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ABSTRACT
An open cast mine on the West Coast of the South Island of New Zealand proposes to remove up to
30m of overburden to access an ore body neighbouring National Reserve land. Part of the conditions
of the mining permit is that no material above natural discharge levels may be released over the
Mining Lease boundary onto the adjacent land. In order to meet this requirement, the client has
contracted the design and installation of over 2.6km of high energy dynamic rockfall control
barriers. This paper describes how the rockfall hazards were assessed and the rockfall barriers
dimensioned. The design involved 2-D modelling of over 3,000 simulations. Modelling parameters
were calibrated during field trials at a purpose built section of barrier. The resultant energies
ranged from 500 to 3000kJ. The construction phase of the project involved the drilling, anchoring,
and installation of certified barriers up to 7m high in a remote and inhospitable climate with limited
machinery access. By exploring best practice in this specialized field of engineering, a novel rockfall
hazard mitigation solution was identified.

1

INTRODUCTION

A significant rockfall hazard is associated with the extraction of a 6 to 10 m thick ore body below a
ridgeline at a large opencast mine on the South Island, Westland, New Zealand. However, the
Mining Licence boundary is located just below the basal measures and the neighbouring land down
slope is a conservation area. To meet the requirements of the mining permit, it is necessary to
remove the overburden and extract the ore without releasing any material above natural discharge
levels onto the adjacent conservation area. In order to achieve this requirement, a combination of
rockfall protection, stabilization, and carefully planned excavation methods are implemented to
remove the overburden in a controlled manner.
The client proposed combinations of slope protection and stabilization measures to manage the
rockfall hazard. A design-build contractor specializing in difficult access rockfall mitigation projects
dimensioned and installed a dynamic rockfall barrier along the length of the mining area. The
barrier is approximately 1.7 km long follows a ridgeline escarpment. The escarpment is generally
oriented north-south and extends between two summits approximately 1000m high.
2

ASSESMENT OF ROCKFALL HAZARDS

2.1
Site Description
The slopes are characterized by a sandstone cliff overlaying ore bodies with an overburden depth of
approximately 30 m. The outcrop of the ore is clearly visible due to the change in topography
directly beneath the rock cliff. Over a large portion of the slope, a steep rock outcrop with heights
up to 25 m follows the ore body. Several sections of outcrop are vertical to overhanging with stacks
of large boulders creating columns. The maximum overhang is between 8 to 10 m. Scree slopes with
varying degrees of vegetation form the slopes further down.
2.2
Rockfall Simulation
Based on site topography, 2-D profiles of the ridge mining area were created to model potential
rockfall trajectories and energies. Slope profiles were captured using laser locator binoculars, nonreflective laser technology originally developed for military applications. The laser locators allow
the user to capture x, y, and z coordinates for each selected change in the slope profile. This
information was then input into the rockfall simulation software RockFall V6.1 (Spang 1995).
Resultant energies from the simulations were then overlaid onto a topographic map of the site. The
rockfall energy levels were assigned colour intensities based on the simulations used to provide a
306
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regional overview hazard (Figure 1). A similar map was created for anticipated bounce heights
throughout the ridgeline.
Figure 1: Anticipated rockfall energy levels on superimposed on topographic map of the site
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Modelling of rockfall events was carried out with six different diameter boulders between 0.8 and
2.8m. For each boulder diameter, 100 rockfalls were simulated. To determine the effect of the
boulder size on impact energies at the proposed barrier locations (directly below the ore body),
3000 scenarios were simulated to optimize the barrier location on the slope. In these simulations,
the slope parameters remained constant, however the size of the boulder was adjusted as well as
the starting position, to simulate various release heights during ridgeline excavation. The slope and
rockfall material parameters were randomly varied by ±10% of their characteristic values to allow
for natural irregularities in the slope surface. For the wooded scree slope sections, it would have
been possible to model trees with specific diameters and spacing for the simulation. Due to the very
dense vegetation, this option was replaced by a simplified approach, where damping values for
tangential coefficient of restitution and rolling resistance were increased (Table 1).
Field trails and observations of past natural rockfall events were used to back-calculate and
calibrate the simulations. Following the installation of a small section of 1000kJ barrier on a
representative slope section, a 30ton excavator performed control releases of boulders ranging from
0.2 to 1.8m down the slope. Results of video analysis were used to further calibrate modelling
parameters.
Table 1:
Surface

Rock
Scree
Wooded
Scree

Rockfall simulation parameters
Dynamic
Static
Normal
Friction
Friction Dampening
Angle
Angle
25°
36°
0.060
25°
30°
0.038
25°
30°
0.038

Tangential
Dampening

Rolling
Resistance

Amplitude
Roughness

Frequency
Roughness

0.93
0.83
0.80

0.050
0.095
0.350

0.20
0.45
0.40

2
2
2

2.3
Safety Concepts
A barrier may fail by two different failure modes (Spang 2001):
x
Geometrical failure: the structure is jumped over, because height is insufficient; and
x
Structural failure: the structure is not strong enough to withstand the impact.
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Gerber (2003) suggests that the correct functioning of a barrier depends on the following three
criteria:
x
Quality of the individual supporting elements: This includes the ropes, nets, braking
elements and posts;
x
Correct functioning of the supporting elements within the whole system: The individual
elements must be capable of transferring the forces to the whole structure (i.e. the system as a
whole is only as strong as the “weakest link”); and
x
Quality of installation: The functioning of a barrier depends to a considerable extent on the
quality of the installation work. Quality control is essential to ensure that the anchorage
locations and installation are capable of matching the manufactures criterion.
To ensure the barrier functions correctly and failure modes are eliminated, a probabilistic design
approach was adopted, combined with the use of partial safety factors on the boulder size and
capacity of the barrier elements. The greatest variable was the estimated block size of a rockfall
from the ridgeline. Consultation with the client and contractor established that the proposed mining
method may produce rockfall boulders with 2.0m diameter. A load factor was applied to this, so
the resultant block size used for all the simulations was 2.2m, corresponding to a 14,000kg mass.
This diameter was then used as the “design boulder” (worst-case scenario) for the rockfall
simulation.
To ensure the structural integrity of the barrier systems used in this project, all systems were
certified under the Swiss Federal Institute for Wood, Snow and Landscape Research, Division Natural
Hazards (WSL). The WSL is a Swiss Government organisation that takes a leading role worldwide in
the field-testing of dynamic rockfall barriers and is establishing strict standards for testing criteria
and accepted barrier performance. Its “Guideline for the approval of rockfall protection kits”
(Gerber 2001) is presently the most stringent standard for the testing of dynamic barriers, with the
standard currently being adopted by the wider European communities. These certified systems were
installed to the manufactures specifications and quality assurance of the drilling, anchoring and
construction were managed to ISO: 9001 Standards.
3
TECHNICAL SOLUTION
3.1
Rockfall Protection
The overburden material along the escarpment will be excavated using drill and blast techniques.
Mining will commence in a series of blocks starting at the southern end of the ridgeline. Removal of
the overburden in the blocks will proceed in a series of “zones” perpendicular to the escarpment.
Different blasting techniques will be used in each zone. The total width of these zones will range
from 5 to 300m. The effective width of a single zone will be defined on the basis of joint
orientation, spacing, and aperture after removal of the topsoil and vegetation. Prior to the start of
blasting, a dynamic barrier has been dimensioned and installed below the ore body. Table 2 outlines
the barrier systems which were proposed for the site.
Table 2: Proposed Barrier Systems
Barrier System
Capacity without failure (kJ)
RXI-050
500
RXI-100
1000
RX-200
2000
RX-300
3000
RX-300
3000

Height (m)
3
4
5
6
7

Length (m)
600
1400
450
30
120

The design philosophy behind dynamic rockfall barriers is not to use a rigid barrier but to stop rocks
gradually (<0.5 seconds) over a relatively long distance (5-15 meters) so as to reduce the peak-loads
on any individual component of the barrier or anchorage (Gerber 2001). The dynamic design
increases the maximum absorption capability of the barrier by a factor 60 when compared to
traditional rigid barriers from steel or wood (Anderheggen and Volkwein 2002). The kinetic energy
of the rockfall is then absorbed thought elastic and/or plastic deformation and sliding of the barrier
components. This includes the individual rings that deform, the nets sliding across the upper and
lower support ropes and braking elements within the system. When the net is loaded by a falling
rock, the rings slide and concentrate at the locations with the highest load. GEOBRUGG RUNTOP®
technology ensures the sliding of the rings does not subject the posts to higher load than the rest of
308
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the system components. Braking elements are integrated in the ropes to aid in energy absorption.
Currently, dynamic wire rope barriers certified under the Swiss and European Guidelines for rockfall
protection are commercially available capable of absorbing energies <5000kJ. Previous mitigation
options for rockfall energies >3000kJ magnitude were restricted to rock sheds and tunnels.
The installed barrier structures used in this project consisted of HEB 160-220 steel posts, which
were held in position by up-slope and lateral wire ropes anchored into the slope. The steel posts
were purposely non-galvanized to better blend in with the environment. Two to four suspension
wire ropes were tensioned between the posts to support the ring nets at the top and bottom. The
net itself consisted of loosely connected rings with a diameter of 300 mm made from 3 mm-highstrength steel wire bent to 5-19 revolutions. The system acts flexibly with components designed to
deform plastically during design load impact events. This provides an increased breaking time for
the falling rock and therefore results in a peak-load reduction for the loaded components and
anchors.
3.2
Construction methodology
The contractor carried out the anchoring operation with heli-portable drilling equipment secured to
the side of the slopes and moved with cables and winches. Anchoring works were completed in
accordance with BS:8081, with the cable anchors ranging in depth from 4 to 6m to achieve their
design strength. A helicopter transported all barrier materials onto the slope and lifted each post
into position (Figure 2). The posts are 7m high and weigh up to 800kg for the 3000kJ system.
Due to its close proximity to the coast and prevailing westerly winds, the site receives on average
7000mm of rain annually, making it one of the wettest areas of New Zealand. This combined with
the elevation and exposure created an extremely challenging work environment. However, despite
this the contractor managed to keep ore production on schedule through the use of innovative
design and construction methods.
Figure 2: Positing system posts with helicopter and stitching net sections on a 2000kJ barrier

4
CONCLUSION
This paper presents details of a rock engineering project that deals with mining induced rockfall
hazards and mitigation measures on a large scale. While the rockfall barriers in this project are
temporary protection measures, the design methodology is the same for permanent applications.
Proper selection and design of rockfall protection measures should be based on sound engineering
practice. Dimensioning of barriers should rely on detailed site investigation to determine geometry,
rockfall size, volume, event frequency and an analysis of fall trajectories to determine a range of
potential impact energies. From theses variables, certified barrier systems can be selected
according height and energy dissipation requirements. To achieve a solution that meets “best
practice” the barrier capacity should not be a variable, which is why stringent standards such as the

reseArch ANd prActice

309

cOmmOn grOund 07

Common Ground ProCeedinGs 10th AustrAliA new ZeAlAnd ConferenCe on GeomeChAniCs BrisBAne

cOmmOn grOund 07

Common Ground ProCeedinGs 10th AustrAliA new ZeAlAnd ConferenCe on GeomeChAniCs BrisBAne

WSL “Approval for rockfall protection kits” are so important to guarantee the systems performance.

Figure 3: Commencement of overburden removal above a completed 5m high section of barrier
5
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