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Continuing Education of Structural Engineers

Formation continue dans le domaine du genie des structures

Weiterbildung statisch-konstruktiv tätiger Ingenieure

Elio GIANGRECO
Prof. of Struct. Engineering

University of Naples
Naples, Italy

Füll professor of Structural
Engineering at Naples
University. Member of «Acca-
demia Nazionale dei Lincei»
and of Italian Council for
Research, Vice President of
RILEM, Chairman ofWC1 of
IABSE, Technical Advisor of
ECCS. Author of three volumes

of «Teoria e Tecnica
delle Costruzioni»; has worked

scientifically in the field
of structural engineering
with special reference to Problems

of stability, dynamics
and seismic engineering.

SUMMARY
An overview is given of the existing activities in Continuing Engineering Education. The aims,
Contents, methods and Organization of Continuing Education of Structural Engineers are then
analyzed. The results of a survey carried out in all IABSE national groups are presented and
discussed. Some proposals for IABSE policy in the field of Continuing Education of Structural
Engineers are formulated.

RESUME
La Revue presente un apergu general des activites existantes dans le domaine de la formation
continue pour les ingenieurs des structures, en analysant les buts, les contenus, les methodes et
l'organisation de la formation. Les resultats d'une enquete aupres des Groupes nationaux de
l'AIPC sont resumes et discutes. Certaines propositions sont faites en vue d'une future politique
de l'Association ä l'egard de la formation continue dans le genie des structures.

ZUSAMMENFASSUNG
Es wird ein Überblick über die bestehenden Möglichkeiten zur kontinuierlichen Weiterbildung von
Ingenieuren gegeben. Ziele, Inhalte, Methoden und Organisationsformen werden untersucht und
die Ergebnisse einer Umfrage, die an alle Nationalen Gruppen der IVBH ging, vorgestellt und
diskutiert. Schliesslich werden einige Vorschläge für das zukünftige Verhalten der IVBH
formuliert.
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1. INTRODUCTION

Continuing Engineering Education does not represent an advanced undergraduate
education, but it is a specialized education geared to everyday change in science

and technology and the evolution of industry and science as a whole. The term
"Continuing Education" therefore means in the present context the further education

after the period of studies at University or other equivalent institutions
(Fig. 1).

This must serve the purpose of an up-
dating and/or deepening of the gradua
te knowledge during the engineer's
professional life, and must furthermo
re correspond to a typicai need of
the individual to acquire new knowled
ge, to develop new skills for an

improvement of his professional position,

and to make himself feel an
active part of society.
It has been suggested replacing the
term "Continuing Education" by
"professional development", which includes

formal Continuing Education as

well as graduate education. We think
that "Continuing Education" remains
the most significant therm to express
the updating in other technical fields.
More specifically, as reported in lll,
we can distinguish the following dif-

University

¦

selection

1

¦

Post university
Education First job

ii

,i

1

r

¦

Refresher
Courses

1

Joh¦

Fig. 1 Professional education of
the engineer

ferent types of adult engineering education
(Fig. 2):

- Degree-oriented engineering education:
which means education beyond the undergra_
duate degree and aimed specifically to_

wards a master's, professional, doctor's
or Ph. D. degree.

- Continuing Engineering Education:
which means professional technical or
management education taken in relatively
small doses throughout a career.

- Retraining:
which means professional technical education

taken in a very large dose (i.e.
intensive 6-12 months), possibly once in a

career.

Degree
Oriented

Eng Educ.

\ 1

Job Retraining

\
1

Continuing

E duccitior
¦y

Fig. Different roles of re¬
training and CEE

Continuing Education is a major part of a complete educational system and is not
simply for a limited period: it must be a lifelong process (Fig. 3) and represent,

in a sense, a life style.
CEE plays a role of outstanding importance in the development of an industrialized

country. Figure 4 clearly demonstrates the close relationship between the l£
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Fig. 3 - CEE as a life long process
Source: N.K. OVESEN /<+/

are developed. These courses are therefore

tailored to these needs and designed

in the three phases shown in Fig.
5 /3/.

2. INTERNATIONAL ORGANIZATION IN CEE

There are several international
organizations, spread over the five continents,
which are concerned with engineerig and

Continuing Engineering Education. In par
ticular, we can mention those shown in
Fig. 6.

Furthermore, quite recently an UNESCO Iri
ternational Working Group on Continuing
Education of Engineers has been formed
(1973) in order to conduct a series of
studies on what CEE represents, how it
is implemented throughout the world,what
are the needs and what is available in
industrializing countries.

vel of economical development and the
activity level of CEE for a specific country

/2/. CEE, therefore, represents an
outstanding problem in industrializing
countries. In fact, the development of
any industrializing country is highly
dependent upon the technical knowledge and

skills of its engineers. Such knowledge
and skills can be increased through CEE

by transfer of know-how from advanced
industries, research institutions etc.
On the other hand, in highly industrialized

countries CEE is so diffused that the
re is even a need for quality assurance.
In these countries CEE is offered by indu_

stries, research laboratories, Consulting
firms, professional organizations and
other development centers.

In some countries the needs of the
engineers planning to attend these CEE courses

are analyzed and then oriented courses

CEE ACTIVITY LEVEL

e

PER CAPITA INCOME IN US DOLLARS

Fis Relationship between per ca-
pita income and CEE activity
level
Source: N.K. OVESEN /2/

SEFI (Societe pour la Formation des Ingenieurs) has been established in Europe
in 1972. This society has been extremely active in the field of Educational
Development of Engineers and it has been particularly concernend whit initial edu_

cation and the links beween these two aspects of education which cannot be con-
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sidered separate, the aims of the society
being: to promote information on engineering

education and to improve Communications

and exchanges between teachers,
researchers and students in Europe.

SEFI's intense activity (Fig. 7) has been
broadened through its activities (annual
Conferences and world Conferences, working

groups) and its pubblications (European

Journal of Engineering Education, SE

FI News, SEFI guide 1 & 2).

Other organizations worth mentioning, sin
ce they play an important role in CEE,

are the professional engineering organiza_
tions.
Some of the most important are shown in
(Fig. 8).

Fifi.

However, even though there are so many or
ganizations for CEE in developing
countries, the problem of CEE is still stron
gly feit. In these countries,in fact,the
lack of development cannot be ascribed to
the initial education, usually acquired
by engineers abroad, but to the lack of
CEE which stops the professional growth

of the engineer. In these countries professional bodies are either non-existent
or are in their early stages of development and hence cannot effectively contr^
bute to the important job of CEE Ibl.

Design of refresher cour
ses.
Source: G. CICCARELLA et

al. hl

3. CONTINUING EDUCATION OF STRUCTURAL ENGINEERS

In the process of scientific evolution and

technological innovation an important place

is occupied by structural engineering
which can boast of old scientific tradi-
tions in the field of strength of materials

and theory of structures, and was ba_

sed on a rieh body of knowledge in theoretical

and technical contributions. But it
is only in the last twenty years that the
technological evolution of materials, the
success of new structural types and the

progress of construction techniques on the
one hand, and the improvement of the
theoretical calculation and experimental
control methods together with the introduction

of modern criteria of structural
reliability, on the other hand, have encoura

International working Group on CEE

¦ USA —- ASEE American Society For

Engineering education

EUROPE—SEFI European Society for

Engineering education

AFRICA ¦ Committee on Engine,
ering education in

Middle Africa

-"AEESEA Association for Engine,
ering education in
South East Asia

l-r AEESCA Association for Engine,
ering education in
South and Centra Asia

Fig. 6 - International organizations
on CEE
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1) ANNUAL CONFERENCES

2) WORLO CONFERENCES

1979 First WC oo CE

Mexico City

1983 Second WC on CE

Paris

3) WORKING GROUPS

4) PUBLICATIONS

4a) European Journal of Eng Ed

4b) SEFI-News

4c) SEFI-Guide I (1978)
n (1983)

Fig. 7 - SEFI activities in CEE

ged progress in the quality of structu
ral engineering.

It is possible today to formulate and

solve problems in a way that was not
possible twenty or thirty years ago.

It is now necessary to specify that
structural engineering is usually
referred to the conception, design and

execution of civil engineering works,
even if the basic criteria of structural

analysis are common to other types
of constructions (naval or aeronautical

constructions).Asamatter of fact,
the latter have often developed analysis

methods that have been used in the
calculation of civil engineering stru
ctures.

Hereafter we will be concerned with the
aims, the Contents and the Organization

of Continuing Education for Structural Engineers.

There will be, however, connections with other disciplinary areas, e.g. mathematics

for structural analysis, advanced methods, seismology for earthquake analy_

sis, geotechnique for foundation engineering.

3.1 Basic training in the field of structural engineering

Progress in the field of structural engineering is so rapid that it is becoming
more and more difficult to define a comprehensive curriculum leading to a

satisfactory knowledge on materials and structures.

W.FE.O.

U.A.T.I.

However, a specific combination of courses

and training seems to offer the best
possibilities. The behaviour of materials
and structures can only be understood by
having a fundamental knowledge that does

not become obsolete and is capable of
adaptation or innovation.

Therefore, the university courses which — U.PAD.I
can contribute to a structural engineering

training must necessarily cover the
areas of mathematical fundamentals,
mechanics fundamentals, structural material

properties, structural element beha

viour, structural types, calculation
methods, experimental analysis and control Fig.
of materials and structures, and Computer

programming.

World Federation of

EnglneerLng Organizations

Union of International
Engineering Organizations

Pan American Federation
of Engineering Soci.eti.es

F.E.A.NI European Federation of

National Engineering
Institutions

Main professional engineering
organizations
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The knowledge of these subjects, acquired by means of courses distributed over
the different periods of the engineering education can be integrated by technical

Visits to testing laboratories, to Computer centers, or construction work,
or by stages which in some technical universities cover an academic semesterjcon
versely, this seems to be more useful for industrial engineering than for civil
engineerig.

It is, however, profitable to develop, even in undergraduate courses, intuitive
skills and professional interest in structural engineering.

3.2 Organization of CESE

3.2.1 Aims

In the civil engineering field, where a civil construction industry, comparable
to the mechanical or electrical industries, does not exist, Continuing Education
must represent a Substitute for research and development which in the other bran
ches of engineering plays a useful role within industry itself.
In the civil engineering field, and especially in structural engineering, Continuing

Education is fundamental for developing countries where enormous programmes

for infrastructures and construction are in progress, and an updated know-
how is required in structural design and construction techniques for industrial^
zed countries.

3.2.2 Contents

Continuing Education in Structural Engineering must, therefore, offer new and ad

vanced knowledge, which Supplements that already acquired or replaces what is ob

solete. This is the reason why the subjects of greater interest, which are present

in many programmes of Continuing Education in various countries, seem to be

in the following field: applied mathematics, structural analysis, structural
materials, structural Systems behaviour, structural types, construction techniques,
structural reliability, etc..
All these subjects are merely indicative of the vastness of topics which can be

treated in Structural Engineering Continuing Education courses or Seminars.Other
more modern subjects concern the fields of material science and structural
engineering, up to the boundaries of other disciplines such as fracture mechanics,
elastic and structural engineering, soil and structural engineering, soil and

structural seismic dynamics, structural strengthening, offshore structures,
nuclear power plants structures, etc..
Furthermore, in civil engineering education non-technical courses, essentially
in the field of economies and management, are also required: in the U.S.A. these
courses include up to 50% of engineers involved in technical courses. In France
the Ecole National des Ponts et Chaussees offers in the continuing education pro_

gram of 1980 some courses on "programmation et gestion".

A very attractive proposal is to include also courses of aesthetics which
eoneerns an important part of structural design. The professional structural
engineers of the future should be capable of integrating aesthetic objectives with
engineering solutions. Many years ago Nervi used for the latter the term "structural

architecture".
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3.2.3 Methods

Continuing Education methods can be very different according to location, duration

and how they are given. Among direct methods or live Instruction methods.we
can mention: post graduate courses, evening courses, short courses, etc..
Among indirect methods, correspondance courses have been used for many years;
they involve a continuous exchange between teachers and students, conducted
primarily by written comunication. They present a great flexibility of choice for
the student who can decide when, where and how he will study.

A recent method is the so called "seif study course" that corresponds to an
Instruction program in which the student is provided with all materials and left
to proceed with no direct aid from an instructor.
Another possibility for following the more recent progress in various specialized

fields of structural engineering is offerend by Conferences or symposia.They
are very succesful when they create a balance between theoretical advancements
on the one hand and technical progress on the other. Each year a certain number

of colloquia are organized by national professional societies or by international
technical associations such IABSE, CEB, ECCS, RILEM, etc. for a short period

(two, three days).

3.2.4 Teaching institutions
The Organization of Continuing Education is affected by many factors which differ

from country to country and from time to time according to the cultural, teco_

chnical, economical and political Situation.

A very important role is played by the engineering schools which must very clear_
ly define the objectives of a continuing education program compared with the ob_

jectives of the undergraduate and graduate curricula. Continuing Education cannot

consist in an extension of the regulär programs, but must clearly be finali-
zed with target programs, also prepared in Cooperation with engineering societies

or industries. The teaching staff must include persons from industry in order

to enrich the courses with professional experience. Also the professional so_

cieties have a great role in the Structural Engineering Continuing Education.
They use teaching staff from any source (university, industry, Consultants) and

can present Continuing Education programs in any place where a sufficient audien

ce is expected. The Organization of Continuing Education in Structural Engineering

is summarized in Fig. 9.

3.2.5 Other aspects

Another problem concerning Continuing Education is the legal aspect, a point
that should not be overlooked.

While in many countries Continuing Education is still organized on a more or
less individual basis, there are some countries, as will be shown in the next

section, where an appropriate legislation exists.

A very important aspect of Continuing Education is the problem of teaching staff,
for wich the keeping up-to-date requirements must be constantly taken into ac-
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count. This could be encouraged by study programs, participation in activities
of short and long term Continuing Education (see Recommendations of the
International Conference of Education and Training of Engineers and higher Technicians,

New Dehli, India, 1976)

4. IABSE SURVEY IN CESE

Actually, up to date Continuing Education of Structural Engineers in the world
can be considered to be the result of spontaneous flourishing of many initiati
ves Coming from different sources.
It is up to the international
organizations in the field of struc
tural engineering to undertake the
task of coordinating and informing
engineers of CESE. This task has

to be accomplished through the coo
peration with the existing interna
tional organizations mentioned
before, the initiative being taken
by the structural Organization.
(Fig. 10).

The International Association for
Bridge and Structural Engineering,
IABSE, having recognized this need,
deeided to carry out a more specific

survey on CESE in 1982, in
Order to formulate concrete proposals

for IABSE policy in this
field.
A first preliminary report was pre_
sented in Washington in 1982, based

upon the international reports
available at that time, even if
the attention was focussed on the
structural field.
The need of carrying out a more

specific survey among all the coun
tries associated to IABSE on CESE

was recognized. Even though no pretence was made to cover all the available
courses offered around the world, the aim was to investigate how the problem
of CESE was seen by IABSE members.

As shown by the first preliminary report presented in Washington in 1982, the
information available on CESE was extremely dispersed and scattered. It was

therefore necessary to organize the available and future information in a

table form which allowed drawing some conclusions from the analysis of the data.

CESE ORGANIZATION

AIMS CONTENTS
— Improve the knowledge and Keep

engineers updated on.

a) lechnaoQica-, evolution of

materials

b) new structural typologies

c) n«w construction techniques

d) new calculation methods

e) modern cnteria of struetu.
rat rekabUUy and new

specifications

F) new experimental control
mtthods

— Substitute research in those caws
In which the civil engineer is
not exposed to research

(— struclural analysis
— structural materials

J— structural Systems behaviour
GENERAL < _ Jtruc|ural typologi„

— construction techniques
1— struclural reltability

(— fracture mechanics
— soil andstrucLseiSTTKC denen

1— off-shore structures
SPECITIC <?— nuclear power ptants

1 — economic!
— construction management

1— structural architecture

METHODS TEACHING INSTITUTIONS
— AIM State of the art

In depth
Advanced

— TYPE Permanent

Occasional

— SYSTEM Lectures
Correspondance
Seif study

— DURATION Short
Medium

Long

— Engineering schools

— Professional socielies

— Large Consulting firms

— Associations

— International Organization*

Fig. 9 Organization of Continuing Educa¬
tion of Structural Engineers
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— CEB.

— CJÄ

Hence it was deeided to carry
out the survey on the basis
of the questionnaire provided
in the first column of Fig.11.

An ad hoc questionnaire, consj.
sting of 18 questions was deve

loped. Some of the questions
are more general concerning
the policy of the country on

Continuing Education, particularly

in the field of civil
and structural engineering, as

well as the initiatives
existing in the country in this
field. The other questions are
more specific since they
concern the type, aim, system, du

ration, main purpose and topics of courses, average of students, where students
mainly come from, refresher courses for teachers, final assessment of grading
and any special program for developing countries.

Comite Europee du Bäton

International Council for
building research Studies
and Documentation

European Convention for
Constructional steelwork

Federation International
de la Precontrainte

International Organization
lor Bridges and Structural

Engineering

— RJ.LEM

International Association

for Earthquake Engineering

International Association
for Shell and Spatial Stru -
ctures

International Union for Theo,

reticat and Applied Mechanics

Reunion International des

Laboratoires d' Essais et des

recherhes sur les materiaux
et sur les constructions

li&i 10 - Main international organizations
in structural engineering
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The questionnaire has been sent to all Chairmen and secretairies of IABSE national

groups (36) and to all the other member countries (54) of IABSE, for a total
of 144 enquiries.

Out of the 36 national groups, 13 completed the questionnaire, while of the
other 54 member countries of IABSE, only one answer was received. The total number

of answers was 22.

A first evaluation of the available data indicated a fairly homogeneous Situation

in the countries which answered the questionnaire. It was then deeided to
limit the analysis to the 36 countries represented by national groups in IABSE.

A second questionnaire, which partially modified the previous one, was made on

the basis of the answers given. As stated previously, it was directed only to
the 36 national groups.

Particular attention was given to those countries which were not included in the

first analysis of data, but in which Continuing Education in Structural Engineering

played a major role. In these cases questionnaires were sent also to members

who were known by means of personal contacts.

This second enquiry was more successful than the first one: out of 151, 37 answ£
red from 13 countries. The picture concerning the 36 national groups of IABSE

was therefore almost complete since only 10 countries were not present.

The complete result of the survey is given in Fig. 11 where the answers to all
the questions of the questionnaire are provided for each country.

As shown in this figure, the answers to the questionnaire are quite homogeneous.
The following conclusions can be therefore drawn from this first survey: even

though there are not generally laws on continuing education, there are initiatives,

particularly in the field of civil and structural engineering, in all the

countries, the initiatives Coming from universities, engineering associations
and industry. These initiatives are mainly offered in the form of refresher cour_

ses at postgraduate level aimed at providing engineers with up-to-date knowledge

in their field and usually consist of lectures. The courses are of different
duration (short, medium, long), even if short courses prevail and usually are o£
casional. Some institutions do instead offer permanent courses. The aim of the

courses varies since they ränge from State of the art courses to in-depth and ad_
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Fig. 12 - Answers to the most significant questions
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vanced courses. The partecipants come mainly from industry and associations
although there are people from universities. The main purpose of the courses
eoneerns design and construction practice, the topics being somewhat widely spread
out. While in the countries in which CESE is more developed there are courses of_

fered in almost all the fields of structural engineering, in the other countries
some topics are recurrent: finite elements, Computer aided design, new design me_

thods for concrete and steel technology. The average number of the partecipants
is about 35, the percentage of civil engineers being difficult to evaluation from
the available data. Usually there is no final assessment of grading and no upda_

ting of teachers. Neither there are special programs for developing countries.

In Fig. 12 asummary of the answers to the most significant questions are given
for each country which responded.

In Fig. 13 instead, the percentages of each type of answer to the same questions
are provided.

The results of this first survey were extremely satisfactory since the answers
received by almost all the 36 national groups of IABSE were quite homogeneous.
The survey should now be carried out more deeply in each country in order to
investigate what are the courses offered around the world. It is, however, possible

to formulate now some concrete proposals for IABSE policy in the field of
Continuing Education of Structural Engineers.

5. CONCLUSIONS AND PROPOSALS

Even though the activity of Internationa Organizations is very intense in the
field of Continuing Education of Engineers, up tili now, there is no systematic
information on the specific field of Structural Engineering.
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However, even if scattered and mostly not on a permanent basis, updating courses
in structural engineering are offered the world over.

IABSE, through its widespread Organization, succeeded in gathering the data re
ported herein, by means of a questionnaire form, in an attempt to derive a
complete picture of what is available in all the member countries of IABSE, thus
allowing homogeneous comparisons to be made.

A total of almost three hundred questionnaires have been sent out worldwide for
this purpose. The results of this effort even though not yet completed, have
been presented in this report. They can be definitely considered satisfactory.
The complete picture (Fig. 11), has been discussed in the previous section, toge
ther with the comparisons (figs 12, 13).

A major point, which comes out of this survey, is represented by the urgent need
of CESE in developing countries.

On the one hand, these countries call for an updating of their engineers, which
knowledge is satisfactory at initial education level, but becomes obsolete after
a few years due to the absence of CESE; on the other hand, there are no major
programs in most developing countries with IABSE members.

Even though the survey should now be carried out more deeply in each country in
order to investigate on the courses actually offered, it seems that the following

concrete proposals for IABSE policy in the field of CESE can now be formula
ted:
- identify members who are interested in this field and want to cooperate in a

working group:
- for studying the possibility of organizing an ad hoc Workshop, also with par_

ticipation of people involved in specific associations for engineering educa.

tions, i.e. UNESCO/SEFI/ASEE etc., and of the main structural association as

CEB, CECM, FIP, RILEM;

- for organizing international courses on structural engineering.

Anyhow, some suggestions are provided hereafter for tasks which could be taken
by IABSE in CESE:

a) coordinate information on all the available courses in structural engineering;
b) promote short courses in the different countries with particular attention to

developing countries1 needs;
c) promote long courses ("itinerating ones"), to be held each year in a diffe¬

rent country.

Particularly, the short courses, from one day to one week, should be state of
the art ones and should deal with new technologies, new computational methods

and design techniques, discussion of new specifications, etc..

In this way, by taking into account the needs of developing countries in the

design of courses, the latter could provide updating of engineers of these^ countries

thus filling the existing gap between initial and continuing education.

A proposal is also formulated for the "itinerating" long courses. They should

last about ten weeks and should be particularly concernend with local technologies,

problems, etc.. In this way a complete knowledge of existing construction
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technologies could be gathered after few years.

Field experience, as well as theoretical aspects should be provided in order to
fulfil the demands of engineers Coming from different working places. An example
of such a course is given hereafter.

In Italy, where the recent strong earthquakes caused exentive damage, there has
been a great amount of public money involved in the reconstruction of large
areas and in the strengthening of historical sites, monuments, etc.. The activity

of building contractors has, therefore, been extremely intense in this period,
with application of different techniques in the reconstruction of about 2000 re
sidential buildings.
An extremely stimulating course could then be offered on seismic design, building

technology and strengthening techniques. Teachers should come from local
and non-local universities as well as from building industries. Morning lectures
could be offered while field experience could be acquired in the afternoon.

This type of course organized as shown SUBJECTS Seismic design

in Fig. 14 could improve engineering Construction techniques

knowledge on theoretical aspects: sei- Strengthening techniques

smic design, strengthening techniques, TEACHERS from Universities

etc., representing one of the most si- Contractors

gnif icant developments in engineering n us ries

education in Europe in recent years. .MORNING —Lectures
Courses <^

AFTERNOON— Field experiences

Fig. 11 - Example of itinerating long
course
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