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1 INTRODUCTION  

The Statutes of the International Society for Rock 
Mechanics say that “the field of rock mechanics is 
taken to include all studies relative to the physical 
and mechanical behavior of rocks and rock masses 
and the applications of geological processes and in 
the fields of engineering”. Rock mechanics, a truly 
interdisciplinary subject, with applications in 
geology and geophysics, mining, petroleum, and 
civil engineering, forms part of the broader subject 
of geomechanics which is concerned with the 
mechanical responses of all geological materials 
including soils (Goodman, 1980; Brown, 1993). 

With the need to design and construct structures 
built on or in rock masses (tunnels and underground 
caverns, hydroelectric schemes,  mines, rock slopes, 
foundations, dams, etc.), rock engineering has de-
veloped with the main scope to use rock mechanics 
for solving problems as they arise in civil, mining 
and petroleum engineering. Rock engineering is 
concerned with the investigation, design, construc-
tion and performance of such engineered structures 
(Hudson and Harrison, 1997). 

The author is teaching rock mechanics and rock 
engineering for undergraduate and first year gradu-
ate students in civil and environmental engineering, 
at Politecnico di Torino, Italy. This is done in the 
classroom (www.polito.it/rockmech/)  and, more re-
cently, on the UNI-Nettuno Network, the first televi-
sion and telematic University in Europe 
(www.uninettuno.it). In this lecture, the author is 
motivated to report some of the experience gained 
during this teaching activity which comprises two 
courses per year, for a total of 20 ECTS (European 
Credit Transfer System) credits, bearing in mind that 

the workload of a student for one academic year cor-
responds to 60 ECTS credits.  

It is sometimes felt that rock mechanics is better 
left for advanced study and that any undergraduate 
course should emphasize the more basic subjects of 
rock mechanics such as stress, strain, intact rock, 
discontinuities, rock mass, permeability, and testing 
techniques. Although, this is the case for some un-
dergraduate curricula in civil and environmental en-
gineering, this is not done at Politecnico di Torino, 
where it is recognized that the need arises to prepare 
students for practice and to address important, prac-
tical engineering problems which find application to 
engineering design (Pariseau, 2007). 

2 ROCK MECHANICS AT POLITECNICO DI 
TORINO 

2.1 Education reform in Italy 

Italy has introduced on January 4, 2000 a major edu-
cation reform in line with the criteria defined in the 
agreement of Sorbonne (Paris, May 25, 1998) and 
later in the joint declaration of Bologna (Bologna, 
June 19, 1999). With this reform, first level and se-
cond level titles have been introduced (Figure 1): a 
three-year course (Laurea-180 ECTS) and a two-
year specialization course, following the first level 
(Laurea Specialistica-120 ECTS). This has been a 
drastic change in comparison with the previous sys-
tem which provided for paths in parallel, one leading 
to the Laurea (five years) and the other to the Di-
ploma Universitario (three years). As an example, 
let us take the civil engineering curriculum for the 
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first level - geotechnical engineering (three-years) 
and the second level - geotechnical engineering (two 
years) degrees as shown in Tables 1 and 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic of first (three years) and second level (ad-
ditional two years) engineering degree, in Italy following the 
2000 education reform.  
 
 
Table 1. Civil engineering-geotechnical curriculum for first 
level (three years) degree, following the 2000 education re-
form.  

1st Year 2nd Year 3rd Year  

Mathematics 1 (10) Mathematics 3 (7.5) Electrical 
engineering (5) 

Chemistry  (7.5) Physics 2 (7.5) Roads, railways and 
airports (5) 

Drawing  (5) Heat, acoustic and 
illumination (5) 

Hydraulics (10) 

Physics 1 (7.5) Rational 
mechanics (7.5) 

Soil mechanics (10) 

Geology (5) Building 
architecture (5) 

Rock mechanics 
(10) 

Mathematics 2 (10) Strength of 
materials (10) 

Structural 
mechanics (5) 

Computer science (5) Material science (5) Structural mechan-
ics laboratory (5) 

English (1st Level) (5) Mathematics 3 (7.5) Infrastructures 
construction (5) 

 Topography (5) Final project (5) 

(*) ECTS are in brackets. 
 
Table 2. Civil engineering curriculum for second level (two 
years) degree following the 2000 education reform. 

1st Year 2nd  Year 
Numerical computations (5) Seismic analysis of structures 

(5) 
Mathematical methods in 
engineering (5) 

Hydraulic infrastructures (5) 

Technology of construction 
materials (5) 

Foundations 2 (5) 

Applied mechanics (5) Soil dynamics (5) 
Design of reinforced and 
prestressed concrete struc-
tures (5)  

Design of special geotechnical 
structures (5) 

Topography 2 (5) Bridge design (5) 
Soil mechanics 2 (5) Steel structures design (5) 
Rock mechanics 2 (10) Slope stability (5) or  Tunnel 

Construction (5) 
Hydrology fundamentals (5) Roads, railways and airports 

(10) 
Foundations (10) Final project (10) 
(*) ECTS are in brackets. 
 

2.2 Rock mechanics teaching 

The application of rock mechanics concepts to the 
most challenging engineered structures such as 
dams, bridges, underground caverns and tunnels 
(Figures 2 and 3) was well visible in Italy in 1970. 
Also, institutions such as the Istituto Sperimentale di 
Modelli e Strutture (ISMES) were active in research 
on laboratory and in situ testing of rock, and on 
geomechanical models (Oberti, 1969) when, in 
1970, a rock mechanics course was started at 
Politecnico di Torino jointly with a soil mechanics 
course for both civil and mining engineering. 

Inevitably, teaching in the first years was in line 
with the contents of the first books on rock mechan-
ics at the time (essentially the books by Obert and 
Duvall, 1969, by Jaeger and Cook, 1969, and 
Coates, 1970), and indeed the training received by 
the author at the Henry Krumb School of Mines, Co-
lumbia University, New York  (Barla, 1970). It was 
mostly concerned with the theory of elasticity and of 
perfectly plastic media and its applications to the es-
timation of stresses and displacements around exca-
vations, laboratory studies of the mechanical proper-
ties of rock and the mechanism of, and criteria for, 
its failure, rock mass properties and description of its 
behavior  (Jaeger and Cook, 1969, Barla, 1972, 
1973). 
 

 
 
Figure 2. Geomechanical model of the Cà Selva dam, tested at 
ISMES in the 1960s, showing the influence of discontinuity 
surfaces on the left abutment during loading (Fumagalli, 1972).  
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180 ECTS 
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+ 2 years 
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+ 3 years 

60 ECTS 



 
3 

 
 
Figure 3. Geomechanical model of a section of the Cisa high-
way tunnel in a marly rock mass, tested at ISMES in the 1960s 
(Oberti, 1969). 

 
 
With the emphasis being gradually shifted in the 

1970s from the intact rock  to the study of  disconti-
nuities and rock mass behavior (Stagg and 
Zienkiewicz, 1972; Müller, 1974; Hoek and Bray, 
1977; Hoek and Brown, 1980; Goodman, 1980)  
teaching of rock mechanics at Politecnico di Torino 
became more concerned with the need to recognize 
the importance of discontinuities in the assessment 
of the deformational behavior and strength charac-
teristics of rock masses interacting with engineered 
structures. This took place as the author was gaining 
more awareness of the “European way to rock me-
chanics”, under the influence of people like Müller, 
in Austria, and Broili, in Italy, who indeed were 
stressing the “fact that the engineer building in rock 
cannot choose his material but has to work with the 
given material…” and that “…this requires the col-
laboration of civil and mining engineers and of en-
gineering geologists...” (Müller,1974). 

To emphasize this shifting, it is indeed of interest 
to report in the following how Leopold Müller de-
scribes this need in his introduction to a series of 
lectures on rock mechanics held in 1974 at the De-
partment of Mechanics of Solids of the International 
Centre for Mechanical Sciences in Udine, Italy 
(Müller, 1974): 
1. “For most engineering problems, the technologi-

cal properties of a rock mass depend far more on  
the system of geological separations within the 

mass than on the discontinuum, that is, a jointed 
medium 

2.  The strength of a rock mass is considered to be its 
residual strength that together with its anisotro-
py, is governed by the interlocking bond of the 
unit rock blocks representing the rock mass 

3. The deformability of rock mass and its anisotropy 
result predominantly from the internal displace-
ment of the unit blocks within the fabric (struc-
ture) of rock mass”.  
In the 1980’s, gradually, teaching of rock me-

chanics at Politecnico di Torino started to be influ-
enced by progress in the area of numerical methods 
and computational rock mechanics (Brady and 
Brown, 1985; Hudson and Harrison, 1997). Today, 
following the education reform mentioned above 
(Tables 1 and 2), the two courses that are thought 
are: Rock mechanics 1 (10 ECTS), for third year un-
dergraduate students, dealing mostly with rock me-
chanics principles and applications based on analyti-
cal solutions that require some computations with a 
spreadsheet; Rock mechanics 2 (10 ECTS), for the 
first year graduate students, covering more advanced 
topics and design analysis in rock mechanics by 
computational methods, such as the finite element 
method. 

3 CHALLENGES AND OPPORTUNITIES IN 
ROCK MECHANICS TODAY 

A relevant point to raise in discussing rock mechan-
ics teaching is the role of the civil and environmental 
engineer in terms of the challenges and opportunities 
which are envisaged for her/him in future years. 
Wayne Clough, President of Georgia Institute of 
Technology, in discussing how much and how to 
change civil engineering education in order to adapt 
it to the new century, articulated such a role as fol-
lows: “Today, most of the buzz is about biotechnolo-
gy and information technology, but the future of our 
society rests on technologies that are more basic to 
its functioning”... ”the basic challenges to our socie-
ty that require civil engineering talent are increas-
ing in number and importance. They include housing 
an expanding population, addressing decaying ur-
ban infrastructure,  maintaining our environment, 
dealing with the effects of natural disasters and cli-
mate change, and transporting even more people 
and goods in a safe and efficient manner”. 

It is clear that a number of critical issues can be 
identified in the areas mentioned above and in other 
areas which deal, in one way or the other, with the 
geo-disciplines, including rock mechanics in particu-
lar, as discussed below. Let us list some of these 
critical issues. 
1. The growing world population results in a higher 

demand for food, water, energy, mineral raw ma-
terials, transport of people and goods, etc. To 
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meet this demand makes it mandatory to occupy 
more ground, which is critical in general and 
most of all for cities and areas which are densely 
populated. It has been observed that the “under-
ground space” is the most interesting and effec-
tive solution for such problems (Figure 4).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. The use of the “underground space”: rendering of the 
Venaus underground power station recently built in Italy, as 
part of the Pont Ventoux hydroelectric scheme, 50 km North of 
the city of Torino. 
 
 
2. New infrastructures are being constructed and 

need be constructed in order to improve passen-
ger mobility and freight movement, to meet the 
growing demand for passengers’ travel. Typical 
is, for example in Europe, the present interest in 
the new crossings through the Alps in the form of 
base tunnels for rail transportation, such as the re-
cently completed 34 km long Lötschberg Base 
tunnel and the 57 km Gotthard Base tunnel yet to 
be completed in Switzerland, the 53 km long 
Base tunnel (Figure 5) along the Lyon-Turin rail 
line, and the Brenner Base tunnel, which is 
planned to be 54 km long.  

 

Figure 5. The Lyon-Turin Base tunnel crossing the Alps be-
tween France and Italy. Typical rock mechanics issues deal 
with excavation through brittle and squeezing rock mass condi-
tions under overburden up to 2500 m. 
 
 
3. New infrastructures are being built in urban areas, 

in rough topographical conditions and in difficult 
ground (Figure 6). In these cases, the role of the 
geo-disciplines in planning, design, and construc-

tion becomes extremely important for a success-
ful completion of the work, in time and without 
cost overruns. All too often, in large civil engi-
neering projects, unforeseen geological condi-
tions are blamed for costs and schedules over-
runs. However, many of the instances of unsuc-
cessful performance are the result of an inadequa-
te geological model, inappropriate characteriza-
tion studies, and incompetence in dealing with 
problems once they have arisen. 

 
Figure 6. The Malpertugio viaduct along the Messina-Palermo 
highway in Italy. In a single project one is to deal with 20-25 m 
deep caisson foundations of the viaduct piers, slope stability 
problems of a high rock wall (more than 100 m), a twin tunnel 
portal with a rock-fall protection pre-stressed vault.  
 
 
4. Transportation infrastructures such as roads, 

highways, and railways are aging and need be 
maintained, repaired, or even rebuilt. As a deeper 
understanding of the response of some of the ex-
isting infrastructures such as bridges, viaducts, 
and tunnels under extreme loading conditions is 
being gained (typical is the case of the response 
of underground structures to seismic loading, 
Figure 7), the need arises for improving their per-
formance. 

Figure 7. Level of damage of underground structures due to 
earthquakes loading dependent on the type of support being 
used. It is shown that the brick masonry, un-reinforced con-
crete or unlined tunnels are more vulnerable than tunnels with 
reinforced concrete lining.  
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5. Effective preservation of historical and cultural 
heritage for future generations, identified in his-
toric monuments and buildings requires one to 
understand the causes of degradation, damage, 
and in cases to identify the most critically unsta-
ble areas and/or sites. The main task is to find out 
the protection and restorative actions to be under-
taken, when needed (Figure 8). 

 

 
Figure 8. The Eremo of Santa Caterina del Sasso on the Mag-
giore Lake, Italy (13th-14th Century). The limestone vertical 
wall behind the Eremo has been stabilized in recent years to 
protect this magnificent and  unique historic complex. 
 
6. Landslides pose a hazard and threat in most coun-

tries, causing frequent damages to the built envi-
ronment, including dams (Figure 9), infrastruc-
ture works, roads, communications and utility 
lines, and result annually in thousands of casual-
ties. The need arises for gaining better insights in-
to these phenomena, for implementing effective 
monitoring methods and early warning systems, 
for developing cost effective slope stabilization 
and hazard mitigation measures (Sassa et al., 
2007). 

 
Figure 9. The Beauregard arch gravity dam in the Aosta Val-
ley, in Italy, interacting with a deep seated gravity slope de-
formation on the left abutment. Stabilization measures in the 
form of a drainage tunnel are to be implemented in the near fu-
ture to reduce the risk level.  

7. The present and future needs for energy world-
wide call for new options in order to meet the 
growing demands. One of such options is the 
geothermal energy from Enhanced Geothermal 
Systems, EGS (Figure 10), which could provide 
significant amount of base load power and heat 
while incurring minimal environmental impacts.  

 
Figure 10. Schematic of a conceptual two-well Enhanced Geo-
thermal System (EGS) in hot rock in a low permeability crys-
talline basement rock formation (MIT 2006). 

 
8. Mining for ore recovery is changing worldwide. 

As pointed out in the recent Müller lecture by 
Professor Brown, a transition is, for example, tak-
ing place from open pit to underground mining by 
block and panel caving (Figure 11) due to a num-
ber of reasons such as: unfavorable economics of 
further open pit cut-backs, inability to ensure the 
continuing stability and safety of high open pit 
slopes, adverse environmental impact of further 
open pit development, cost and productivity of 
block and panel caving over other underground 
mass mining methods (Brown, 2007). 
 

 
Figure 11. Subsidence resulting from block caving mine opera-
tions in San Manuel Mine, USA, near to the open pit slopes 
(Brown, 2007).  
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The examples above, which have been selected 
from an obvious personal perspective, point out the 
”Common Ground” which characterizes the solution 
of a given problem in civil and environmental engi-
neering by applying “... the sciences of soil and rock 
mechanics, engineering geology and other related 
disciplines...” (Anon 1999). This “Common 
Ground”, which has been emphasized by Professor 
Morgenstern in his lecture at Geong2000 in Mel-
bourne, must be highlighted not only in geotechnical 
practice but also in education and research (Morgen-
stern 2000). Rock mechanics should be taught by 
taking into account these unifying concepts that 
characterize the geotechnical method.  

It is worth to mention that the recently formed 
Federation of the International Geo-Engineering So-
cieties recognizes that soil mechanics, rock mechan-
ics and geological engineering have the overall ob-
jective “... to create engineering solutions which are 
sustainable from geological and technical points of 
view, cost effective and safe” (JEWG 2004). This 
implies a high degree of interaction between engi-
neering geologists and geotechnical engineers in ge-
otechnical practice which should influence research 
and teaching. Figure 12 illustrates the framework to 
be taken into account when building up a curriculum 
for civil and environmental engineering with specif-
ic reference to geotechnical engineering studies and 
rock mechanics.  

 
Figure 12. The position of soil mechanics, rock mechanics and 
engineering geology and the associated sister societies within 
the broader field of geo-engineering (modified after JEWG 
2004).  

4 TEACHING IN THE CLASSROOM 

Teaching of rock mechanics in the classroom at 
Politecnico di Torino takes place based on the con-
siderations developed so far. As already noted, the 
Rock mechanics 1 course is part of the undergradu-
ate program of civil and environmental engineering 
students who have been familiarized with the con-

cepts of engineering geology (e.g. see first year, first 
level degree, Table 1) and soil mechanics (e.g. see 
third year, first level degree, Table 1). The Rock 
mechanics 2 course is taught to graduate students of 
the civil engineering-geotechnical engineering pro-
gram. A primary goal of this program is to integrate 
soil mechanics and rock mechanics teaching in a 
way that students are able to gain a good and com-
prehensive understanding of geotechnical engineer-
ing and are capable to perform analysis and design 
of typical geotechnical problems (e.g. see first and 
second year, second level degree, Table 2). 

The Rock mechanics 1 course is intended to give 
the students a good understanding of the rock me-
chanics principles, however with a reasonable capa-
bility to solve practical engineering problems in tun-
neling and underground excavations, slope stability, 
and foundations (Figure 13). Emphasis is placed on 
the use of empirical methods, limit equilibrium 
analysis and closed form solutions, by stressing the 
differences in handling the rock mass as a continu-
um, an equivalent continuum and/or a discontinuum. 
The main objective is to make the student aware of 
the importance of understanding the detailed solu-
tion of a given problem through the development of 
worked out examples. Numerical analysis and com-
putational methods are left out. They are only used 
in the classroom as a tool for visualizing the solution 
of a problem.  

Figure 13. Schematic of the Rock mechanics 1 course which is 
divided in 4 different moduli with the intent to give the student 
a basic understanding of rock mechanics principles and appli-
cations.  
 

With the Rock mechanics 2 course students are 
introduced to the use of numerical methods, espe-
cially the finite element method, with the under-
standing that these methods are widely adopted to-
day in geotechnical engineering and engineering in 
general for the solution of a large range of boundary 
value problems. The emphasis is placed on the im-
portance of observation and performance monitoring 
of engineered structures, associated with the use of 
numerical methods in the framework of the observa-
tional approach applied for the interactive design of 
these structures (Allagnat, 2005). As the students 
learn in the classroom how to use numerical meth-
ods, they are asked to work toward the goal of de-
signing a real world project (Figure 14).  
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Figure 14. Schematic of the Rock mechanics 2 course which is 
divided in 3 different moduli with the intent to teach students 
how to perform design analysis of engineered structures. 
 

A review of the design methods in geotechnical 
engineering is carried out with emphasis on design 
analysis (closed form solutions, limit equilibrium, 
numerical analysis). Students are introduced to elas-
tic and elastoplastic constitutive models in detail, 
with attention to worked out examples and  deriva-
tion of the model parameters.  The finite element 
method (FEM) for linear and nonlinear models is 
presented in detail. Specific points of interest for ge-
otechnical analysis are addressed in line with the 
modern developments and applications in finite ele-
ment theory (Potts & Zdravković 1999, 2001). Also 
introduced is the distinct element method (DEM) by 
stressing the interest of discontinuum analysis in 
rock mechanics (e.g. see Konietzky 2004). Finally, 
following a presentation of selected, advanced topics 
in rock mechanics and rock engineering, case studies 
of engineered structures are discussed.  

The main topic of the design project in 2007 was 
the design of the F2 free-flow tunnel of the Pont 
Ventoux-Susa hydropower scheme, in the mi-
caschists of the Ambin Formation (Figure 15). This 
tunnel has been excavated under a cover of ap-
proximately  800 m maximum and did exhibit a brit-
tle-elastic behavior with spalling induced instabili-
ties on the tunnel perimeter. The design work is 
divided into three different steps as described in Ta-
ble 3. At the end of each step students are expected 
to discuss the results in a workshop lead by the 
teacher. At the end of the project each student is to 
write up his own personal report.  

5 TEACHING ON THE UNI-NETTUNO 
NETWORK 

UNI-Nettuno is the first television and telematic 
university in Europe, using two satellite television 
channels and an internet based didactical portal 
(www.uninettuno.it), Figure 16. Promoted in 1992 
by the Italian Ministry for the University, UNI-Net 
tuno is a distance university. International institu-
tions and universities, and technological companies 
created a non profit association and jointly designed 

methodologies and contents of degree courses, dis-
tance masters, and professional training and retrain-
ing courses. With Nettuno modern learning places 
are no longer the university classrooms, but also dif-
ferent, real and virtual places. Everybody from all 
over the world, without time and space limits, can 
attend the university (Figure 16). 
 
Table 3. Layout of the Design Project. 

INTRODUCTION [2 hours] 
Description of the case study 
1 GEOTECHNICAL CHARACTERISATION 
STEP 1.1 [8 hours] 
Determination of the intact rock and rock mass properties on the 
basis of laboratory test results and scaling rules based on geome-
chanical classification. Two different selected laboratory tests are to 
be interpreted in obtaining appropriate stress-strain relationships (σ-
ε, etc.). The intact rock strength characteristics (Hoek & Brown and 
Mohr-Coulomb peak and residual parameters) are determined on 
the basis of the test results of the laboratory investigation under-
taken. The rock mass parameters are to be assessed. 
STEP 1.2 [4 hours] 
Determination of the in situ state of stress on the basis of the in situ 
flat-jack tests performed during tunnel excavation. One selected test 
is interpreted following ISRM recommendations. Combining the 
results of the remaining tests performed which are made available, 
the in situ state of stress is determined, including the rock mass de-
formation modulus. 
STEP 1.3   [2 hours] 
Summary of geotechnical characterisation by selecting the appro-
priate parameters determined during steps 1.1 and 1.2. Special con-
sideration is to be given to the results of empirical correlations and 
back analysis based on performance monitoring of the excavation 
process. 
2. ANALYTICAL AND EMPIRICAL STUDY OF TUNNEL 
STABILITY 
STEP 2.1  [4 hours]  
Rock wedge stability analyses of the intake tunnel, by using the 
Unwedge code (Rocscience, 2007), are carried out. The rock mass 
conditions as mapped during TBM excavation are taken into ac-
count.  Appropriate stabilization measures are chosen and dis-
cussed. 
SEMINAR  [2 hours]   
Tunnelling in brittle conditions. 
STEP 2.2      [6 hours]  
Computation of the instability zones around the tunnel based on 
closed form analytical solutions and specific failure criteria for brit-
tle rock conditions as discussed in the above seminar. Development 
of stabilization measures based on empirical methods. 
3 FEM STRESS ANALYSIS OF TUNNEL 
STEP 3.1  [6 hours]  
Validation of the Phase2 code (Rocscience, 2007) by analysing a 
circular tunnel in an elastic perfectly plastic medium (ELPLA) with 
the rock parameters assigned on the basis of the Mohr Coulomb cri-
terion. Comparison of the FEM results with those obtained by using 
closed form analytical solutions. 
STEP 3.2  [8 hours]  
Use of the Phase2 code (Rocscience, 2007) for the design of the in-
take tunnel. Stability analyses in intrinsic conditions and evaluation 
of the spalling instabilities around the tunnel based on different as-
sumptions and criteria. Design of the primary support of the tunnel. 
STEP 3.3  [10 hours] 
Design of the final lining in working conditions.  
CONCLUSION [2 hours] 
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Figure 15. Design Project for the Rock mechanics 2 course. 
The F2 tunnel of the Pont-Ventoux hydroelectric scheme, 
50 km North of the city of Torino. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 16. The UNI-Nettuno website (www.uninettuno.it). 
 
 

Lecturing with Nettuno can take place according 
to the following methods: 

1. Traditional method 
- direct interaction between teacher/tutor and 

students; 
- seminars and practical assignments carried out 

at the University poles; 
- exams and assessments. 

2. Distance method 
- academic lectures broadcast on satellite televi-

sion and on the internet via satellite; 
- practical exercises and worked out examples 

on the Internet via satellite even through virtu-
al laboratories; 

- distance tutoring by audio and video chat, fo-
rum, videoconferencing. 

In the Nettuno model the student is at the centre 
of the teaching process and  decides his/her learning 
process time and space. By entering the learning en-
vironment on the Internet (Figure 16), from the pro-
fessor web-page he can access to video-lectures, an-
notated bibliographies, books linked to subjects 
discussed during the course, list of websites selected 
by teachers, virtual laboratories. 

In 2006 civil engineering courses for the first lev-
el (three years) degree were for the first time broad-
casted on the UNI-Nettuno network and the ge-
otechnical engineering course was made available 
with fifty 1-hour lectures: 25 lectures on soil me-
chanics and 25 lectures on rock mechanics 
(Lancellotta & Barla 2006), Figure 17. The list of 
contents is shown in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. The UNI-Nettuno course in Geotechnical Engineer-
ing. Lecture 26 on Rock Mechanics. Slide describing the rock 
mass (from www.uninettuno.it, modified). 

 
The interest and indeed the challenges in the 

preparation of these lectures stemmed from the nov-
el  choice to give an introduction to geotechnical en-
gineering (soil and rock mechanics) in one single 
course. At the same time, this was not to be done in 
a classroom but in a television studio, where you are 
lecturing looking at a television camera There are 
advantages and disadvantages in doing this. The ob-
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vious advantages are that you can better (need to) 
use visualization and animation techniques to help 
students understand the concepts that you are pre-
senting (Figure 18). The disadvantages are that you 
deliver your lecture in a strictly controlled  time 
frame (50 min) and that you do not see your students 
which, for a teacher, is indeed a rather frustrating 
experience.  
 
 
Table 4. Geotechnical Engineering on the Uni-Nettuno Net-
work. Lectures contents (Lancellotta & Barla 2006).  
   Lectures                                           Contents 

                       SOIL MECHANICS 

        1                   Introduction, motivation, genesis of rock and soil 
        2                   Soil identification and classification 
        3                   The porous medium: discrete and continuum nature 
        4                   Geologic history 
        5                   Oedometric tests 
        6                   Failure criteria, dilatancy, critical state 
        7                   Mechanical behavior of soft clays (part 1) 
        8                   Mechanical behavior of soft clays (part 2) 
        9                   Mechanical behavior of stiff clays  
      10                   Undrained shear strength  
      11                   Deformability properties 
      12                   Hydraulic flow 
      13                   Hydraulic flow. Steady state 
      14                   Theory of consolidation (part 1) 
      15                   Theory of consolidation (part 2) 
      16                   Limit equilibrium states 
      17                   Earth pressure computation 
      18                   Retaining structures 
      19                   Theory of plasticity  
      20                   Spread foundations 
      21                   Slope stability 
      22                   Settlement calculation. Theory of elasticity 
      23                   Settlement of foundations on fine soil 
      24                   Settlement of foundations on coarse soil  
      25                   Case studies. Stabilization works 
 
                                                ROCK MECHANICS 

      26                   Introduction, definitions and fields of application 
      27                   Description and characterisation of discontinuities 
      28                   Deep site investigations. Drilling  
      29                   Surface site investigations. On site mapping 
      30                   Rock mass classification. RMR method 
      31                   Rock mass classification. Q and GSI 
      32                   Laboratory tests on intact rock (part 1) 
      33                   Laboratory tests on intact rock (part 2) 
      34                   Advanced laboratory tests on intact rock 
      35                   Failure criteria 
      36                   Strength and deformability of rock discontinuities 
      37                   In situ investigations and  testing (part 1) 
      38                   In situ investigations and  testing (part 2) 
      39                   Determination of the in situ state of stress 
      40                   Rock mass modelling  
      41                   Obtaining the rock mass parameters 
      42                   Design methods and analysis 
      43                   Tunnels and underground workings 
      44                    Stress-deformation analysis of tunnels (part 1)  
      45                    Stress-deformation analysis of tunnels (part 2) 
      46                    Circular tunnel in elastoplastic rock mass 
      47                    Convergence-confinement method 
      48                    Rock slopes (part 1) 
      49                    Rock slopes (part 2)  
      50                    Foundations on rock 

 
Much of the material presented in the lectures has 

been developed with the assumption that the student 

has limited familiarity with engineering geology and 
that he/she might be looking at the lectures without 
having been in a classroom for quite some time and 
without having not even a modest mathematical abil-
ity. At the same time, one obvious difficulty met is 
that a number of lectures deal with laboratory testing 
and that the student has limited or no possibility to 
see laboratory tests being performed. This has been 
partly overcome by showing during the lectures 
some conventional apparatus. One should recognize 
however that there is ample ground in the future to 
improve this, e.g. by developing web-based multi-
media courseware to simulate testing (Dennis 2000). 
 

 
Figure 18. The UNI-Nettuno course in Geotechnical Engineer-
ing. Lecture 40 on Rock Mechanics. Slide showing by anima-
tions how to model the rock mass (from www.uninettuno.it, 
modified). 
 
 

Considering that long distance teaching lacks the 
important direct interaction with students in the 
classroom, with the consequence that a teacher has 
no immediate option to test the student’s understand-
ing, the need arises to present in each lecture exam-
ples and guide in the solution of exercises and prob-
lems. In all cases, the student may access to the 
teacher’s website and, during the term when lectures 
are broadcasted on television, a total of 40 hours of 
tutoring are offered at the Politecnico during the 
evening to working students. 

6 CONCLUDING REMARKS 

The purpose of  this paper is to describe rock me-
chanics teaching for undergraduate and first year 
graduate students in civil and environmental engi-
neering in Italy, at Politecnico di Torino. This is 
done with reference to courses taught in the class-
room and more recently on the UNI-Nettuno Net-
work, the first television and telematic university in 
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Europe, using two satellite television channels and 
an internet based didactical portal.  

The interest of the work reported is two fold. 
First, the experience gained in teaching an introduc-
tory course (Rock mechanics 1) and a design analy-
sis course (Rock mechanics 2) on rock mechanics 
and rock engineering, both suited for civil and envi-
ronmental engineering students, is presented. Se-
cond, the teaching of rock mechanics integrated with 
soil mechanics, as a distance learning module in ge-
otechnical engineering, is described. This is intended 
for beginners, however by attempting to give stu-
dents some flavor of practical problems. 

Also discussed, with emphasis on case studies 
taken from rock mechanics and rock engineering, is 
the impact that the geo-disciplines (soil mechanics, 
rock mechanics, and engineering geology, i.e. geo-
engineering) may have, today and in the years to 
come, in the context of civil and environmental en-
gineering education according to the future of a so-
ciety which “rests on technologies that are more 
basic to its functioning”. 
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