conlon American Bureau of Shipping

Steve Arntson American Bureau of Shipping

Trevor Butler Memorial University

Jason Miller Massachusetts Institute of Technology

William Garzke Gibbs and Cox

Walt Lincoln U. S. Coast Guard

W. William Siekierka Naval Sea Systems Commandj
Contracting Officer’s
Technical Representative

Dr. Robert Sielski National Academy of Science,
Marine Board Liaison

CI)R Steve Sharpe U.S. Coast Guard, Executive Director
Ship Structure Committee



COMMIITEE ON MARINE STRUCTURES

Commission on Engineering and Technical Systems

National Academy of Sciences - National Research Council

The COMMllTEE ON MARINE STRUCTURES has technical cognizance over the

interagency Ship Structure Committee’s research program.

John Landes, University of Tennessee, Knoxville, TN

Howard M. Bunch, University of Michigan, Ann Arbor, Ml

Bruce. G. Coll[pp, Marine Engineering Consultant, Houston, TX

Dale G. Karr, University of Michigan, Ann Arbor, Ml

Andrew Kendrick, NKF Sewices, Montreal, Quebec

John Niedzwecki, Texas A & M University, College, Station, TX

Barbara A. Shaw, Chairman, Pennsylvania State University, University Park, PA

Robert Sielski, National Research Council, Washington, DC

Stephen E. Sharpe, Ship Structure Committee, Washington, DC

DESIGN WORK GROUP

John Niedzwecki, Chairman, Texas A81M University, College Station, TX

Bilal Ayyub, University of Maryland, College Park, MD

Ovide J. Davis, Pascagoula, MS .

Maria Celia Ximenes, Chevron Shipping Co., San Francisco, CA

Jeffrey Geiger, Bath Iron Works, Bath, ME

MATERIALS WORK GROUP

Barbara A. Shaw, Chairman, Pennsylvania State University, University Park, PA

David P. Edmonds, Edison Welding Institute, Columbus, OH

John F. McIntyre, Advanced Polymer Sciences, Avon, OH

Harold S. Reemsnyder, Bethlehem Steel Corp., Bethlehem, PA

Bruce R. Somers, Lehigh University, Bethlehem, PA



RECENT SHIP STRUCTURE COMMITTEE PUBLICATIONS

Ship Structure Committee Publications - A Special Bibliography This
bibliography of SSC reports maybe downloaded from the internet at:
http://www.dot.gov/dotinfo/uscg/hq/g-m/gmhome.htm

SSC-390 Corrosion Control of Inter-hull Structures M. Kikuta, M. Shimko, D
Ciscom 1996

SSC-389 Inspection of Marine Structures L. Demsetz, R. Cario, R. Schulte-
Strathaus, B. Bea 1996

SSC-388 Ship Structural Intearitv Information Svstem-Phase II M. Dry, R.
Schulte-Strathaus, B. Bea 1996

SSC-387

SSC-386

SSC-385

SSC-384

SSC-383

SSC-382

SSC-381

SSC-380

Guideline for Evaluation of Finite Elements and Results R. 1. Basu, K. J.
Kirkhope, J. Srinivasan 1996

Ship’s Maintenance Proiect R. Bea, E. Cramer, R. Schulte-Strauthaus, R.
Mayoss, K. Gallion, K. Ma, R. Holzman, L. Demsetz 1995

Hvdrodvnamic Impact on Displacement Ship Hulls -An Assessment of
the State of the Art J. Daidola, V. Mishkevich 1995

Post-Yield StrencNh of Icebreakina Ship Structural Members C.
DesRochers, J. Crocker, R. Kumar, D. Brennan, B. Dick, S. Lantos 1995

Optimum Weld-MetalStrenath for Hiah Strenqth Steel Structures R.
Dexter and M. Ferrell 1995

Reexamination of Desian Criteria for Stiffened Plate Panels by D. Ghose
and N. Nappi 1995

Residual Strenath of Damaqed Marine Structures by C. Wiernicki, D.
Ghose, N. Nappi 1995

Ship Structural Intearity Information System by R. Schulte-Strathaus,
B. Bea, 1995

SSC-379 Improved Ship Hull Structural Details Relative to Fatique
by K. Stambaugh, F. Lawrence and S. Dimitriakis 1994

SSC-378 The Role of Human Error in Desiqn, Construction and Reliability of
Marine Structures by R. Bea 1994

SSC-377 Hull Structural Concepts For Improved Producibility by J. Daidola,
J. Parente, and W. Robinson 1984

SSC-376 Ice Load Impact Studv on the NSF R/V Nathanial B. Palmer by J. St.
John and P. Minnick 1995

SSC-375 Uncertainty in Strength Models for Marine Structures by O. Hughes,
E. Nikolaidis, B. Ayyub, G. White, P. Hess 1994

SSC-374 Effect of Hiah Strenqth Steels on Strenath Considerations of Desiqn and
Construction Details of Ships by R. Heyburn and D. Riker 1994


