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ABSTRACT: Following earthquake events multiple soil slope failures are observed 
throughout the structurally fragile soil and rock in North Island, New Zealand. Many of 
these slopes are located in close proximity to various assets including residential 
buildings and roads, resulting in damage to the structures. Limited mitigation solutions 
are available to stabilise both the global integrity and surficial slope-parallel instability 
along with surficial erosion of the slope. High-tensile steel mesh, combined with an 
underlying three-dimensional geotextile, provides an effective, economical alternative 
with a greater design life than shotcrete and massive retaining structures. The flexible 
mesh is tensioned across the slope with a dimensioned grid pattern of soil/rock nails that 
allows the system to be tailored to the site. Special concepts have been developed and are 
well proven for the dimensioning of the systems to consider superficial instabilities both 
slope parallel and in between the nails. The mesh promotes re-vegetation or greening of 
the slope for an aesthetically pleasing, natural looking finish. Numerous cases in New 
Zealand and internationally confirm that these measures are effective and practical for 
this application.  

1 INTRODUCTION 

With rapid infrastructure growth in New Zealand there is an ever-increasing demand for higher 
production rates, greater natural hazard control, and constant health and safety improvements. High 
land values cause residential developers to build on steeper building sites in fragile ground. It is well 
documented from past earthquake events that multiple landslide and rockfall events can be expected 
from a large seismic events in New Zealand.  

Similar to rainfall induced slope failure events, limited prevention and mitigation solutions are 
available to treat both the global and surficial slope instabilities. Rigid shotcrete or concrete finishes 
are no longer acceptable where it is possible to achieve a flexible “greenable solution”. Greenable or 
biotechnical solutions involve combinations of structural mesh, 3D geotextiles, and site specific 
hydro-seed mixes. Recent advances in high-tensile steel mesh systems allow retaining properties and 
static strength, once only reserved for reinforced concrete structures. High-tensile steel mesh used as 
flexible stabilisation measures have proven effective in numerous cases and this is evident by 
extensive laboratory testing, field testing, as well as multiple long-term applications worldwide (Flum 
2005). The flexibility of these systems eliminates the potential of cracking of rigid concrete or 
shotcrete applications from seismic shaking.  

This paper presents a soundly engineered and aesthetically pleasing option for the mitigation of 
earthquake induced rockfall and landslides. Presented are components and installation details for a 
high-tensile steel mesh/ soil nail solution. This includes several case studies outlining the successful 
mitigation of seismic and rainfall induced slope failures.   
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2 ELEMENTS OF THE SYSTEM 

2.1 System Components 

The stabilisation systems consists of three key elements; soil nails, mesh, and spike plates (Figure 1). 
An optional geotextile installed under the mesh provides structural strength to the humus layer. In 
combination with soil nails, the wire mesh stabilises any superficial instability (0-2m depth).  Average 
lengths of the soil nails range from 6 to 12m placed in an offset grid pattern of 1.5 to 3.0m (H:V) for 
the surficial or global stability. The forces are transferred from the mesh over the spike plate into the 
ground anchors providing global stability for the slope. Rock and soil anchors offer the possibility to 
stabilise steep slopes composed of both soil and rock layers. The anchoring can be combined with a 
tensioned static system for surface stabilisation and a vegetation layer to prevent surface erosion 
caused by heavy rainfalls, water outflows, or wind.  

 
 Figure 1. Components of the TECCO system. Anchors placed with optimum spacing (a and 
b) to keep costs to a minimum.  

In standard layout, the high-tensile steel mesh is made of individually twisted Ø3mm wire of 
≥1770N/mm² tensile strength. The wire has a resilient coating of aluminium-zinc 
(SUPERCOATING®) for corrosion protection. This combination provides approximately >3.5 times 
greater design life then standard galvanized finish or 100yr design life for the mesh. The mesh has a 
tensile strength three times greater than traditional twisted mesh. Typical tensile strengths of common 
mesh are outlined in Table 1. 

Table 1. Summary of the significant test properties. 

Wire Description 
Mesh 

Dimensions
(mm) 

Tensile Strength of 
single wire 
(N/mm²) 

Tensile 
Strength of 
mesh (kN)* 

TECCO G65 /3mm 143 x 83 ≥1770 164-167 
Hexagonal mesh with 
8mmØ wire rope 
reinforcement 

80 x 100 350-550 36-51 

Chain-link mesh 
(security fencing) 

50 x 50 400-500 80-94 

*Data supplied by Geobrugg and Maccaferri Ltd. 

Soil Nail Mesh Spike 
Plate 
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The open structure of the mesh permits the full-scale revegetation of the face. Furthermore, the open 
structure is free draining, thus no pore water pressure can build up behind the mesh. This is in contrast 
to the drainage systems required behind concrete slope stabilisation measures.   

This system provides structural strength similar to reinforced shotcrete and remains maintenance-free 
for the lifespan.  Current hydro-seed mixes cater for bonding of the mix to the slope, providing 
nutrients within the mix to develop a humus/topsoil layer. This ensures excellent ongoing growth 
which is particularly important over inorganic soil substrates. The hydroseeding mixes also cater for 
vegetation specifically suited to local climate and slope aspects.  

2.2 Design 

Following standard geotechnical assessment of the global stability of the slope, the layout of the mesh 
is matched to specific geological site conditions by the RUVOLUM® dimensioning concept. This 
readily available programme optimises the anchor spacing and investigates both the superficial slope-
parallel instabilities and local instabilities between the individual anchors. This concept also 
investigates the proof of the mesh against puncturing, proof of the nail to combined stress (shear and 
tensile) and proof of the mesh against shearing.  The final nail pattern and anchorage depth are 
specified by accounting for the slope gradient, geology, global stability and the surficial layer 
thickness.  

2.3 Installation 

Installation of the mesh system starts with the drilling and installing of grid pattern of soil/rock ground 
anchors. Figure 2 shows specialist drilling machinery that allows the contractor to cost effectively 
install soil nails, rock bolts and soil nails even on the most difficult to access slopes.  This machinery 
is commonly used overseas for accessing difficult slopes where conventional techniques prove to be 
very slow and expensive. The slope is trimmed and vegetation removed to allow the mesh to contour 
the slope as close as possible.  Spike plates are installed and tensioned (typically between 30-50kN) 
over the anchors to provide an active pressure to the slope. The system remains maintenance-free for 
the design life (typically 100yrs).  

Figure 2. Typical drilling works at a Bay of Plenty slope stabilisation project. 
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3 CASE STUDIES 

3.1 Landslide Prevention- Ngaio Gorge Road, Wellington 

Following a major natural disaster such as a large earthquake, there is an even greater need to keep 
infrastructure accessible. Stage two of the Wellington City Council Ngaio Gorge Road Earthquake 
Strengthening Project is an example of proactive disaster planning. The goal of project such as these is 
to keep vital arterial roads open. To strengthen existing retaining walls and slopes previously 
identified as susceptible, stabilisation measures include the installation of mini-piles and soils nails 
combined with high-tensile steel mesh installed on slopes, below the road. To minimize the visual 
impact, a fully dimensioned high-tensile steel mesh system was selected as an alternative to shotcrete.  

The solution consisted of the installation of a grid of double-corrosion protected Ø32mm soil anchors 
combined with 480m² of high-tensile steel mesh overlying the slope. Due to the poor anchoring 
conditions of the soil slope, the anchors were post-grouted and were up to 13m in length. Following 
the drilling and anchoring works, the slope was cleared of vegetation and trimmed/contoured prior to 
mesh installation. Anchor bars were drilled with specialised drilling equipment to access the large 
slope and drill Ø180mm cased holes. The use of lightweight drilling equipment allowed traffic to 
progress on the busy road with minimal disturbance and without lane road closures for much of the 
project.     

This solution was more cost effective than shotcrete as the anchor spacing could be increased and 
created a finished slope that blended seamlessly with the surrounding environment (Figure 3).  The 
slope was hydro seeded upon completion to encourage fast vegetation growth and to stabilise the 
surface soil layer.  

 Figure 3. Ngaio Gorge stage II slope stabilisation immediately after drilling and High-tensile steel mesh 
installation (left) and the same slope one year after installation (right).  

3.2 Landslide Mitigation- Pohutakawa Drive, Ohope Beach 

The Bay of Plenty region of New Zealand is characterized by wide distribution of pyroclastic 
materials. These Holocence to Pleistocene Hawera Series sediments have thickness ranging from 2 to 
10m in the hills and valleys, underlain by weak sedimentary rocks (Adhikary 2006). The pyroclastics 
are poorly consolidated and in places form steep scarps. The heavy rainfall events that began on 16 
July 2004 caused hundreds of landslides throughout the Bay of Plenty in this material.  

The Bay of Plenty is further characterized by scenic beaches and high-value residential developments. 
As such, an effective yet aesthetically pleasing slope remediation system is the only option.  A total of 
approximately 290mm (MetService) of rain accumulated in the Ohope Beach / Whakatane areas. 
Similar to the expected results of seismic shaking, this event caused multiple landslides events in close 
proximity to residential buildings, causing damage and endangerment.  Several residences have 
remained uninhabited until recently.  
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Several slopes behind residential properties along the north-side of Pohutakawa Drive experienced 
failures in close proximity to the buildings. Under the direction of Tonkin and Taylor Ltd., Geovert 
Ltd. provided a unique design-build solution using high-tensile steel mesh as an effective and 
aesthetically pleasing mitigation. The solution involved removing landslide debris and vegetation from 
the slope. Threaded 500mpa steel anchor bars were installed in an offset grid pattern, ranging in depth 
between 6 to 8m. Special lightweight drilling rigs were used to drill anchors to within 1m lateral 
distance of the residential buildings. The slopes ranged from 10-20m in height inclined at up to 80º. 
The high-tensile mesh was combined with a geotextile to stabilise the surface soil layer (Figure 4 and 
5). Following installation of the mesh, the slope was hydro seeded with a locally proven seed mix. 

 

    
Figure 4. Vegetated slip encroaching on residence at Pohutakawa Drive (left). Vegetation removed, slope 
trimmed and slope stabilised with TECCO mesh system prior to hydroseeding (right). 

 Figure 5. Re-growth of the finished slope four weeks after installation.  

4 CONCLUSIONS 

In New Zealand, we have experienced an increased demand for slope remediation throughout the 
country. This is driven by an ongoing need for natural hazard mitigation. Land development and 
severe storm events have caused an increase in slope failures, debris flow, and rockfall events. This 
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may also be driven by a heightened public awareness to safety and associated geotechnical or natural 
hazard risks in today’s society and the increased level of safety required by local authorities for the 
consenting process. However, whether the perceived increase in recorded events is only due to 
heightened public awareness or is a direct result of climate change, we need to be progressing with 
innovative solutions that are soundly engineered, environmentally and visually friendly but also cost 
effective. Proactive implementation of mitigation measures for slopes ensures vital life lines will 
remain open following a major seismic event. Proactive solutions using high-tensile steel mesh 
provides an environmentally responsible solution.  
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