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The Tramuntana range, in the northwestern sector of the island of Mallorca (Spain), is frequently affected by
rockfalls which have caused significant damage, mainly along the road network. The Ma-10 road constitutes the
main transportation corridor on the range with a heavy traffic estimated at 7,200 vehicles per day on average.
With a length of 111 km and a tortuous path, the road is the connecting track for 12 municipalities and constitutes
a strategic road on the island for many tourist resorts. For the period spanning from 1995 to current times, 63
rockfalls have affected the Ma-10 road with volumes ranging from 0.3m3 to 30,000 m3. Fortunately, no fatalities
occurred but numerous blockages on the road took place which caused significant economic losses, valued of
around 11 MEuro (Mateos el al., 2013). In this work we present the procedure we have applied to calibrate and
validate rockfall modelling in the Tramuntana region, using 103 cases of the available detailed rockfall inventory
(Mateos, 2006). We have exploited STONE (Guzzetti et al. 2002), a GIS based rockfall simulation software which
computes 2D and 3D rockfall trajectories starting from a DTM and maps of the dynamic rolling friction coefficient
and of the normal and tangential energy restitution coefficients. The appropriate identification of these parameters
determines the accuracy of the simulation. To calibrate them, we have selected 40 rockfalls along the range which
include a wide variety of outcropping lithologies. Coefficients values have been changed in numerous attempts in
order to select those where the extent and shape of the simulation matched the field mapping. Best results were
summarized with the average statistical values for each parameter and for each geotechnical unit, determining
that mode values represent more precisely the data. Initially, for the validation stage, 10 well- known rockfalls
exploited in the calibration phase have been selected. Confidence tests have been applied taking into account, not
only the success, but also the mistakes. We have further validated the calibrated parameters along the Ma-road
using the 63 rockfall recorded during the past 18 years along the road. 81.5% of the rockfalls are well represented
by STONE modelling. Results have been exploited by the Road Maintenance Service of Mallorca for the design
of the following road management plan:

(1) Phase 1. Short-term. Design a specific plan for the road- sections where rockfalls were registered and
modelling results were obtained. A large investment will be expended for implementation of retention and
protection measures.

(2) Phase 2. Medium-term. Design a specific plan for the road- sections where rockfalls were registered but no
modelling results were obtained. For these cases, new studies at local scale are necessary as well as the application
of other modelling software which include higher resolution input data.

(3) Phase 3. Long-term. Design a specific plan for the road- sections where no rockfalls were registered but
modelling results were obtained. These are potential rockfall areas and local and specific ground studies are
necessaries.

References

Mateos RM (2006) Los movimientos de ladera en la Serra de Tramuntana (Mallorca). Caracterizacién ge-
omecdnica y andlisis de peligrosidad. PhD. Servicio de Publicaciones de la Universidad Complutense de Madrid.
Madrid, 299 p.

Mateos RM, Garcia-Moreno I, Herrera G, Mulas J (2013) Damage caused by recent mass-movements in Majorca
(Spain), a region with a high risk due to tourism.Landslide Science and Practice.Claudio Margottini, Paolo Canuti
and KyojiSassa (Editors). Volume 7: Social and Economic Impact and Policies. 105-113.

Guzzetti F, Crosta G, Detti R, Agliardi F (2002) STONE: A computer program for the three-dimensional
simulation of rock-falls. Computers Geosciences. Vol. 28:1079-1093.



