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IN T R O D U C T IO N

This contribution aims at giving a general view 

of the graduate geotechnical teaching at COPPE 

(Coordination of Graduate Courses in 

Engineering). However, a brief historical 

background seems necessary in order to give the 

reader a better understanding of the teaching 

of Engineering in Brazil.

In 1992 the Brazilian Mail Service issued a 

stamp (Fig. 1) in commemoration of 2 00 years of 

engineering teaching in Brazil, which began in 

17 92 at precisely the same headquarters where 

today COPPE exists. So, a tradition of two 

centuries of uninterrupted engineering courses 

is behind COPPE's graduate programs. The name 

of the school was firstly "Royal Academy of 

Artillery, Fortification and Design", the 

successor of which is the current School of 

Engineering of the Rio de Janeiro Federal 

University (Vieira, 1992).

A  few words about Brazilian tradition in Soil 

Mechanics is timely. In 1926 a Brazilian 

engineer, Alberto Ortenblad, was the first 

person to obtain the degree of Doctor of 

Sciences in Engineering at M.I.T., with a 

thesis in which the integration of Terzaghi's 

differential equation of the process of 

consolidation of clay was obtained; Karl 

Terzhagi himself was on the examination board. 

Ten years later another young Brazilian 

engineer, Odair Grillo, went to Harvard 

with the objective of acquiring knowledge in 

order to start a Soils and Foundations Section 

at the Sao Paulo State Technological Research 

Institute (IPT). He studied under Casagrande 

and Rutledge, and went later to Vienna to 

attend courses with Karl Terzaghi. The first 

courses of Soil Mechanics taught by Prof. 

Grillo were at the Army Technical School in Rio 

de Janeiro, in 1941, and at the Engineering 

Institute of Sao Paulo, in 1942. Thus, informal 

teaching of Soil Mechanics in Brazil dates from 

1941.

Brasil 33 CRS 17,00

Fig. 1 - Stamps produced by the Brazilian Hail 
Service to celebrate (a) 200 years of 

Engineering teaching in Brazil and (b) 20 

years of graduate courses in Engineering 

(completed in 1983).

At the School of Engineering of Rio de Janeiro 

since 1942 topics of Soil Mechanics and 

Foundation Engineering were taught at scattered 

courses of the Civil Engineering curriculum. 

Only in 1951 a formal Soil Mechanics Course was 

started, under Prof. Mario Brandi Pereira. From 

1952 to 1958 Prof. A.J. da Costa Nunes 

organized an "Extension Course in Soil Mechan

ics and Foundation Engineering", ministered to 

undergraduates and civil engineers. In 1968 a 

pioneering "specialization course" of Geotechn

ical Engineering was open for civil engineering 

students as an option at their last academic 

year. This initiative was of Prof. Fernando E. 

Barata (Barata, 1980), and had immediate 

appeal. Many engineers with this specialization 

attended, years later, the geotechnical grad

uate courses of COPPE and PUC-RJ (Catholic Uni

versity of Rio de Janeiro) . Until 1967 there 

existed no graduate courses in geotechnical 

engineering in Brazil. Engineering Schools 

provided only undergraduate teaching (B .S c . 

degrees) in several branches of engineering. 

Very few engineers had MSc or Ph.D. degrees, 

and they had to go abroad to get them, usually 

at the United States of America. In 1963 a
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Chemical Engineer, Alberto Luiz Coimbra, who 

had obtained his MSc degree in the United 

States, decided to change this picture, and 

founded COPPE - "Coordenasao dos Programas de 

Pos-Graduagao em Engenharia" (Coordination of 

Graduate Courses in Engineering). Initially 

only Chemical and Mechanical Engineering Progr

ams were installed. In 1967 the Civil Engineer

ing Program was initiated, with three branches: 

Structures, Geotechnics and Hydraulics. Support 

was initially given by the National Research 

Council (CNPq), the Organization of American 

States and the University of Houston, USA, (Me

dina, 1978). Very soon international cooperat

ion programs with European countries helped the 

start of these and other programs, such as 

Electrical, Metallurgical, Biomedical and Ocean 

Engineering. At present, there are 12 Programs 

(or Departments) at COPPE. A substantial help 

was then given by the Brazilian Development 

Bank (BNDE) and FINEP (Financing of Research 

and Projects). At about the same time a private 

university, the Catholic University of Rio 

(PUC- RJ) started a similar program. As the 

author has been attached to COPPE from the beg

inning of its geotechnical graduate courses, 

this text will be based mostly on COPPE's 

experience.

THE EARLY YEARS OF GRADUATE TEACHING IN RIO DE 
JANEIRO

Although in 1967 there were some university 

lecturers in Rio de Janeiro able to start the 

courses, COPPE's philosophy of having full-time 

professors with full dedication, with personal 

consulting allowed on a limited basis, did not 

attract them. So, the first Soil Mechanics 

course given at COPPE was started in 1967 by 

Prof. Willem van Leijden, from Holland. The 

author, then an engineer with 8 years' 

experience in a well known geotechnical firm, 

and with plans to obtain a MSc degree abroad, 

was invited to be Prof. van Leijden's teaching 

assistant. In 1968 the author left Brazil for a 

PhD in Berkeley.To substitute Prof. van Leijden 

the engineer Jacques de Medina, who had obtain

ed his MSc in Soil Mechanics from Purdue in 

1951, and also attended courses at the Univers

ity of California at Berkeley, was appointed. 

At the time, he was Head of the Technological 

Division of the Guanabara State Highway Depart

ment. With the help of Professors Dirceu Vello- 

so, in Foundation Engineering, Sidney M.G. 

Santos, in Theory of Elasticity, and Albert 

Mah€, from the French cooperation program, in 

Soil Laboratory Tests, a regular graduate 

course was initiated. The first courses offered 

were:

- Soil Mechanics I and II, encompassing 

Consolidation, Seepage, Shearing Strength of 

Soils, Slope Stability, Retaining Structures, 

Pavement Design and Soil Stabilization;

- Laboratory Tests, with emphasis on Shear 

Strength, Consolidation and Permeability, using 

equipment imported from England;

- Theory of Elasticity;

- Foundation Engineering;

- Physico-Chemistry of Soils, along the 

lines of the course taught by Prof. J.K. 

Mitchell in Berkeley.

- Applied Mathematics, which is mandatory 

for all graduate students.

From 1971 on the first MSc dissertations were 

approved. In 1972 the author returned from

Berkeley, and shared with Profs. Medina and 
Velloso the graduate courses. Two young French 
teachers, who came through France-Brasil 
cooperation Programs, gave their valuable 
assistance in this transition period: P. 
Pichavant and J.P.P. R6my.

The first students with good teaching and 
research potential were hired as Lecturers, and 
promising undergraduate students as Research 
Assistants. As soon as enough Lecturers were 
hired, 4 of them were sent to England (Imperial 

College (London), Cambridge, Oxford) for their 
PhD. Soon there was enough critical mass to 
innitiate a PhD program; the first PhD thesis 
developed at COPPE was presented in 1 9 8 0 .

FIELDS OF RESEARCH

The following research lines are at present in 
effect at COPPE:

Numerical Methods in Geotechnical 
Engineering: Finite Element Method applied to 
earth-work engineering, soil-structure
interaction and foundations;

Foundation Engineering and field 
monitoring of pile foundations;

- Pavement Structures, with equipment for 
laboratory cyclic load tests and fatigue tests 
on stabilized soil and asphalt concrete, and a 
complete asphalt laboratory;

- Soil reinforcement with geotextiles - 
theoretical and experimental work

- Physico-Chemistry, with a soil chemist 
in charge of the soil chemistry laboratory;

Natural Slope Stability studies, 
including field monitoring of real slopes 
(inclinometer, piezometers, rainfall), and 
numerical modelling of seepage and infiltration 
of rainwater on slopes;

Laboratory Soft Clay research, 

concentrating on consolidation and shearing 
strength behavior with the use of CRS tests, 
residual shear strength tests, creep, 
relaxation and conventional triaxial tests;

Field Soft Clay research, with the 
development and use of a self developed 
piezocone apparatus over several organic clay 
deposits along the Brazilian coast;

Soil Behavior Modelling, with the 
development of a theory for stress-strain-time 
behavior of soils;

- Environmental Geotechnics, with emphasis 
on industrial and waste disposal problems, such 
as "sanitary landfills" on soft clay.

distribution of thesis subject's among the
rch lines can be appreciated in Table 1 .

At PUC, research lines concentrate at present 
on (Sayao, 1 9 9 3 ) :

- Experimental Soil Mechanics;
- Field Instrumentation and Field Tests;
- Rock Mechanics and Engineering Geology;
- Numerical Methods in Geomechanics;
- Environmental Geotechnics.

THE DEVELOPMENT OF GRADUATE GEOTECHNICAL 
ENGINEERING EDUCATION IN BRAZIL

Students from all over Brazil and South America 
converged to COPPE and PUC. Very soon a mass of 
MSc degree professinals began to return to 
their native states, and new groups with 
lecturers who graduated originally at COPPE and 
PUC came into existence. Table 2 shows the 
number of MSc and PhD theses that both COPPE
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and PUC produced. Essentially the same number 

of MSc dissertations - about 140 - were issued. 

PhD theses are beginning to grow now, with the 

return of many former MSc students that became 

lecturers at Universities scattered in Brazil. 

Since PhD programs started earlier at COPPE, it 

shows 18 dissertations since 1980, against 3 

from PUC since 1991. The evolution of the 

number of theses at COPPE can be seen in Fig. 2. 

At present, the Federal Universities of 

Pernambuco, at Recife; of Rio Grande do Sul, at 

Porto Alegre; of Brasilia; of Minas Gerais, at 

Vigosa, and Bahia, at Salvador, are going very 

well, and are absorbing MSc students within 

their reach. As a goal, all Brazilian 

universities want their entire staff with PhD 

degrees. These lecturers come to COPPE and PUC, 

generally, with their full salary paid by the 

mother institution plus a grant for a duration 

of four years. Exceptionally they attend a 

foreign university if the field in which they 

want to obtain their degree is not covered with 

excellence at either universities in Rio de 

Janeiro. Even in this case, a general policy of 

Brazilian fellowship programs nowadays is to 

shorten the stay of students abroad. With this 

in view, a new type of PhD dissertation, called 

a "sandwich doctorate", was conceived and is in 

full operation. In this type of program a 

candidate obtains his credits, meets a 

qualifying examination at home, and then goes, 

for a period of 1.5 years at most, to a foreign 

university to get expertise in a very 

specialized topic. In this period the student 

is in touch with up to date laboratories and 

guidance from the leading experts in their 

area. Typical examples in recent years were the 

following subjects: partially saturated soils 

(University of Oxford, England), and 

Environmental Geotechnics (University of 

Western Ontario, Canada). Another program is 

encouraged by governmental agencies is that of 

post-doctoral fellowships up to 1.5 years. 

Typical examples of host institutions are the 

British Research Station, Norwegian Geotech- 

nical Institute, University of California at 

Berkeley, Oxford University. Results have been 

very encouraging, for the broadness of experi

ence of a given geotechnical group improves 

enormously in both teaching and research.

INTERACTION WITH ENGINEERING PROJECTS AND 

COOPERATION AGREEMENTS

Most of the MSc and PhD dissertations deal with 

practical problems. In the 70's and early 80's 

COPPE's geotechnical group was involved in 

several important projects, among them: the Rio 

de Janeiro subway (METRO-RIO), the experimental 

embankment over peat and organic clay of 

Juturnaiba Dam in Rio de Janeiro, the 

experimental embankments of the IPR-DNER 

(Highway Research Institute of the Brazilian 

Highway Department) and development of a 

Pavement Design Method, also with IPR/DNER. 

Instrumentation of subway excavations in soft 

clay and the experimental embankments relied 

extensively on instruments developed for the 

research and manufactured at COPPE's workshop, 

the only imported instruments being inclino

meters and pneumatic piezometers. The Pavement 

Design Project is helping to change Pavement 

Design Standards in Brazil. The Pavement 

Standards then in use dated from the 5 0 's, and 

were based on CBR values and Traffic Indexes. 

Now resilient moduli obtained in repeated

loading tests are of paramount importance, and 

are increasingly used in the design of new 

highways in Brazil. Through COPPETEC, an 

engineering consulting branch of COPPE, formed 

by all its lecturers, technical staff and 

laboratories, many jobs have been done for 

engineering firms and governmental agencies of 

Brazil. These services are paid; part of its 

revenue go into financing COPPE's research 

budget, and the remainder provides an extra pay 

for the professionals involved in the specific 

project. Examples are: special triaxial tests 

with complex stress-paths furnishing parameters 

for pavement materials, embankment dams and 

embankments over soft clay, analysis of 

settlement of industrial structures and 

embankments over soft clay, Finite Element 

analyses of various problems, pile driving 

monitoring, field tests using a newly developed 

piezocone, fatigue analysis of main bituminous 

mixtures used in paving, etc. Besides providing 

extra funds for COPPE, these projects often 

originate original and thought-provoking 

dissertation themes.

Cooperation Agreements with the Norwegian 

Geotechnical Institute (NGI), Oxford University 

and Cambridge University have been beneficial 

not only to COPPE's development but also to 

professors who go to these institutions on 

post-doctoral or sabbatical leaves. A  long 

standing agreement with the Geotechnical 

Institute of Rio de Janeiro, for the study of 

large scale landslides in tropical soils, has 

also helped to develop this line of research. 

Recently an agreement with the city of Rio de 

Janeiro Public Works Office started a large 

project in waste disposal over soft clay, with 

a detailed investigation of the environmental 

effects of the waste material on the 

surrounding area. All of these subjects are 

divided up into MSc and PhD research themes, 

under the supervision of the professor or 

professors involved in the project.

SOME THOUGHTS ON GRADUATE GEOTECHNICAL TEACHING 

AT COPPE

Since only recently PhD programs have been in 

effect at COPPE and PUC, the vast majority of 

dissertations produced so far at either univer

sity concern MSc degrees. Most of them have had 

a wider scope than MSc dissertations in univer

sities abroad, and some could even classify as 

PhD dissertations in foreign universities. As a 

consequence, their duration, an average of 3 

years, exceeds by far that of usual MSc 

dissertations in either of these countries, 

which can be as short as 9 months (as at UC 

Berkeley, which requires only a one day 

duration exam, not a dissertation). Only 

recently the number of PhD candidates has been 

growing, but the average duration of the 

dissertation has still been too long, between 5 

and 6 years. Recent modifications in internal 

rules allow a candidate to apply directly for a 

PhD, and the tendency has been to simplify MSc 

requirements, such as narrowing the scope of 

the dissertation in order that it can be 

obtained in at most 2 years, and encourage a 

PhD duration of at most 4 years.

CONCLUDING REMARKS

1. Teaching of Soil Mechanics at a 

graduate level in Brazil has raised the 

technical standard of engineering firms and
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state organizations (research centers, 

universities).

2. The tendency of having graduate 

programs leading to MSc degrees in many Federal 

Universities throughout Brazil will concentrate 

PhD students at both COPPE and PUC, in the Rio 

de Janeiro State. At the present economic level 

of the country, the author thinks this to be 

the best thing to do; it is too well to widen 

the MSc graduate centers, for it is cheaper to 

have them travelling to the nearest university 

than sending all of them to Rio de Janeiro, 

where the cost of living is very high. It 

should not be forgotten that a full-time 

graduate student that meets admission criteria 

can apply for a fellowship paid by the 

Brazilian Government, plus travelling expenses.

3. An appreciable number of Latin American 

students have attended courses at COPPE and 

PUC. COPPE has been elected by the Organization 

of American States (OEA) as a "center of 

excellence" in graduate education in Latin 

America.

4. Civil Engineering projects have been at 

a minimum in Brazil since the beginning of the 

8 0 's, due a lasting economic recession that 

only now seems to have reached the "rock- 

bottom". As a consequence, the number of civil 

engineering students has shown a steady decline 

in this decade. A  sizable portion of civil 

engineers have left the profession. Those that 

still hope that there will be a new era of 

economic growth and are unemployed apply for a 

fellowship, expecting to be in a better 

condition for employment when the recession 

abates. This helps to explain the increase, 

slow, but an increase, in graduate degrees 

shown in Fig. 1.

5. Despite these facts, the Brazilian 

Government still has, as a priority, through 

CAPES and CNPq, the official agencies for 

improving education and researh, the concession 

of fellowships for engineers and professors who 

attend courses full-time.

6. In these 26 years of Geotechnical 

graduate courses in Brazil a reasonable level 

of maturity has been arrived a t .

TABLE 1 - DISTRIBUTION OF THESES BY SUBJECT (COPPE)

Research line Number of dissertations 

MSc PhD

Tropical Soila

-residual, lateritlc 

and sedimnentary 

-soft and organic clay

20 2 

e 2

Pavement Mechanics 

-pavements 

-stabilized soils

12 4 

9 1

Earthworks

-dams and embankments 

-natural slopes

14

7 1

Foundations and Soil-Structure 

interaction

-foundations

-tunnels and excavations

29 3 

7 2

Numerical analysis

-numerical analysis 

-theory

14

13 1

Instrumentation and Field Tests 9 2

TABLE 2 - MSc AND PhD THESIS IN GEOTECHNICAL ENGINEERING

A T  CO PPE AN D  PUC

INSTITUTION

course

1 st. year 1st. Thesis No. of Theses 

up to Aug, 93

COPPE

MSc 1967 1970 142

PhD 1976 1980 16

PUC (1)

MSc 1966 1969 144

PhD 1984 1991 3

(1) Sayào, 1993
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