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In a sustainable and proven climate change context, an increase in rockfall events, landslides, rock falls is feared. 
 
Therefore, it has become urgent to bring together all stakeholders in the field of rock risks, to propose a collaborative research 
framework and a platform of integrated operational resources 
 
C2ROP aims to build a coordinated toolchain (hazard – risk – protection), to bring out a repository of risk and its acceptable cost, 
organize and develop the community, to provide a structured results from digital and experimental equipment tools, and finally position 
the French expertise internationally. Started in 2015, this collaborative project will bring the products of research available to those 
who need them, especially the owners and infrastructures managers. 

 

http://www.c2rop.fr/
mailto:contact@c2rop.fr




 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 



 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 



Part 1 

Keynote speakers 



 

Pierre Azémard 

 

 
 
 



 

The RN1 in Reunion Island: Rock Hazard Management: 
circulation management, protections works and new route 
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Perceptions of risk in response to geologic hazards 
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Anna Giacomini 

Associate Professor Giacomini is committed to the deployment of innovative procedures to promote and improve 
safety in civil and mining environments. She received her PhD in 2003 from the University of Parma, Italy, and 
joined the University of Newcastle in 2005. She is currently Associate Professor in the Priority Research Centre of 
Geotechnical Science in Engineering and Higher Degree Research Director for the School of Engineering in the 
Faculty of Engineering and Built Environment of the University of Newcastle, Australia. 

 
Associate Professor Giacomini has worked in the area of Rock Mechanics for more than 15 years. Adapting to the 
new Australian Environment, she has extended her rich background and extensive research experience in rockfall 
analysis and rock mechanics from civil engineering to mining. She is leading six major research projects through 
the Australian Coal Association Research Program (ACARP) on rockfall hazard and mitigation. Associate 
Professor Giacomini was the principal researcher of an Australian Research Council Linkage Project devoted to 
developing new designs for engineered barriers to protect valuable infrastructure, such as roads and railways, 
from rock fall hazards, and she is currently leading a recently funded Australian Research Council Linkage Project 
for the development of new innovating monitoring methodologies of rock slopes.

 

 



 
 
 

Rockfall in mining: mitigation measures design and hazard 
assessment 
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Fabien Hobléa 

 

 



 
 

1248-2018: the chronic instability of Mont Granier in 
Chartreuse (Isère/Savoie, French Alps): a review 
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About the “rockfall” failure hazard assessment 
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Part 2 

Extended abstracts 





Comparative analysis of different climate predictions in a 
temperate zone in France and their impact on slope stability 
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Rock reinforcement monitoring using passive seismics: a first case 
study 

 

 

 

 

mailto:p.bottelin@adrgt.org


 

 

 



Impacts of land-use and land-cover changes on the quantitative 
analysis of rockfall risk: The case study of the village of Crolles 
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where Rz is the annual monetary risk-averaged of the element at risk z, which is characterized by a monetary 

value zw and an exposure factor q(zw).  

The frequency f(VCLi) of each volume class is derived 

from a volume-frequency relationship constructed 

through an asymptotic model of the Generalized 

Pareto family (extreme value theory) and based on 

the survey of rockfall volumes in a representative 

slope section of Crolles site. The reach probabilities 

pz(VCLi) (see Figure 1) result from numerical 

propagations of rockfalls, performed using the 

simulation model Rockyfor3D (Dorren, 2015) and a 

Digital Elevation Model with 5 m resolution 

covering the whole Crolles village and the 

surrounding slopes. The mean structural damage 

𝐷̅𝑧(𝑉𝐶𝐿𝑖) resulting from the impact on an element at 

risk z is characterized from the empirical assessment 

introduced by Agliardi et al. (2009). 

The sum of individual risks Rz provides the total risk 

for the whole system of Crolles.  

 

The methodology for risk calculation, as shown 

above, has been applied through four land-use and 

land-cover patterns deduced from the diachronic 

landscape analysis performed in Lopez-Saez et al. 

(2016). Results clearly show the influence of LULC 

on risk results, and its reduction since afforestation process on talus slopes. For example, forest cover 

contributes to a 54% reduction of the risk value compared to a landscape covered with vineyard.   

 

This study demonstrates the practicability of risk analysis in its quantitative form, and its potential for risk 

interpretations. The analysis through four landscape scenarios shows the importance to consider land-use 

and land-cover changes on risk values, and the protective function of a forest against rockfall. Finally, “case 

by case” risk study for a given configuration allows a better assessment of areas highly subjected to risk and 

thus an optimized planning of protection measures.  
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Thermal conditions of an unstable permafrost-affected rock ridge 
below a refuge: the Cosmiques case (Mont Blanc massif) 

 

 

 

 

 



 

 

 



On the role of forest in rockfall hazards mitigation – A perspective 
from the numerical modelling of non-spherical rock-tree 

interaction using non-smooth mechanics  

1 1 1 1 1

 mechanics  
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A rock-tree contact model has been implemented using non-smooth mechanics coupled with hard contact 

laws, allowing us to study rock-forest interactions. The simulation software developed in this work provides 

a powerful solution to daily geo-technical applications, where engineers need a tool in natural hazards 

assessment e.g. rockfall mitigation or adaptation. In the next development step, an obstacle-interaction 

module will be realized, enriching the applications in which the safety of protective measures (dams, 

barriers) need to be evaluated against potential rockfalls.  

 



Flexible rockfall mitigation design for varying site conditions 

1 2
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Area Designation Area Surface (m2) 

Area 1 Drape 17.550 m2 

Area 1 Spider Mesh 2.360 m2 

Area 3 Drape 2.680 m2 

Area 3 Spider Mesh 1.150 m2 



Quantification of 3D displacements for landslides by 
photogrammetry and image correlation 
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Using a simplified model to assess the ability of a protection barrier 
to mitigate rockfall hazard 
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Fig. 1: Geometry and impact conditions for the cable-net protection barrier: a) back view and b) side view. 

 
 



 

 

 

 



The tree, an indicator of rock landslide hazards owing to dendro- 
geomorphology 
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Protection against the rockfall hazards in the area of the former quarry 
Carriere de Michelau, Luxembourg 

1 3

 

 

Figure 1:  Overview of the former quarry Carriere de Michelau 



During the construction phase an acoustic hazard warning system was installed to prevent accidents and to 

secure the construction site. The Rock wall monitoring system (self-contained CR800 data logger with 

GPRS modem by GEO Hazards BV., Horn, The Netherlands) served to alert persons to clear the danger 

zone in case of an rockfall event. 

 

Figure 2:  Overview of the measures against the rockfall hazards at the former quarry Carriere de Michelau  



Effect of dynamics on the Soil-geosynthetic interfaces used in 
reinforced rockfall embankments 
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New rockfall protection barriers in Formentor (Mallorca) 

1 2

 

 

 



  

 

 

medium

 

 

Corominas J. (2017)

Mateos, R.M; Garcia-Moreno, I; Reichenbach, P; Herera, G; Sarro, R; Rius, J; Aguiló, R; Fiorucci, F. (2015)



Rayleigh waves in seismic signals of rockfalls 
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 (upper part).  Boxplots of the Kolmogorov Smirnov (KS) tests on several parameters used in the simulations summarizing their relative influence on the 

distribution of runout distances (lower part). Bottom and top of the boxplots are the 25th and 75th percentile of the obtained KS values, red line is the 

median and the whiskers are the minimum and maximum values. The central insert illustrates how KS values are obtained from Cumulative Distribution 

Functions (CDF) of the runout distances: the upper plot shows the CDF of the reference simulation in red (e.g. 1000 releases with a probabilistic drawing 

of all parameters) together with 5 CDFs corresponding to simulations performed using 5 fixed values of the S parameter (blue lines), the lower plot shows 

the obtained values for the KS test that quantifies the distance between the reference CDF and each of the other CDFs. 
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Sensitivity analysis of rockfall trajectory simulations to material 
properties 

1 3 4
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Real scale impact experiments on Bloc Armé® as facing of rockfall 
protection embankment 
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 behavior with 

or without the facing structures. Measuring devices in the granular support platform showed acceleration at 

the layer mid-height and stress increment at its bottom (Figure 2).   

CONCLUSION 

The significant measurement dataset provided by the global experimental campaign will be used to 

investigate carefully the dynamical response of the facing-support platform system and to calibrate some 

future numerical models. Data will be analyzed in order to investigate the efficiency of the facing structure 

in reducing deformation under impact and distribute the loads in the support platform. 
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Testing of UAV to inspect rockfall fences over railways 
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Rockfall Attenuators – a design approach 
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Slope stability analysis of a rock-cliff subjected to climate actions 
1
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Rockfall dynamics inferred from seismic signals and thermal 
camera: a controlled block release experiment 

LE ROUX-MALLOUF

 

 

 



 

 

 



Evaluation of mechanical proprieties and lifespan of rockfall nets 
according to ISO standards 

1 2

 

 

 

 

The knowledge of the deformation is very important during the design of a secured drapery system, because 

of the following main reasons:  
- 



- 

- 

 

 

 

 



Surface motion detection at the Chambon landslide with terrestrial 
optical imaging 

 

 

 

 



 

 

 

 

The surface displacement fields were generated from the multi-view acquisitions and from the monoscopic 

camera time series. The dataset derived concerned motions for the period June 2016 to May 2017. 

Displacements were compared to in-situ measurements (topographic targets) to determine the performance 

of the photogrammetric methods. 

 

 



An automated processing pipeline for the photogrammetric 
analysis of high frequency terrestrial optical images: application to 

unstable slopes 
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Rock fall analysis of instable wedges potentially impacting a concrete dam 
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Parameter Mean (std.-dev.) 

Rock density 2.7 t/m3 

Friction angle (joint E) 38° (1°) 

Rolling/sliding friction coefficient 0.78 (0.03) 

Normal restitution coefficient 0.50 (0.05) 

Tangential restitution coefficient 0.70 (0.05) 

 



Combined rockfall modelling and protective dam simulation 
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On four frictional mechanisms in rockfall analysis: ground 
deformation, surface roughness, vegetation drag and basal sliding 

with rebound 

1 1 1 1 1

Real scale rockfall experiments have identified four different frictional mechanisms that are responsible for 

rock stopping (Caviezel et al., 2017). These mechanisms are: (1) plastic ground deformation (scarring), (2) 

surface roughness, (3) vegetation drag including tree stem impact and (4) basal sliding with impulsive 

rebound. Although each mechanism involves contact between the rock and ground (or forest), each process 

is governed by a unique operating principle. Terrain parameterization for rockfall modelling therefore 

consists in linking the observed geomorphological terrain features (and vegetation cover) to the appropriate 

frictional mechanism. Although this modelling step appears obvious, it is complicated by the fact that rock 

size plays a key role in deciding which mechanism is acting, and therefore controlling runout and dispersion. 

For example, the onset of plastic deformation in soil layers is largely controlled by rock size; roughness 

layers operate on smaller rock sizes. In this presentation, we discuss how we model rock-ground interaction 

within the framework of non-smooth mechanics using physically consistent constitutive models that can be 

verified using newly obtained experimental data. 
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Landslide displacement tracking using radio-frequency identification 
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Using InSAR to map slope instability over the French territory 
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Influence of block shapes and sizes on the variability of DEM 
trajectories 
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Benchmark of trajectory analysis models 
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Applications of 3D laser scan data for slope characterization and 
stability analysis 
1 2 3
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Rockfall release frequency for different rock wall types 

F = A V-B   (1) 
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It appears from the investigated rock walls that the rockfall frequency (characterized by A and B parameters) 

mainly depends on the rock wall structure, and secondarily of the climatic context (elevation) and the 

morphodynamic context (erosion of the underlying slope). 

Acknowledgements. The authors thank the national project C2ROP and the Federation VOR for fundings. 

 



Quantitative assessment of rockfall impact frequency 
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Debris flow flexible fence: barrier/flow interaction model 
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Numerical investigation of rockfall barrier under realistic on-site 
impacts  
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An advanced method for designing rockfall fences by surrogate modelling 
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Comparison of two DEM modeling of flexible rockfall fences under 
dynamic impact 
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The 2016 rock falls sequence at Mont Granier (1933 m a.s.l., 
Chartreuse massif, France) characterized by seismology and 

photogrammetry  

 

 

 



 

 

 



Coupling 3D rockfall propagation to the spatio-temporal frequency 
for a realistic rockfall hazard mapping 

 Derron
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Effect of rockfall fragmentation on exposure and subsequent risk analysis 
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Run-out of rockfall: towards objective assistance in determining the 
angles of the energy line method 
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Multiscale testing of geogrids used for rockfall protection 

1 3 4
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The triaxial dynamometer has been realized by the company “EMI Develeppement”, based on specifications 

from Texinov. Hence, the possibility to develop a custom dynamometer allows to obtain a machine that can 

be adapted and programmed for different test sequences.  

 

The technical characteristics of this machine can be summarized as following: 
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Bloc Armé© –Landslides passive protective structure 
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Figure 4: View of the structure with steel bares and net on the top 

 



Falling of C40 rock at Livet Gavet  
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Innovative prefabricated rockfall gallery using a polymer 
geosynthetic mesh 
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Failure mechanisms within unreinforced concrete wall under 
rockfall impact loading 

 

 

 

 

 



 

  

   

 

 

 



Study of rebound mechanisms using a Material Point Method 
(MPM) – Discrete Element Method (DEM) coupling 

 

 

 

 

The initial setup can be seen in Figure 1. Properties such as 

velocity, angle of incidence, angular velocity and size were 

varied individually. A two-layered material was used as a 

simplified representation of real soil (deformable over rigid), 

where superficial soils tend to be deformable and soils at depth 

are usually rigid. The total depth remained the same while 

varying the depths of each individual layer. A study was made 

to determine the total depth at which the boundaries had little 

influence on the result, in this case 5 m. Initially the block shape 

was chosen to be circular to prevent any variability related to 

shape. On the second part of the study, a square block was 

chosen and different initial orientations were taken into account.
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Erosion of the right lateral moraine of the Mer de Glace (France) 
surveyed by airborne and terrestrial LiDAR 

 

 

 METHODOLOGY 
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Figure 1:  Airborne 3D models comparison around the Mer de Glace tongue 

between October 2013 and 2014. 
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Lessons learned from Degotalls rock wall monitoring  
in the Montserrat Massif (Catalonia, NE Spain) 

 

 

 

 

 



 
 

 

 
 

 



Extended experimental analysis of friction energy dissipating device 
aging  

 

 

 



 

 

 

 

 

 



Automatic monitoring of landslide displacements using total station 

1 2

3 4

 

 

 

 



 

 

 

 

 

REFERENCES 

Abellán, A., Jaboyedoff, M., Oppikofer, T., Vilaplana, J. M., (2009) “Detection of millimetric deformation using a terrestrial laser 

scanner: experiment and application to a rockfall event,” Nat Hazards Earth Syst Sci, vol. 9, no. 2, pp. 365–372. 

Bornemann, P., Jean-Philippe, M., André, S., Anne, P., & Julien, T. (2016, April). Terrestrial laser scanning point clouds time series 

for the monitoring of slope movements: displacement measurement using image correlation and 3D feature tracking. In EGU 

General Assembly Conference Abstracts (Vol. 18, p. 13050). 

Bornemann, P., Kromer, R., Malet, J.-P., Puissant, A., Travelletti, J., Diot, P., (2017) Automated Terrestrial Laser Scanning for 

deformation monitoring on a fast moving landslide in Aiguilles (Hautes-Alpes, France), Journées Aléas Gravitaires, Besançon, 

France. 

Gili, J. A. , Corominas, J. , Rius, J. , (2000) “Using Global Positioning System techniques in landslide monitoring,” Eng. Geol., vol. 

55, no. 3, pp. 167–192. 

Herrera, G. , Fernández-Merodo, J. A., Mulas, J., Pastor, M., Luzi, G., Monserrat, O., (2009), “A landslide forecasting model using 

ground based SAR data: The Portalet case study,” Eng. Geol., vol. 105, no. 3–4, pp. 220–230. 

Provost, F., Bornemann, P., Faustin, E., Malet, J-P., Hibert, C., Puissant, A., Fleck, M., Ferhat, G., Diot, P., Ségel, V., (2017) Multi-

method monitoring of the large and rapidly developping Pas de l'Ours landslide - Queyras, France 

Journées Aléas Gravitaires, Besançon, France. 

Travelletti J., et al., “Correlation of multi-temporal ground-based optical images for landslide monitoring: Application, potential 

and limitations,” ISPRS J. Photogramm. Remote Sens., vol. 70, pp. 39–55, Jun. 2012. 



Evolution of quarry exploitation plan as a suitable countermeasure 
against rock instability phenomena 
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A new method of dating rockfalls in the Mont Blanc massif using 
reflectance spectroscopy 

 

Ravanel and Deline 2013)

 

 

 



 

 

 

 

 



Robust sub-mm displacement measurements with interferometric  
radar technology applied to early warning systems  
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Bioengineering in rockfall mitigation :  
innovative high-energy barriers anchored on trees (case study) 

 BACKGROUND 

If wooden materials have already been preferred for installing “active” defence in sensitive areas (snow 

barriers for instance), the use of trees for “passive” structures is still very limited.  
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On the interest of reduced models for the design of soft rockfall 
barriers 
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Scale effect on roughness estimation by non-contact survey 
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