
20-R11 Course description 

Name of the course 
Modelling of geological materials (10 ECTS) 
- teachers: Jaguljnjak-Lazarević, A.; Hrženjak, P.; Kovačević Zelić, B. 

Goals of the course 

- formulate numerical models for solving technical problems, 
- analyze approximation of a numerical model, 
- application of mathematical physics in solving boundary value problems in 

continuum mechanics, 
- define constitutive equations for certain models of soil and rock behavior, 
- present constitutive laws in soil and rock mechanics, 
- present the concept of critical state soil mechanics and critical state model, 
- present the methodology of numerical modelling of geotechnical structures, 
- present the concepts of continuous, discontinuous and quasi-continuous 

geotechnical unit in modelling the behavior of rocks and rock masses, 
- define the advantages and limitations of numerical modelling, 
- evaluate and critically examine the results of numerical calculations 

Expected learning outcomes 
(levels 8.2) 

Learning outcomes 1: Continuum mechanics (3 ECTS) – A. Jaguljnjak Lazarević 
- apply tenzor analysis to examples in technical mechanics (0,5 ECTS) 
- formulate fundamental concepts and principles in continuum mechanics of 

solids: geometry of motion, equilibrium equations, constitutive relations and 
boudary conditions (1,5 ECTS)  

- define the effect of discontinuity in solid mechanics (0,5 ECTS) 
- analyze solution strategies (0,5 ECTS) 

 
Learning outcomes 2: Constitutive modelling in soil mechanics (1,5 ECTS) – B. 
Kovačević Zelić 
- select appropriate constitutive law and method for the numerical calculations 

for the solution of geotechnical problems in soil mechanics (1 ECTS) 
- hypothesize the occurrence of the critical state (0,5 ECTS). 

 
Learning outcomes 3: Numerical modelling in soil mechanics (2 ECTS) – B. 
Kovačević Zelić  
- generate numerical model with initial and boundary conditions for specific 

geotechnical structures (1 ECTS), 
- perform numerical model optimization and evaluation of numerical 

calculations results by taking into account real conditions (1 ECTS). 
 

Learning outcomes 4: Constitutive modelling in rock mechanics (1,5 ECTS) – P. 
Hrženjak 
- formulate the problem of modelling task in rock mechanics (1 ECTS), 
- select appropriate models and calculation methods (0,5 ECTS). 

 
Learning outcomes 5: Numerical modelling in rock mechanics (2 ECTS) – P. 
Hrženjak 
- set up and perform calculations of numeric models (1 ECTS), 
- evaluate and present the results of numerical models (0,5 ECTS), 
- synthesize the results of different models and calculation methods with the aim 

of finding optimal solutions (0,5 ECTS). 

Course content 

Continuum mechanics: 
Concepts and principles in continuum mechanics of solids and possibility of its 
application in solving engineering problems in soil and rock mechanics. 
Constitutive modelling in soil mechanics: 
Constitutive modelling in soil mechanics. Continuum mechanics; elasticity and 
plasticity theories applied to soils. Critical state soil mechanics. Duncan-Chang and 
Cam-clay model.  
Numerical modelling in soil mechanics: 
Numerical programs and computer codes in soil mechanics. Advantages and 
limitations of numerical calculations. Selection of input parameters. Applications of 



limit equilibrium and limit plasticity analysis methods to stability problems in 
geotechnical engineering, such as slopes, cuts, underground and retaining 
structures.  Evaluation of numerical calculation results. 
Constitutive modelling in rock mechanics: 
Conceptual, mathematical, numerical and stochastic models and processes of 
modelling in rock mechanics. Application of analytical, numerical and statistical 
calculation methods in modelling processes. Intact rock material, discontinuities of 
basic structural domain, the main structures and geometry of model as the main 
elements of the rock mass model. Modelling state and behavior of rocks and rock 
masses to the concept of continuous, discontinuous and quasi-continuous 
geotechnical domain for various engineering works in them. Formulating the 
problem of modelling tasks in rock mechanics and selecting the appropriate models 
and calculation methods. 
Numerical modelling in soil mechanics: 
Application of different computer programs in modelling the state and behavior of 
rocks in different conditions of mining and geotechnical objects in rocks. Collection, 
processing and selection of input data required for numerical modelling. Methods 
of model validation and evaluation of modelling results. The synthesis of different 
model results and calculation methods in finding optimal solutions for the set tasks. 

Forms of teaching (and the 
allocation of ECTS) 

Continuum mechanics (3 ECTS): 
Ad 1. Lectures or Consultations and demonstration computer exercise (1 ECTS), 
writing a seminar (2 ECTS). Teaching material encompasses textbooks from Croatian 
and foreign universities and the computer program Wolfram Mathematica. 
Modelling in soil mechanics (3.5 ECTS): 
Ad 2. Lectures (1 ECTS), 
Ad 3. Examples from scientific journals (0,5 ECTS), computer exercises (2 ECTS). 
Modelling in rock mechanics (3.5 ECTS): 
Ad 4. Lectures / consultations / demonstration exercises (1 ECTS), 
Ad 5. Examples from scientific journals (0,5 ECTS), computer exercises (2 ECTS). 

Evaluation procedures of the 
PhD candidates 

Ad 1. Evaluation of writing and presenting a seminar work about fundamental 
principles of continuum mechanics.  
 
Ad 2-5. Evaluation of a student's project through evaluation of model setting, 
input data selection, numerical calculation, validation and presentation of results; 
oral exam. 
 

 

 


