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1 INSTRUCTION 

Rock mechanics is a fundamental subject for all 
fields of rock engineering, including mining engi-
neering, civil engineering, petroleum engineering, 
railway engineering, road engineering, tunnel engi-
neering, hydroelectric engineering and other under-
ground or rock slope engineering. There are about 
1200 universities in China, among which about 200 
universities teach rock mechanics. As an estimation, 
the number of university students to study rock me-
chanics is more than 10000 every year in China. For 
example, in our university, the University of Science 
and Technology Beijing, there are 150 new under-
graduates and 50 new postgraduate students (for 
Master's Degree) in civil and mining engineering. 
Besides universities, many research institutes in the 
above engineering fields also educate postgraduate 
students. It means that education of rock mechanics 
is very important to Chinese high education and in-
dustrial fields. 

Education in rock mechanics is divided into 3 
levels. The first level course gives brief introduction 
to rock mechanics which is for college students and 
some university students who only need basic and 
main knowledge of rock mechanics. Here, college 
means 3-years professional training school which is 
different from university’s colleges or schools. The 
second level course gives overall introduction to 
rock mechanics which is for university undergradu-
ate students specialized in the engineering fields as 
mentioned at the beginning. The third-lever course is 
called "advanced rock mechanics" which is given to 
postgraduate students who will apply for Master’s 
Degree. 

2 HOW TO EDUCATE FUTURE ROCK 
MECHANICS ENGINEERS 

The objective of education in rock mechanics is to 
make today's students become future qualified or 
competent rock mechanics engineers. To this pur-
pose, what kinds of knowledge should be taught to 
the students? What contents should be included in 
the teaching materials of rock mechanics? I summa-
rized following principles. 

2.1 Highlighting on fundamental theories, 
elementary knowledge and basic techniques 

Rock mechanics as a multi-disciplinary science in-
cludes enormous or comprehensive theories, 
knowledge and techniques. What should be passed 
on to the students in limited time? For example, in 
Chinese universities, a major specialized or profes-
sional course is about 50-60 hours (general special-
ized course is only about 30-40 hours). Therefore, 
the teaching content should be emphasized on the 
fundamental theories, elementary knowledge and 
basic techniques, with which the students can study 
and extend other knowledge in the field by them-
selves. 

The fundamental theories of rock mechanics 
should include properties of rock and rock mass, ef-
fect or response of structures of rock or rock mass 
under action of stress (or temperature, seepage flow) 
fields, etc. Uncertain analysis theory is an important 
fundamental theory which makes rock mechanics 
different from traditional mechanics. 

The elementary knowledge should mainly include 
the knowledge for design, construction and mainte-
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nance of rock engineering, in which the knowledge 
of numerical modeling is indispensable for students 
in civil and mining engineering. 

Experimental techniques are the first important 
basic techniques because scientific experiments are 
the essential base of development of rock mechanics. 
Rock mechanics experiments mainly include exper-
iments of physical and mechanical properties of rock 
and rock mass, field investigation of engineering-
geological and hydrogeological conditions, in-situ 
stress measurement and field monitoring of stability 
of rock engineering. 

2.2 Common usability 

Because the about 200 Chinese universities that 
teach rock mechanics belong to different depart-
ments of the central government or different prov-
inces and involve different fields of rock engineer-
ing, there are many types of edition of rock 
mechanics. It is usual that each engineering field or 
each industrial department has its own edition of 
rock mechanics. Although each edition has its own 
characteristics and special suitability, all different 
editions have common disadvantages, e.g. narrow 
range of knowledge and bad common-usability. 

The development of market economy in China 
has lead to revolution of the system of high educa-
tion. Before the revolution, students after graduation 
were uniformly assigned jobs by the government, but 
now, they should obtain employment by themselves. 
In order to raise competent ability and increase ver-
satility for employment opportunities of the gradu-
ates, it is necessary and critical to improve the com-
mon usability of the teaching materials. 

2.3 Practicality 

Rock mechanics is an applied science, which is 
closely related to practice of rock engineering. So it 
should possess strong practicality. However, it exists 
for a long time that the theory of rock mechanics is 
somewhat divorced from practice, from engineering. 
It is also reflected to the teaching materials of rock 
mechanics. To solve this problem, new teaching ma-
terials of rock mechanics should pay the same atten-
tion to theory and engineering. The Commission on 
Education of Chinese Society for Rock Mechanics 
and Engineering organized the writing and compila-
tion of a new textbook of rock mechanics. The name 
of the textbook is "Rock Mechanics and Engineer-
ing" in which 3 types of rock engineering, i.e. under-
ground rock engineering, rock slope engineering and 
rock foundation engineering, are introduced with a 
long space. Combination of theory and practice 
should be embodied at two aspects. One is how to 
use the theory of rock mechanics in design, construc-
tion and maintenance of rock engineering, and the 
other one is how to develop new theories and new 

techniques from the practice of rock engineering. 
Education in a form of combination of theory and 
practice will raise the ability of students to analyze 
and solve engineering problems. After graduation 
and taking up a post, they will be able to inde-
pendently fulfill their own duty. 

2.4 Keeping abreast of the time 

Rock mechanics is an intersecting and borderline 
subject. As fast development of other modern sci-
ence and technique, rock mechanics also developed 
fast. On the other hand, continuous arising of large 
and complex rock engineering, such as large--scale 
hydroelectrical engineering (three gorges), large and 
deep underground mines, long tunnels in mountain 
area, etc. put forward higher request to rock mechan-
ics. It also promoted the development of rock me-
chanics in recent years. However, most published 
teaching materials were edited 10 to 20 years ago in 
China which is not matching the current situation of 
development of rock mechanics and rock engineer-
ing. Therefore, compilation or writing a set of new 
teaching materials is urgently necessary. The new 
teaching materials should include the theories of 
modern non-linear sciences and systematical scienc-
es, modern information techniques, uncertain analy-
sis techniques, numerical and artificial intelligence 
techniques, etc. Practice and experience of recent 
typical and large rock projects should also occupy 
important space. Of course, considering the 
knowledge basis and understanding ability of stu-
dents, introduction to new theories, new techniques 
and new methods should be simplified and easy to 
be understood. The emphasis should be put on appli-
cation of these new theories, new techniques and 
new methods. Out-of-date techniques and methods 
should be replaced by improved or new-developed 
ones 

3 CONTENT OF “ROCK MECHANICS AND 
ENGINEERING” 

To implement these principles, the Commission on 
Education of Chinese Society for Rock Mechanics 
and Engineering organized a new edition of textbook 
of rock mechanics, named "Rock Mechanics and 
Engineering". It is mainly for university underground 
students, i.e. for second level course, but it is also 
used as a reference book for postgraduate students. 
Altogether 24 professors from 18 universities in 
mining, civil, geology, architecture, petroleum, hy-
droelectricity and rail way engineering fields took 
part in compilation and writing of the textbook. It 
has been widely used by more than 100 universities 
in China. The main content of the textbook is as fol-
lows. 



Chapter 1 Physical and Mechanical Properties of 
Rock 

1.1 Basic constitution structure and geological 
classification of rock  

1.2 Physical properties of rock 
1.3 Mechanical properties of rock 
1.4 Aqueous properties of rock 
1.5 Factors influencing rock properties 
Chapter 2 Mechanical Properties of Rock Mass 
2.1 Basic types of rock mass 
2.2 Structural planes of rock mass and their filling 

characteristics 
2.3 Mechanical properties of structure planes 
2.4 Deformation characteristics of rock mass 
2.5 Strength characteristics of rock mass 
2.6 Hydraulic properties of rock mass 
2.7 Classification of rock mass 
Chapter 3 Rock Stress and its Measurement 
3.1 Cause of formation of rock stress 
3.2 General regular patterns of distribution of 

rock stress 
3.3 Basic principles of rock stress measurement 
3.4 Direct measurement technique-Hydraulic 

fracturing technique 
3.5 Indirect measurement technique -stress relief 

by overcoming technique 
Chapter4 Constitution Relations and Failure of 

Rock 
4.1 Elastic constitution relations of rock 
4.2 Plastic constitution relations of rock 
4.3 Rheological theories of Rock 
4.4 Failure criteria of rock 
Chapter 5 Numerical Modeling Techniques in 

Rock Mechanics 
5.1 Finite element method 
5.2 Boundary element method 
5.3 Finite differential method 
5.4 Discrete element method 
5.5 Displacement back analysis method 
Chapter 6 Underground Rock Engineering 
6.1 Analysis of distribution of stress and dis-

placement in surrounding rock 
6.2 Ground pressure and its control 
6.3 In-situ monitoring in underground rock engi-

neering 
6.4 Soft rock engineering 
6.5 Prevention and treatment of disaster in under-

ground rock engineering 
Chapter 7 Rock Slope Engineering  
7.1 Classification and control of rock slope 
7.2 Analysis on stability of slope 
7.3 Excavation of rock slope 
7.4 Monitoring, prevention and treatment of slope 

sliding 
Chapter 8 Rock Foundation Engineering 
8.1 Determination of bearing capacity of rock 

foundation 
8.2 Rock foundation of building engineering 
8.3 Rock roadbed engineering 

8.4 Rock foundation of water conservancy engi-
neering 

Chapter 9 New development of Rock Mechanics 
9.1 Uncertain analysis techniques of rock engi-

neering system 
9.2 Artificial intelligent analysis techniques of 

rock engineering system 
9.3 Meso-mechanics study of rock 
9.4 Damage and fracture mechanics study of rock 
9.5 Fractal analysis techniques of rock mechanics 
9.6 Systematical analysis technique of rock me-

chanics 
9.7 Rock memory theory 
9.8 Coupling analysis methods of rock mechan-

ics. 

4 INTERNATIONAL ISRM LECTURE TOURS 

To improve and enhance teaching quality of rock 
mechanics, an international teaching exchange is 
necessary. The ISRM Commission on Education has 
organized twice of International Lecture Tour held in 
China.  

The first ISRM Lecture Tour was held on 15
th

-
27

th
 2001. Professor O. Stephansson (Sweden), Pro-

fessor G. Barla (Italy) and Dr. J. Harrison (UK) gave 
about 35 lectures in Beijing, Xuzhou and Chong-
qing, China. Dr. Kwasniewski, the Chairman of 
ISRM Commission on Education, personally took 
care of this Lecture Tour in three places. 

The second ISRM Lecture Tour was held on 20
th

 
Octobour-5

th
 November 2006 in China. The lectur-

ing topics given by six professors are, respectively, 
as follows: 

Prof. John Hudson (UK) 
(1) The past, present and future of rock mechanics 
(2) Key principles in rock mechanics 
(3) Large-scale site investigations 
Prof. Nuno. Grossmann (Portugal) 
(1) Joint statistics-state of the art and practical 

applications 
(2) Rock mass deformability-theoretical aspects 

and in-situ determination 
Prof. Marek Kwaśniewski (Poland) 
(1) Behavior of rocks under general triaxial com-

pression conditions. 
(2) Dilatancy-related precursory phenomena to 

brittle failure of rocks. 
Prof. Robert Zimmerman (Sweden) 
(1) Fundamentals of poroelasticity 
(2) Fluid flow in rock fractures 
Prof. Ugur Ozbay (USA) 
(1) Rock mechanics for underground mining 
(2) Rock mechanics for surface mining 
Prof. Frederic Pellet (France) 
The time dependent of rocks related to under-

ground construction. 



Altogether 48 lectures were given in 11 universi-
ties and 2 research institutes which are located in 7 
cities of China, including Beijing, Jinan, Xi’an, 
Jiaozuo, Zhengzhou, Chengdu and Wuhan. 

The attendants of the twice Lecture Tours were 
about 5000 person-times. They are mostly postgrad-
uate students, doctoral candidates and young teach-
ers majored in the subjects of rock mechanics, civil, 
mining, hydropower and geological engineering.  

The twice of Lecture Tours have been received 
very high appreciation. 

5 CONCLUSIONS 

As a fundamental subject, education of rock me-
chanics is very important for all civil and industrial 
fields which involve rock engineering. The objective 

of education of rock mechanics is to make today's 
students become future qualified or competent rock 
mechanics engineers. To this purpose, education of 
rock mechnics should put emphasis on teaching and 
training of fundamental theories, elementary 
knowledge and basic techniques, especially, the 
practical ability to find and solve engineering prob-
lems is most important. To improve and enhance the 
quality and level of education of rock mechanics, an 
international exchange of teaching and training ex-
periences is benefit and necessary. 
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