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The Authors were retained to provide civil and geomechanics consultancy services to support
mining operation and planning at a marble quarry located north of Jeddah city, on the west
part of Saudi Arabia Kingdom.
Request was received to provide a study of rock fall trajectories generated by chuting of
blasted material from the top of the quarry to the mucking level, located approximately 150m
below: the scope of the study was to evaluate rock fall risk for the quarry activities and to
support alignment choice for the design of a new quarry road.
The paper presents the approach adopted for field data collection and for trajectory simulation, as well as the findings of the study.
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INTRODUCTION
The study site is located north to Jeddah city in Kingdom of Saudi Arabia, where marble is
extracted to be used as main part of raw cement mix (beside Schist rock, Iron and Bauxite).
The marble rock forms the top of a mountain in a region with complex thrust faulting and
over-thrust features of regional extent. The mountain shows rough topography, with maximum elevation about +700 m above sea level in a relatively small surface area, which reflects
in very steep slopes.
Quarry operations are concentrated in the top of the quarry mountain: because the haul road to
the top of the quarry is still under development, blasted material is dropped along existing
morphologic depressions (called “chutes”) and then mucked from lower levels located approximately 150m below and then transferred to the nearby cement plant through a conveyor
belt.
Golder Associates was contracted to provide a study of rock fall trajectories generated by
chuting of blasted material from the top of the quarry to the mucking level: the scope of the
study was to assess interference between falling rocks and quarry activities, to highlight most
viable mucking areas and to support alignment choice for the design of a new haul road to the
top.
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View of the south side of the quarry mountain, with rock chute and accumulation areas.

SIMULATION STRATEGY
The Rockyfor3D – V 5.2 software was used for the simulation (Dorren L.K.A – Ecorisq consortium). The input data of Rockyfor3D consist of a set of ASCII raster maps which define
the topography and the slope surface characteristics, as well as a set of parameters, which define the release conditions. These parameters are loaded in the software together with a digital
elevation model (DEM) of the slope surface.
The following input data were used as boundary conditions for all the simulations:
 DEM with ground resolution 5m x 5m provided by quarry owner, built from satellite
remote sensing data integrated by conventional total station surveys.
 Block Shape: a rectangular block shape was selected based on statistical analysis of
blocks observed on site;
 Block Size: based on the average and median block size measured in the field, 2m x
1m x 0.8m dimensions were used. Also, 4m long blocks were used to capture the high
energy events generated by falls of the larger potentially unstable volumes that could
be mapped on existing outcrops.
 Surface parameters: the quarry area was surveyed and mapped to assign vertical rebound values within typical variation ranges. Values were then calibrated to match actual observed arrest areas and trajectories.
In order to collect the information needed for the simulation, extensive field surveying and
mapping was conducted at the site. Data collected were processed and interpreted in order to
produce a general engineering geology model of the study area. The following activities were
performed:
 preparation of an interpretive geomorphological and geological map of the study area;
 execution of extensive site surveys, including collection of joint set data through geostructural surveys of accessible outcrops and statistical size and shape analysis of rock
blocks comprising surface scree deposits;
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processing and interpretation of structural and geomechanical data;
rock mass classification using Slope Mass Rating index (SMR, Romana, 1985-2015)
and Geological Strength Index (GSI, Hoek, 2005);
preliminary slope stability assessment of the study area using Markland’s kinematic
approach to determine natural rock release areas and mode of failure (Hoek&Bray,
1981).

Fig. 2

GIS map of surface characteristics and soil types

SIMULATION FINDINGS AND CONCLUSIONS
The simulation was calibrated to match main accumulation areas and rockfall path as seen on
site. Maps such as those in Figure 3 were prepared for the mine manager to improve muck
planning, quarry road protection works as well as to support alignment definition of the new
haul road:
 maps of most probable landing areas (left), where it is suggested to avoid presence of
manned equipment in those areas, as well as to avoid temporary parking of equipment
even when chutes are not being operated. Areas should be also be signalled as
potentially dangerous;
 maps of most probable passage areas (right), which together with energy and height
plots can be used to identify the optimal rock fall protection works in order to improve
transit safety on quarry roads or to pick the best alignment for future quarry roads.
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Graphical output of rockfall simulation from the quarry chutes: accumulation areas (colors indicate
number of stops in each cell) and trajectories

The following conclusions could be drawn:
 rock fall trajectory analysis can be an effective engineering tool for quarry planning
and safety management, both to control natural rockfall hazard as well as hazard
induced by blasting and chuting operations. Rockfall risk can also be assessed by
combining hazard with exposure (number of passages of vehicles, time spent in
exposed areas for material loading) and consequences.
 collection of input data can be efficiently collected even in remote and wild areas by
using remote sensing combined with traditional field mapping;
 Rockyfor 3D demonstrated to be an efficient simulation tool, able to match field
evidences and to provide reliable predictions of rockfall trajectories even in complex
ground conditions;
 due to the continuous evolution of the release zones and of the chutes surface, that are
continuously eroded by collisions with falling material, predictions should be
routinely updated as part of the mining control process.
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