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Summary. A jointed rock mass geometrical model is built, based on the fracture systems characteristics obtained from field 

measurements. This model is composed of three-dimensional polyhedra interacting with each other by contact laws, in the frame work of 

the Non-Smooth Contact Dynamics method. The stability assessment of the walls of a stone quarry in France is presented, as a case study. 

 
Modelling a fractured rock mass as a collection of distinct blocks 

 

Modelling a fractured rock mass hardly qualifies as an emerging nonlinear dynamics-enabled engineering application. 

As a matter of fact, P. Cundall [1] is widely considered as one of the pioneers in this field back in the 1980’s, with the 

development of a smooth Distinct Element Method (DEM). However, the necessity to take into account the three-

dimensional nature of most real engineering problems, dealing with rock mechanics, soon made use of the potential of 

the Non-Smooth Contact Dynamics (NSCD) method to deal with models comprising several thousand contacts, under 

dynamical loads. The NSCD method is mainly distinguishable from the original smooth DEM due to the following 

features: 

- An implicit scheme for integrating the time discretized dynamical equation. 

- A non-regularized interaction law (Signorini unilateral contact and Coulomb dry friction) 

- The possibility for finite element discretization in order to take into account the mechanical behaviour of rock blocks 

(elastic, elasto-plastic, visco-plastic behaviour). 

the references [2 - 5] provide a detailed presentation of the NSCD method. 

The results of numerical analyses dealing with granular materials are extremely sensitive to: (a) the geometrical 

definition of the solids, (b) their mechanical and physical properties, and (c) the input loading function [6]. We will thus 

consider several aspects of these three steps in the following paragraphs. 

 

Geometrical definition of the solids: the rock mass geometrical model 

The case study concerns the stability analysis of the walls of an ophite quarry, situated in the Atlantic-Pyrenees 

department, in the South-West of France, in the Souraïde municipality. The methodology concerning the description of 

the fracture systems can be found in [7] for the fracture clustering method, and in [8] for the geostatistical analysis  
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(b) 

Fig.1 (a) General view of the site. (b) Main fracture sets in the quarry (upper hemisphere projection) 

 

Mechanical and physical properties of the blocks, and contact laws 

For the rock mass characteristics, the friction coefficient equals 0.5 and the rock mass density equals 3.2 g/cm3. The in 

situ friction coefficient for this type of rock is approximately 0.78 but in the simulations presented in this study, the 

value 0.5 was considered for safety reasons 

Rigid type elements were used for boundaries of the models and the dynamic simulation of earthquake oscillation was 

applied to the lower boundary of the model in the normal and tangential directions. 
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For calculations using finite element mesh,(not presented in this short paper) the typical values of elastic modulus and 

Poisson’s ratio for ophite in this quarry were considered 70 GPa and 0.2, respectively. This elastic modulus is relatively 

low with respect to values determined experimentally for ophite. The friction coefficient was considered equal to 0.5, in 

order to assess the dynamical behaviour of the slope in the worst mechanical conditions. 

 

Input of the dynamic load 

In this study, we simulated the seismic load by continuous sinusoidal pulses which were applied simultaneously 

normally and tangentially to the lower boundary of the rock slope. The direct input of accelerograms is possible [9]. 

(a) (b) 

Fig.2: (a) vertical and (b) horizontal earthquake velocities (m/s) input versus time at the base element of the model.. 

 
 

Fig.2 shows the sinusoid graphs used for the generation of the seismic oscillations for 3 seconds. In comparison with a 

real earthquake, its intensity may appear to be high.  

3D modelling was performed for a section of the quarry and for a model that considers the first bench. The results of 

displacements in the vertical direction derived from both the gravity acceleration and the application of the intensive 

earthquake with velocity variations illustrated in Fig. 2 are shown in Fig.3. As can been seen, there is a great instability 

in the second bench level.  

(a) (b) 

Fig.2: Vertical displacements in meters for the 3D section, (a) after the first second, (b) after three seconds. 
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