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1 Preface 

 
Flexible slope stabilization systems made from conventional wire meshes in combination 
with nails or nailing are widely used in practice to stabilize soil and rock slopes. They are 
traditional solutions and provide an alternative to measures based on rigid concrete liner 
walls, shotcrete applications or massive supporting structures. 

Slope protection by means of common wire mesh and wire rope nets is known accordingly, 
but the transfer of forces by mesh as pure surface protection devices is limited on account of 
their tensile strength and above all also by the possible force transmission to the anchoring 
points (nails, anchors). 

Strong wire rope nets offer certain possibilities for slope stabilizations with greater distances 
between nails and anchors. However, they are comparatively expensive in relation to the 
protected surface and the size of the individual nets is relatively small, resulting in higher 
installation cost and less flexibility to local terrain conditions. 

Today, apart from solutions using conventional steel wire, new meshes from high-tensile 
steel wire are now also available on the market. The latter can absorb substantially higher 
forces and transfer them onto the nailing. 

A new special method has been developed for the designing of flexible slope stabilization 
systems with high-tensile steel wire meshes for the use on steep slopes in more or less 
homogeneous soil or heavily weathered loosened rock. 

The interaction of mesh and fastening to nails has been investigated in comprehensive 
laboratory tests. This enabled also to find a suitable fastening spike plate which allows an 
optimal utilization of the strength of the mesh in tangential (slope-parallel) as well as in 
vertical direction (perpendicular to the slope). 

The trials also confirmed that the high-tensile wire meshes, in combination with suitable 
plates, enable substantial pretensioning of the system. Such pretensioning increases the 
efficiency of the protection system. This restricts deformations in the surface section of 
critical slopes which might otherwise cause slides and movements as a result of dilatation. 
Suitable dimensioning models permit to correctly dimension such systems. 

Various implemented stabilizations in soil and rock, with and without vegetated face, confirm 
that these measures are suitable for practical application and provide useful information for 
the optimized handling and installation process. 

Both, the new high-tensile steel wire mesh and the new dimensioning method for flexible 
slope stabilization systems allow simple and safe concepts including cost saving installation 
processes. This provides new interesting solutions for traditional geotechnical problems 
which, in the meantime, are executed and applied globally on all continents. 
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2 Introduction 

 
Application of wire rope nets and the use of wire mesh as a flexible measure to protect sur-
faces has proved worthwhile in many cases and is often an alternative to stiff and massive 
constructions of concrete. Hereby the open structure of the mesh also permits full-surface 
greening and vegetation. Wire mesh from wires of a tensile strength

1 
of approx.  

400 – 650 N/mm
2 

are traditionally used for these kind of protection measures. If an 
economical spacing of the nails is aimed for, these conventional meshes are often unable to 
absorb the occurring forces and to transmit them onto the nails. Ropes threaded into the mesh 
can be used as certain reinforcements. If the distances between nails are kept at an economical 
level, these simple meshes are often unable to absorb the occurring forces and to selectively 
transmit them onto the nails. 

In the past, high-tensile wires were mostly used only in combination with strand and rope 
products or combinations of those. Typical for such uses are ringnets and wire rope nets. 
They are installed for a various number of applications for natural hazard protection, such as 
rockfall protection barriers

2 
(picture 2.1), drapping systems

3
, debris flow (picture 2.2) and 

mudflow barriers
4
, avalanche prevention systems

5 
(picture 2.3) as well as driftwood protect-

tion systems
6  

(picture 2.4). 

 

Picture 2.1  Example of rockfall barrier with ringnets made from high-tensile wires 
 
 

 

1  For the tensile strength of steel wires, the unit [N/mm2] is still used as an international industrial standard,  

however, from a technical point of view, the correct unit would be [MPa]; [44, 45, 48].  
2 References [46, 58, 59, 89, 124, 133, 134, 138, 139] describe various applications and technical background of 

rockfall barriers with high-tensile steel wire ring nets.  
3 The papers of reference [83, 88] show corresponding drapping and attenuator applications.  
4 References [66, 73, 90, 103, 136, 137, 143] report about design and installation methods for debris flow and mudflow 

protection systems based on high-tensile steel wire ring nets.  
5 For avalanche prevention systems, the guideline of SLF/WSL Davos (Switzerland) is internationally seen as 

 one of the leading design and installation methods [16, 17, 66]. 
6 Driftwood protection measures based on high-tensile wire ringnet technology are explained in references [82,  

104, 105, 132, 135].

 
 



4 2 Introduction 

 

 
Picture 2.2  Example of debris flow barrier with ringnets made from high-tensile wires 

 

 

 

Picture 2.3  Example of avalanche prevention system made from rope wire nets 

 

 
Compared to conventional steel wire meshes, wire rope nets [83] allow bigger distances 
between the individual nails. However, those rope nets are only available for small panel size 
which means higher installation and connection efforts. Due to the small wires in the ropes, 
only a limited amount of zinc coating can be applied on the nets. This results in a limited 
lifetime. Usually, cross clips are connecting the overlapping rope net units, but they are often 
additional weak points in corrosive environments, because of limited galvanization thickness 
(picture 2.5). 
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Picture 2.4  Example of driftwood protection barrier with ringnets made from high-tensile wires 

 

 

 

Picture 2.5 Corrosion problem of wire rope nets (cross clips and rope wires do often have no sufficient 

zinc coating and may rust rather soon) 

 

 
Today, new special manufacturing processes enable the production of diamond structured 
mesh from high-tensile steel wires. Based on these new product opportunities, new technical 
applications are possible. In the fields of natural hazard protection and for security, safety 
and architectural purposes, various application methods were found, developed and applied 
more or less worldwide with these new kinds of high-tensile steel wire meshes. 
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In particular for geotechnical slope stabilization solutions, the development of this new wire 
mesh with a wire tensile strength of min. 1¡770 N/mm

2 
offers new possibilities for efficient 

and especially also economical protection of slopes. 

Obviously, a new mesh with such interesting properties alone is not sufficient for serious 
geotechnical solutions and engineered applications. 

Consequently, an adapted new dimensioning method for these kind of flexible slope stabili-
zation systems with high-tensile steel wire mesh had to be found, analyzed and tested in order 
to finally develop an entire new system. 

The authors of this publication would like to point out clearly that most parts of the book 
were already published in previous years. Several main parts of this book are based on the 
doctoral thesis of Stephan Wartmann (April 2011; [142]). The publication is summarizing 
the entire concept and method in a global way and overall view, reflecting on all aspects 
including environmental, carbon footprint and installation issues. The corresponding 
publications and technical papers can be found in the list of references. 

In that sense, the first chapters of this book are providing an overview of the traditional 
techniques and conventional dimensioning concepts. Afterwards, the new high-tensile steel 
wire mesh as well as the corresponding connection components are presented including the 
necessary laboratory material and force transmission tests. 

Based on those parameters and results, the following chapters are illustrating the new di- 
mensioning method as well as dimensioning examples. 

Finally, the last chapters provide additional important findings regarding technical project 
management, installation steps and procedures and report about practical examples of 
executed projects. 



3 Traditional methods using mesh and wire 

 rope nets 

 
In the past, the slope of soil or solid rock to be protected was traditionally cut as suitable and 
levelled as possible to the profile and then covered with a wire mesh whose individual wires 
provided a tensile strength of approx. 400 - 650 N/mm

2
. The mesh was fastened to short soil 

or rock nails [74, 83]. If the mesh itself was inadequate, either the distance between nails had 
to be reduced or the mesh had to be reinforced by threaded-in steel ropes secured to the nail 
heads. If long nails (generally more than approx. 4 m) are required for protection to a certain 
depth, the costs of nailing increase comparatively rapidly and systems become of interest 
which can absorb and transmit substantially higher forces and thereby allow increasing the 
distance between nails. Wire rope nets could be used in these instances. 

 

 
3.1 Wire mesh as a flexible measure to protect surfaces 

 
Slopes of soil or rock to be protected were covered by a wire mesh which is fastened to the 
soil or rock nails by means of spike plates. A boundary rope (tensioning rope) is additionally 
provided at the top, if necessary retained by rope anchors as shown on the figure 3.1. 

Local, superficial instabilities are to be prevented by the mesh as a securing system. The 
forces occurring from a local instability are to be transmitted over the mesh and the spike 
plates onto the nails. Hereby the forces which can be transmitted are limited and depend on 
the strength of the mesh as well as on the size and type of spike plate. 

 

Figure 3.1  Conventional wire mesh in combination with nailing 
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3.2 Wire rope nets as a flexible measure to protect surfaces 

 
The slope of soil or rock to be protected against erosion or rockfalls is usually first covered 
with a durable geosynthetic fabric of plastic or if appropriate also with standard steel wire 
mesh. This is followed by a cover of special rope nets which are sewn together and whose 
corners are fastened by steel ropes to the soil or rock nails. The mesh size of 150 –300 mm x 
150 – 300 mm permits greening and combined with it also planting of higher growing shrubs 
and small trees suitable for the location [83, 88, 140]. 

To prevent local superficial instabilities, the retaining forces resulting from the equilibrium 
consideration can be absorbed by the rope net and passed on directly to the corresponding 
nails. 

The principle of comradeship dominates in the wire rope protection system: if one nail head 
wants to move downwards due to a high local force, the “surplus forces” are diagonally 
guided upwards over the upper rope net covers and distributed over several nails (figure 3.2). 
Important, therefore, is that the uppermost fastening points are always perfectly anchored. 
Additional rope anchors may be required at the top to transmit and carry these forces into the 
solid subsoil. 

 

 
Figure 3.2  Principle of system with rope nets from steel wires (e.g. Pentifix system) 

 

 
Compared to simple mesh covers, this protection system can absorb very considerable forces. 
However, the wire rope system is restricted by a fixed nail pattern of 3.3 –3.5 m x 3.3 –3.5 m; 
in very rare cases even a little bit larger. Extra nails can be placed in the centres of the fields 
if necessary. 
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The use of flexible protection systems is basically limited to the prevention of more or less 
slope parallel instabilities close to the surface, such as they can occur in e.g. weathered, loose 
cover layers. If a danger prevails from deeper sliding surfaces, the nails alone have to absorb 
the forces resulting from the overall stability and transmit them to the firm subsoil outside 
the existing or potential rupture mechanisms. 

 

 
3.3 Active and passive systems 

 
This publication focuses on “active systems” for slope stabilizations, where a mesh is fixed 
with nails in relatively short grid distances to the ground, providing pressure to the soil and 
therefore allowing an active slope protection. One must be clearly distinguish such active 
systems from so called “passive systems”. 

Passive slope safety systems are also often called drape systems since a wire mesh is fixed at 
the top of a slope and hung down a slope (figure 3.3). 

Sometimes additional horizontal or vertical intermediate or bottom ropes and nails are   
applied, mostly due to local geometries and slope conditions. But in general, such mesh is 
applied for controlled rockfall trajectories and not for the active fixation of soil and ground. 
Consequently, they are called “passive systems”. Such passive protection systems are often 
combined with a ditch at the bottom of the slope and require corresponding maintenance and 
service efforts. 

 

Figure 3.3 Principle drawing of a passive system 
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3.4 Hard, flexible and soft facing 

 
There are different kind of slope stabilization systems. The draft of European Standard  
“Soil Nailing” distinguishes between: 

- hard – facing 

- flexible – facing 

- soft – facing 

 

Hard facing is mostly known and applied as concrete or shotcrete slope stabilization systems 
(picture 3.1). If drainage is solved satisfactory and if applied with sufficient concrete 
coverage as well as steel reinforcement, such systems are known as reliable stabilization 
systems. 

 

 

Picture 3.1  Hard facing (sample for shotcrete slope stabilization system) 

 

 
Flexible facing is commonly known as active slope stabilization systems where a steel wire 
mesh is combined with soil nailing (picture 3.2). Depending on the mesh type, nail and anchor 
grid must be adapted accordingly. 
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Picture 3.2  Flexible facing (slope stabilization system with high-tensile steel wire mesh) 

 

 
Flexible facings are often combined with hydro-seeding solutions. Picture 3.3 illustrates a 
typical combination of high-tensile steel wire mesh slope stabilization system with greening. 

 

Picture 3.3  Flexible facing combined with hydroseeding 

 

 
Soft facings consist of different kind of geogrids or geomembranes. They are mostly   applied 
for temporary slope coverage. They are inexpensive solutions and often applied for limited 
time frame, e.g. on construction sites. Nevertheless, special care must be taken in case of 
sharp surface elements (e.g. weathered rocks, etc.). 
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Due to limited ultraviolet resistance of such plastic products, aging is a serious problem for 
a lot of products. Consequently, such soft facings are mostly not recommended for durable 
and long-term slope stabilization solutions. 

 
 

 

Picture 3.4  Soft facing (sample for high-tensile geogrid) 

 

 
The TECCO® slope stabilization system is a kind of special flexible facing and therefore, the 
RUVOLUM® dimensioning method as well as this publication focus on flexible facings with 
high-tensile steel wire meshes. 

 
 



4       Traditional dimensioning methods 

 
In the past, various geotechnical calculations and dimensioning concepts were developed and 
because state of the art for general slope protection engineering

7
. 

For the purpose of dimensioning the surface protection systems of mesh and/or wire rope 
nets in their interaction with nailing, it is necessary to investigate possible failure 
mechanisms. 

On the one hand, the installation of the protective devices must ensure that a layer of soil or 
also a layer of weathered and unconsolidated rock of thickness t can be retained with a certain 
safety against sliding off parallel to the slope on a stable layer as illustrated on figure 4.1. 

Figure 4.2 on the other hand shows that local wedge-shaped bodies must be stopped from 
breaking out. 

 

Figure 4.1  Sliding off parallel to the slope Figure 4.2  Local wedge-shaped rupture bodies 

 
 
 
 
 
 
 
 
 

 
 

7  
Corresponding (geotechnical) dimensioning concepts are e.g. presented in various publications [47, 75, 109,114]. 
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4.1 Sliding off parallel to the slope 

 
From considerations of equilibrium concerning a body of width a, length b and thickness t, 
and taking into account the failure condition of Mohr – Coulomb, the following shear force 
S with a stabilizing effect results as far as sliding off parallel to the slope is concerned. 

Since the nail heads are fixed against each other, proof of the admissible inner shear 
resistance of the nail S

zul (adm) 
being greater than the shear resistance S per individual nail 

required for a certain safety, is generally sufficient. 

Figure 4.3 presents an overview of all forces that are active on the body with a width a, a 
length b and a thickness of t in order to determine the shear force S that is required for a certain 
safety level [110]. 

 

G Dead weight of the cubic body (G = a · b · t · ɔ) 

ɔ          Unit weight of the soil material 

S Resisting shear force required to be absorbed by the nail 

t Thickness of the surface layer to be stabilized 

c · a · b    Cohesion of the cover layer × ground surface of the body liable to break out 

T, N         Reaction forces from the subsoil 

a Inclination of the slope front 

 
Figure 4.3  All forces active on the body of width a, length b and thickness t to determine the shear  force 

S required for a certain safety 

 
 

Based on the overview of all active forces on the body with a width a, a length b and a 
thickness t, the following equation 4.1 explains the calculation of the corresponding shear 
force S. 
 

( sin cos tan )
[kN]

a b t F c a b
S

F F

g a a jÖ Ö Ö Ö Ö - Ö Ö Ö
= -  

 
 

Equation 4.1 Equation of all active forces on the body of width a, length b and thickness t to determine 

the shear force S required for a certain safety, F being the safety factor 
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4.2 Local wedge-shaped bodies liable to break out 

 
As a result of the investigation of “sliding off parallel to the slope”, the nails are now 
dimensioned so that the cover layer as a whole can be retained with a certain safety. Further 
investigation is then required in the area between the individual nails. 

Depending on the slope’s geometry it is possible that wedge-shaped rupture bodies come 
loose unless they are covered by mesh or wire rope nets. Such bodies are to be retained and 
secured by the use of mesh or wire rope nets as surface protection measures. 

The body liable to break out wants to move downwards on a slant. The mesh is held at the 
top by nails and if appropriate by boundary ropes, is thus subjected to tension. This is applied 
on the one hand via friction and on the other over the outward movement of the body in 
question [111]. 

These interactions are illustrated on the following figure 4.4: 

 
 

 

Figure 4.4  Surface stabilization system in combination with soil nailing, local wedge-shaped bodies 

 

 
The force Z parallel to the slope and with a stabilizing effect is called the net or fastening 
force Z (see also figures 4.5 and 4.6). 

It is theoretically the force which is transmitted over the mesh or net in the line of slope onto 
the nail, assuming that the entire force exerted by the mesh or net onto the soil or rock wedge 
is transmitted onto the nail. 
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Figure 4.5  Wire mesh with the net force Z active       Figure 4.6  Rope net with the net force Z active   

on the nail                                                                     on the nail 

 

 
The equilibrium conditions are formulated on the basis of the wedge-shaped body in figure 
4.7 to determine the net force Z. The failure condition of Mohr – Coulomb is again taken 
into account. 

 
 

 

Figure 4.7 All forces active on the wedge-shaped body of width a, whereby N and T represent the 

reaction forces from the subsoil 
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The following equation 4.2 results for the net force Z per fastening point by solving the 
equation system and after the corresponding algebraic conversions. 

Hereby the angle r is varied to such an extent that Z is the maximum, whereby r Ò arc tan 
(t/b) is to be the case. 

 

Equation 4.2 All forces active on the wedge-shaped body of width a, whereby N and T represent the 

reaction forces from the subsoil 

 

 
Taking into account a certain safety level F, the wire mesh plus possibly installed bracing 
ropes or the wire rope net, respectively, must be able to transmit the force Z into the nail. 

If this is not possible with the selected distance between nails due to the system, the distances 
between nails must be adapted accordingly. 

 

 
4.3 Required input quantities 

 
In order to dimension the surface protection system consisting of wire mesh or wire rope net 
and nailing, it is necessary, on the one hand to determine the geotechnical characteristic 
values of the surface layer to be protected. 

On the other hand, various geometrical figures such as the inclination of the slope, the 
horizontal distance between nails and that in the line of slope, or the layer thickness must be 
stated [75, 112, 115]. 

The overview below shows the parameters required for dimensioning: 

Geotechnical parameters 
 

Friction angle j [°] 

Cohesion c [kN/m
2
] 

Unit weight ɔ [kN/m
3
] 

Geometrical input quantities 

Inclination of the slope 
 
Ŭ 

 

[°] 

Distance between nails, horizontal a [m] 

Distance between nails, line of slope b [m] 

Layer thickness t [m] 

Safety level F
mod [–] 

Z [kN] = 
a Ö b Ö b Ö tan r Ög Ö (F Ösin (a - r ) - cos (a - r ) Ö tan j) 

- 

2 Ö (F Ö cos r - sin r Ö tan j ) 

c Ö a Ö b 

cos r Ö (F Ö cos r - sin r Ö tan j) 
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4.4 Proof of the terrain’s resistance against sliding 

(deep sliding surfaces) 

 
This investigation concerns the proofs of safety against failure of the terrain, for which the 
nails are included in the stability calculations with the topographically and geologically 
adapted sliding surfaces, usually as tension elements with a stabilizing effect and in rarer 
cases as shear elements. 

These proofs must be established separately and are not directly related to the proofs for the 
protection of the surface, except that the nail pattern should correspond as far as possible to 
the system related, usual nail distances [1, 56, 71]. 

Typical failure cases are e.g. curved sliding surfaces (figure 4.8) and straight-lined sliding 
surfaces (figure 4.9). 

 

Figure 4.8  Curved sliding surfaces Figure 4.9  Straight-lined sliding surfaces 

 

 
For further and more detailed information regarding investigations of the global stability, 
please see chapter 8.8. 

 
 

 
 



5 High-tensile steel wire mesh 

 
High-tensile steel wire meshes were developed by the end of the last century for the very first 
time and they are commercially available since the early stage of the new millennium. These 
meshes are produced with different types of high carbon steel wires, using different wire 
diameters and mesh geometries [44, 45, 48]. 

Today, these high-tensile steel wire meshes are widely used for different applications such 
as natural hazard protection systems (pictures 5.1 and 5.2) [138], architecture (picture 5.3), 
intrusion, escape and blast protection, security fences as well as for certain defence 
applications and against biological hazard threats. 

 
 

 

Picture 5.1 Rockfall barrier with high-tensile steel wire mesh 

 

 

 

Picture 5.2 Avalanche prevention system with high-tensile steel wire mesh 
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Picture 5.3  Architecture safety application with high-tensile steel wire mesh 

 

 
Picture 5.4 illustrates the high-performance load capacity of high-tensile steel wires, where 
a car is lifted by a single 3.0 mm wire. 

 
 

 

Picture 5.4  A high-tensile steel wire (1¡770 N/mm
2
) with a diameter of only 3.0 mm is lifting a car

8 

 
 
 

8  
Lifting test with the 3.0 mm high-tensile steel wire was conducted by the Swiss Federal Research institute WSL 

at the Walenstadt rockfall barrier test site in Switzerland on the occasion of the International Geobrugg Annual 

Meeting dated June 23
rd 

2006. 
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On the following picture 5.5, a heavy concrete block with the weight of 16¡000 kg is lifted 
by a small mesh panel made from high-tensile steel wires with a diameter of 3.0 mm. 

 
 

 

Picture 5.5 A concrete block with the weight of 16 metric tons (16¡000 kg) is lifted up by a small stripe of 

a high-tensile steel wire mesh with wire diameter of 3.0 mm
9 

 
 

5.1 High-tensile wire mesh as a slope stabilization system 

 
If high-tensile wire mesh is used as a surface stabilization system, the slope of soil or rock to 
be protected is cut as suitable and levelled as possible to the profile (analogous to the 
application of simple conventional mesh as protection systems) and then covered with a high-
tensile steel wire mesh which is secured to soil or rock nails (figure 5.1). Normally, 

 

 

9 
Mesh lifting test with the TECCO® G65/3 mm high-tensile steel wire mesh was conducted by the Swiss Federal 

Research institute WSL at the Walenstadt rockfall barrier test site in Switzerland on the occasion of the International 

Geobrugg Annual Meeting dated June 23
rd 

2006. 
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boundary ropes are threaded into the top, sides and bottom edges, and fixed to rope anchors 
in the corners. In special cases the top boundary rope and thereby also the mesh can be deep 
anchored by means of additional rope anchors and intermediate nails [51, 106, 107]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1  General profile and nail arrangement 

 
 

In comparison with traditional protection systems, the use of high-tensile wire mesh of steel 
wire for the surface protection of slopes of soil and rock is economical and, thanks to more 
freedom in the selection of the distances between nails, very flexible. Developments in the 
material technology enable high-grade and durable products which are ideally matched to the 
application area. 

As it will be explained in chapter 8, the refined dimensioning concept adapted to the new 
system can be applied to high-performance mesh as well as the traditionally used simple 
mesh. Hereby the material specific characteristics must be selected to suit the protection 
system concerned. 

Before explaining in detail the new method of designing of flexible slope stabilization 
systems with high-tensile steel wire meshes, two important novelties compared to the 
traditional dimensioning of slope protection systems need to be explained. They concern the 
arrangement and the pretensioning of the nails. 

 

 
5.2 Nail arrangement 

 
So far, the system often dictated a matrix-type arrangement of the nails – horizontal in rows 
and below each other in the line of slope

10
. This means that theoretical bodies liable  

 

 

10    
This is especially the case with wire rope net systems, due to geometrical reasons [83]. 
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to break out can be formed between the nails. They extend over the full height of the slope 
and are in the maximum as wide as the horizontal distance a between nails. In future, a nail 
pattern is to be selected on purpose in which the nails in the rows are offset by half a 
horizontal distance between nails (figures 5.1 and 5.2). This means that the maximum 
possible bodies liable to break out are limited to a width a and a length of 2 · b [52, 108]. 
 

 

Figure 5.2  Nail head section with spike plate 

 

This nail pattern represents a basic pattern. In the choice of nail positions, the structure of the 
mesh now enables to deviate from this basic pattern within reasonable limits (figures 5.1 and 
5.3). Local discontinuities in the slope can be counteracted in optimum manner. If low points 
exist, it is recommended to position the nails in those spots so that the mesh is optimally 
tensioned by the tightening of the nail [53]. 

 

 

Figure 5.3  Top view of nail head section and spike plate (principle drawing) 

 

 

5.3 Pretensioning of the nails 

 
The method of designing a flexible slope stabilization system with high-tensile steel wire 
meshes is providing a new concept of load transfer around the nail head area. This allows 
substantial increased and optimized force transfer from the mesh to the spike plates and 
finally into the main nails. 
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The nail head area is designed so that it can be pretensioned with the force V (see also picture 
5.6). This improves the static effectiveness of the system and limits the deformations in the 
area of the slope. 

Pretensioning is enabled by special head plates and the high static effectiveness of the high-
tensile mesh itself. Depending on static requirements, the pretensioning forces to be applied 
by controlled tightening of the nut in the nail’s head section amount up to maximum 50 kN 
(e.g. for the high-tensile mesh with the so called TECCO® system). 

 

Picture 5.6  Spike plate with high-tensile steel wire mesh 

 
Important remark  

Only meshes made from high-tensile steel wire can be used as above mentioned. Normal 
steel wire meshes tend to deform plastically, and those nets are unable to distribute the 
pretensioning forces and will therefore not be able to transfer the necessary loads

11
. 

 

5.4 High-tensile steel wire mesh 

 
As presented at the beginning of chapter 5, there is a wide use for meshes made from high-
tensile steel wire. The most well-known ones are the so called ROMBO

12
, DELTAX®13 

and 
TECCO® meshes. 

 
 

11 
For general geotechnical slope protection applications, it is strongly recommended that such conventional steel 

wire meshes should only be used with smaller nail grids of max. 1.5 m nail distances [108]. 
12 

ROMBO high-tensile steel wire meshes are normally made from 4.0 mm wire. They are especially used for 

architectural, security and industrial safety applications. 
13  

DELTAX® meshes are made from high-tensile wires with smaller diameters. The mesh DELTAX® G80/2 is a light 

weight alternative to standard hexagonal steel wire meshes with a diameter of 2.7 –3.0 mm [4]. Due to the very 

low weight of only 0.65 kg/m
2
, they are preferred for many applications, especially also in steep terrain with 

complicated access. 
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TECCO® is by far the most common used mesh for geotechnical and geological engineered 
solutions. It is typically installed for rockfall protection kits, attenuator and drape systems, 
avalanche prevention systems as well for debris flow, mud flow and landslide protection 
applications. 

For flexible slope stabilization systems, the so called TECCO® G65/3
14 

is the most common 
used high-tensile steel wire mesh. Consequently, this publication will refer often to this type 
of steel wire mesh. 

The high-tensile wire mesh type TECCO® G65/3 has a considerable tensile strength of 
approximately 150 kN/m in longitudinal direction. Substantially higher forces can be 
absorbed by this mesh in comparison with the wire mesh traditionally available on the market, 
offering a tensile strength in longitudinal direction of approximately 50 kN/m at comparable 
mesh size and similar wire diameter. 

Compared to wire rope nets, the high-tensile wire mesh with their special properties provide 
a statically virtually equivalent surface protection system which is, however, substantially 
more economical. Figure 5.4 shows the high-tensile mesh of type TECCO® in a three-
dimensional, schematic presentation. 

 

 
 

Figure 5.4  Schematic, three-dimensional presentation of high-tensile mesh type TECCO® 

 
 

5.5      Material properties of high-tensile wire mesh 

 
The new mesh type TECCO® G65/3 of high-tensile wire features a diamond-shaped 
individual mesh measuring 83 mm ³ 143 mm

15
. They are produced by single twisting of the 

wire like for a diagonal mesh. This results in a calibre diameter of 65 mm, which is normally 
 

 
 

 

14 
The technical data sheet of TECCO® G65/3 is shown on appendix B. (Wire diameter is 3.0 mm, mesh unit 

opening is 65 mm.) 
15  

Detailed geometry is shown on the technical data sheet of TECCO® G65/3 in appendix B. 
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small enough so that no additional mesh of yet smaller mesh size is required. The wire used 
for the production of the mesh has a diameter of 3 mm. The gentle deflection of the wire to 
form the individual mesh results in a three-dimensionality of the mesh which improves the 
connection to the subsoil and possibly applied hydro-seeding to a massive extent. 

Thanks to the high carbon steel wires of the mesh, the weight is rather small. One square 
meter of TECCO® G65/3 mm

16   
weighs only 1.65 kg/m

2
. The mesh is delivered in rolls of 

3.9 m width and 30 m length; consequently, one mesh roll weights 193 kg. 

High-tensile wires of a rated wire strength of 1370 N/mm
2 
and higher are used for industrial 

applications such as springs and fastening elements, but in particular also for pretensioning 
strands and wire ropes. The new mesh can be produced from rope wire according to EN 
10264-2 [44, 45] with rated wire strength of up to 2160 N/mm

2
. 

The production of rope wire is a complicated and expensive process. The hot-rolled rod of 
diameter 5.5 mm and thicker is first pickled, redrawn and salt bath-patented. This heat 
treatment provides the steel wire with a structure, referred to as sorbite, which lends itself 
well to cold forming. The wire's strength is determined by its chemical composition and the 
reduction of its overall cross-section on cold drawing. Of importance here is the high residual 
deformability which is reflected by high torsional and rotating bending fatigue strength, a 
particularly important aspect in ropes for aerial cable cars. 

The strength characteristics of the rope wire according to EN 10264-2 vary substantially from 
the international standards applicable to soft wire qualities

17
. On tensioning over sharp rock 

edges, for example, the extremely hard wire material EN 10264-2 cannot be pinched off and 
is easily pulled down into hollows of the terrain. 

Apart from this, the extraordinary high stiffness of the wire also helps to prevent so called 
runners [130]. 

Chapter 5.5 is providing several sample test series that were conducted with some high- 
tensile steel wire meshes and other components. This is meant to explain the test methods 
and to provide an overview about the corresponding results. It is not showing an entire 
summary of all conducted tests, since on very regular bases those tests are made (internally 
and externally) by the production companies in order to guarantee quality and performance 
of these products. 

 
5.5.1    Tensile tests and results on single wire 

 
The tensile tests were performed in compliance with DIN EN 10002 part 1 addendum B [40]. 

Picture 5.7 shows the corresponding wire test equipment for the determination of the tensile 
strength. 

 

 

 

 

 

 
 

16    
Because of abbreviations reasons, the TECCO® G65/3mm is normally also called “TECCO® G65/3”. 

17     
For instance material commercially available according to DIN 1548, BSS 1052/80–BSS 443/82. 
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Picture 5.7  Equipment for tests on single wires 

 

 
The test on a single wire produced the following results

18
: 

 

Parameters of the wires 

Nominal diameter of wire: 3.0 mm 
Nominal strength: 1¡770 N/mm

2 

Measured length: 100 mm 
Surface treatment: Al-Zn-Coating 

 
The following table 5.1 provides an overview of the tested single wires: 

 

Tensile strength test on single wires 

Sample type Sample no. Breaking load, F
m 

(N) 
Tensile strength R

m 

(N/mm
2
) 

Single wire with 

diameter = 3.0 mm, 

length = 100 mm 

1 13¡150 1¡814 

2 12¡920 1¡770 

Average values 13¡035 1¡792 
 

Table 5.1  Results of tests on single wires 

 

 
The elongation value A

100mm  
was between 2.0 and 2.5%. 

 
 
 

18    
Test were coordinated and supervised by TÜV Rheinland, LGA Nuremberg, Germany [13, 78, 81]. 
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It is obvious that the above mentioned two wire tests would make it difficult for detailed 
statistical analysis. However, most high-tensile steel wire manufacturing sites are checking, 
testing and reporting all main technical data of supplied wires, (e.g. including tensile, 
bending, torsion and coating tests). In that sense, all wires used for high-tensile steel wire 
meshes are carefully tested prior to production in order to ensure quality and technical 
performance. 

A wider range of selected TECCO® 3.0 mm high-tensile wire tests is shown on appendix G  
in order to illustrate the steel wire quality control. 

 

 
5.5.2 Machinery for the mesh tests in longitudinal 

and transverse directions 

 
In these test series a new testing installation was used, designed and able to simulate a plane 
bi-directional tensile load condition of any kind of mesh. 

Picture 5.8 shows the overview of the new mesh test equipment. 

This new testing installation
19 

allows testing a wide variety of nets and meshes, because it has 
freedom in the number of bracing points of the mesh along the borders and the possibility to 
adjust the size of the sample. 

 

Picture 5.8 Overview picture of mesh test equipment 

 
 
 
 
 

19 
Test method was developed by Geobrugg AG (Romanshorn, Switzerland) in coordination with Rüegger+Flum AG 

(St. Gallen, Switzerland), University of Cantabria (Santander, Spain) and supervised by TÜV Rheinland 

(Nuremberg, Germany) [13, 78, 81, 128, 129, 131]. 
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The testing installation consists of a modified main frame with increased width and two new 
anvil blocks mounted within. One of them (in blue colour) is fixed to the main frame and the 
other one sliding (in red colour) is connected to the pulling cables. The mesh is braced to 
sliding beams through a set of elements provided with two ring and ball bearings. Six screw 
bolts that allow the adjustment of the sample width and connect the sliding beam to the lateral 
fixation support. The bolts on one side were instrumented to register the transversal load 
transferred to the fixation (pictures 5.9 and 5.10). 

 

Pictures 5.9 Lateral fixation system of sliding beams to adjust the width of the test sample. In the left the 

connecting screw bolts that serves as transversal load measurement devices. 

 

 
In the secondary frame, is installed the hydraulic cylinder with a load measurement cell in 
the head of the piston. The secondary frame also serves as a guide of the sliding car, which 
transfers the load applied by the hydraulic cylinder by means of cables to the test sample. 

 

Pictures 5.10 View of the fixed anvil blocks (in blue colour) and the sliding anvil (in red colour) with the 

points of connection of the sample ends 
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Details of the device for the measurement of the longitudinal deformation can be seen on 
the picture 5.11. 

 
 

 

Picture 5.11  Detail of the device for the measurement of the longitudinal deformation 

 

 
Picture 5.12 provides an overview of the secondary frame with the hydraulic cylinder and 
the connections with the sliding car. 

 
 

 

Picture 5.12  View of the secondary frame with the hydraulic cylinder and the sliding car 
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5.5.3 Test setup and results for tensile test in the longitudinal 

direction 
 

The main parameters of the tested mesh can be summarized as follows: 

Parameter of mesh: 

Mesh type: TECCO® G65/3 (opening 65 mm; 3.0 mm wires) 

Width: 1¡079 mm (13 rhombuses ³ 83 mm = 1¡079 mm) 

Length: 1¡001 mm (7 rhombuses ³ 143 mm= 1¡001 mm) 

No. of meshes in the direction of tension:                     7 

No. of meshes transverse to the direction of tension:   13 

The following picture 5.13 shows the experimental setup for the tensile test in the 
longitudinal direction. 

 

Picture 5.13  Experimental setup for tensile tests in the longitudinal direction 

 
Table 5.2 presents the results of the longitudinal tensile tests: 

 

Longitudinal tensile strength tests 
Sample type 

(1079 ³ 1001 mm) 
Sample no. Unitary elongation (mm/m) Breaking load (kN/m) 

High-tensile steel 

wire mesh, type 

TECCO® G65/3 

1 58.9 167.5 
2 60.8 165.7 
3 61.8 167.9 

Average values 60.5 167.1 
 

Table 5.2  Results of longitudinal tensile strength tests
20 

 

 

20   
All tests are coordinated, supervised, documented and reported by TÜV Rheinland, Germany [13, 78, 81, 127]. 
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Figure 5.5  Results of the tensile tests in longitudinal direction (TECCO® G65/3) 

 

 
Summary of the results of the longitudinal direction tests 

- The meshes were loaded until failure. 

- They broke at loads between 165.7 kN/m and 168.0 kN/m. 

- Rupture deformation was between 58.9 mm/m and 61.8 mm/m. 

- The load-deformation curve shows an almost unique, smooth and repeatable behaviour 
of all test meshes. 

 
 

5.5.4 Test setup and results for tensile test in the transverse direction 

 
For set up of the tensile test in the transverse direction, the parameters of the mesh were as 
follows: 

Parameters of mesh: 

Mesh type: TECCO® G65/3 (opening 65 mm; 3.0 mm wires) 

Width: 1¡001 mm 

(7 rhombuses ³ 143 mm = 1¡001 mm) 

Length: 581 mm 

(7 rhombuses ³ 83 mm = 581 mm) 

No. of meshes in the direction of tension: 7 

No. of meshes transverse to the direction of tension: 7 

Picture 5.14 shows the overview of the experimental setup for the tensile tests in the trans- 
verse direction. 
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Picture 5.14  Experimental setup for tensile tests in the transverse direction 

 

 
The table 5.3 summarizes the test results of the transverse tensile tests and figure 5.6 illustrates 
the corresponding results graphically. 

 
Transverse tensile strength tests 

Sample type 

(1079 x 1001 mm) 
Sample no. Unitary elongation (mm/m) Breaking load (kN/m) 

High-tensile steel wire 

mesh, type TECCO® 

G65/3 mm 

1 204.6 57.0 

2 211.4 59.6 

3 198.5 56.5 

Average values 204.8 57.7 
 

Table 5.3 Results of tests of transverse tensile strength test
21 

 
 
 
 
 
 
 
 
 
 

 
 

21    
All tests are coordinated, supervised, documented and reported by TÜV Rheinland, Germany [13, 78, 81, 127]. 
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Figure 5.6  Results of the tensile tests in transverse direction (TECCO® G65/3) 

 

 
Summary of results of the transverse direction test 

- The meshes were loaded until failure. 

- The meshes broke at loads between 56.5 kN/m and 59.6 kN/m. 

- Rupture deformation of the meshes was between 198.5 mm/m and 211.4 mm/m. 

- The load-deformation curve shows an almost unique, smooth and repeatable behaviour 
of all test meshes. 

 

 
5.5 Corrosion protection 

 
To meet the high demands in respect of durability, the known anti-corrosion process of 
aluminium-zinc alloying is used to protect the wire surface. The protective layer forms a kind 
of eutectic alloy. The zinc acts as the cathode towards the steel wire. The admixed aluminium 
slows down the decomposition process of the zinc layer by a factor

22 
of at least 3. The effect 

of the cathode protection is that local injuries of the protective layer cause no corrosion in the 
particular spot. 

This contrary to plastic-coated wires, where local damage to the plastic layer leads to 
concentrated corrosion attacks, sometimes additionally combined with underrusting effects 
which results in even accelerated corrosion activities. 

 

 
 
 

22    
Reference to several publications of Prof. Dr. Rolf Nünninghoff and others [2, 91, 92, 93, 94, 95, 96]. 
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The aluminium-zinc process for wires has been practised for some time and is used on both 
soft wires for common mesh and fence wires along motorways, but also on high-tensile wires 
especially in the fishing industry or for vineyards. 

The maximum possible deposit of zinc or Al/Zn alloys depends on the wire diameter. The 
layer thicknesses or the mass per square meter are also laid down by European Standard EN 
10244-2 [44]. Although it is known that the decomposition of zinc layers depends in general 
heavily on the locally prevailing conditions, a sufficient life span is achieved with the 
advanced technology of Al/Zn protective layer also in a highly corrosive environment. 

Important remarks regarding corrosion protection and thickness of coatings: 

- The actual thickness of the corrosion protective layer (e.g. zinc coating or zinc aluminium 
coatings) is important for the life span and for the level of corrosion protection. 

- However, the quality and especially the purity degree of such coatings may even be more 
important since pollution particles and/or impurities can have a negative influence to the 
processes of corrosion protection. Such impurities may cause accelerated electro-
chemical processes and will influence the appropriate functioning of the sacrificial anode 
corrosion protection of the coatings. 

- Consequently, the corrosion protection level can not only be measured by the thickness 
and the type of the coating. Its quality and purity are often even more important. 
Therefore, accelerated weathering tests are an important tool to measure and compare 
corrosion protection of different wire and coating types. 

 
5.6.1 Accelerated weathering tests 

 
In order to ensure the sustainability of the high-tensile steel wire meshes, various accelerated 
weathering tests were conducted as follows: 

SO
2  
Test (SO

2  
spray test, Kesternich test) 

The tests were carried out in accordance with DIN 50018 KFW 2.0 S [10, 42, 63]. The 
required amount of SO

2 
(2 litre) was made with addition of 11.35 g natrium sulphide 

(NA
2
SO

3
) in 800 ml, with distilled water, concentrated sulphuric acid. 5 test samples were 

taken out after 5 and 10 spray cycles for the determination of the corresponding remaining 
coating thickness. 

Salt spray tests (NaCl spray test) 

The tests were made according to DIN 50021 SS
23 

[3, 10, 43, 63]. 5 test samples were taken 
out after 100 and 200 hours of spray operation for the determination of the corresponding 
remaining coating thickness. 

Test material 

The test material was a high-tensile strength steel wire (same as TECCO® G65/3 wire) with 
a wire diameter of 3.0 mm. The initial coating thickness (zinc and aluminium zinc coating

24
) 

was for both types of wire 300 g/m
2
. The length of the test samples was 30 cm. 

 
 

 

23    
DIN 50021 SS is almost equal to ASTM-B117 (USA). 

24    
The used Zn–Al-coating was according to GEOBRUGG Supercoating standard. 
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Results of corrosion laboratory tests 

The results are shown on the following figures 5.7. It can be summarized that many similar 
tests were carried out on various test institutes worldwide and that all test investigations 

showed that the life time of Zn–Al-coating (supercoating) is at least three times (3³) better 
than standard Zn-coating. 

 

Figure  5.7   Overview  of  average  value  results  of  saltspray  test  and  Kesternich  test    

Comparison between Zn-coated and Zn–Al-coated wires; red curve = Zn–Al-coating; blue curve = Zn- 

coating 

Left: NaCl – spray test (salt spray test) 

Right: SO
2  
– spray test (Kesternich test) 

 

 

5.6.2 Longterm field test for comparison between Zn coated 
and Zn-Al coated wires 

 
The cross sections illustrated on pictures 5.15 show a comparison of wires treated with Zn– 
Al-coating

25 
and hot-dip galvanization. 

The pictures were taken by an electron microscope
26 

after the wires had been exposed to 
environmental influences for 14 years. 

The top pictures show the surface of the zinc-aluminium coating whereas the bottom pictures 
show the surface of a standard zinc coating (hot-dip galvanized). 

 

 

 

 
 

 

25    
Geobrugg Supercoating type of Zn–Al coated steel wires were used. 

26  
Tests and research done by Bergische Universität Wuppertal (University of Wuppertal), Germany [10, 97, 98]   

in co-ordination with the Technical Department of Geobrugg AG. 
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Pictures 5.15 Comparison between Zn–Al coated wires (top pictures) and standard zinc coated wires 

(bottom pictures) after 14 years 

 

 
The picture 5.16 provides a more detailed view of the zinc coating surface. The top level (1) 
shows a heterogeneous surface with partial complete disintegration and with heavy rust 
components. Below, there is the second layer (2) which is an intermediate hard zinc layer 
consisting of iron and zinc. And at the bottom, there is the actual steel wire (3). 

 

Picture 5.16  Surface of a standard zinc coating (hot-dip galvanized) 

1) Heterogeneous surface (zinc), partially complete disintegration and/or already with rust formation 

2) Hard zinc layer (iron/zinc) 

3) Steel wire (Fe) 

 

 
The following picture 5.17 shows the details of the zinc aluminium coated wire surface. On 
the top (1), there is a smooth surface with aluminium oxide layer. The main coating (2) 
illustrates the darker parts of the structure with the aluminium lamellas of the typical eutectic 
structure as a homogeneous coating level with zinc and aluminium. And at the bottom (3), 
there is again the core with the steel part of the wire. 
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Picture 5.17  Surface of a zinc aluminium coated steel wire 

1) Smooth surface (aluminium oxide layer) 

2) Homogeneous zinc-aluminium layer 

3) Steel wire (Fe) 

 

 
5.6.3 Long-term field study of Zn–Al-coated wires in alkaline 

environment 

 
During the installation process it cannot fully be avoided that the high-tensile steel wire 
meshes are getting in contact with anchor grout, fresh concrete or part of shotcrete. Therefore, 
the influence of such interactions was investigated during a long-term field test study [9]. 

The long-term field study that has been carried out that examined for the first time the 
corrosion resistance of Zn-Al coated wire mesh in an alkaline environment, i.e. in contact 
with anchor grout. 

Unlike non-coated steel wires that do not corrode in fresh concrete with a pH value between 
12 and 13, corrosion affects galvanized and Zn-Al coated wires in this medium. However, 
the CO

2 
entering the concrete induces a fast reduction of the pH value. The affection of the 

Zn and Zn/Al alloys is reduced and protective layers are built up around the wires. Once the 
protective layer is fully established, the behaviour regarding corrosion can hardly be 
distinguished from atmospheric conditions. 

Experiment set-up 
 

Material used: TECCO® mesh G65/3 

 Wire diameter 

Tensile strength 

3.0 mm 

1¡770 N/mm² 

 Zn/Al-Layer (Coating) 200 g/m² 
 

Different Zn–Al coated high-tensile steel wire meshes where installed on a test site in 
Romanshorn, Switzerland (see following picture 5.18). 

Besides the reference samples, some samples where covered fully or partially with grout. 
Another sample was splattered with grout but cleaned with a towel after 30 minutes. This 
procedure aimed to simulate different kinds of contact between mesh and grout that may 
occur during the installation of such a protection system. 
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In the detail, the following samples were installed (picture 5.18): 

A: Reference surface TECCO® mesh “without grout” (fully covered during grout  
application) 

B: TECCO® mesh, grout and galvanized anchor 

C: TECCO® mesh, splattered with grout 

D: TECCO® mesh, splattered with grout and cleaned with a towel after 30 minutes  

E: Reference area for lab tests and reference values (cut and stored) 

F: TECCO® mesh covered with anchor/nail grout 

 
 

 

Picture 5.18  Test site in Romanshorn (Switzerland) 

 

 
Removal of the samples 

The removal of the samples took place after 2½ years and was documented with pictures 
(partially shown on pictures 5.19). 

 
 

 

Pictures 5.19  Test site after 2.5 years (left) and detail of sample (right) 
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Determination of the thickness of zinc aluminium layers 

Volumetric method 

The thickness of the Al–Zn layers was determined by the volumetric method according to 
DIN EN 10244-2. The coating is peeled off chemically by HCl and the volume of the 
hydrogen produced by the reaction is determined. The gravimetric method was discarded, 
because the result has been falsified by the adhesion of grout parts on the wire. 

Metallographic analyses 

Metallographic analyses have been carried out for the further assessment of the coatings in 
the transition area grout/air. The thickness of the layers is given in µm. The conversion into 
g/m

2 
(comparative values to the volumetric analysis) was carried out using the formula 10 µm 

= 71 g/m²
27

. The values are only conditionally comparable with those of the volumetric 
analysis, because grout and mud falsify the results. This is why grindings were only analysed 
for the transition area grout/air. 

Test of adhesion and embrittlement 

The adhesion of the coatings on the steel core was carried out by a torsion test according to 
DIN EN 10244-2, where the wire is revolved around its own diameter. 

 

Summary of the test results 

The pictures of the grindings from the transition area air/grout do not show any differences 
(see following pictures 5.20). 

 
 

 

Pictures 5.20 Sample pictures for comparison 

Left: Sample that was outside the grout 

Right: Sample that was inside the grout 

 

 
Even under the most extreme conditions (1 ³d), the winding test does not cause any cracks 
in the Zn-Al layer (pictures 5.21). 

 

 
 

27    
1 µm = 7.14 g/m² 
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Pictures 5.21 Sample pictures of surface of test materials (after winding tests) 

Left: Sample that was outside the grout 

Right:       Sample that was inside the grout 

 

 
Conclusions of field study in alkaline environment 

It may be stated that after 2½ years of outdoor weathering, no differences between grout free 
or grout covered parts of the TECCO® mesh can be observed. 

According to the present results, it may be concluded that Al–Zn coated wire mesh may be 
in contact with grout and can be used as shotcrete reinforcement without any impairment 
concerning their life span. 

 
 

5.7 Connection of mesh panels 

 
5.7.1 Importance of connection elements 

 
One single mesh roll or mesh panel does not really help to stabilize an entire slope. Therefore 
it is of great importance that the individual mesh panels can be combined together by simple 
means in order to ensure the functioning of a uniform membrane structure of the entire mesh 
area. It is technically very important that this connection is transferring 100% of the load, can 
be done safe and from an installation point of view, can be applied quick and little time 
consuming, whenever possible without the need of additional tools and/or hand machines. 

 
5.7.2 Connection clip 

 
The developed connection clip T3

28 
is made from high-tensile steel wire with a minimum 

tensile strength of 1¡770 N/mm
2 
just like the high-tensile steel wire mesh itself. 

For the connection clip T3, a wire diameter of 4.0 mm is used. The clip (figure 5.8) is only 
60 ³ 21 mm and has two reversed end hooks on the one side of the clamp [54]. 

 

 

28    
Drawings are shown on appendix D. 

 
 

 
 



42 5  High-tensile steel wire mesh 

 

Figure 5.8  Clip for connection of individual mesh panels 

 
 

This new connection clip can be fixed without any tool which provides an important 
advantage, especially in steep terrain, where additional tools may cause extra efforts and 
time-consuming working steps during the mesh connection processes. 

On picture 5.22, the hand installation of the connection clip is illustrated. 

 

Picture 5.22  Hand application process for installation of connection clip 

 
 

The load tests (shown in the following chapter 5.7.2) proof that these connection clips can 
transfer 100% of the necessary load between the individual mesh panels. And this is of great 
importance if  a uniform membrane structure made from different meshes shall be designed 
and applied. 

 
5.7.3 Setup and results of connection element tests 

 
In the development of the connection clip T3 on the calibrated tension test bench of Geobrugg 
AG, tension tests at interconnected TECCO® G65/3 meshes were executed in the transversal 
direction [54, 125]. 
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Furthermore, tension tests were also executed by Baremo GmbH on their calibrated tension 
test device in the longitudinal direction. 

The following pictures 5.23 show the test arrangement and the conditions before and after 
loading. 

 

Picture 5.23  Test arrangement for basic clip tests (BAREMO GmbH, Romanshorn, Switzerland) 

 

 
Picture 5.24 shows an overview of the test arrangement for the mesh connection element tests 
and picture 5.25 provides a detailed view of the mesh connection for the clip test. 

 

Picture 5.24 Overview of test arrangement for clip tests (Geobrugg AG, Romanshorn, Switzerland) 
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Picture 5.25  Detail of test arrangement for clip tests 

 

 
The following pictures 5.26 and 5.27 demonstrate the functioning of the clip connection 
during and after the load tests. 

 

Picture 5.26 Condition right before the collapse of the high-tensile steel wire mesh 

 

 
Conclusion of the tensile and load transfer tests 

All the tests have shown that the new connection clip T3, used in every diamond mesh, is 
able to transfer more load than the TECCO® G65/3 for both lateral and longitudinal 
connection of the mesh. 

Correct installation and fixation of the clips and the neighbouring mesh panels are of great 
importance. Chapters 10.7.3 and chapter 10.7.4 explain the appropriate layout of the different 
connection options. 
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Picture 5.27  Condition right after the collapse of the high-tensile steel wire mesh 

 
 

5.8 System spike plate 

 
Beside the high-tensile steel wire mesh, the TECCO® spike plate is one of the most important 
system elements. This special plate has been carefully designed in order to meet the best 
possible load and force transmission between soil, mesh, plate and nail. 

It is important that the spike plate is installed horizontally (figure 5.9). This allows the 
coverage of 16 individual wires of the mesh. If the plate is installed vertically, only 8 
individual wires of the mesh are contacted and significant less force transmission can take 
place. For further information accordingly, please see also chapter 10.7. 

 

Figure 5.9 Spike plates need to be oriented horizontally; long side must be horizontal. (horizontal 

installation covers 16 steel wires, vertical installation covers only 8 steel wires) 

 

 
As a result of various evaluation, material and design tests, the final shape and form of the 
TECCO® system spike plate was found. The following pictures 5.28 and 5.29 show part of 
the corresponding material component tests. 
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Picture 5.28  Material tests of system spike plate 

 
 

 

Picture 5.29  Material tests of system spike plate 

 

 
It is very decisive that the bending resistance of the system spike plate is high enough in 
accordance with the TECCO® wire mesh (figure 5.10). 
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Figure 5.10  Importance of correct stiffness of system spike plate 

 

 

 
 

5.9      Comparison with traditional steel wire meshes 

 
The previous chapters described the parameters and characteristics of the high-tensile steel 
wire meshes. In order to demonstrate the significant differences to traditional steel meshes, 
several comparison tests were conducted. Some of the strongest commercially available wire 
meshes were chosen in order to provide a fair comparison and show the unique performance 
and load transformation capacities of high-tensile steel wire meshes. 

 
5.9.1 Comparison test with heavy chain-link mesh made 

from traditional steel wire 

 
Table 5.4 shows the material parameters regarding the comparison test between a high- 
tensile steel wire mesh and a heavy chain link mesh made from traditional steel wire. 

The following pictures 5.28 and 5.29 show the test setup for the comparison test
29

. The test 
equipment as well as the test conduction was made in accordance to the test methods 
described before (chapter 5.5.2). Reference width of test panels was 1.0 m. 

 

 

 

 

 

 
 
 

29    
Tests were coordinated, supervised, documented and reported by TÜV Rheinland, Germany [80, 126]. 

Important conclusion 

The TECCO® slope stabilization system must consist of the official system spike plate. 
Otherwise, load transmission and system performance will not be possible in accordance 
with the system’s design. 

The usage of other plates (even if they look similar) may have serious consequences 
regarding safety and security of the entire slope stabilization system. Consequently, only 
the original system spike plate shall be used for the TECCO® system. 
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Wire types Mesh with high-tensile steel 

wire mesh 
Mesh with traditional tensile steel 

wire mesh 

Wire diameter 3.0 mm 4.6 mm 

Tensile strength Min. 1¡770 N/mm
2 550 - 650 N/mm

2 

(according to manufacturer) 

Mesh types TECCO® G65/3 mm Chain link mesh 50 ³ 50 mm 

Weight 1.65 kg/m
2 5.60 kg/m

2 

Mesh unit width 83 mm 80.5 mm 

Mesh unit length 143 mm 73.5 mm 

Picture of mesh 

samples 
 

 

 

 
 

Table 5.4  Parameter and geometries of different mesh types 

 

 

 

Picture 5.30 Test setup for the comparison tests with mesh made from high-tensile wires (1¡770 N/mm
2
) 
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Picture 5.31 Test setup for the comparison tests with made from normal steel wires (550 – 650 N/mm
2
) 

 

 
The tensile tests on the meshes TECCO® G65/3 mm and chain link mesh 50 ³ 50/4.6 mm 
showed the TECCO® mesh has a distinctively higher breaking load than the chain link mesh. 

Additionally noticeable differences in the failure and deformation behaviour were shown. 
The TECCO® mesh fails in more or less kind of a sudden bursts showing low deformation 
and a steep gradient of the tensile force at more than 150 kN/m¡. 

In contrast the chain link mesh shows two failure behaviours with a deformation clearly 
bigger than TECCO® starting at approx. 74 kN/m up to maximal 79 kN/m. 

At first, the folded wire ends (on the lateral sides of the mesh panel), that are bended around 
the outer rim of the net, start to loosen. After this movement, a progressive deformation as a 
zipper like failure occurs. 

The load-deformation curves of the different tests of the heavy chain link mesh do not show 
a smooth behaviour and the different test samples provide different and not repeatable results. 
This is an important difference between the compared meshes. 

This is also visualized on the following diagram (figure 5.9) by the series of peaks of tests 
Quad: Test 1–3. 

The very large deformation of the chain link mesh is a fact of the cross-section geometry due 
to the mesh production process that is different from the mesh manufacturing of the high-
tensile steel wire mesh. The corresponding cross sections are shown on the following figure 
5.10. 

In terms of the weight per square meter, there is a large difference of the two compared mesh 
types. The high-tensile mesh has a weight of 1.65 kg/m

2 
whereas the traditional steel wire 

mesh with 4.6 mm wire has a weight of 5.60 kg/m
2
. 

This equals a weight difference of factor 3.4 and of course, this results also in significantly 
higher transportation and higher installation costs. 
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Figure 5.11 Comparison of results of the tensile tests in longitudinal direction of the steel wire mesh 

TECCO® G65/3 mm and the chain link mesh net 50 ³ 50/4.6 mm 

 
 

 

Figure 5.12 Different cross sections of high-tensile steel wire mesh (TECCO®, on top) and traditional 

steel wire mesh (chain link, at bottom) 

 

 
These large deformations of traditional steel wire mesh can result in serious deformation and 
load transfer problems when applied for slope stabilization purposes. 

The following picture 5.30 illustrates such deformation problems with steel wire meshes 
made from normal tensile wires (e.g. below 1¡000 N/mm

2
). 

Because of the weight difference, the available mesh panel sizes are different: 

- High-tensile steel wire mesh panel: 3.9 m ³ 30 m=  117 m
2 
per roll 

- Traditional steel wire mesh panels: 2.75 m ³ 6 m =  16.5 m
2 
per panel 

Consequently, the traditional mesh type panel is around seven times smaller and requires 
around eight times more panel overlapping than the new mesh made from high-tensile 
strength steel wire. 
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Picture 5.32 Slope stabilization system made with traditional steel wire meshes (chain-link, 50 ³ 50 mm, 

4.6 mm wire diameter). Nail distance was chosen too large and consequently, large deformations of the 

wire mesh occurred in short time. 

 

 

These facts are also illustrated on figure 5.13 where the horizontal and vertical lines indicate 
the borders of the individual mesh panels (traditional steel wire meshes) and the yellow 
section indicates the size of one single panel of high-tensile steel wire mesh (TECCO® 
G65/3). For comparison reasons, the TECCO® mesh (yellow) is illustrated in a horizontal 
way. 
 

 
 

Figure 5.13  Yellow section = area of one roll of high-tensile steel wire mesh 

Orange section = area of one roll of traditional steel wire mesh (low tensile wire mesh) 

Green section = orange area reduced due to required overlapping of mesh panels 

 

 

As a conclusion of this comparison, TECCO® G65/3 mesh requires much less mesh 
overlapping of individual panels. This means that less mesh area is totally needed and that 
the installation time (and costs) can be significantly reduced due to the fact that much less 
mesh connections have to be made. 
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5.9.2 Comparison test with reinforced hexagonal mesh made 
from traditional steel wire 

 
Table 5.5 shows the material parameters regarding the comparison test between a high-
tensile steel wire mesh and a reinforced hexagonal wire mesh. 

 

Wire types Mesh with high-tensile steel 

wire mesh 
Mesh with reinforced hexagonal 

mesh 

Wire diameter 3.0 mm 3.0 mm 

Tensile strength Min. 1¡770 N/mm
2 350 - 550 N/mm

2 

(according to manufacturer) 

Mesh types TECCO® G65/3 mm Hexagonal mesh with reinforcement 

of 8 mm steel wire ropes 

Breaking load of 

wire rope 
– 40.3 kN 

(according to manufacturer) 

Mesh unit width 83 mm 80 mm (measured) 

Mesh unit length 143 mm 100 mm (measured) 

Picture of mesh 

samples 
 

 

 

 

 
 

Table 5.5  Parameter and geometries of different mesh types 

 

 
The following pictures 5.33 and 5.34 show the test setup for the comparison test

30
. 

The corresponding test equipment as well as the test conduction was made in accordance to 
the test methods described before (chapter 5.5.2). Reference width of test panels was 1.0 m. 

 

 
 
 

30    
Tests were coordinated, supervised, documented and reported by TÜV Rheinland, Germany [79]. 
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Picture 5.33 Test setup for the comparison tests with mesh made from high-tensile wires 

(1¡770 N/mm
2
) 

 

 

 

Picture 5.34 Test setup for the comparison tests with the reinforced hexagonal made from normal steel 

wires (approx. 350 - 550 N/mm
2
); reinforcement by 8.0 mm steel wire rope (centrally arranged) 

 

 
The tensile tests on the meshes TECCO® G65/3 mm and hexagonal wire mesh 80 ³ 100/3 mm 
with wire rope 8 mm longitudinal showed that the TECCO® mesh has a distinctively higher 
breaking load than the hexagonal mesh together with the rope. 

Additionally noticeable differences in the failure and deformation behaviour were shown. 
The TECCO® mesh fails more or less in a kind of sudden bursts showing low deformation 
and a steep gradient of the tensile force at more than 160 kN. 
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During the first tensile tests using the hexagonal wire mesh with a wire rope longitudinally 
arranged, the lateral drillings of the hexagonal wire mesh open after each other. Thereby, the 
maximum transmissible load amounts to 36.0 kN with a deformation of 119.3 mm. 

To avoid any opening of lateral drillings during the tests 2 and 3, the drillings are fixed with 
wire rope clips. The behaviour is thus improved compared with the real application. 

The corresponding breaking loads amount to 44.8 – 51.2 kN with a deformation of 77.7 – 
83.1 mm as shown on the load-deformation diagram shown on figure 5.14. 

The wire rope transfers noteworthy loads up to approx. 47 kN after nearly all wire meshes 
failed (after a deformation of about 140 mm). The elements hexagonal wire mesh and wire 
rope do not act at the same time but after each other. 

The load-deformation curves of the different tests of the reinforced hexagonal steel wire mesh 
do not show a smooth behaviour and the different test samples provide different and not 
repeatable results. This is an important difference between the compared meshes. 

 
 

 

Figure 5.14 Comparison of results of the tensile tests in longitudinal direction of the steel wire mesh 

TECCO® G65/3 mm and the hexagonal wire mesh 80 ³ 100/3 mm with reinforcement of the wire rope 

8 mm 

 

 
Picture 5.35 shows the rupture of the hexagonal wire mesh before the rupture of the steel wire 
rope. This particular status demonstrates the fact that the two different materials, rope and 
hexagonal mesh, have different material properties and do not really function together. 
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Picture 5.35 The steel wire rope does not significantly support the hexagonal wire mesh because the wire 

rope can only transfer load if it is fully straight. As long as the steel wire rope is curved (e.g. “S-form”), it 

is unable to transmit tensile forces in order to support the loads that are applied to the hexagonal steel 

wire mesh 
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6 Tangential force transmission, mesh to nail 

 
Several types of rupture mechanisms are considered in the investigation of local instabilities. 
Hereby it is assumed that the investigated failure bodies want to move downwards relative to 
the mesh. By this relative movement and due to the fact that the mesh is held locally by means 
of spike plates, upwards directed, slope-parallel forces are initiated in the mesh itself. If these 
forces are integrated over a surface of ared x 2b, the force Z results

31
. The mesh must be able 

to selectively transmit this force Z with a certain safety onto the nail located immediately 
above the failure mechanism under investigation. 

The test setup was developed with the supervision of TÜV Rheinland, LGA Nürnberg, 
Germany and in coordination with the company Rüegger+Flum AG, St. Gallen, Switzerland 
[13, 78, 127]. This collaboration was of great importance since concept, tests and analysis of 
the results must be fully independent and shall be conducted completely externally. 
Consequently, it could be ensured that all test results are fully externally and third party 
approved and certified. 

With the aid of this setup it has been possible to investigate the force deformation behaviour 
of various mesh types and to formulate the corresponding maximum admissible forces in the 
mesh. Hereby the mesh was locally held by spike plates and subjected to a load in tangential 
direction by means of a rope tensioning arrangement. 

 

 
6.1 Test setup for tangential force transmission, mesh to nail 

 
The test setup consists in the main of a metal container which is rigidly secured to two 
stationary U-profiles, and of a square metal frame into which the mesh to be investigated is 
clamped. 

The metal container is filled with soil to the extent that the surface of the layer of soil is flush 
with the top edge of the metal container. A nail is arranged in the centre of the metal container. 
The mesh to be investigated is held by a spike plate which is pressed onto the substrate by 
means of a nut. 

The rope tensioning arrangement pulls at two brackets fastened to the frame. The mesh 
clamped into the frame is centrally held by means of a spike plate. The forces imparted over 
the brackets into the frame and thereby into the mesh are locally transmitted onto the nail. 

Figure 6.1 provides the principle overview of the setup for the tangential force transmission 
test. The force Z indicates location and direction of pulling ropes of the hydraulic tension test 
machinery. 

 

 

 

 
 

 

31    
Determination of a

red  
is explained in chapter 8.3. 
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Figure 6.1 Schematic presentation of tangential force transmission test (principle drawing). Force Z 
shows location and direction of pulling ropes of tension test unit. 

 

 
On picture 6.1, the test unit for the determination of the tangential force transmission test is 
shown. 

 
 

 

Picture 6.1  Test unit for determination of tangential force transmission test 
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6.2 Test results for tangential force transmission, 

mesh to nail 

 
The figure 6.2 shows the force deformation behaviour in respect of tangential tensile tests for 

(I): a high-tensile mesh with a tensile strength of the individual wires of min. 1¡770 N/mm
2 

(or a tensile strength of the mesh in longitudinal direction of approx. 150 kN/m), 

(II):  a traditional wire mesh with a tensile strength of the individual wires of approx. 
500 N/mm

2 
(or a tensile strength of the mesh in longitudinal direction of approx. 50 kN/m) 

and 

(III): for a geogrid of PET with a tensile strength in longitudinal direction of approx. 
40 kN/m, in the form of three families of curves. 

The applied spike plate was round and of a diameter of D = 220 mm. The test setup in question 
is explained in the following paragraph. 

Figure 6.2 demonstrates also that by using high-tensile mesh compared to the common wire 
mesh with a mesh tensile strength in longitudinal direction of approx. 50 kN/m, the 
tangentially directed force which can be transmitted selectively onto the nail is significantly 
higher. Various tests with geogrids of PET (polyester) revealed that these products can 
transmit forces onto a nail only to a very limited degree. 
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Figure 6.2  Force-deformation behaviour in the tangential tension test 

I High-tensile wire mesh with tensile strength of the mesh in longitudinal direction of approx. 

150 kN/m 

II Common wire mesh with tensile strength of the mesh in longitudinal direction of approx. 50 kN/m 

III   Geogrid of PET with tensile strength of the mesh in longitudinal direction of approx. 40 kN/m 
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The selected bearing resistance of a high-tensile wire mesh of a tensile strength in 
longitudinal direction of approx. 150 kN/m against selective, slope-parallel tensile force 
amounts to approx. 25 kN when a round spike plate of a diameter of D = 220 mm (figure 
6.2) is used. 

Tests with a wire mesh of a tensile strength in longitudinal direction of approx. 50 kN/m have 
shown a load at rupture of approx. 8 - 12 kN. The corresponding, prudently selected bearing 
resistance against selective, slope-parallel tensile force amounts in this case to Z

R 
= 6 - 8 kN 

when a round spike plate of D= 220 mm is used. 

For a grid fabric of polyester (PET) of a tensile strength in longitudinal direction of approx. 
40 kN/m in combination with a round spike plate of D= 220 mm, loads at rupture of approx. 
2 - 4 kN were measured. A prudently selected bearing resistance of Z

R 
= 1 - 2 kN results from 

this. 

The force-deformation behaviour depends on the shape and size of the applied spike plate. 

Average test results with the TECCO® spike plate in accordance to the test setup shown on 
picture 6.1 are showing a bearing resistance of 48.3 kN

32
. 

These material characteristics of the TECCO® G65/3 mesh is very important for flexible 
facings with static function regarding flexible slope stabilization systems. 
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LGA Nürnberg Test Report BGT 0230101 and BPI 0400046/1, Nuremberg, Germany [13, 78]. 



7 Force transmission nail to mesh 

in nail direction 

 
Apart from the bearing resistance of the mesh to be concentrated, slope-parallel tensile strains 
Z

R
, the bearing resistance of the mesh to pressure strains in nail direction D

R 
must be 

determined. 

Supervised by TÜV Rheinland and in coordination with the company Rüegger+Flum AG, 
this test arrangement was developed [13, 78, 127] what ensured that concept, tests and 
analysis could be conducted completely externally, approved by third party and certified 
accordingly. 

The corresponding test setup is presented in figure 7.1 and on picture 7.1. 

The objective of this test series was to obtain a force-deformation relation for vertical strains 
for the different types of mesh, on the basis of which the system-dependent force D

R 
is to be 

defined. 

Apart from the determination of V, it was possible to investigate the deformation behaviour 
in the immediate area of the spike plate under certain strains. 

 
 

 

Figure 7.1  Schematic overview of test setup 
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Picture 7.1  Test setup for puncturing test with TECCO® spike plate 

 
 

7.1 Test setup for force transmission nail to mesh 

in nail direction 

 
The test setup consists of a round steel container which is completely filled with soil material. 
This filled steel container is framed by four squarely arranged HEA profiles which serve to 
fasten the mesh to be tested. 

A GEWI nail is located in the centre. By means of a hydraulic press the spike plate and also 
the mesh are pressed onto and into the soil. The shape of the resulting compressed body is 
schematically outlined in section A-A. 

 

 
7.2 Test results for force transmission nail to mesh 

in nail direction 

 
Figure 7.2 shows the families of curves resulting from different pressure tests for a high- 
tensile wire mesh of a tensile strength of the individual wires of approx. 1¡770 N/mm

2
, for a 

traditionally common wire mesh of a tensile strength of the individual wires of approx. 
500 N/mm

2 
and for a geogrid of PET. 

For comparison purposes, the behaviour of the test ground without the involvement of a mesh 
is shown in curve (4). A round spike plate of steel of D = 220 mm was used. 

If the hydraulic press presses the spike plate directly onto the ground without involvement of 
a wire mesh, a corresponding hollow results at a certain force V

oG 
(figure 7.3). 

The force V
oG 

is transmitted directly into the substrate over the spike plate. If an analogous 

test is carried out, but with the involvement of a wire mesh, the vertical force can be further 
increased by a certain dimension ΔV to V

mG   
until the same deformations            
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Figure 7.2 Pressure force – deformation relations of three different products as a result of puncture tests 

in nail direction using a round spike plate of diameter D = 220mm; 

I High-tensile wire mesh with tensile strength of the mesh in longitudinal direction of approx. 

150 kN/m 

II Common wire mesh with tensile strength of the mesh in longitudinal direction of approx. 50 kN/m 

III   Geogrid of PET with tensile strength of the mesh in longitudinal direction of approx. 40 kN/m 
IV   Subsoil without contribution from a mesh cover 

 
 

occur. The difference ΔV = V
mG 
ï V

oG 
is laterally transmitted over the mesh via pressure and 

friction forces into the solid ground. Hereby the amount of V
oG

 approximately, flows again 
directly over the spike plate into the substrate. 

 

Figure 7.3  Pressing into the ground of the spike plate, without/with mesh 

 

 
To determine the bearing resistance of the mesh against pressure strains in nail direction D

R
, 

the corresponding differential forces are taken into account. The force D
R
 therefore, depends 

more or less on the wire mesh itself only, and no longer on the ground. 
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Accordingly, the following applies: 
 

Equations 7.1 

 

 
When comparing the three different force-deformation behaviours of the individual mesh 
types in figure 7.2 it becomes evident that a clearly higher pretensioning force is possible if 
high-tensile mesh is used (the round spike plate of D = 220 mm was used in those cases). 

The families of curves in figure 7.2 apply to a certain test ground (in the case on hand: natural 
gravel 0– 32 mm). Differences may occur in the force-deformation behaviour of the 
individual mesh if other test grounds are used. 

The bearing resistance of the mesh against shearing-off in nail direction at the upslope edge 
of the spike plate can be assumed to be half of the bearing resistance of the mesh against 
pressure strains in nail direction. 

Additional tests series were conducted with TÜV Rheinland in order to test and certify the 
puncture values for the combination of TECCO® spike plate and the high-tensile steel wire 
mesh

33
. 

 

Soil used 

For this test purpose a natural coarse aggregate (gravel) with grain size 0/16 mm was used. 
The tank was filled with the prepared material in three layers of gravel and compacted with 
a portable vibrant compactor up to a dry density of 22 kN/m

3
. 

 

Tests without high-tensile steel wire mesh 

The test series initially served to determine the pure bearing effect of the spike plate system 
compared to the substrate used. The test substrate was loaded until significant deformation 
(shear failure) occurred. 

Test substrate failed at loads between 208.78 kN and 228.52 kN. The deformation measured 
was between 154.1 mm and 187.8 mm. 

Picture 7.2 shows the setup of the puncture test with the spike plate only, whereas picture 7.3 
provides an overview of the arrangement for the puncture test with the spike plate including 
the high-tensile steel wire mesh. The results of these tests are shown on figure 7.4. 
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TÜV Rheinland Test Report BPI 0400046/1 (Dr. Peter Brändlein), LGA Nürnberg, Germany [78]. 

V
mG 

= V
oG 

+ ΔV 

D
R      

= ΔV 
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Picture 7.2  Puncture test with spike plate only (without any mesh) 

 

 
Tests with high-tensile steel wire mesh 

The high-tensile steel wire mesh type TECCO® G65/3 mm was used for these tests including 
the system spike plate. 

The length and width of the test frame were 2¡000 mm. 

 

The first part of the curves corresponds to the compression of the high-tensile steel wire mesh. 

The second steep section corresponds to the elastic deformation of the soil foundation and then 
 

 

Picture 7.3 Puncture test with spike plate (including high-tensile steel wire mesh) 
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the rest of the curves corresponds to the movement of the soil along the failure surfaces up to 
the breaking of the high-tensile steel wire mesh. 
 
The failure occurred at loads between 516 kN and 533 kN with deformations between 
164.6 mm and 164.7 mm (see also figure 7.4). 

 
 

 

Figure 7.4  Punching test compacted gravel and TECCO® mesh including system spike plate. 

 

 
Figure 7.4 and the corresponding puncturing test can be summarized as follows: 

The puncturing test without the high-tensile steel wire mesh yielded bearing capacities 
between 208 kN and 228 kN. In the experiments including the TECCO® meshes, the failure 
was reached at loads between 516 kN and 533 kN. 

The difference of the results in a compressive load capacity of the meshes in the direction of 
the nail (without the influence of the test substrate) was between 287.6 kN and 324.9 kN with 
an average value of 306 kN. 

 
 



8 New designing method for flexible 

slope stabilization systems 

 
The new designing method for flexible slope stabilization system RUVOLUM® 

is based on 
the concepts used so far. In principle, it is applicable to all common surface protection 
systems on the market, which provide for nailing in combination with a mesh or a wire rope 
net (or a mixture of the two), as a surface protection system which permits any distance 
between nails in both horizontal and vertical direction. It is pointed out especially that new 
dimensioning method RUVOLUM® is not restricted to the dimensioning of protection 
systems using high-tensile steel wire mesh exclusively. 

Contrary to the traditional concept and as a major novelty, not only wedge-shaped one-body 
sliding mechanisms but also two-body sliding mechanisms are investigated when considering 
local instabilities. Hereby the geometry is selected with simplifications so that a more or less 
shell-shaped failure body is simulated as far as the sliding mass is concerned. 

Moreover, it is assumed for simplification’s sake that, as a reaction, a tensile force parallel to 
the slope is active on the nail immediately above the local failure mechanism to be 
investigated, and a tensile force in nail direction is active on the nail underneath this 
mechanism. 

The axial tensile forces in the nails can be activated by pretensioning. The application of the 
pretensioning forces leads to the following advantages: 

- The active application of the pretensioning forces onto the nails means that the spike 
plates and thereby the mesh are pressed onto the subsoil. These outer pressure forces 
acting on the surface of the steep terrain permit to mobilize additional friction forces along 
the sliding surfaces under examination. This has a positive effect above all on the stability. 

- If no active pretensioning force is applied to the nail and if a local failure body wants to 
break out, the mesh must first be deformed to be able to mobilize the forces required to 
retain the shape liable to break out. Slight pressing-in of the spike plate applies the 
pretensioning forces to the mesh, i.e. the forces necessary to prevent local instabilities are 
already mobilized. As a result, failure bodies can hardly come loose any more from the 
layer to be protected. 

The new dimensioning method comprises two investigations: 

Investigation of superficial instabilities parallel to the slope 

The cover layer which is liable to slide off a more stable substrate must be retained as a whole 
by the nailing. Each nail must be able to hold a body of width a, length b and thickness t with 
a certain safety. Figure 8.1 illustrates the corresponding superficial instabilities parallel to the 
slope. 

 

 

 

 
 

34 
The dimensioning method for flexible slope stabilization system with high-tensile steel wire mesh is often also 

called “RUVOLUM® concept” or “RUVOLUM® method” [108, 109, 144]. 
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Figure 8.1  Superficial instabilities parallel to the slope 

 

 
Investigation of local instabilities 

If the nailing is dimensioned and laid out so that sliding-off of the cover layer as a whole can 
be prevented, further investigation is required to clarify whether or not instabilities may occur 
locally, i.e. between the individual nails (figure 8.2). These possible local failure bodies are 
to be retained with a certain safety by the application of the surface protection system 
consisting of nailing and mesh cover. 

 

 

 
 

Figure 8.2  Local instabilities between individual nails 
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8.1     Investigation of superficial instabilities parallel to the slope 

 
The investigation of superficial instabilities parallel to a slope examines a cubic body of width 
a, length b and layer thickness t which threatens to slide off the firm subsoil. All forces 
considered and acting on the sliding body are marked in Fig. 8.3. 

Hereby it is assumed that no hydrostatic excess pressure and no flow pressure is effective on 
the sliding body. The force G represents the dead weight of the cubic body. The term c Ö A 
describes the retaining influence of the cohesion along the investigated sliding surface, 

inclined at the angle a to the horizontal plane. By means of c Ö A it is also possible to consider 
a.o. an existing denticulation (interlocking) effect between the layer of soil to be protected 
and the stable substrate, or within the layer of loose rock itself. Force V is a force with a 
stabilizing effect in the direction of the nail which prestresses the mesh against the nail head. 
By tightening the nut, the spike plate and thereby the mesh is firmly pressed onto or slightly 

into the ground, respectively. V is inclined in relation to the horizontal plane by the angle Y. 
Variable S represents the shear force which is to be absorbed by the nail and transferred into 
the stable subsoil. Marked for completeness’ sake are the reaction forces N and T from the 
subsoil which act in vertical and tangential direction to the sliding surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8.3  All forces acting on the cubic body 

 

G = dead weight of sliding body 

S = resisting shear force required to be 

      absorbed by the nail  

V = pretensioning force 

c * A = cohesion of the cover layer * ground surface 
of the body liable to break out, 
whereby A = a * b  

T, N reaction forces from the subsoil 

α = inclination of the slope front and sliding 
surface, respectively, from horizontal 

Ψ = inclination of the nail relative to the horizontal 
plane 

φ = effective friction angle of the cover layer 

γmod = model uncertainty correction value 

 
From considerations of equilibrium concerning the cubic body shown in figure 8.3 and taking 
into account the failure condition of Mohr-Coulomb, the general equation 8.1 can be 
formulated for the stabilizing shear force S in function of the geometrical and geotechnical 
parameters as well as of the pretensioning force V and the model uncertainty correction factor 

gmod as follows: 
 

 

 

Equation 8.1 

S [kN] = 1/g · {g · G · sin a – V · g · cos (Y + a)– c · A – [G · cos a + V 
mod mod 

· sin (Y + a)] · tan j} 

mod 
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The RUVOLUM® dimensioning method is based on the concept with partial safeties pro- 
claimed in EUROCODE 7 [47]. 

The characteristic values of friction angle jk, cohesion ck and volume weight gk are to be 

reduced or multiplied, respectively, by/with the corresponding partial safety correction values 

gj, gc and gg (whereby the friction angle jk is reduced via the tangent).  

Resulting from this are the dimensioning values of the geotechnical parameters jd, cd and gd. 
Additionally, the stabilizing force V as an external influence must be multiplied by a so-called 

load factor. From these results the dimensioning value of the force VdI/II. The model 

uncertainty correction factor gmod takes geometrical and model uncertainties into account.  

 

 

8.2     Stability proofs in the investigation of superficial failures 

          parallel to the slope 

 
The following three proofs of stability must be established in the investigation of superficial 
failures parallel to the slope: 

- Proof of the nail against sliding-off a superficial layer parallel to the slope 

- Proof of the mesh against puncturing 

- Proof of the nail to combined forces 

 
8.2.1 Proof of the nail against sliding-off a superficial layer parallel 

to the slope 

 
In the proof of the nail against sliding-off of a superficial layer parallel to the slope it must 
be guaranteed that the cubic body of width a, length b and thickness t does not slide off the 
investigated sliding surface which is inclined by the angle a in relation to the horizontal 
plane. 

The mathematically required shear force Sd at dimensioning level, determined according to 

equation 8.2, must be compared with the bearing resistance SR of the nail in respect of pure 

shear strain, whereby the resistance correction value gSR for shearing off of the nail must be 

considered.  

Proof of bearing safety is to be established as follows: 
 

 

Equation 8.2 

 

 
The following table 8.1 shows a compilation of the quantities for the proof against sliding-
off parallel to the slope: 

S
d  
≤ S

R 
/g

SR 
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S

d
 [kN] Dimensioning value of the shear strain under consideration of the 

dimensioning values of the geotechnical parameters and of the external, 

stabilizing force V
dI  

at dimensioning level, whereby the following applies: 

V
d I  

= V · g
dI 

(V
d I  

acts favourably on force S
d
, consequently g

d1  
= 0.80 is generally put). 

S
R
 [kN] Bearing resistance of the nail to shear strain, whereby the following applies: 

S
R  

= t
y  
· A with t

y  
= f

y  
/   3 = yielding point under shear strain 

f
y  
= yielding point under tensile strain 

A = statically effective cross-section of the nail. 

ɔ
SR [–] Resistance correction value. 

Based on EUROCODE 7, g
SR  

= 1.50 is generally put. 

 
Table 8.1  Proof of the nail against sliding-off parallel to the slope 

 

 
8.2.2 Proof of the mesh against puncturing 

 
In the proof of the mesh against puncturing it must be investigated whether or not the mesh 
is able to absorb the force V applied in nail direction and transfer it into the stable subsoil. 

Hereby the dimensioning value of the externally applied force V is compared with the bearing 
resistance of the mesh to pressure strain in nail direction, whereby the resistance correction 
value for puncturing is taken into account. 

Proof of bearing safety must be established as follows: 
 

Equation 8.3 

 

 
The following table 8.2 shows a compilation of the quantities for the proof against 
puncturing of the mesh due to pretensioning force: 

 

V
dII [kN] Dimensioning value of the external force V with which the surface 

stabilization system is prestressed against the nails. 

The following applies: 

V
d II  

= V · g
VII  

with g
VII  

= 1.50 (as leading influence). 

D
R
 [kN] Bearing resistance of the mesh against pressure strain in nail direction; to be 

determined by tests developed specifically for the purpose. 

g
DR [–] Resistance correction value, 

(generally g
DR  

= 1.50 is put) 
 

Table 8.2  Proof against puncture of the mesh due to pretensioning force 

 
 

V
dII    

≤  D
R 
/g

DR 
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8.2.3 Proof of the nail to combined strain 

 
The nail is subjected to tensile strains by the effectively applied pretensioning force. 
Additionally, it must prevent a global sliding-off, parallel to the slope, of the layer to be 
protected. 

With the proof of the nail’s bearing safety it must be investigated whether or not the applied 
nail can withstand these combined strains. 

The following proof of bearing safety is established
35 

as follows: 
 

Equation 8.4 

 

 
The before mentioned variables are explained in table 8.3 as follows: 

 

V
dII [kN] Dimensioning value of the external force V with which the surface 

stabilization system is prestressed against the nails. 

The following applies:  V
dII  

= V · g
VII 

g
VII  

= 1.50. 

T
R
 [kN] Bearing resistance of the nail to pure tensile strain, whereby the following 

applies: 

T
R  

= f
y  
· A 

f
y  
= yielding point under tensile strain 

A = statically effective nail cross-section. 

g
VR [–] Resistance correction value. 

Based on EUROCODE 7, is generally put on g
VR  

= 1.50. 

S
d
 [kN] Dimensioning value of the shear strain under consideration of the 

dimensioning values of the geotechnical parameters and of the external, 

stabilizing force V
d1  

at dimensioning level. 

The following applies:  V
d1  

= V · g
d1 

(V
d1  

acts favourable on force S
d
, consequently g

d1  
= 0.80 is generally put). 

S
R
 [kN] Bearing resistance of nail to shear strain, whereby the following applies: 

S
R  

= t
y  
· A 

t
y  
= f

y  
/   3 

t
y  
= yielding point under shear strain, 

f
y  
= yielding point under tensile strain 

A = statically effective cross-section of nail. 

g
SR [–] Resistance correction value. 

Based on EUROCODE 7, g
SR  

= 1.50 is generally put. 
 

Table 8.3  Proof of the bearing safety of the nail (combined strains) 
 
 

35    
Based on the Swiss SIA 261 Standard [119]. 

([V   /(T / 
dII R      VR 

)]  + [S /(S  / 
d R      SR 

g  )] )   ≤ 1.0 
2  0.5 
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8.3 Investigation of local instabilities 

between the individual nails 

The second investigation looks at bodies liable to break out locally, between the individual 
nails. The surface stabilization system (nailing in combination with a mesh cover) is to be 
dimensioned in such a manner that all possible local bodies liable to break are retained, the 
maximum occurring forces absorbed and transmitted into the stable subsoil (figure 8.4). 

 
 

 

Figure 8.4 Local instabilities between the individual nails (left) 

Overview of the general nail arrangement (right) 

 

 
In the investigation of local bodies liable to break out between the nails, one must reflect 
which bodies become possible, taking into account the chosen nail arrangement. 

Above each nail is a field of width a and length 2·b which must be secured against local 
instabilities. Starting from this field, bodies liable to break out of a maximum length of 2·b 
can arise. The cross-section of the maximum possible wedge liable to break out is 
substantially influenced by the actual protection concept. The mesh is prestressed against the 
nail head with the force V in that tightening of the nut causes the spike plate to be pressed 
firmly onto or even slightly into the ground. 

Starting from the nail head, a truncated pressure cone arises in the cover layer below the 
spike plate and the adjoining mesh. This cone can be described by the geometrical parameters 

z, x and t. The angle d represents the inclination of the truncated cone relative to the 
horizontal plane (figures 8.5 and 8.6). 

The variable z depends a.o. on the applied spike plate, the mesh and the ground, and must 

be determined by means of tests. As a simplifying assumption, zmin = 0.5 · DPlate can be put. 
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Figure 8.5  Truncated pressure cone: ground plan 

 

 

 

Figure 8.6  Truncated pressure cone: general section 

 

 
The dimensioning model assumes that the pressure cones are completely outside the body to 

be investigated. This means that the cross-section of the maximum possible body liable to 

break out is trapezoidal and features at the top a width of a ï 2 · z and at the bottom a width 

of a ï 2 · x = h. For simplification, the trapezoidal cross-section can be transformed to a 

rectangle of equal area of the width ared = a ï t/tan d ï 2 · z and thickness t (figure 8.7).  
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The body liable to break out and subject of the investigation features a width of ared 

and a 
maximum length of 2· b. The thickness of the body in figure 8.7 amounts to t. 

Figure 8.7 Horizontal cross-section of the maximum possible body (liable to break out) of the thickness t 

 

 
For the proofs of bearing safety in the investigation of local instabilities according to the 
dimensioning method described in this chapter, it is mandatory to vary the thickness of the 
bodies to be investigated over the entire interval [0; t] and in this manner to determine the 
decisive fault mechanism. 

Hereby it must be noted that the variable ared depends directly on the thickness of the 

investigated body liable to break out and accordingly also varies on variation of the layer 

thickness from 0 to t. If the layer thickness is not varied between 0 and t, this can lead to a 

substantial underestimation of the effectively occurring forces, particularly if t is selected 

greater than 1/2 » 1/3 of the distance between nails in the line of slope. In the interest of 

simplification, only the case thickness of the layer equals t is dealt with in the explanations 

hereafter.  

It must be pointed out that the geometry of the bodies to be investigated and selected in the 
model should approximately simulate the saucer-shaped fault contours which occur in reality. 
By the trapezoidal cross-section the actually curved cross-section is described as an 
approximation. 

For the proofs of bearing safety in the investigation of local instabilities, one must 
differentiate between two failure mechanisms A and B: mechanism A represents a single-
body sliding mechanism whose sliding surface, starting from the bottom nail, runs in a 

straight line to the top nail under the angle b in relation to the horizontal plane. Failure 
mechanism B is a two-body sliding mechanism. Hereby the top body I of trapezoidal cross-
section presses on the wedge-shaped bottom body II. 

Figures 8.8 and 8.9 illustrate these two possible failure mechanisms with the accordingly 
acting forces. 
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8.3.1    Failure mechanism A 
 

In the investigation of local instabilities with the aid of failure mechanism A, we look at a 

wedge-shaped body of width ared which threatens to slide off a plane which is inclined in 

relation to the horizontal plane by the angle b. All considered forces which are active on the 

sliding body are marked in figure 8.8. Hereby it is assumed, in analogy to the investigation 

of superficial slope-parallel instabilities, that no excess hydrostatic pressure and no flow 

pressure acts on the sliding body (this applies also to fault mechanism B). Force G represents 

the dead weight of the body breaking out. The cohesion along the sliding surface is taken 

into account with the term c · A, whereby A = L · ared applies. With c · A it is in turn possible 

to describe an existing interlocking effect. 

Also active on the body liable to break out, furthermore, are the external forces P and Z with 

a stabilizing effect. It is assumed that the investigated body liable to break out and wanting 

to move relatively downwards, is partly retained via friction by the mesh pressed onto the 

surface. If these friction forces are integrated over the surface 2b · ared, the resulting reaction 

is the slope-parallel upwards-directed force Z in the mesh, which is to be selectively 

transmitted by the mesh to the upper nail. The force P is assumed to be inclined in relation 

to the horizontal plane by the angle Y and is introduced as a general force required from the 

equilibrium considerations and having a stabilizing effect. For completeness’ sake, the 

reaction forces N and T from the subsoil, acting in vertical or tangential direction in relation 

to the sliding surface, are marked also. 

 

Figure 8.8  Failure mechanism A= one-body sliding mechanism 

 

 
The relation presented in equation 8.5 results from equilibrium considerations and taking into 

account the failure condition of Mohr-Coulomb as well as the model uncertainty correction 

factor gmod.  
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The maximum force P is to be determined by variation of the inclination of sliding surface b.  

Ö Ö - Ö - Ö Ö - - - Ö - Ö
=

Ö + + + Ö

mod mod

mod

[ sin cos tan ] [ cos ( ) sin ( ) tan ]
[kN]

cos ( ) sin ( ) tan

G Z c A
P

g b b j g a b a b j

g b y b y j
 

Equation 8.5 

 

8.3.2    Failure mechanism B 

 
Failure mechanism B is characterized by two bodies liable to break out: The upper, 
trapezoidal body I presses over the contact force X onto the lower, wedge-shaped body II. 

The width of the two bodies amounts to ared. The forces GI and GII represent the weights of 

the individual sliding bodies and c · AI and c · AII, respectively, the forces due to cohesion 

along the investigated sliding surfaces of the individual sliding bodies, whereby AI = L I · ared 

and AII = LII · ared apply. NI and TI, and NII and TII, respectively, in turn stand for the reaction 

forces from the subsoil.  

Analogously to the preceding paragraph, variable Z denotes the slope-parallel force in the 
mesh, to be selectively transmitted on the upper nail. The force P is assumed to be inclined 
in relation to the horizontal plane by the angle Y and is again introduced as a general retaining 
force required from the equilibrium considerations. 

For the equilibrium equations, the forces Z and P act on the lower wedge-shaped body II. 

On overview of this failure mechanism is shown on the following figure 8.9. 
 

Figure 8.9 Failure mechanism B= two-body sliding mechanism (possible friction forces along the contact 

surface of the two bodies I and II are neglected.) 
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The contact force X results from the equilibrium equations at the upper body I, whereby the 

condition of Mohr-Coulomb and the model uncertainty correction factor gmod are taken into 

account. To determine the force P, the equilibrium conditions are formulated on body II. 

Hereby the contact force X from equation 8.6 and the slope-parallel force Z are entered.  

 

 

Equation 8.6 

 

Equation 8.7 

 

 
The decisive case is to be found by comparing the maximum force P from failure mechanism 
A with that from mechanism B. 

 

 
8.4      Proofs of bearing safety in the investigation 

of local failure mechanisms 

 
The following proofs of bearing safety must be established in the investigation of local 
instabilities: 

- Shearing-off of the mesh at the upslope edge of the spike plate at the lower nail 

- Selective passing-on of the slope-parallel force Z from the mesh onto the upper nail 

 
8.4.1 Shearing-off of the mesh at the upslope edge of the spike 

plate at lower nail 

 
In the investigation of local instabilities, it must be ensured that a local body of a maximum 
length of 2 Ö b cannot break out from the securing superficial layer. For this purpose, the 
necessary retaining force P

d 
from the equilibrium conditions has been determined in 

paragraph 8.3. If a body is about to slide off, it must be possible for this force Pd  to be taken 
up in the area of the bottom nail by the mesh and accordingly also by the spike plate and the 
nail (see also figure 8.10 accordingly). 

X [kN] = 1/g · {G · (g · sin a – cos a · tan j ) – c · A } 
mod I mod 

Ö Ö - Ö + - Ö Ö - - - Ö - Ö
=

Ö + + + Ö

mod mod

mod

II II[ sin cos tan ] ( ) [ cos ( ) sin ( ) tan ]
[kN]

cos ( ) sin ( ) tan

G X Z c A
P

g b b j g a b a b j

g b y b y j
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Figure 8.10  Shear stress on the mesh at the upslope edge of the spike plate at the lower nail 

 
 

In the proof concerning shearing of the mesh at the upslope edge of the spike plate at the 
lower nail, it must be investigated whether the applied mesh is able to take up the outwards 
acting force component Pd 

or is sheared off at the upslope edge of the spike plate. Proof of 
bearing safety is to be established as follows: 

 

 

Equation 8.8 

 

 
The following table 8.4 shows a compilation of the quantities for the proof against shearing-
off of the mesh at the upslope edge of the spike plate at the lower nail: 

 

P
d
 [kN] Dimensioning value of the maximum shear stress on the mesh at the up- 

slope edge of the spike plate on the lower nail 

P
R
 [kN] Bearing resistance of the mesh against shearing off in nail direction, to be 

determined by means of the test developed specifically for the purpose 

ɔ
PR [–] Resistance correction value 

(g
PR  

= 1.50 is generally put) 
 

Table 8.4 Quantities for proof against shearing-off of the mesh at the upslope edge of the spike plate at 

the lower nail 

 

 
8.4.2    Selective transmitting of the slope-parallel force Z 

from the mesh to upper nail 
 

The slope-parallel force Z has been introduced for the equilibrium considerations in para- 
graph 8.3. This force Z in the mesh must be transmitted selectively over the spike plate onto 
the upper nail (figure 8.11). 

 
 

P
d    

≤  P
R 
/ɔ

PR 
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Proof of the bearing safety concerning selective transmitting of the slope-parallel force Z from 
the mesh onto the upper nail must be established as follows: 

 

 

Equation 8.9 

 

 

 

Figure 8.11  Slope-parallel force taken into account in the equilibrium consideration 

 

 
The following table 8.5 shows a compilation of the quantities for the proof of the selective 
transmission of the slope-parallel force Z from the mesh onto the upper nail: 

 

Z
d
 [kN] Slope-parallel force taken into account in the equilibrium equations= 

dimensioning value of the stress in slope-parallel direction 

Z
R
 [kN] Bearing resistance of the mesh against selective, slope-parallel tensile 

stress; to be determined by tests developed specifically for the purpose 

g
ZR [–] Resistance correction value. 

g
ZR  

= 1.50 is generally put. 
 

Table 8.5 Quantities for proof of selective transmission of the slope-parallel force Z from the mesh onto 

the upper nail 

 
 

8.5     Parameters to be determined empirically 

 
In the equilibrium considerations in paragraphs 8.1 and 8.3, the pretensioning force V, the 
retaining force P and the net force Z have been introduced as external forces. 

The question now arises how high these forces may be selected in the maximum so that they 
can still be absorbed by the used mesh, the applied spike plate and the nails, taking into 
account appropriate safeties. 

 

 

Z
d  

≤  Z
R 
/g

ZR 

 
 



h 

v 
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The bearing resistance of mesh to pressure strain in nail direction and the bearing resistance 
of mesh against selective, slope-parallel tensile strains have been determined with the aid of 
various test series. 

The corresponding test setup as well as the results and analysis were discussed in the chapters 
6 and 7. 

For general assumptions, V = 30 kN for soil and V = 50 kN for weathered rock faces as 
standard values based on experiences are recommended. 

 

 
8.6      Load case “earthquake” 

 
Depending on the importance of the structure and the seismological situation, possible 

additional effects from earthquakes must be investigated when dimensioning slope 

stabilization systems. Generally, this takes place using the substitute force procedure.  

Here, accelerations acting on a fracture body are converted through the factor36 eh and factor37 

ev to additional forces in the horizontal and vertical direction. These additional forces must 

be appropriately taken into account in the equilibrium considerations. With steeper slopes, in 

general in solid rock, special investigations are necessary, e.g. tilting and sliding individual 

blocks.  

Shown on figure 8.12 are the additions in the formulas resulting from the earthquake load 

case. The corresponding individual proofs remain the same as previously described. 

 

Figure 8.12  Components of acceleration due to earthquake 

 

 
8.6.1 Investigation of instabilities close to the surface 

and parallel to the slope 
 

The formula for the variable S previously described in equation 8.1 is extended in equation 

8.10 with the additional forces as a result of the parameters eh und ev, factors of the horizontal 

and vertical acceleration as the result of an earthquake. Here the variable S represents the 

shear force to be taken up by the nail and transferred to the firm bedrock (figure 8.13).  
 

36    e  is the horizontal acceleration due to earthquake activities and forces. The unit is [m/s
2
]. 

37    e  is the vertical acceleration due to earthquake activities and forces. The unit is [m/s
2
]. 
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Figure 8.13  Forces applied to a cubic body with the earthquake load case 

 
 

Equation 8.10 

 

 
8.6.2    Investigation of local instability between the nails 

 
Again, for the proofs of bearing safety in the context of the investigation of local instabilities 
one must differentiate between two failure mechanisms A and B: 

- Failure mechanism A represents a one-body sliding mechanism in which the sliding 
surface, starting from the bottom nail and extending in a straight line to the upper nail, 

runs under the angle b  to the horizontal plane. 
- Failure mechanism B is a two-body sliding mechanism. Hereby the upper body I of 

trapezoidal cross-section presses onto the wedge-shaped lower body II. Figures 8.8 and 
8.9 show these two possible failure mechanisms with the correspondingly active general 
forces. 

Failure mechanism A 

The additional force components as a result of earthquake are introduced in the equilibrium 
consideration previously described with equation 8.5 (see equation 8.11). Here the variables 
P and Z represent the external stabilizing forces. 

The inclination b of the slip surface must in turn be varied in order to determine the maximum 
force P (figures 8.14). 

 

mod
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Figures 8.14  Forces applied with failure mechanism A including the earthquake load case 
 

 
Equation 8.11 

 

 
Failure mechanism B 

The additional force components as a result of earthquakes are likewise introduced with 
fracture mechanism B. For this the contact force X of equation 8.6 resulting from the 
equilibrium considerations at the upper body it must be adjusted as represented in equation 
8.12. 

The extended calculation of the necessary restraining force P is shown in equation 8.13. 

Figure 8.15 provides an overview about the forces that are applied with failure mechanism B 
including the earthquake load case. 

By analogy with before, the decisive case must also be determined with the maximum force P 
from mechanism A and B: 

Equation 8.12  Contact force X 
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j
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Figure 8.15  Forces applied with failure mechanism B including the earthquake load case 

 

  

  

 

Equation 8.13  Retaining force P 

 
 

8.7     Load case “streaming parallel to the slope” 

 
Described below is the influence of streaming pressure as a result of precipitation water, 
respectively inflowing ground or slope water in loose rock slopes in the equilibrium 
considerations. 

In principle the two types of inflow with precipitation water (from the outside on to the slope) 
and slope water (from the inside) can be differentiated as shown in figure 8.16: 

- Streaming parallel to the slope in case of intensive rain 

- Streaming parallel to the slope due to slope water (e.g. waterbearing interbeds, clefts, 
etc.) 

With both cases it is assumed that a streaming parallel to the slope occurs after the saturation 
of the material. 
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Figure 8.16 Streaming parallel to the slope in case of intensive rain (left) and slope water, e.g. water- 

bearing interbeds, clefts, etc. (right) 

 

 
8.7.1 Investigation of instabilities close to the surface 

and parallel to the slope 

 
The additional force Fs represents the resulting streaming force parallel to the slope and is 

calculated from the sum of the unit weight of the water gw, the hydraulic gradient i = sin a and 

the volume of the fracture body. Force G represents the dead weight of the cubic body. The 

term c Ö A describes the remaining influence of the cohesion along the investigated sliding 

surface which is inclined by the angle a in relation to the horizontal plane. With c Ö A it is 

basically also possible to take into account an existing interlocking effect between the 

superficial layer itself. Force V is the force with a stabilizing effect in the direction of the nail 

which pretensions the mesh against the slope surface; by tightening the nut, the spike plate and 

thereby the mesh is firmly pressed onto the ground. The force V is inclined in relation to the 

horizontal plane by the angle y. When calculating according to equation 8.14, buoyancy is 

taken into account with the own weight G of the cubic body. Figure 8.17 provides a 

corresponding overview of the applied forces to a cubic body including the streaming load 

case. The individual proofs remain the same as stated in previous chapters.  

 

The general shear force S formula, previously represented in equation 8.2, is extended by the 

force Fs. 

 

Equation 8.14  Shear force S 

 
 

 
 

mod

[ sin ( ) cos ] tan
[kN] sin cos ( ) s

V G c A
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Figure 8.17  Forces applied to a cubic body including the streaming load case 

F
s  
= g

w   
Ö i Ö a Ö b Ö t  = g

w  
Ö sin a Ö a Ö b Ö t 

 
 

8.7.2 Investigation of local instability between the nails 

 
Equal to the chapter 8.6.2, the two relevant failure mechanisms A and B must be analysed 
for the investigation of local instabilities between the nails. 

Failure mechanism A 

Figure 8.18 presents the applied forces with the failure mechanism A including the streaming 
load case. 

 
 

 

Figure 8.18  Forces applied with the failure mechanism including the streaming load case 
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The equation for calculating stabilizing force P is enlarged by the force components Fs. The 

maximum force P is determined by varying the gradient b of the slip face. The uplift is taken 

into account with the calculation of the own weight G. 

 

 

Equation 8.15  Restraining force P 

 

 
Failure mechanism B  

According to the equilibrium consideration, at the upper body 1 the contact force X of 

equation 8.6 is extended by the force FS,I. Represented in equation 8.17 is the extended 

calculation of the restraining force P. The own weight G is thereby reduced by the uplift 

components (figure 8.19). 

  

The maximum force P from the two fracture mechanisms A and B is determining for the 

proofs. 

 
 

 

Figure 8.19  Forces applied with the break mechanism including the streaming load case 
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Equation 8.16  Contact force X 

P [kN] = 
  g mod  
Fs  Ö cos (a - b ) + G Ö sin b - Z Ö cos (a - b ) - 

[G Öcos b - Z Ö sin (a - b )] + Fs  Ösin (a - b )] Ö tan j + c Ö Ac  

cos (y + b ) + sin (y + b ) Ö 
tan j 
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Equation 8.17  Restraining force P 

 
 

8.8     Investigation of the global slope stability 

 
Slopes in both soil and solid rock sometimes feature deep-seated sliding surfaces reaching 
deep below the slope surface to be protected, which means that a global stability problem 
exists as well (figure 8.20) [56, 75]. 

 
 

 

Figure 8.20 Left: Slope of soil 

Right: Slope of solid rock 

 

 
The method of flexible slope stabilization system with high-tensile steel wire mesh (e.g. the 
TECCO® mesh) is in principle a solution for the stabilization of surface layers. Dimensioning 
on the basis of the RUVOLUM® method is primarily for layer thicknesses of 1.0 to maximum 
2.0 m. 

Therefore, the following important questions must be asked: 

- What measures should be taken if deeper sliding surfaces exist as well and need to be 
stabilized? 

- Can the high-tensile steel wire mesh slope protection system be applied with reasonable 
chances of success? 

- Can the high-tensile steel wire mesh slope protection system be combined with a 
subsurface stabilization? 

Answer: 

This is possible in principle if the nailing and anchoring are matched to the deep-seated sliding 
surfaces. 
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The nails and/or slack anchors (without active pretension) stabilized in mortar over their full 
length must be suitably dimensioned as far as their size/thickness (outer and inner absorption 
of forces) and length are concerned in order to meet the static requirements of the subsurface 
stabilization. 

Dimensioning of the nailing and proofs of bearing safety are normally based on classical 
stability calculations with circular (BISHOP, FELLENIUS [1, 71]) or combined, i.e. 
arbitrarily curved sliding surfaces (JANBU, MORGENSTERN-PRICE, SARMA-HOEK, 
NONVEILER [1, 71]) which must be adapted to the prevailing geological circumstances. 
These methods are also used for dimensioning purposes in normal ground or rock nailing 
operations. The stabilization must provide a specified minimum safety F

min 
in each case 

(figure 8.21). 

The stability of slopes is traditionally estimated using 2D limit equilibrium methods. 
However these methods have several disadvantages and may neglect some important factors. 
Due to the rapid development of computing efficiency, several numerical methods are 
gaining increasing popularity in slope stability engineering. 

Finite Element Method and Finite Difference Method are very often used for that purpose 
[18, 19, 21]. The factor of safety for slope may be computed by reducing shear strength of 
rock or soil in stages until the slope fails. This method is called shear strength reduction 
technique. However, the majority of engineers still prefer using limit equilibrium methods 
mainly due to its simplicity, tradition of application and relatively low price of available 
codes. 

 
 

 

Figure 8.21 Failure mechanism and stabilization method for deep sliding problems 

 

 
The method of dimensioning via proofs of the global stability eventually provides the 
minimum required nailing: 

- Nail type (thickness, properties, etc.) 

- Distance between nails 

- Nail length 
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Hereby it must be possible to dissipate the nail forces to the substrate on both sides of the 
sliding surface (external bearing safety). Here outwards support is also provided by the 
pretensioning of the TECCO® system applied in the particular case to the slope surface (table 
8.6). 

Figure 8.22 illustrates the load distribution over the entire nail length. 

 
 

 

Figure 8.22  Load distribution over the nail length 

 

 
Investigation for global stability 
For the investigation of the overall stability, the nails are generally introduced as tension elements. 
By checking the internal bearing resistances (steel cross-sections and yield point under tensile load 
of the nails) and the external bearing resistances (friction forces or maximum head force Dmax that 

can be mobilized), the terrain’s resistance against sliding h and the utilization factor 1/f of the 
existing shear and system resistances are determined. 

The tensile resistance available at the intersection between sliding surface and nail is limited by: 

1. the internal bearing resistance of the nail Z
i 

2. the external bearing resistance behind the sliding surface: Z
AH  

= t
2  
Ö l

2 

3. the external bearing resistance ahead of the sliding surface plus the system or the maximum 

head force that can be mobilized in case of a failure of the system against puncturing D
max

: 

Z
AVmax    

=  t
1  
Ö l

1  
+ D

max 

whereby the smallest of the values Z
i
, Z

AH  
and Z

AVmax  
is decisive. 

 

Table 8.6  Investigation for global stability 
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It remains to be investigated, then, whether or not this nailing is compatible with the 
stabilization of the surface layer by means of the TECCO® slope stabilization system and 
whether or not all proofs can be established for it according to the RUVOLUM® method 
(figure  8.23). 

By this it is guaranteed that the surface layer of delimited thickness is also adequately 
protected. 

 
 

 

Figure 8.23  Analysis of surface layer slope stabilization investigation 

 

 
Hereby one often considers only reduced shear strength parameters in the proofs for this 
surface layer in order to cover the long-term influences of weathering, loosening, etc. In 
particular, the cohesion c =0 kN/m

2 
is put as a rule. 

Once the proofs according to the RUVOLUM® concept are established with the nailing to 
meet the global requirements, nothing needs to be altered any more. If the proofs are not met 
(distance between nails for the high-tensile steel wire mesh excessive) or if the nails are too 
weak to oppose any sliding parallel to the surface, an adaptation must be made, e.g: 

- Reduction of the distance between nails (nail grid) 

- Strengthening of the nails (bigger diameter) 

- Additional (shorter) nails 

 

Conclusion 

The flexible high-tensile steel wire mesh slope stabilization system (e.g. TECCO® system) 
designed according to the RUVOLUM® method can be combined with a subsurface 
stabilization required for the stabilization of the deeper-seated sliding surfaces. 

Apart from the proof as per the RUVOLUM® method, classical stability calculations are 
made with curved sliding surfaces as proofs of bearing safety. The nailing is optimized based 
on both proofs. 

The application of the high-tensile steel wire mesh slope stabilization system depends 
primarily on the properties of the soil, structure and geometry of ground layers, the slope 
gradient and the prevailing hillside water situation. 
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8.9     Greening and revegetation 

 
In steep slopes featuring fine-grained, non-cohesive loose rock or severely weathered rock 
there is a danger of erosion. Such fine material can be washed through the high-tensile steel 
wire mesh and flushed away underneath it. Hereby channels and hollows may be formed 
under the mesh. 

Emerging hillside, layer or fissure water must generally be captured and drained. Permanent 
water outflows will always lead to problems and must be coped with before the slope 
stabilization measure is started, since corrective action is hardly possible afterwards. 
Particular care must also be taken that no larger quantities of surface water from above flow 
over the slopes. If appropriate, drain channels must be provided above the edge of the slope 
so that the water is drained to the side in a controlled manner. 

What remains is the rainwater falling directly onto the protected slope. In case of a high- 
intensity and long duration of the rain, this can also lead to erosion problems. The impact of 
the rain drops and the draining water may lead to soil movements, flushing-away and general 
erosion. The problem can be coped with by means of a full-surface vegetation face.  The roots 
stabilize the surface layer and a substantial quantity of water is stored in the vegetation layer 
before it starts to flow off. 

However, it takes time for an effective vegetation to form and for stable subsoil circum- 
stances to result also in the small sphere. No vegetation can develop in a slope subject to 
movements and erosion. Immediate spraying of erosion-resistant vegetation material and 
seeding are not always possible directly after laying of the meshes (vegetation period). It is 
often necessary, therefore, to provide an erosion protection together with the mesh so that 
erosion and washing-out are prevented for the time being and optimal prerequisites achieved 
for successful greening later on. 

Regrettably it is usually not possible to achieve the goal with the known erosion protection 
mats of natural fibres (e.g. jute, choir) because the often irregular surfaces prevent an 
uninterrupted ground contact of the mats. The mats in question are normally too tight for 
spraying-through of vegetation material and seeds. The results are undesirable and in the long 
run critical bare patches which expose the free surfaces to erosion again as soon as the mats 
have rotted away. 

What was sought, therefore, was a flexible mat of a three-dimensional open structure which 
provides a comparatively good protection against erosion despite relatively large openings. 
The mat must also be suitable as an adhesion and stabilization layer for the vegetation for as 
long as the latter is unable to perform this function. Of importance is also that the mat is 
optically inconspicuous, i.e. adapted in its colour to the substrate. 

After various suitability tests with different products, with dry and wet greening also in 
extreme locations exposed to the south, a 3-dimensional mat of a loop structure, a so-called 
random-laid nonwoven fabric of polypropylene was eventually found, which meets the partly 
opposing requirements of erosion protection and vegetation face in optimum manner. The 
technical data compiled on the following page apply to this erosion protection mat, developed 
especially for use in combination with the TECCO® stabilization system and available under 
the trade name of TECMAT (picture 8.1). 
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Picture 8.1  TECMAT Erosion control mat installed underneath the TECCO® mesh 

 

 
Technical data of TECMAT 

Raw material: polypropylene 

Type of mat: irregular, three-dimensional loop structure with punctiform bondings 

Thickness: approx. 18 mm 

Areal weight: 600 g/m
2 

Opening width: approx. 5– 15 mm 

Colour: curry-green 

Picture 8.2 right shows a typical application of the erosion control mat TECMAT in 
combination with a high-tensile steel wire mesh. 

 

 

Revegetation with integrated erosion protection mat 

Alternatively to the TECMAT erosion control mat the TECCO® G65/3 GREEN can be used 
where the erosion control mat is already integrated in the mesh. 
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Picture 8.2  Erosion control mat integrated with high-tensile steel wire mesh 

 
 

8.10    External examination and inspection 

           of the new designing method 

 
The new method of the designing of flexible slope stabilization systems with high-tensile 
steel wire meshes, (also called the “RUVOLUM®” dimensioning method), was developed in 
coordination with the company Rüegger+Flum AG, St. Gallen, Switzerland in the context of 
the development of high-tensile steel wire mesh. 

The entire concept of the RUVOLUM® dimensioning method for flexible slope stabilization 
systems for wire meshes and nails was also inspected by Prof. Dr.-Ing. L. Wichter, University 
of Cottbus, Faculty for Rock and Soil Mechanics, Germany [145]. 

The RUVOLUM® method was checked by Prof. Dr.-Ing. Wichter to the plausibility of the 
assumptions. He was also asked to comment on the geotechnical and safety-theoretical 
aspects of the dimensioning concept. The resulting basic conclusions are thereby: 

- The assumptions via the kinematics of the slides are traceable. 

- The assumptions on which the concept is based are plausible and in accordance with the 
observations made in reality. 

- The simplifications and idealizations are comprehensible. 

- The bearing resistances of the system elements and the system itself have been deter- 
mined in many tests under the supervision of the LGA Nürnberg and it is allowed to take 
them into account. 

As a conclusion of this external inspection, the entire dimensioning method and concept, the 
relevant test setups, all mechanical formulas and equations, etc. were checked and approved 
in detail. 

Another detailed external system investigation was made by the German Federal Office for 
Railroad (EBA, Deutsches Eisenbahn Bundesamt). As an official certification by this Federal 
Office, the entire TECCO® slope stabilization system and its elements were approved. 
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8.11    General remarks about natural hazard protection 

 
Slope instabilities, rockfall, landslides, debris flows or avalanches are sporadic and 
unpredictable. Causes can be e.g. human (construction, etc.) or environmental (weather, 
earthquakes, etc.). Due to the multiplicity of factors affecting such events it is not and cannot 
be an exact science that guarantees the safety of individuals and property. 

However, by the application of sound engineering principles to a predictable range of 
parameters and by the implementation of correctly designed protection measures in identified 
risk areas, the risks of injury and loss of property can be reduced substantially. 

Inspection and maintenance of such systems are an absolute requirement to ensure the desired 
protection level. The system safety can also be impaired by events such as natural disasters, 
inadequate dimensioning parameters or failure to use the prescribed standard component, 
systems and original parts; and/or corrosion (caused by pollution of the environment or other 
man-made factors as well as other external influences). 
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9     Dimensioning examples 

 
9.1 Base for example hand calculation 

 
To present the way of dimensioning of flexible slope stabilization systems against superficial 
instabilities in a detailed way, an example hand calculation has been carried out. Thereby, 
the following summarized data has been assumed: 
 
Slope inclination a  = 60 degrees 

Layer thickness t  = 1.00 m 

Radius of the pressure cone on top z = 0.15 m 

Inclination of the pressure cone to horizontal d  = 45 degrees 

Friction angle of soil (characteristic value) jk = 36 degrees 

Cohesion of soil (characteristic value) ck = 0 kN 

Unit weight of soil (characteristic value) gk = 20 kN/m3 

Slope-parallel force Zd = 15 kN 

Pretensioning force of the system V = 30 kN 

Inclination of the nail to horizontal Y = 25 degrees 

 
Based on the partial safety concept proclaimed in EUROCODE 7, the following partial safety 
correction values have been considered: 
 
Partial safety correction value for friction angle gj = 1.25 

Partial safety correction value for cohesion gc = 1.25 

Partial safety correction value for unit weight gg = 1.00 

Model uncertainty correction value gmod = 1.10 

 
The resulting dimensioning values of the geotechnical parameters are thereby: 

 
 

Friction angle of soil (dimensioning value) jd = arctan (tan jk/gj)  = 30.17 degrees 

Cohesion of soil (dimensioning value) cd = ck/gc = 0 kN 

Unit weight of soil (dimensioning value) gd = gk Ö gg = 20 kN/m3 

 

The following system elements have been considered: 

- High-tensile steel wire mesh TECCO® G65/3 

- System spike plate P33 adapted to the steel wire mesh TECCO® 

- Nailing 
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For the nailing, the following nail type has been proposed. Rusting away is thereby 
generally taken into account by reducing the nail diameter by 4 mm: 

- Nail type GEWI  

- Nail diameter 32 mm 

- Yield point by tensile strain 500 N/mm2 

- Cross-section surface of the nail 616 mm2 

- Bearing resistance of the nail to tensile force 308 kN 

- Bearing resistance of the nail to shear force 178 kN 

 

The following bearing resistances have been taken into account. Those of the TECCO® mesh 
are determined in tests carried out under the supervision of the independent technical institute 
LGA (Landesgewerbe Anstalt) in Nürnberg, Germany (see also pictures 9.1 and 9.2 
accordingly). 

- Bearing resistance of the TECCO® mesh 

to selective, slope parallel tensile strain Z
R  

= 30 kN 

- Bearing resistance of the TECCO® mesh 

to pressure strain in nail direction D
R  

= 180 kN 

- Bearing resistance of the TECCO® mesh 

against shearing-off at the spike plate in nail direction P
R  

= 90 kN 

 
For the proposed nail type, the following bearing resistances have been considered whereby 
rusting away is generally taken into account by reducing the nail diameter by 4 mm: 

- Bearing resistance of the nail of type GEWID= 32 mm 

to tensile force T
R  

= 308 kN 

- Bearing resistance of the nail of type GEWID= 32 mm 

to shear force S
R  

= 178 kN 

 
 

 

Picture 9.1  Test setup to determine Z
R 

Picture 9.2  Test setup to investigate 
the puncturing resistance 

 
 

 
 



d 
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9.2 Investigation of slope-parallel, superficial instabilities 

 
9.2.1 Consideration of equilibrium 

 
The way of determining the maximum shear strain as well as all corresponding proofs of 
bearing safety are presented in the following in a detailed way. Figure 9.1 illustrates the cubic 
body that needs to be investigated. 

 

Figure 9.1  Cubic body to be investigated 

 

 
Thickness of the superficial layer to be investigated t = 1.00m 

Inclination of the slope to horizontal a  =  60 degrees 

Inclination of the nailing to horizontal Y  =  25 degrees 

Nail distance horizontal a   =  3.0 m 

Nail distance in line of slope b   =  3.0 m 

 
G = dead weight of the sliding body to be investigated 

A = sliding surface of the body to be investigated 

 
G = a · b · t ·g   = 3.0 · 3.0 · 1.00 · 20.0 =  180 kN 

A = a · b  =  3.0 · 3.0 =  9.0 m
2 

 
Pretensioning force effectively applied on nail V   =  30.0 kN 

Load factor for positive influence of pretension g
VI   

=  0.80 

Dimensioning value of the applied pretensioning 

force by positive influence of V V
dI  

=  24.0 kN 

 
 



g 

VII 

g 

2 2    0.5 
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Sd   =  1/gmod · {gmod · G · sin a – VdI · gmod · cos (Y + a) – cd · A – 
      [G · cos a + VdI · sin (Y + a)] · tan jd} 

Sd = 1/1.10 · {1.10 · 180 · sin 60 ï 24.0 · 1.10 · cos (25 + 60) ï 0 · 9.0 ï  
      [180 · cos 60 + 24.0 · sin (25 + 60)] · tan 30.17 }  = 93.6 kN 

 
9.2.2 Proofs of bearing safety 

 
Proof of the nail against sliding-off of a superficial layer parallel to the slope 

S
d  
¢  S

R 
/g

SR 

S
d  

=  93.6 kN 
S

R  
=  178 kN 

SR 
= 1.50 

 

S
R 
/g

SR  
= 178/1.50 = 118.7 kN > 93.6 kN Ą Proof of bearing safety fulfilled! 

 
Proof of the mesh against puncturing 

V
dII  
¢ D

R 
/g

DR 

 
Pretensioning force effectively applied on nail V   = 30.0  kN 

Load factor for negative influence of pretension g = 1.50 
Dimensioning value of the applied pretensioning force 

by negative influence of V V
dII   

=  45.0 kN 

D
R   

=  180 kN 

DR   
= 1.50 

 

D
R 
/g

DR  
= 180/1.50 = 120 kN > 45 kN Ą Proof of bearing safety fulfilled! 

 
Proof of the nail to combined strain 

([V
dII 

/(T
R 
/g

VR
)]  + [S

d 
/(S

R 
/g

SR
)]  )   ¢ 1.0 

VdII = 45.0 kN 
TR = 308 kN 
gVR = 1.50 
Sd = 93.6 kN  
SR = 178 kN 
gSR = 1.50 

 
([VdII/(TR/gVR)]2 + [Sd/(SR/gSR)]2)0.5 = ([45.0/(308/1.50)]2 + [93.6/(178/1.59)]2)0.5 ¢ 1.0  

 

Ą Proof of bearing safety fulfilled! 
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([Pd/(TR/gVR)]2 + [Sd/(SR/gSR)]2 )0.5 ¢ 1.0 
 
Pd = 58.5 kN (cf. Chapter 9.3.2) 
TR = 308 kN 
gVR = 1.50 
Sd =  93.6 kN  
SR = 178 kN 
gSR = 1.50 

 
([Pd/(TR/gVR)]2 + [Sd/(SR/gSR)]2)0.5 = ([58.5/(308/1.50)]2 + [93.6/(178/1.59)]2)0.5 ¢ 1.0  

Ą Proof of bearing safety fulfilled! 

 

 

 

9.3 Investigation of local instabilities between single nails 
 
9.3.1 Failure mechanism A 
 
In the following, an example hand calculation is carried out in a very detailed way investigating 

1-body sliding mechanism:   

 
Thickness of the investigated sliding mechanism ti  =  0.85 m 
Thickness of the superficial layer to be investigated t = 1.00 m 
Inclination of the slope to horizontal a = 60 degrees 
Inclination of the nailing to horizontal Y  = 25 degrees 
Nail distance horizontal a = 3.0 m 
Nail distance in line of slope b  = 3.0 m 

 

b = a ï arctan {ti /[2b + ti/tan (a + Y)]}  = 52.03 degrees 
b2 = a ï arctan {t/[2b + t/tan (a + Y)]}  = 50.7 degrees 
r = a ï b = 7.97 degrees 
h = 2b · sin r = 0.84 m 
L1 = h/tan (Y + b) = (2b · sin r)/tan (Y + b) = 0.19 m 
L2 = 2b · cos r = 5.94 m 
F1 = h · L1/2 = 0.08 m2 
F2 = h · L2/2 = 2.49 m2 
F = F1 + F2  = 2.57 m2 
ared = a ï ti/tan d ï 2 · z = 3.0 ï 0.85/tan 45 ï 2 · 0.15 = 1.85 m 

 
G = dead weight of the investigated sliding mechanism 
A = sliding surface of the mechanism to be investigated 

 
G = F · ared  · gd  = 2.57 · 1.85 · 20.0 = 95.1 kN 
A = (L1 + L2) · ared = 11.34 m2  

 
Pd = { G Ö [gmod Ö sin b  ï cos b Ö tan jd] ï Zd Ö [gmod Ö cos (a ï b) ï sin (a ï b) Ö tan jd]  
  ï cd Ö A}/{gmod Ö cos (b + Y) + sin (b + Y) Ö tan jd}  
 

 
 
 

 



102 9  Dimensioning examples 

 

Pd = {95.1 Ö [1.10 Ö sin 52.03  ï cos 52.03 Ö tan 30.17] ï 15 
  Ö [1.10 Ö cos (60 ï 52.03) ï sin (60 ï 52.03) Ö tan 30.17] ï 0 }/ 
  {1.10 Ö cos (52.03 + 25) + sin (52.03 + 25) Ö tan 30.17} 
 
Pd = 41.1 kN 

 

9.3.2 Failure mechanism B 
 

In the following, an example hand calculation is carried out in a very detailed way 
investigating a 2-body sliding mechanism:  

In a previous investigation, the inclination of the sliding surface b has been varied between 0 
é b1 on the one hand. On the other hand, the thickness ti has been changed between 0 é t with 
the aim to find the most critical case.  

Thickness of the investigated sliding mechanism ti  =  0.85 m 
Inclination of the slope to horizontal a = 60 degrees 
Inclination of the investigated sliding surface  b  = 45 degrees 
Inclination of the nailing to horizontal Y = 25 degrees 
Nail distance horizontal a = 3.0 m 
Nail distance in line of slope b = 3.0 m 

 
r1 = arctan (ti/2b) = 8.06 degrees 
L1 = 2b ï ti /tan (a ï b) + ti /tan (a + Y) =  2.90 m 
L2 = ti/sin (a ï b) =  3.28 m 
F1 = ti · [2b ï ti /tan (a ï b)] + ti2/[2 · tan (a + Y)] = 2.43 m2 
F2 = ti2/[2 · tan (a ï b)] = 1.35 m2 
F = F1 + F2 = 3.78 m2 

 
ared = a ï ti /tan d ï 2 · z = 3.0 ï 0.85/tan 45 ï 2 · 0.15                     = 1.85 m 

 
    G1 = dead weight of the investigated body I 

G2 = dead weight of the investigated body II 
A1 = sliding surface of the investigated body I 
A2 = sliding surface of the investigated body II 

 
    G1 = F1 · ared · gk · gg = 2.43 m2 · 1.85 m · 20 kN/m3 · 1.00 = 89.91 kN 

G2 = F2 · ared · gk · gg = 1.35 m2 · 1.85 m · 20 kN/m3 · 1.00 = 49.95 kN 
 
     A1 = L1 · ared = 2.90 m · 1.85 m = 5.37 m2 

A2 = L2 · ared = 3.28 m · 1.85 m = 6.07 m2 
 
X = 1/gmod · {G1 · ( gmod · sin a ï cos a · tan jd ) ï  cd · A1} 
 = 1/1.10 · {89.91 kN · (1.10 · sin 60 ï cos 60 · tan 30.17) ï 0 kN/m2 · 5.37 m}  
 = 54.1 kN 

 
    P = {G2 · [gmod · sin b  ï cos b · tan jd] + (X ï Zd) · [gmod · cos (a ï b) ï sin (a ï b) · ta 
   jd] ï cd · A2}/{gmod · cos (b + Y) + sin (b + Y) · tan jd}  

 
 
 

 

 
 



g 

g 
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P = {49.95 kN · [1.10 · sin 45 ï cos 45 · tan 30.17] + (54.1 kN ï 15.0 kN)  
  [ 1.10 · cos (60 ï 45) ï sin (60 ï 45) · tan 30.17] ï 0 · 6.07}/ 
  {1.10 · cos (45 + 25) + sin (45 + 25) · tan 30.17} = 58.5 kN 

 
9.3.3 Proofs of bearing safety 

 
Comparing the result from on the investigation based on case A with that based on case B, 
then, the maximum force of P

d 
= 58.5 kN has to be considered. 

Proof of the mesh against shearing-off at the upslope edge of the spike plate 

P
d    

= 58.5 kN 
P

R   
= 90.0 kN 

PR  
= 1.50 

P
R
/g

PR  
= 60 kN 

Proof of bearing safety: P
d  
¢ P

R 
/g

PR    
Ą fulfilled! 

Proof of the mesh to selective transmission of the slope-parallel force Z 

Z
d    

= 15.0 kN 
Z

R    
= 30.0 kN 

ZR  
= 1.50 

Z
R 
/g

ZR  
= 20 kN 

Proof of bearing safety:  Z
d  
¢ Z

R 
/g

ZR    
Ą fulfilled ! 

 

9.4 RUVOLUM® dimensioning example 

 
Another example for the investigation of superficial instabilities is to demonstrate the 
application of the RUVOLUM® method, for example for dimensioning the flexible slope 
stabilization system TECCO®. Hereby it is assumed that the stable subsoil (rock) is covered 
by a soil layer (sandy gravel) of thickness t which must be protected against instabilities. All 
necessary geometrical and geotechnical input data are compiled in the table 9.1 below. 

System elements considered in the dimensioning example 

- High-tensile wire mesh TECCO® G65/3 

- TECCO® system spike plate 

- Nail type GEWI D = 28 mm (rusting away of the nail taken into account: diameter reduced 
by 4 mm) 
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Input data for the example to dimension the TECCO® slope stabilization system 
 

Input quantities Abbreviation Values 

Slope inclination a [degrees] 60.0 

Layer thickness t [m] 0.50/1.00 

Friction angle of soil (characteristic value) j ¡ [degrees] 35.0 

Cohesion of soil (characteristic value) c ¡ [kN/m
2
] 0.0 

Unit weight of soil (characteristic value) g [kN/m
3
] 22.0 

Partial safety correction value friction angle gj [–] 1.25 

Partial safety correction value cohesion g
c  
[–] 1.25 

Partial safety correction value unit weight g
Y  

[–] 1.00 

Model uncertainty correction value g
mod  

[–] 1.10 

Slope-parallel force Z [kN] 15.0 

Pretensioning force of the system V [kN] 30.0 

Nail inclination to horizontal y [degrees] 25.0 
 

Table 9.1  Input data for the example to dimension the TECCO® slope stabilization system 

 

 
Taking into account the above mentioned system elements and the input quantities compiled 
in table 9.1, the dimensioning calculation results in the maximum possible distance a 
(horizontally), and b (in the line of slope): 

for t = 0.50 m: a = b = 3.00 m. 
for t = 1.00 m: a = b = 2.65 m. 

If the layer thickness is t = 0.50 m, the mesh becomes decisive. Hereby the proof of the mesh 
against shearing-off at the upslope edge of the spike plate is the determining proof of bearing 
safety, as compiled in table 9.2. 

Decisive proof of bearing safety of the mesh against shearing off at the edge of the spike 
plate for a layer thickness t = 0.50 m 

 

Input quantities Abbreviation Values 

Dimensioning value of the max. force on the mesh 

for shearing-off at the upslope edge of the spike 

plate at the lower nail 

P
d 
[kN] 58.8 

Bearing resistance of the mesh against shearing-off 

in nail direction at the up-slope edge of the spike 

plate (determined in tests) 

P
R 
[kN] 90.0 

Resistance correction value for shearing of the mesh g
PR  

[–] 1.5 

Dimensioning value of the bearing resistance of the 

mesh against shearing-off 
P

R 
/g

PR 60.0 

Proof of bearing safety P
d  
¢ = P

R 
/g

PR
 Fulfilled 

 

Table 9.2 Decisive proof of bearing safety of the mesh against shearing off at the edge of the spike 

plate for a layer thickness t = 0.50 m 
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In case of a layer thickness t= 1.00 m it is no longer the mesh which is decisive in the 
dimensioning example, but the nail, whereby the mesh is utilized in optimal manner. The 
determining proof of bearing safety in this case is the proof of the nail against a slope-parallel 
sliding-off of the surface layer. This is compiled in table 9.3. 

 
Proof of the nail to combined stress 

 

Input quantities  Abbreviation Values 

Pretensioning force effectively applied on nail V [kN]  30.0 

Load factor for positive influence of pretension g VI [–]  0.8 

Dimensioning value of the applied pretensioning force by 

positive influence of V 

Vdl [kN]  24.0 

Load factor for negative influence of pretension g VII [–]  1.5 

Dimensioning value of the applied pretensioning force by 

negative influence of V 

VdlI [kN]  45.0 

Calculation required shear force at dimensioning level in 

function of V 

Sd [kN]  80.2 

Max. force on the mesh for shearing-off Pd [kN]  42.0 

Bearing resistance of the nail to tensile force TRred [kN] 226.0 

Bearing resistance of the nail to shear force SRred [kN] 131.0 

Resistance correction value for tensile force gTR [–]  1.5 

Resistance correction value for shear force gSR [–]  1.5 

Proof of bearing safety:  

{(Vdll /(TRred /gTR ))2 + (Sd / (SRred /gSR ))2}0.5 ¢ 1.0 

0.966 ¢ 1.0 fulfilled! 

Proof of bearing safety:  

{(Pd /(TRred /gTR ))2 + (Sd / (SRred /gSR ))2}0.5 ¢ 1.0 

0.960 ¢ 1.0 fulfilled! 

Table 9.3  Proof of the nail to combined stress for the layer thickness t = 1.00 m 

 

 
Remark regarding lateral nails 

The stabilizing effect of the lateral nails is not taken into account, which means that a hidden 
safety exists. Due to the high transverse stiffness as compared to the lengthwise stiffness, the 
effect of this safety shows up in case of major deformations only. 

 

 
9.5      Dimensioning software 

 
The hand calculation in chapters 9.1 – 9.3 is providing an overview of the calculations that 
are required for the new dimensioning method for flexible slope stabilization. 
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For practical use, a corresponding software
38 

was programmed in order to make dimensioning 
easier. Additionally, such software tools avoid to make mathematical calculation mistakes 
and allow quick studies with material and geometrical variations. 

The software offers also the possibility of considering streaming pressure and accelerations 
due to earthquake in horizontal as well as in vertical direction. The calculations can be done 
on the basis of international as well as American units in English, German, Polish, French, 
Italian, Spanish, Portuguese, Chinese, Russian and Romanian. The language versions are 
important for local knowledge transfer and again in order to avoid mistakes or 
misunderstandings. 

A corresponding software manual provides the most important references and function 
descriptions to enable users to utilize the program correctly. The aim has been to develop a 
program which, despite its complexity of structure and application, is as clear and straight-
forward as possible as far as aspects of graphic presentation and user-friendliness are 
concerned (figure 9.2 shows overview of conducted calculations variants). Numerous 
parameters need to be entered for the dimensioning operations. It is the responsibility of the 
user of this program to select and enter these parameters correctly. 

 

Figure 9.2 Overview of RUVOLUM® software calculation tool 
 

 

38 
This dimensioning software is named “RUVOLUM® Software” and was developed originally by Ms. Ana María 

Brisbé York in Spain and by Mr. Daniel Flum in Switzerland [14]. 
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It shall not be the target of this publication to describe the software tool in a more detailed 
way. Nevertheless, for overview reasons, some selective programming views are provided 
on figure 9.3 and figure 9.4. Appendix H is showing the output data sheet of the sample 
calculation from chapter 9.4. 

 
 

 
Figure 9.3  Example of nail types in the dimensioning software 
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Figure 9.4  Example of load cases in the dimensioning software 

 



10 Project execution and installation 

 
The method of designing flexible slope stabilization systems with high-tensile steel wire 
meshes was explained in the chapters 5–9 of this book and so far, mainly the theoretical 
geotechnical aspects, calculations, evaluations and dimensioning were illustrated and 
discussed. 

However, a successful slope stabilization system is only then safe and secure, if it is properly 
installed and maintained. 

Consequently, chapter 10 shall give some important information, advise and practical 
recommendations for the appropriate application and execution of such slope stabilization 
systems with high-tensile steel wire meshes [141]. 

 

 
10.1 Project 

 
10.1.1 Planning steps 

 
Professional planning of a slope stabilization system with high-tensile steel wire meshes 
requires the following planning sequence to be carried out right to the final objective of an 
execution project [118]. The sequence must include a summary of masses and details of 
particular measures (e.g. drainage) to guarantee the suitability for the intended purpose: 

 
Planning steps 

 
1. Problem Formulate the problem in general 

2. Slope Stabilization System General deployment possibilities as per 

scope of application 

3. Function –  Slope stabilization 

– Protection against breaking out 

– Rockfall protection 

– Erosion protection 

4. Planning fundamentals as per 

TECCO® check list 

 
 
 
 
 
 
 
 
 

5. Dimensioning by means of the 

RUVOLUM® dimensioning concept 

– General project information 

– Topography 

– Terrain profiles 

– General Geology 

– Subsoil circumstances 

– Course of layers 

– Surface layers 

– Soil and rock characteristic values 

– Deep sliding surfaces 

– Water 

– Special aspects 

– Proofs of bearing capacity and safety 

– Measures to ensure the suitability for the 

intended purpose 
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From the above follows: 

– Maximum distances between nails 

– Nail types and lengths 

– Pretensioning forces 

– Object-specific measures 

6. Project –  Dimensions of the safety measures 

– Nails plan 

– Preparation of the terrain 

– Scope, material requirement 

– Ordering of special measures 

– Erosion protection 

– Drainage 

– Greening, planting 

– Call for tenders 

 

10.1.2 Planning fundamentals 

In order to enable expert planning of a slope stabilization system with high-tensile steel wire 
meshes, the most varied fundamentals need to be available and marginal conditions must be 
known. 

The recommended basis for this is a check list which permits recording of all relevant basic 
data and marginal conditions required for dimensioning and for project work. Total 
completion of the check list is a prerequisite before processing of the project can be 
continued. 

Various data and information must be procured from thirds (plans, geology, characteristic 
values of the soil, etc.). Hereby it is important to state the sources of documents and data so 
that the responsibilities can be delimited. If, for example, a geologist or geotechnical engineer 
provides the important information on the subsoil and the decisive characteristic values, this 
person is also responsible for these details which serve to dimension the system and to 
establish proof of the bearing safety. The supplier of the system cannot be held liable for 
damages originating from misjudgements in this respect. Unless also entrusted with the 
geological-geotechnical clarifications and surveying, the system supplier is only liable for 
damages which can be traced to faulty materials or dimensioning (provided that dimensioning 
was in the supplier’s care). 

 
10.1.3 Variables of the slope stabilization system 

with high-tensile steel wire meshes 

The following variables exist for slope stabilization systems with high-tensile steel wire 
meshes: 

- Distance between nails a  =  horizontal distance from nail head to nail head 

- Distance between nails b  =  distance between the rows of nails measured in the 
line of slope 

- Nail type (with specific tensile strength and shear resistance) 

- Nail length 

- Nail inclination 

These variables are determined by the dimensioning of the slope stabilization system. 
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10.1.4  Marginal conditions and parameters 

 
Various general conditions must be known for each project to permit determination of the 
variables by proofs of the bearing capacity and stability (see also figure 10.1). 

Marginal conditions 

 
1. Terrain profile –  Height of slope (measured vertically) 

– Length of slope (measured parallel to slope) 

– Width of slope (measured horizontally) 

– With adequate bottom boundary section 

– With adequate top boundary section 

– Mean decisive slope gradients 

2. Layer structure in the subsoil Description of the subsoil 

(Classification for uncons. material or rock) 

 
H 

L 

B 

R
u 
> H/2 

R
o  
> H 

a 

Layers from bottom to top marked A, B, C, ... 

3. Surface layer Thickness of the surface layer to be secured, 

measured at right angle to the surface, 
with classification relative to the subsoil layers 

A, B, C, ... t
A
, t

B
, t

C
, ... 

4. Soil characteristic values Differentiation between decisive subsoil layers 

associated surface layer 

Subsoil layer A, B, C, ... 

– unit weight 

– friction angle 

– cohesion 

Surface layer pertaining to A, B, C ... 

of thickness t
A
, t

B
, t

C
, ... 

– unit weight 

– friction angle 

– cohesion 

g 
A,B,C, ... 

j 
A,B,C, ... 

c 
A,B,C, ... 

 

 
g 

At,Bt,Ct, ... 

j 
At,Bt,Ct, ... 

c 
At,Bt,Ct, ... 

5. Global stability Assessment of the need to secure deeper existing or poten- 

tial sliding surfaces by means of the nailing to achieve an 

adequate safety against rupture of the terrain. 

 
 

Additional special marginal conditions are: 

- Hillside or ground water, hillside springs 

- Difficulties due to obstacles (trees, buildings, etc.) 

- Need for greening, planting (altitude, exposure, climate, natural vegetation) 

- Requirements applying to greening, planting 

- Additional erosion protection in case of fine-grained subsoil 

- Additional rockfall protection in case of special hazards 
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Figure 10.1  General aspects and marginal conditions 

 

 
Particular main specifications of the stabilization systems are: 

- Nail type 

- Nail length, e.g. for securing deep sliding surfaces 

- Drilling process to suit the subsoil 
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10.1.5 Surveying of the terrain 

 
For the preliminary project phase, simple but true-to-situation surveying by means of 
measuring tape and circular protractor is generally sufficient. Current documents such as 
situation plans or cross-sections may be used if existing. 

The final terrain surveys are best carried out after the preparatory tasks (see chapter 10.3), 
otherwise only inaccurate information will be available for the arrangement of the meshes. 

- Trigonometric surveys with the theodolite and electronic distance measurement or also 
via cross-sections. 

- Preparation of  a model of the terrain comprising a situation with contour lines and cross-
sections. Distinct shapes of the slope (dells, humps, overhangs) must be evident from the 
planning documents to enable correct detail planning and to avoid surprises during the 
execution. 

- With these planning documents, finally, it should be possible to plan the arrangement of 
the meshes (mesh sheets) and of the nails. Hereby the position of the nails is determined 
according to the specifications from the stability proofs (maximum horizontal and vertical 
distances), with adaptations to the prevailing local circumstances (dells, low points). The 
later adaptations, however, usually need to be made directly in the terrain. 

 
10.1.6 Dimensioning of slope stabilization system 

 
The dimensioning method was presented in the previous chapters (see chapters 5–8) and shall 
not be repeated at this point. 

 
10.1.7 General remarks about project development 

 
Required for the project at hand are the mentioned planning fundamentals (topography, 
geometry of the terrain, profiles, etc.) plus the dimensioning results with the proofs of bearing 
capacity which define the maximum admissible distances between nails, the nail types and 
lengths as well as the minimum pretensioning forces. 

In determining the area to be protected it is important to extend this sufficiently (generally 
by at least 2 m) beyond the existing or potential starting zones and terrain edges (figure 10.2). 

The boundary terminations (with/without boundary rope) must be specified in the project.  If 
boundary ropes are used, the pertaining rope anchors must be defined. 

Levelling and shaping of the terrain must be stated where existing slopes are to be protected. 

Where existing slopes with vegetation are concerned, moreover, the clearing, cutting of 
shrubs and trees to the rootstock, mowing of grass slopes (areas, number, dimensions, etc.) 
must be shown separately. 
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Figure 10.2  General overview of slope to be stabilized 

 

 
The following circumstances, furthermore, must be dealt with in the project and presented in 
the plans and / or described specifically to the extent possible (the list below is not complete): 

- Large hollows 

- Projecting blocks which must be circumvented or specially secured 

- Existing trees to be kept alive 

- Springs, water pressure areas and corresponding drainage measures 

- Special measures such as shotcrete fillings 

- Structural parts such as post foundations, etc., to be circumvented 

- Need for erosion protection measures 

- Greening, planting 

 
10.1.8 Requirements regarding call for tenders 

 
The invitation for tenders for the TECCO® system work must contain all major material 
supplies and tasks to be carried out. Properties and requirements applying to the TECCO® 
system materials must be specified so that other systems must provide and meet these also 
for the sake of equality. 

Included for this purpose are: 

- Minimum tensile strength 

- Maximum mesh size 
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- Minimum shear force of the nail fastening (see chapter 6) 

- Minimum puncture force expressed as increase of the bearing capacity from the difference 
of the test without/with mesh (see chapter 7) 

- Minimum tensile strength of the mesh sheet connections (see chapter 5.7) 

 

To be specified for the nails: 

- Nail type 

- Minimum internal/external load bearing power 

- Corrosion protection measure 

- Minimum drilling diameter 

- Length of nails 

- Drilling method (dry with air flushing/if appropriate mortar flushing in case of self- 
drilling nails) 

- Number and type of test nails (if necessary preliminary tests to determine the external 
load bearing power) 

- Number of nail tests up to dimensioning resistance (random sample testing of the system 
nails) 

 

 
10.2 Recommended elements of the system 

and auxiliary equipment 

 
10.2.1  Elements of the system 

 
A slope stabilization system with high-tensile steel wire meshes consist of the following main 
elements: 

Surface material 

- Mesh made from high-tensile steel wires 

- Connection clips and/or connection  elements 

Soil/rock nails 

- Main nail (with nut) 

- System spike plate 

Optional individual parts  

- Short nails 

- Driven nails 

- Boundary ropes 

- Rope anchors 
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The main technical data of the high-tensile steel wire mesh TECCO® are shown on the 
following table 10.1. 

 

Technical data  TECCO® G45/2 TECCO® G65/3 TECCO® G65/4 

Tensile strength wire mesh min. 85 kN/m min. 150 kN/m min. 250 kN/m 

Number of meshes transversal 16.1 pcs./m 12 pcs./m 12 pcs./m 

Number of meshes longitudinal 10.5 pcs./m 7 pcs./m 7.2 pcs./m 

Wire diameter 2.0 mm 3.0 mm 4.0 mm 

Steel quality high-tensile steel wire 

Tensile strength of steel wire ² 1¡770 N/mm
2 

Mesh shape diamond 

Mesh unit sizes 62 · 95 mm (+/–3%) 83 · 143 mm (+/–3%) 83· 138 mm (+/–3%) 

Mesh width 48 mm (+/–3%) 65 mm (+/–3%) 63 mm (+/–3%) 

Weight per m2 1.15 kg/m2 1.65 kg/m2 3.3 kg/m2 

Corrosion protection Zn/Al coating of steel wires 

Compound of protection 95% Zn/5% Al 

Coating thickness ≥ 115 g/m
2 ≥ 150 g/m

2 ≥ 150 g/m
2 

Bearing resistances Spike plate P25 / P33 Spike plate P33 / P66 Spike plate P33 / P66 

Bearing resistance of the mesh 
against puncturing DR 40 / 55 kN 90 / 120 kN 140 / 185 kN 

Bearing resistance of the mesh 
against shearing-off at the 
upslope edge of the spike plate 
PR 

10 / 10 kN 30 / 45 kN 50 / 75 kN 

Bearing resistance of the mesh 
against slope-parallel tensile 
stress ZR 

40 / 55 kN 90 / 120 kN 140 / 185 kN 

Table 10.1  Technical data of the high-tensile steel wire mesh TECCO® 

 

The relevant technical data of the system spike plates are summarized on the table 10.2 as 
follows: 

 

Technical data P25/34 N P33/40 N and P33/50 N P66/50 N 

Size 250 x 155 mm 330 x 205 mm 667 x 300 mm 

Thickness 5 mm 7 mm 10 mm 

Hole diameter 34 mm 40 and 50 mm 50 mm 

Length of the spikes min. 16 mm min. 20 mm min. 30 mm 

Weight 0.9 kg 2.2 kg 6.7 kg 

Bending resistance ≥ 1.25 kNm ≥ 2.5 kNm ≥ 8.0 kNm 

Corrosion protection hot-dip galvanized based on EN ISO 1461, layer thickness in average 55 µm 

Steel quality S355J 

Table 10.2  Technical data of system spike plates 
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Figure 10.3 illustrates three dimensional principle drawings of the system spike plates. 
 

 

Figure 10.3  System spike plates P25, P33 and P66 (3D principal drawings) 

 
The following table 10.3 gives an overview about the key data of main nails. 

 

Technical data for main nails (soil and rock nails) 

Common nail types e.g. GEWI D = 25, 28, 32 or 40 mm or self-drilling nails of type TITAN 
30/11 or 40/16 as well as IBO R32 S/N or similar.  
Other nail types may be used if the relevant proofs can be fulfilled. 

Common nail pattern 

Distances between nails  

a =  2.0 - 4.0 meters (in horizontal direction) 

b =  2.0 - 4.0 meters (in line of slope)  
or to suit local requirements. 

Length as required, generally more than L ≥ 2.0 m 

Corrosion protection Normally the nails are installed raw *).  

It is customary to take into account either a corrosion of 4 mm based on 
the diameter or to calculate with reduced steel strains.  

In exceptional cases (partially)-galvanized nails or even nails with double 
corrosion protection can be utilized. It is reasonable depending on project 
requirements to paint the head area of the nail with zinc after setting and 
cutting to length.  

* In general, the nail is several times over dimensioned in the head 
section because its resistance against tension and shear to protect from 
sliding parallel to the slope is decisive for dimensioning purposes. 

Nuts Generally hexagonal nuts with spherical bearing faces or spherical nuts 
should be used. 

If nails with diameter < 28 mm are going to be installed, the installation of 
corresponding washers is generally recommended. 

Table 10.3  Technical data for main nails (soil and rock nails) 

 
10.2.2 Connecting elements 

 
Table 10.4 presents an overview of the main data regarding the connection clips and press 
claws. 
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Technical data of connection clips and press claws 

 Connection clips T3 Press claws type 2 

Application purpose connection elements to interlink the 

individual mesh sheets 
connection elements to fasten 

the TECCO® mesh at the 

boundary rope 

Execution open eyelet for installation on site 

by hand 
open eyelet for compression 

after installation on site 

Material quality 4 mm high-tensile steel wire, 

tensile strength ² 1¡770 N/mm
2 

Steel S235 JRG, material 
diameter 6 mm 

Corrosion protection Zn/Al coating with a minimum 

thickness of 150 g/m
2 

hot-dip galvanized, 

layer thickness 55 µm 
 

Table 10.4  Technical data of connection clips and press claws 

 

Picture 10.1 shows the system connection clip and the press claws. 
 

Picture 10.1  Connection clip T3 (left) and press claw type 2 (right) 

 
 

10.2.3 Optional material and elements 

Table 10.5 describes the technical data of additional nails and short nails as optional parts of 
the systems, depending on local conditions. 

 

Technical data of additional nails, short nails (optional individual parts) 

Standard nail types e.g., GEWI D = 20 or 25 mm 
The utilization of other nail types is allowable if they are adapted to the 
project-specific requirements.  

Application area As auxiliary reinforcement in spots in the border areas, in low points, etc. 
Diameter according to need, as a rule D = 20, 25 mm 

Length Usually predetermined: L = 1.5 m 

Corrosion protection Normally the nails are installed raw.  

In exceptional cases (partially)-hot dip galvanized nails are used.  
It is reasonable depending on project requirement to paint the head area 
of the nail with zinc after setting and cutting to length.  

 

Table 10.5  Technical data of additional nails, short nails (optional individual parts) 
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The following table 10.6 explains the technical data of driven and short nails and on picture 
10.2, a sample for a driven nail is shown. 

 

Technical data of driven nails, short nails (optional individual parts) 

Application area for possible required intermediate fastening and 

boundary fastening of the mesh  

Execution e.g. ribbed TOR-steel D = 16 mm 

with bracket welded to top, 
L = 0.6 m or 1.0 m 

Corrosion protection hot-dip galvanized, layer thickness 85 µm 

 
Table 10.6  Technical data of driven nails, short nails (optional individual parts) 

 

 

 

Picture 10.2  Sample for driven nail 

 

 
For top and side support ropes (boundary ropes), galvanized steel wire ropes with diameters 
of 10 mm or 12 mm are usually recommended. Table 10.7 provides the suggested technical 
data accordingly. 

 

Technical data for boundary steel wire ropes 

Application area for fastening and reinforce the edge areas 

Light type rope, steel wire D = 10 mm 

minimum breaking force 63 kN 

Heavy type rope, steel wire D = 12 mm 

minimum breaking force 91 kN 

Corrosion protection zinc coating according to DIN EN 10244-2 
 

Table 10.7  Technical data for boundary steel wire ropes 

 

 
For the side anchoring of above mentioned boundary ropes, spiral wire rope anchors are 
recommended. The wire ropes are connected and fixed to the spiral wire rope anchors in 
accordance with DIN EN 13411-5. 

The following table 10.8 is presenting the main technical data of such spiral wire ropes and 
on the pictures 10.3 and 10.4, two different versions of such spiral anchors are illustrated. 
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Technical data of spiral wire rope anchors 

Application area under critical circumstances as tension anchor 

for fastening of possibly required boundary 

Execution spiral rope, 2-rope exec., with double steel tube in loop section 

Corrosion protection rope Heavy galvanized in accordance with DIN EN 10244-2, 
minimum coating weight 230 g/m2 (D 10.5 mm), 255 g/m2 (D 14.5 mm) 

Corrosion protection tubes Hot dip galvanized in accordance with EN 10240,  
minimum layer thickness 55 µm 

Light type D = 10.5 mm, admissible service load capacity 100 kN 

length depending on subsoil:   L = 2 - 3 m 

Heavy type D= 14.5 mm, admissible service load capacity 195 kN 

length depending on subsoil:   L = 2 - 4 m 

Flex head Flexhead anchors can also be used instead of the spiral rope anchor. It 

attaches to the nail by hand-screwing it directly onto the nail. The 

flexhead has the same technical data as the spiral rope anchor. 
 

Table 10.8  Technical data for boundary steel wire ropes 

 

Picture 10.3  Spiral rope anchor and connection installation of the border ropes 

 

 
Picture 10.4  Flexhead of spiral rope anchor for application to GEWI or self drilling anchors 

 
 

10.2.4  Auxiliary equipment and tools 

The following list of equipment and tools are often used and required for the installation and 
execution of slope stabilization systems with flexible  meshes. 

This list is only a certain selection of possible equipment and tools. Of course, other products, 
tools, machines, etc. may be useful, too. 

- Drilling machine (mounted drilling appliance, portable drilling devices if appropriate), 
minimum drilling diameter = 1.5 times the nail diameter or depending on project 
requirements = nail diameter + 2 x 20 mm grout cover 

- Injection pump for mortar-stabilization of the nails, e.g. SIG-Jet 2000 (Lumesa SA), 
MAI-Mungg (GD-Anker AG) or a device of Morath GmbH 
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- Rope shears with cutting force for minimum ø 12 mm (e.g. type Felco) 

- Tool case with set of box spanners, M10–M32 

- Torque wrench for pretensioning of the system, range 0.3 – 0.6 kNm depending on the 
anchor system (chapter 10.7.7) 

- Water pump pliers for compressing (closing) of the press claws by the boundary ropes 

- Lightweight rope pulling devices (come-along, pully) if needed (e.g. LUGAL, Habeg- 
ger, etc.) 

 

 

10.3 Preparation of the terrain 

 
The terrain must be suitably prepared before the flexible slope stabilization system with high-
tensile steel wire meshes is put in place: 

- Clearing of the slope 

- Cleaning of the slope 

- Levelling of the slope 

- Trimming of the slope (as required and in case of new cuttings) 

- Drainage measures (if required) 

Fracture zones are often characterized by vertical or even overhanging parts of the terrain. 
Levelling or evening-out of the terrain is frequently required. This work consists of the 
cutting of terrain edges, the removal of loose blocks and the filling of dells in the terrain 
(picture 10.5). 

A part of this is also the specific removal of individual trees which are of no particular value. 
Tree-stalks must be cut off as near to the ground as possible so that the mesh remains 
tensioned over it after the rotting of the tree stumps. Certain trees may also be left in place, 
whereby these fixed points must be taken into account determination of the net locations. 
Shrubs are cut back completely to the rootstock. 

 

Picture 10.5 Left: Slope during preparation measures (clearing, levelling, partial cutting, etc.) 

Right: Slope after preparation measures 
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10.4 Stake out 

 
Good staking out and marking of all points of importance for the operation facilitates the 
execution and provides a good overview at all times. The stake-out should mark the items 
listed below with pegs, nails or dots of paint in accordance with project specifications, and 
local adaptations to terrain shapes, obstacles, etc. (see also figure 10.4 accordingly). 

- Boundaries 

- Corner points 

- Sheets (mesh) delineation 

- Nails, numbered for subsequent protocolling 

- Rope anchors (optional in combination with boundary ropes) 

During stake-out, care must be taken that the distances between nails as stated in the project 
are adhered to and above all not generally exceeded. The distances between nails are based 
on the dimensioning and stability proofs for the system, taking into account the prevailing 
subsoil circumstances and slope gradients. 

For the position of the individual nails, a maximum deviation of +/–10% from the nail 
distance specified by the project, measured in the horizontal and the line of slope, is generally 
admissible. A reduction of the distances between nails or the arrangement of extra nails for 
adaptation to local circumstances (e.g. fastening in low spots) is always admissible. 

In slopes to be protected, adaptations to the actually prevailing circumstances are often 
required. The project specifications must not and cannot simply be translated regardless. 
However, if major adaptations become necessary or if the profiles (gradients) or the subsoil 
do not correspond with the assumptions on which the project is based, the project 
management and if appropriate the responsible author of the project must be informed 
without delay. 

 

Figure 10.4  Principle drawing of stake out of the drilling points 
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10.5 Installation options 

 
We differentiate basically between two laying variants: 

- Option A:  Laying of the meshes after setting of the nails 

- Option B:  Laying of the meshes before setting of the nails (for TECCO® G65) 

The option to be selected depends on e.g. the type of nails, the drilling method and in some 
cases also on the installation instructions. 

 
10.5.1 Option A: Laying of the meshes after setting of the nails 

 
This installation option is necessary if drilling diameters of more than 65 mm (respectively 
more than 90 mm using the drilling device) are specified or required. This may be the case 
if: 

- the outer load bearing power of the nails requires an accordingly large drilling diameter 
(specified by test nail or the author of the project) 

- infiltration tubes have to be installed because of a poor stability of the bore holes 

- drill bits, in-the-hole hammers of dia. > 65 mm (respectively > 90 mm using the drilling 
device) can be used 

- piped (cased) bore holes are required 

Installation option A, therefore, is usually envisaged for: 

- protection features in loose, unconsolidated rock of a medium deposition density 
requiring a borehole diameter of more than 65 mm (respectively more than 90 mm). 

- in severely weathered, disintegrated rock with bigger fissures which, under certain 
circumstances, require the use of fabric hoses to limit the mortar consumption. 

- generally unstable bore holes 

- a potential requirement to provide piped (cased) bore holes 

- situations with major quantities of hillside water possibly requiring drainage bores with 
filter installation 

 

Installation sequence for installation option A: 

- stake-out of the starting points for drilling with nail pattern as by project specification 
taking into account low spots 

- excavation of the dell (for pretensioning), preferably before drilling 

- drilling of the nails (nail head should not project over the terrain line) and if appropriate 
of the rope anchors holes 

- setting and mortar-stabilizing of the nails (and if appropriate of the rope anchors) 

- laying bare of the nail heads 

- laying of the wire meshes 
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- connecting the mesh sheets to each other 

- fitting of the boundary ropes 

- installation of the spike plates and active pretensioning with torque wrench or hydraulic 
press to the specified forces 

 

Advantages of installation option A: 

- independence for the drilling process and the borehole diameter 

- mortar-stabilizing before laying of the meshes, e.g. no danger of contaminating the mesh 
with anchor mortar 

- subsequent work on the nail heads (removal of mortar) and in the environment of the nail 
heads (recess for spike plate) is possible 

- no obstacles to drilling operations (also especially in case of major hollows, dells, etc.) 

- possibilities of intervening for drainage measures, etc. are available right to the last 
moment 

 

Disadvantages of installation option A: 

- excessively projecting nails are a hindrance when laying the meshes; if appropriate they 
should be shortened beforehand 

- optimal nail positions for tensioning of the mesh are not as easily visible as in subsequent 
drilling according to installation option  B 

- no rockfall protection (during drilling and setting) by the mesh as in option B, i.e. there 
might be a need for provisional protective measures 

 
10.5.2 Option B: Laying of the meshes before setting of the nails 

 
This installation option is possible if borehole diameters below 65 mm (respectively below 90 
mm using the drilling device) are admissible and if: 

- the substrate circumstances allow the use of a small drill diameter and the outer bearing 
capacity is guaranteed uniform (test nails may be required) 

- stability of the bore holes can be expected and no installation of infiltration tubes is 
required for support 

- no locally larger borehole diameter is required for the installation of pipes (casing), 
drainage pipes and fabric hoses, either 

 

Installation option B can be envisaged for: 

- protection features in densely deposited, firm unconsolidated material in which the bore 
holes are stable without problems right to the specified end depth; 

- rock that is weathered and disintegrated to a slight to medium degree only and in the 
absence of major fissures which would require the use of fabric hoses to limit the mortar 
consumption; 

- sites with little or no hillside water requiring special drainage measures. 



10.5 Installation options 125 

 
Installation sequence for option B: 

- stake-out, drilling, setting and mortar-stabilizing of the top boundary nails 

- stake-out of the drilling points for the nails taking into account low spots within the 
tolerance range of the nail pattern according to static requirements 

- excavation of the dells in the area of the nails 

- securing of the meshes to the boundary nails 

- unrolling/laying of the meshes 

- connecting the mesh sheets to each other with connection clips 

- optimization of the drilling points for the nails considering low spots within the tolerance 
range of the nail pattern according to static requirements 

- drilling of the nails through the mesh using the special drilling device (see chapter 10.5.4). 

- setting and mortar-stabilizing of the nails 

- installation of the spike plates and active pretensioning with torque wrench or hydraulic 
press to the specified forces 

 

Advantages of installation option B: 

- easier laying of the meshes without obstacles in the form of projecting nail heads 

- easier determination of the optimal nail positions for tensioning of the mesh than with 
prior drilling according to variant A  

- protection by the mesh (against rockfall) is already available while work is in progress 

- walking (climbing) and belaying in steep terrain can be facilitated (use of crampons with 
front spikes, carabiners or snap-hooks can be clipped to mesh) 

 

Disadvantages of installation option B: 

- drilling diameter is generally limited to 90 mm using the drilling device (see chapter 
10.5.4) 

- subsequent work on the nail heads (removal of mortar) and in the environment of the nail 
heads (recess for spike plate) is encumbered by the mesh 

- contamination of the mesh with mortar, i.e. need for cleaning 

- once the meshes are laid, interventions for drainage measures, etc., are no longer possible 

 
10.5.3 Remark on stability of the slope 

 
Where new slope cuts are concerned, the size of the possible execution stages to be carried 
out in one step (drilling, setting of the nails, mesh cover) depend on the slope's stability in 
each smaller area. 
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The stability is determined primarily by the existing actual or apparent cohesion of the subsoil 
and the water. Water in the form of emerging hillside, layer or fissure water, but also rainfalls, 
can influence the stability substantially. 

 
10.5.4 Drilling device for TECCO® G65 

 
The inner circle diameter of the presented main high-tensile steel wire mesh

39  
is 65 mm.  The 

special drilling device is designed to allow a drilling diameter of up to maximum 90 mm 
without damaging the mesh and its corrosion protection. It is placed in the mesh above the 
drilling position. The safety rim of the drilling funnel is placed completely through the mesh. 
The fixation bolt is put into a mesh to avoid turning of the drilling device while drilling. The 
drilling funnel is opened by turning the handle. Use a ratchet wrench to open the drilling 
device up to 90 mm. Easy drilling through the mesh is now guaranteed without damaging the 
mesh and its corrosion  protection. 

 

Technical information about drilling device:  

- Weight: approx. 5 kg 

- Material: galvanized steel 

- Turning handle: with nut for ratchet wrench 

-   Size: 480 × 220 mm 

- Fixation bolt: length 160 mm 

- Drilling funnel with rim for slip safety: opening up to maximum 90 mm 

 

 

 

 

Picture 10.6 Drilling tool to drill through high-tensile steel wire meshes 

 
 
 

 

39    
TECCO® G65/3 mm is the most common high-tensile steel wire mesh for slope stabilization purposes. 
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The opening and closing process of the drilling tool is shown on the picture 10.7 as follows: 

 
 

Picture 10.7  Drilling tool closed (left) and open with diameter up to 90 mm (right) 

 

 
Pictures 10.8 and 10.9 demonstrate the nail drilling process with the drilling tool explained  
above from a crane basquet (platform). 

 
 

 

Picture 10.8  Drilling process from crane basquet using the drilling tool 
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Picture 10.9  Detail of drilling process using the drilling tool 

 

 
10.6     Drilling and installation of nails 

 
10.6.1  Drilling work 

 
Drilling and nailing work must be coordinated with slope cutting (job planning, planning for 
safety at work, etc. [50]). 

Stake-out of the drilling points must comply with the project specifications (maximum nail 
distances a, b). 

Hereby mean deviations of +/–10% from the nominal distances a and b are admissible for 
adaptation to the local circumstances (low spots, niches in the rock, etc.). It is always 
admissible for smaller distances or extra nails if the terrain properties require this so that the 
mesh lies optimally on the slope. 

The nails should be installed in deeper locations if possible. 

The use of portable drilling equipment is only rarely possible. Mounted drilling devices are 
used in most cases. 

Generally speaking, one starts at the top and works down towards the bottom. 

The suitable drilling method is primarily determined by the subsoil (unconsolidated material, 
rock). Depending on the circumstances it is also possible to apply different drilling methods, 
in which case the most suitable one is determined by the available devices and their capacity. 

The nail inclination has to be chosen in accordance with the slope inclination. 

Dry drilling processes operating with air flushing are to be preferred (figure 10.10). Water or 
direct mortar flushing are the exception and must be agreed up on with site management and 
client. 
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Important is, that the required outer load bearing capacity is achieved with the nails and also 
that proof of this is established with tests. 

The outer load bearing capacity is primarily determined by the bond between mortar and 
subsoil. The effective skin surface is decisive for this in substrates of soft to rigid consistency 
and deposits of loose to medium density. The load bearing capacity, therefore, can determine 
the minimum drilling diameter. 

Big drilling diameters (more than 65 mm) large result in better embedment in the mortar and 
thus corrosion protection. In unstable bore holes, large drilling diameters enable the 
installation of protective tubes, fabric hoses or other measures to avoid loss of mortar in 
fissured rock or coarse scree. 

Generally, the following minimum drilling diameters D
min 

should be observed for main nails: 

- in fine-grained unconsolidated material D
min  

= 90 mm 

- in mixed-grain, unconsolidated material of low stability D
min  

= 90 mm 

- in mixed-grain, unconsolidated material of good stability D
min  

= 65 mm 

- in fine-grained rock (clay/siltstone) D
min  

= 65 mm 

- in rock without major fissures, stable boreholes D
min  

= 50 mm 

 
A drilling diameter of D

min 
= 50 mm is generally sufficient for secondary nails to hold down 

the meshes, for boundary stabilizations, drill to a depth of a maximum 1.5 m. 

Boreholes in stable material may be made without casing. In unstable material it is necessary 
to change to a method with casing (requires appropriate drilling equipment) or, depending on 
dimensioning requirements, self-drilling anchors may also be suitable. 

As an option, a perforated protection or stabilization tube can be inserted in the hole 
(immediately after drilling), so that the borehole cannot collapse until the insertion and 
mortar-stabilizing of the nail. 

 

Picture 10.10 Drilling work using a crawler-mounted drilling device (dry drilling) 
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Stabilization tubes must be set to a height of approx. 20 cm below the surface of the terrain, 
so that subsequent prestressing is possible (see also chapter 10.6.3 in this context). 

Depending on local access conditions, special drilling support methods may be applied. 
Picture 10.11 shows drilling work that is carried out from a lifting platform. 

 
 

 

Picture 10.11 Depending on local terrain conditions, drilling work can also be carried out from a small 

crane platform or lifting platform 

 

 
10.6.2  Installation and mortar (infiltration) of the nails 

 
For centring purposes, main nails must be provided with spacers in the borehole. 

If fissures are to be expected (resulting in loss of mortar), the nails must be lined with a 
suitable fabric bag. 

For mortar-stabilization, use a suitable, tested and frost resistant injection-type mortar 
without shrinkage measure [11, 12, 16, 122, 147]. 

The mortar is prepared with a mortar pump with mixing container. To guarantee impeccable 
filling of the borehole, a plastic tube (lance) is inserted along the nail right to the bottom of 
the borehole. The mortar is pumped through this tube so that the borehole is filled from the 
bottom outwards. The lance is steadily withdrawn as the hole is filled. 

 For main nails: Filling from the bottom of the borehole with infiltration hose 

 For short nails: Prefilling of the hole is  admissible 

 
Mean mortar consumption (assumption for calculation): 

Drilling hole diameter       D = 50 mm          approx. 8 kg/m¡ 

D = 65 mm approx. 12 kg/m¡ 

D = 90 mm approx. 20 kg/m¡ 
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The above values are an assumption for calculation purposes. In principle the mortar 
consumption always depends also on the permeability of the subsoil and the degree to which 
it is fissured. 

 
10.6.3 Recessing of the nail heads 

 
In the soil, the nail heads must be recessed in a dell (approx. 20–30 cm). The nail’s thread 
must be laid bare and cleaned (see also figure 10.5). 

By tightening the nut or by means of a hydraulic press it is possible to press the spike plate 
and thereby the mesh tightly onto or slightly into the ground. The objective of prestressing 
the slope stabilization system is to press the mesh as tightly as possible onto the substrate to 
be stabilized. At the location of the boundary nails the dells does not have to be excavated so 
that the installation of the boundary ropes is more favourable. 

 
 

 

Figure 10.5  Nail head section: Dell for optimal prestressing of the mesh in soil applications 

 

 
10.6.4 Test nails 

 
On testing of test nails we differentiate between pull-out test (A) and pull test (B) [122]: 

 

Pull-out test A: 

- Test nails for preliminary tests to determine the load bearing capacity, the required nail 
length, drilling diameter, etc. 

- The test nails are subjected to strain until rupture. 

- General rule: In case of bigger objects and in the absence of reliable experience values, 
at least 3 test nails per decisive and characteristic soil layer should be arranged in 
preferably different areas of the slope to be protected. 
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Pull test B: 

- Test nails in the system itself. They are only strained up to a defined testing force. 

- The testing force should correspond at least to the force for which the nail is dimensioned. 

- Number of test nails per decisive, characteristic ground layer in dependence of the object 
size and the total number of nails to be installed: 

– 0 – 100 nails: 3 test nails (minimum) 

– 100 – 200 nails: 5 test nails 

– more than 200 nails:  2.5% of the number of nails to be installed = number of test nails 

 
10.6.5 Particular aspects 

 
The nail heads for the flexible slope stabilization system with high-tensile steel wires must 
be laid out so that, with sufficient free thread length, the mesh can be prestressed with the 
spike plate to the specified value by applying a controlled force with the torque spanner or a 
hydraulic press. 

Depending on the laying option (see chapter 10.5), the rod nails are set and stabilized with 
mortar before or after laying of the mesh. 

Before installing the high-tensile steel wire mesh, the nails have to be cut back on 
approximately the level of the slope surface to enable an appropriate and tight installation of 
the mesh. Thereby, a proper installation of the system spike plates still has to be guaranteed. 
The nail head needs to be excavated according to chapter 10.6.3 if possible. 

In case of a loose installation of the mesh not being sufficiently tensioned against the subsoil 
to be stabilized according to this product manual, corresponding deformations in the subsoil 
cannot be excluded. In the worst case, this could cause a certain failure of a part of the system. 

 

 
10.7 Mounting of the high-tensile steel wire mesh 

 
10.7.1  Cutting of the high-tensile steel wire mesh 

 
High-tensile steel wire meshes are available in different sizes. However, for logistic, handling 
and installation reasons, the standard length of a roll of high-tensile steel wire meshes is 20 - 
30 m. The standard width is 3.5 – 3.9 m. The roll weight varies between 135 - 230 kg. 

Cutting the mesh sheets to size is done by the separation of meshes on the two lateral edges 
(cutting of the wire next to the knot, using a pair of suitable cutting pliers). One wire spiral 
can then be turned out and the mesh is separated. 

It is recommended to cut the mesh sheets to size before assembly, in a suitable area at the 
installation site. The advantage of this is that there is no need to transport complete rolls to 
the actual place of installation, since all tasks on the actual slope take up much more time. 
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10.7.2 Unrolling of the high-tensile steel wire mesh 

 
Laying of the meshes is usually done from top to bottom. Hereby it must be ensured that the 
mesh is secured to the top edge of the slope before it is unrolled. In principle, however, it is 
also possible to lay the mesh from the bottom to the top. 

Unrolling of the mesh in case of prior setting of the nails (installation option A according 
to chapter 10.5.1): 

It must be taken special care that the mesh sheets are suspended from the nails in such a 
manner that, after prestressing, they rest on the slope surface as tightly as possible. Hereby 
the uppermost nails can serve directly for fastening of the rolls for laying. It is not allowed to 
cut off the high-tensile steel wire mesh, e.g. in the nail head area to enable a correspondingly 
tight installation of the mesh. In general, with the exception of holes for planting or of 
bypassing stumps or parts of civil engineering structures, it is not allowed to cut-off the mesh 
without noteworthy reasons! 

Unrolling of  the mesh before installing the nails (installation option B according to 
chapter 10.5.2): 

With option B the meshes are laid out first and only afterwards are the nails set. This 
installation option offers advantages regarding laying and an optimal adaptation of the nail 
positions. 

The mesh sheets (rolls) are first fastened above the edge of the slope to be protected. This 
can be done either to previously set main nails for protection purposes or to auxiliary nails. 
In principle, however, it is also possible to lay the mesh from the bottom to the top. Care must 
be taken that the mesh rests as fully as possible on the slope surface. 

Picture 10.12 illustrates the unrolling of the high-tensile steel wire mesh panels before the 
installation of the nails. 

Setting of the nails is done afterwards through the mesh. The procedure in principle is as 
explained in chapter 10.6 (setting and mortar-stabilizing of the nails). However, the bore- 
hole diameter is limited to maximum 65 mm (inner circle diameter of one mesh = 65 mm). 

 

Picture 10.12  Unrolling of the mesh before installation of the nails 
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10.7.3 Vertical mesh connection 
 

The mesh sheets can be laid out without overlap at the side. 

The mesh sheets must be connected lengthwise (normally in the line of the slope) by means 
of connection clips illustrated as follows (figures 10.6 and 10.7). 

Hereby each individual edge-mesh must be secured with a single connection clip to the 
neighbouring mesh. Therefore, there are 7 connection clips per meter needed for the G65/3 
and 10.5 clips per meter for the G45/2.  

For the stronger mesh, TECCO® G65/4, each individual edge-mesh must be secured with two 
connection clips to the neighbouring mesh. Therefore, there are 14 clips per meter needed. 

By this arrangement it is guaranteed that the lateral connection of the mesh sheets provides 
the required transverse tensile strength of the mesh and that the deformations under load are 
limited to an admissible degree. 

 

Figure 10.6 Left: Connection without overlap for TECCO® G45/2 and TECCO® G65/3 

Right: Connection with overlap of 2 diamond mesh units for TECCO® G45/2 and TECCO® G65/3 

 

Figure 10.7  Mesh panel connection with overlaps >2 diamond mesh units 
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10.7.4 Horizontal mesh connection 

 
In principle there are two possibilities: 

- Standard case:      connection by turning-in of a wire spiral 

- Alternative:          connection by means of connection clips or shackles 

 
10.7.5 Positioning of the spike plates 

 
On positioning of the spike plates, care must be taken that the spike plates fit well between 
the individual meshes and that they are firmly pressed into the ground. This ensures that both 
mesh and plate are optimally pressed to or against the ground to enable a correct transmission 
of the forces. 

Thereby, the mesh panels need to be laterally attached to each other and installed in a tight 
manner at first before the spike plates are going to be installed and actively pressed against 
the surface. If necessary, the mortar column in the nail head area needs to be removed 
accordingly to enable a proper tensioning of the system. 

Tightening the nut, individual wires could get stacked in the thread of the nail. In this case, 
the nut has to be loosened again trying to push the wire further against the subsoil afterwards. 

Picture 10.13 demonstrates the appropriate positioning of a spike plate, set into the deep point 
and tightened correctly. 

 

Picture 10.13  Positioning of spike plates 

 

 
It is important that the system spike plates are applied correctly. It is important that the plates 
are positioned horizontally that a maximum of high-tensile steel wires of the mesh can be 
covered. Figure 10.8 explain the great importance of the correct positioning on the example 
with the P33. 
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Figure 10.8 Spike plates need to be oriented horizontally; long side must be horizontal (horizontal 

installation covers 16 steel wires; vertical installation covers only 8 steel wires) 

 

 
10.7.6 Positioning of the spike plates in areas of hollows in the 

terrain 

 
If a spike plate is positioned in the area of a hollow in the terrain, care must be taken again 
that the spikes engage in the individual meshes evenly and in the best possible way (see also 
picture 10.14 as an example). 

If, due to the local topography as e.g. in the picture below, the mesh cannot be pressed firmly 
onto the ground, the nails should be set as far as possible at a right angle to the mesh surface, 
so that the spike plates are more or less parallel to the mesh without provoking a one-sided 
strain on the mesh. 

In such cases the prestressing force must be limited to maximum 30 kN. 

 

Picture 10.14 Positioning of principal spike plates in areas of hollows (in the terrain surface) 

 

 
10.7.7 Pretensioning of the slope stabilization system 

 
By tightening the nut or with the aid of a hydraulic press, the spike plate and thereby the 
mesh are firmly pressed onto the ground and the mesh is tensioned. 
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The load table 10.9 below shows a summary of the required torques for three different nails 
of type GEWI for the application of a pretensioning force of at maximum V = 30 kN in soil 
and maximum V = 50 kN in rock, respectively. For the TECCO® G45/2 the maximum 
pretensioning force should be reduced to maximum 20 kN. 

 

Nail type Pretensioning force V Required torque 

GEWI D = 25 mm and  

TITAN 30/11 
20 kN 0.20 kNm 148 ft-lbs 

30 kN 0.30 kNm 221 ft-lbs 

50 kN 0.50 kNm 369 ft-lbs 

GEWI D = 28 mm 20 kN 0.25 kNm 184 ft-lbs 

30 kN 0.35 kNm 258 ft-lbs 

50 kN 0.55 kNm 406 ft-lbs 

GEWI D = 32 mm and  

TITAN 40/16 
20 kN 0.30 kNm 221 ft-lbs 

30 kN 0.40 kNm 295 ft-lbs 

50 kN 0.60 kNm 443 ft-lbs 
 

Table 10.9  Load table for pretensioning of spike plates (1 kNm = 224.81 lbs · 3.281 ft = 737.6 ft-lbs) 

 
Picture 10.15 shows the process of applying the pretension to the spike plate. 

 

Picture 10.15  Pretensioning of spike plates 

 
10.7.8  Fixation of the mesh edges 

 
It is generally recommended to reinforce the edge areas of the mesh with boundary ropes. 

The boundary ropes are secured to rope anchors located on the side and tensioned against 
these. 

In case of irregular edges there may be a need under certain circumstances for short or driven 
nails. These serve to tense the mesh to the soil as tightly as possible everywhere and to secure 
the edges in the best possible way. 
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The two schematic drawings (see figure 10.9) show the arrangement of the top, side and 
bottom boundary ropes and the rope anchor. Hereby the minimum distances of the boundary 
nails to the edge of the mesh are maintained correctly. 

 

Figure 10.9  Principle drawing of side fixations of mesh edges 

 

Generally, the horizontal boundary wire ropes at the bottom should be installed alternating 
once above and once below the nails. Thus, a slipping out of the boundary wire rope 
underneath the spike plate can be avoided. Especially if the boundary nails are not continuing 
straight on or if the slope geometry is very irregular this is important as well. 

 

Fastening of boundary rope to rope anchors by means of wire rope clips 

Instructions below apply to all wire rope clips according FF-C-450 type 1 class 1 (similar EN 
13411-5 type 2). 

The distance e between the wire rope clips should be at least 1 x t but not exceed 2 x t , where 
t is the width of the clamping jaws. The loose rope end has to be 3 x e at a minimum. It is 
recommended looping up the remaining free section and fixing it directly behind the last wire 
rope clip on the tightened rope. 

If you are using a thimble in the loop structure, the first wire rope clip must be attached 
directly next to the thimble. For loops without a thimble the length h between the first wire 
rope clip and the point of load incidence must minimally be 15-time the nominal diameter of 
the rope. In unloaded condition the length h of the loop should be not less than the double of 
the loop width h/2. 

 

Figure 10.10  Fixation principle of wire rope clips  
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Table 10.10 provides the required forces and numbers for the wire rope clips 

 

Torques and number of wire rope clips 
Wire rope clip 
diameter 

[mm] 

Nominal size 
wire rope clip 

Required 
number of  

wire rope clips 

Required torque 
with greasing 

[Nm] 

Required torque 
without greasing 

 [Nm] 

Wrench size 

 

[mm] 

8  5/16“ 3 20 50 18 

9 - 10 3/8“ 3 30 75 19 

11 - 12 7/16“ 3 40 110 22 

 
Table 10.10  Torques and number of wire rope clips 

 

The clamping brackets (U-brackets) must always be fitted to the unstressed end of the rope, 
the clamping jaws (saddle) must always be fitted to the strained rope („never saddle a dead 
horse“). 

The required tightening torques with lubrication apply to wire rope clips whose bearing 
surfaces and the threads of the nuts have been greased. During tightening the nuts have to be 
tensioned equally (alternately) until the required tightening torque is reached. 

After the first load application the tightening torque has to be checked and if not fulfilled 
adjusted to the required value. A visible contusion of the wire ropes positively indicates that 
the wire rope clips have been tightened to the required tightening torque. 

 
10.7.9  Fixation in combination with concrete foundation beam 

Below a road or in special local conditions, the top of a TECCO® slope stabilization system 
can be secured with a reinforced concrete beam. The following figures 10.11 and 10.12 
illustrate the corresponding construction and design. 

 

Figure 10.11  Reinforced concrete beam at the top of the TECCO® slope 
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Figure 10.12 Top support rope is fixed with ring connection elements to the concrete beam 

 
 

10.8 Water and drainages 

 
Outflows of water must be caught and the water must be drained outside or below the slope 
area to be protected. Depending on the type of water pressure and the quantities, drainage 
can be accomplished by means of drainage hoses (e.g. slotted, perforated corrugated tubes) 
or special drainage-geotextiles in combination with hoses (pictures 10.16 and 10.17). 
Concrete ribs for filtering purposes may also be suitable and provide a supporting function 
in critical areas at the same time. 

For slope stabilizations, where aggressive, sour or otherwise corrosive slope water is to be 
expected, it is necessary to keep an eye on it, so that the hillside-water is drained away well. 
At such an environment the application of high-tensile stainless steel wire mesh is possible. 

 

Picture 10.16  Drainage hose to drain arising hillside water
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Picture 10.17  Filter drain filled with concrete to drain arising hillside water 

 
 

10.9 Erosion control 

 
In the case of fine-grained substrates with a strong tendency to erode, it is normally necessary 
to install a mat protecting against erosion so that protection is already provided from the 
moment the slope stabilization is installed. Some time usually elapses before greening can be 
carried out because it is uneconomical to do this work in smaller stages. 

Erosion control measures are required if soil material can be flushed away in fine-grained, 
non or insufficiently cohesive substrates. This erosion control may need to be of a temporary 
(in case of subsequent greening) or permanent nature (without greening). 

 
General assessment of the need for erosion control measures: 

- Mandatory in cases of fine-grained, non-cohesive unconsolidated materials (e.g. silt, 
sand). 

- Normally required in cases of mixed-grain, unconsolidated rolling materials (e.g. sand, 
gravel). 

- Recommended in cases of relatively fine-grained soils if there is a risk of water flowing 
over the surface from areas above the slope stabilisation with the flexible high-tensile 
steel wire mesh. 

- In general not required in cases of rocky slopes without loose rock or soil cover. 

For protection against erosion, finer-meshed geogrids or structural mats must be installed 
below the mesh. Slopes with a risk of erosion, in general, need to be greened. The mats must 
be matched to the intended greening process. Weather resistant mats of plastic (preferably 
UV-stabilized PP, PE or PET) are generally used. 
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With decomposing mats (jute, sisal, coco fibre) we experienced some revegetation problems. 
The so called TECMAT Erosion Control Mat, consisting of Polypropylene, is specially 
designed and tested for the use with the high-tensile steel wire mesh slope stabilization 
system (see Chapter 10.10.3). 

The mats should only be opened in the area where the nails are passing through. Along the 
edges they should overlap by approx. 0.1–0.2 m. Bigger overlaps should be avoided. 

The mats must be placed on the slope before the mesh is laid and can be secured by short 
nails or with U-shaped pieces of reinforcing steel. 

Alternatively high-tensile steel wire mesh where the erosion control mat is already integrated 
in the mesh can be used as well.  

 

 
10.10 Greening, revegetation and planting 

 
It can be desirable, recommended or mandatory to green and/or plant a slope where a flexible 
slope stabilization system is installed. 

Greening is always compulsory if the substrate is relatively fine-grained and endangered by 
erosion, and if flushing away of material (formation of erosion gutters) is expected during 
rainfalls/snow melting periods. In such cases greening is an integral part of the entire 
mitigation measure. 

 
10.10.1 General assessment of the need of greening (technical view) 

 
The following important points are recommended to be considered for the general assessment 
of the need of greening: 

- Mandatory in cases of fine-grained, non-cohesive unconsolidated materials (e.g. silt, 
sand). 

- Normally required in cases of all remaining substrates of unconsolidated material and 
rocky slopes highly prone to weathering, particular in case of marl, siltstone, sandstone. 

- Recommended in cases of rocky slopes of medium proneness to weathering, with distinct 
layers and fissures. 

- Not required in general for rocky slopes whose individual components (stones, blocks) 
are resistant to weathering and which the slope stabilisation system simply has to stop 
from sliding off and/or breaking out. 

In fine-grained soils with a high risk of erosion, an erosion control mat must usually be 
installed to ensure there is erosion control immediately after the installation of the slope 
stabilization system. Some time usually elapses before greening can be carried out because it 
is uneconomical to do this work in smaller stages. 

Erosion control mats may not be necessary if the stability can be guaranteed by the planned 
greening method, the type of vegetation layer and taking into account the point in time when 
greening becomes effective after the installation of the slope stabilization system. 

Greening/planting may also be required for reasons of landscape preservation, for example if 
major new slope cuts must be recultivated. It is especially in these cases that the high-tensile 
steel wire mesh slope stabilization system is chosen in combination with nailing as an 
alternative to larger, permanently visible engineering structures. 
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In the question of greening/planting, an aesthetic aspect can often take precedence over 
safety-technical considerations. 

 

Special remark: 

Modern greening processes with special vegetation layers allow greening on substrates that 
are less suitable for vegetation and/or under difficult climatic conditions. Such vegetation 
layers are accordingly more elaborate and also more expensive. Normally greening is 
possible until a slope inclination up to approximately 60°. For steeper slopes all the factors 
as water content, date of seeding etc. are important and specialist should be contacted. 

 
10.10.2 Vegetation face 

 
Greening of steep slopes as enabled by the high-tensile steel wire mesh slope stabilization 
system is in principle reserved for experienced specialists which already should be contacted 
in the planning stage. It is important that these experts are aware of the local circumstances 
(climate, exposition, natural plant population, subsoil, etc.) and that they can match the 
vegetation face to these circumstances. 

A prerequisite for successful greening is often the application of a minimum vegetation layer 
to permit the plants to begin growing. This layer must be matched to the subsoil, the need for 
nutrients and possibly other factors. It must be possible to apply this layer with full surface 
contact to the ground. The layer must be able to resist erosion a few hours after the application 
so that it cannot be flushed away by sudden heavy rainfalls. If erosion protection mats are 
used, it is important to match the vegetation layer material to the mat in such a way that 
penetration and filling of the mat is guaranteed. 

 
10.10.3 Revegetation with erosion control mat 

 
Dense mats of natural fibres, seed mats (with pregreening) are normally not suitable for these 
purposes unless the slope can be shaped very evenly so that the mats lie tightly on the entire 
surface and are pressed against the slope by the high-tensile steel wire mesh. 

The TECMAT erosion control mat (see also chapter 8.9) is tested in detailed field studies for 
permeability of hydro and dry seed. Thus, the TECMAT is the ideal solution for irregular 
slopes. 

The erosion control mat will be placed on top of the soil and fixed before installation of the 
main mesh. For irregular slopes it is required to fix the mat with soil nails to local dells 
(picture 10.18). This ensures an improved erosion control. The fixation is carried out with 
soil nails of different length, depending on the thickness of the subsoil layer. Based on 
experience, it is recommended to install one soil nail every 3–6 m

2
. Along the edges the mats 

should overlap by approximately 0.1–0.2 meter and if required fixed with plastic ties. 

For the laying option B (laying of the meshes before setting of the nails) it is required to cut 
a hole with scissors in the erosion control mat to avoid snarl of the mat while drilling. 
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Picture 10.18  Fixation of erosion control mat with soil nails 

 

 
Auxiliary equipment and tools 

- Long scissors for cutting of the mat panels to the appropriate length. Alternatively, it is 
possible to use a universal scissor with rechargeable battery (e.g. “Bosch”, GUS 9.6 V). 

- Universal scissors to cut holes in the mat for drilling through. 

- Sledge hammer (e.g. 4 kg) to drive in the soil nails 

 
10.10.4 Seeding methods 

 
The TECMAT erosion control mat is specially designed for greening with hydraulic or dry 
seeding respectively. 

The main components of the hydro seeding are: 

- seeds adapted to the soil and the climatic conditions 

- biodegradable soil covering mulch (max. fibre length 3 mm) 

- organic adhesive glue, 

- purified, clean water 

- if required, an organic-mineral fertilizer. 

The materials will be mixed in the tank of a seeding machine to ensure homogeneity of the 
mixture. After mixing, the material is sprayed in liquid form over the surfaces to be treated. 
For slopes with bad access or economically small areas, there is the option to do dry seeding 
with a so called “greening backpack” (picture 10.19). The components are seeds adapted to 
the soil and the climatic conditions, organic adhesive glue, if required, an organic-mineral 
fertilizer. 
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In any case it is strongly recommended to contact a local greening specialist for successful 
revegetation. 

 

Picture 10.19 Left: Example for hydraulic seeding machine 

Right: Greening backpack (hand machine) for dry seeding 

 

 
10.10.5 Planting 

 
In principle, the additional planting of shrubs (trees in exceptional cases only) is possible. 
This must be planned carefully and suit the particular location. There are various possibilities, 
ranging from dendro seeding, cuttings of vegetatively multiplying shrubs and trees (e.g. types 
of willows), to the planting of grown plants with roots. 

 

Holes for trees 

It is possible to integrate trees and equivalent crops in exceptional cases into the slope 
stabilization system. A cut out of the mat panel is sized accordingly to the crops. The cut out 
is carried out after laying of the mesh panels. Thus, the panel is open to the side and it is 
possible to lay it around the crop. The two mesh panels are connected according to chapter 
10.7 with connection clips. Approximately two meshes from the cut edge, a boundary rope 
(diam. 8 mm) is seamed into the mesh. The boundary rope is connected at the end with 3 pcs. 
5/16” (NG 8) wire rope clips

40
. 

The figure 10.13 and the picture 10.20 explain more detailed the recommended setup for 
holes for trees in a slope stabilization system with high-tensile steel wire meshes. 

 

 

 

 

 

 
 
 

40    
Wire rope clip connections shall be done in accordance to DIN EN 13411-5 (2003) [41]. 
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Figure 10.13  Principle drawing for holes for trees or planting holes 

 

 

 

Picture 10.20  Example for tree hole installation 
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Holes for planting 

The planting of plants with roots (e.g. so-called container plants) is possible with adaptations 
to the mesh (after consultation with the mesh manufacturer). It is recommended to obtain the 
service of an experienced specialist for both planning and execution. 

The plant holes will be carried out after laying of the mesh and before the final tensioning of 
the claw plates. The mesh is cut according to the size of the required opening. Fixation and 
installation are according to the description of tree holes. 

 
10.10.6 Maintenance 

 
Please note that every “green” solution in the form of greening/planting requires a minimal 
amount of maintenance. This is usually most intensive in the first two years and then 
decreases, particularly in the case of planted slopes. 

 

First cut 

Indispensable for successful greening is a first nursing cut after the first full growth. This 
should be done under all circumstances, otherwise there is a danger of the grass and herbs 
drying and covering the slope in a manner restricting regrowth. The dry material can also 
result in rot setting in underneath and encouraging moss to grow all over the slope. 

This first cut must be made after a growth to a height of approx. 20–30 cm, and a cut level of 
10 cm should be maintained. A cut too short can lead to drying up in droughts. 

Cutting should generally not be done in hot weather or after long dry periods, as the generally 
thin grass sod can easily dry out. A good time for cutting is in early autumn, after the end of 
the vegetation period. 

 

Follow-up maintenance 

In the first two years one cut per vegetation period is generally enough, and this preferably 
also in early autumn. 

After two vegetation periods the long-term fertilizer is used up and an extensive vegetation 
adapted to the locally prevailing conditions forms. There is no strong growth anymore, so that 
there is generally no need for further maintenance with nursing cuts. Cuts may only be required 
in parts of the slope from now on if subsequent inspections indicate a need for them. 

 

Slopes with shrubs 

Where shrubs are planted on slopes, maintenance in the first two vegetation periods is the 
same as on slopes with grass. 

Depending on the selected types, shrubs require a nursing cut at intervals of approx. 3–5 years 
or whenever the periodic inspections show that it is necessary. 

A nursing cut is also appropriate to guarantee a minimum incidence of light in the slope so 
that the remaining greening (grass and herbs) does not disappear completely together with 
the erosion protection and the stabilization by the roots. 

If tall trees grow in the course of time, they must be felled since they might be blown over 
by strong winds. Dead wood must be removed. 
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General remarks regarding maintenance 

More intensive maintenance in the first vegetation period encourages an optimal function of 
the vegetation and reduces the need for subsequent maintenance. 

It makes sense to include maintenance with the 1st nursing cut and follow-up maintenance 
during two vegetation periods in the project and to have it offered as part of the scope of 
performance. 

In this way it is possible to agree on a formal acceptance of the greening of the construction 
after expiry of these two vegetation periods and the company doing the work can be held 
responsible. Thereby one can practically exclude a low-cost offer of an inadequate greening 
quality, since the supplier is aware of the pending assessment after two vegetation periods. 
Furthermore, experience shows, that a well-developed vegetation will continue to hold and 
grow also after the two years. 

 

 
10.11  Dells, hollows and recesses 

 
Natural slopes can often have various types of dells, hollows and recesses. In this chapter 
several methods to ensure appropriate solutions for such cases are suggested. 

 

Dells and recesses up to approx. 0.5 m 

Whenever possible the nails should be set in low spots, so that the pre-stress pulls the mesh 
cover into these. Major hollow spaces are thus avoided and in case of greening there is no 
need to spray on an excessive quantity of vegetation layer material or filler material. If the 
nail pattern does not permit setting nails in low spots, it may be necessary to set additional 
short nails (figure 10.14). 

 
 

 

Figure 10.14  Arrangement of the main nails and short nails in low spots
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Hollows, dells and recesses deeper than 0.5 m  

If the hollow spaces are too deep, prefilling with a special mixture to which concrete may be 
admixed is possible before a vegetation layer is sprayed on. In this case the mesh does not 
need to be pressed or pulled right into the low spot. 

Hereby care must be taken to ensure that the mesh upslope of the nail is tensioned so that a 
gradient of no more than 75° results, otherwise correct greening is no longer possible. 

 

Filling of hollows with a static task 

If overhangs in rock, projecting blocks, etc. need to be secured statically, this can be achieved 
with sprayed concrete fillings secured as required with nails and if appropriate reinforced 
additionally with welded wire fabric (figures 10.15 und 10.16). 

If these fillings are to be greened, the sprayed concrete surface should be at a level so that the 
high-tensile steel wire mesh is tensioned at a distance of at least 10 cm above it. This will 
allow the subsequent application of a sufficiently thick vegetation layer. 

 

Figure 10.15  Detail arrangement in case of deep hollows with prefilling 

 
 

 

Figure 10.16  Sprayed concrete fillings 
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10.12 Acceptance of the construction 

 
10.12.1  Acceptance inspection 

 
A general acceptance inspection must be carried out on completion of the work and before 
the possible application of a vegetation face. 

Hereby the following must be checked: 
 

Construction components 

- The nails are correctly placed and grouted. 

- The positions of the nails are adapted to the local topography in the best possible manner 
and the maximum admissible distances between nails are complied with the design. 

- Nails must be placed in low spots whenever possible. 

- Auxiliary nails are placed where necessary, in order to tense the mesh as much as possible 
onto the surface. 

- The nails are allowed to protrude by maximum approx. 20–25 cm. 

- The system’s spike plates are installed correctly (horizontal alignment). 

- The system’s spike plates are actively pressed onto the mesh and the substrate without 
bottoming on the nail itself due to e.g. a thread cut too short. 

- The mesh is tensioned onto the surface to the best possible extent. 

- The mesh sheets are fully connected without interruptions with the connection clips. 

- Openings in the mesh e.g. for trees, adaptations to components, etc. are correctly closed. 

- The boundary terminations are of a neat execution and the mesh is correctly fastened to 
the boundary ropes. 

- The boundary ropes are installed tightly and laterally tensioned against rope anchors 
whenever possible. 

- There is no evidence of unconformities (damaged/defective system). 

Slope in general 

- The system covers the critical area of the slope adequately in principle. 

- Any drainage measures immediately above the protected slope and in the slope itself are 
of correct execution. Any observed outflows of water must be recorded in a protocol. If 
indicated, suitable supplementary work must be carried out to collect the arising water 
and to drain it away in a controlled manner. 

- If any signs of erosion are already evident, they must be recorded. 

- Any more substantial movements in the fields between the nails must be recorded. 

- Any fracture lines above the top boundary must be recorded. 
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If any sort of construction sensitive to deformation (e.g. a road) is located above the flexible 
slope stabilization, it is recommended as a matter of principle to provide a stiffening measure 
in the form of e.g. a deep-anchored concrete partition in addition to the mesh cover in 
combination with nailing. If no such measure has been taken, the current condition must be 
recorded and the possibility of damage resulting from possibly inadequate protection 
measures in the boundary area must be pointed out. 

 
10.12.2  Acceptance protocol 

 
Deficiencies detected during acceptance inspection must be eliminated by the executing 
contractor and a formal final acceptance protocol must be issued and signed by the parties 
involved (client, project editor, site manager and contractor). 

Potential problem areas in the slope must be recorded in this acceptance protocol and 
documented with photographs, so that any changes can be detected during subsequent 
inspections. 

If required or desired, a vegetation face can be applied by means of a suitable process after 
acceptance is completed. The acceptance inspection must be made beforehand because 
constructive deficiencies within the system itself might otherwise be hidden by the sprayed 
on vegetation or greening layer. 

 

 
10.13 Maintenance and periodic inspection of the flexible slope 

stabilization system 

 
10.13.1 Maintenance of the system 

 
No maintenance as such is required if the slope stabilization system was correctly laid out 
and put in place and if suitable measures were taken against the problems of water outflows 
and erosion. 

The flexible stabilization system elements themselves require generally no maintenance 
thanks to their high-grade coating against corrosion. 

Certain weathering and loosening processes are possible, however, since a protected slope is 
also exposed to the influences of the environment (e.g. cycles of rains, frost, dew, etc.). Such 
effects cannot be prevented by the open high-tensile steel wire mesh system, which is why it 
may become necessary to remove any fine material which has been washed to the foot of the 
slope or rippled there. 

Maintenance is actually only called for if inspections reveal mechanical damage to the mesh 
or its fastening devices due to external influences. Such defects must be corrected. 

If the mesh or a fastening feature has become loose, the problem can normally be solved by 
further tightening (tensioning). In extreme cases, additional nails may have to be put in place. 

If, in the extreme case, weathering, loosening and the influence of water have caused 
intolerable material washout or movements with resulting hollows behind and pouches in the 
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meshes, the need for comprehensive maintenance including detaching of the meshes, 
emptying and reinstalling must be considered. If appropriate, local hollows must be filled and 
stabilized with shotcrete. 

 
10.13.2 Periodic inspection of the system 

 
The periodic inspections must be specified within the framework of a maintenance schedule. 

In the first two years an annual inspection should be carried out, preferably in spring. If two 
consecutive inspections reveal no major changes with a negative influence on the safety and 
function of the protective construction, the intervals between the periodic checks can be 
extended to two years. 

Additional inspections may have to be made after special events (e.g. after extreme rainfalls, 
falling of material over the protected slope and more severe seismic influences) in order to 
detect damage to the system or major erosion and movements. 

 

The periodic inspections comprise in the main: 

- General condition 

- Condition of problem spots according to the acceptance protocol 

- Damage to the system itself (construction components) 

- Damage due to erosion/movements in the context of the substrate 

- Condition of the greening/vegetation (general/local) 

- Documentation of defective areas/changes in relation to the previous inspections 

The findings must be detailed in a protocol and documented by photographs so that changes 
from the condition at the time of the acceptance inspection and preceding inspections are 
recorded. 

Observing the weathering and erosion processes is important in slopes without greening or 
vegetation. In cases of local loosening or material erosion it must be checked whether the 
situation can be improved by retensioning alone or additional measures such as securing of 
hollows with shotcrete, greening, emptying of material deposits are called for. The critical 
areas must be documented with photographs. 

In slopes with greening or vegetation it must be checked how the plant life develops. Is the 
surface covered completely, bare spots require regreening. The need for maintenance 
(mowing, cutting back to the rootstock) must be determined. 

 

 
10.14  Carbon footprint and environmental aspects 

 
The climate change is increasingly recognized as a major global challenge. It is widely 
accepted that the greenhouse gas emissions caused by humans are having a negative impact 
on the environment [64]. 
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By far the most important greenhouse gas, arising from human activity, is carbon dioxide 
(CO

2
). Virtually all human activities cause the CO

2 
emissions that lead to climate change.  By 

using electricity generated from fossil fuel power stations, burning gas for heating or driving 
a petrol or diesel car, every person is responsible for CO

2 
emissions. 

Furthermore, every system, product or service consumed by humans indirectly creates CO
2 

emissions; energy is required for their production, transport and disposal. These products and 
services may also cause emissions of other greenhouse gases. Understanding and addressing the 
full range of our impact is crucial for the effects of climate change to be minimised. 

The total set of greenhouse gas emissions caused directly and indirectly by an individual, 
organisation, event or product is commonly called their carbon footprint. Establishing the 
carbon footprint of an organisation can be the first step in a programme to reduce the 
emissions it causes. This idea is aimed at helping businesses and organisations establish their 
carbon impact and introduces some of the key issues faced in the calculation of a carbon 
footprint. 

 
10.14.1 What is a carbon footprint? 

 
The term “carbon footprint” is commonly used to describe the total amount of CO2  

and other 
greenhouse gas (GHG) emissions for which an individual or organisation is responsible. 
Footprints can also be calculated for events, products or systems. 

The full footprint of an organisation encompasses a wide range of emissions sources from 
direct use of resources and fuels to indirect impacts such as employee travel or emissions 
from other organisations up and down the supply chain. When calculating a system’s 
footprint it is important to try and quantify as full a range of emissions sources as possible in 
order to provide a complete picture of the organisation’s or system’s impact. 

In order to produce a reliable footprint, it is important to follow a structured process and to 
classify all the possible sources of emissions thoroughly. A common classification is to group 
and report on emissions by the level of control which a system or an organisation has over 
them. 

 
10.14.2 Why calculate a carbon footprint? 

 
There are typically two main reasons for wanting to calculate a carbon footprint: 

- To manage the footprint and reduce emissions over time 

- To compare and report the footprint accurately to a third party. 

Footprinting for management of emissions 

Calculating an organisation’s carbon footprint can be an effective tool for ongoing energy 
and environmental management. If this is the main reason that an organisation requires a 
carbon footprint, it is generally enough to understand and quantify the key emissions sources 
through a basic process, typically including gas, electricity and transport. This approach is 
relatively quick and straightforward. Having quantified the emissions, opportunities for 
reduction can be identified and prioritised, focusing on the areas of greatest savings potential. 
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Footprinting for comparison and accurate reporting 

Organisations increasingly want to calculate their carbon footprint in detail for public 
disclosure in a variety of contexts: 

- For public relation and/or marketing purposes. 

- To fulfil requests from tender specifications, business or retail customers, or from 
investors. This can especially be the case for public investments where the construction 
work for new installations and maintenance has a big impact regarding the total carbon 
footprint. 

- To ascertain what level of emissions they need to offset in order to become “carbon 
neutral”. This can often be the case for private companies in order to distinguish from 
competition. 

Conclusions for construction and building processes 

The importance of carbon footprint calculations and comparisons will increase in the near 
future. It will become a more and more serious demand for any public organisation and 
private companies. Consequently, services, products and applied systems will have to be 
checked, analysed and compared regarding their carbon emissions. It is obvious that 
especially the building and construction sector for infrastructure and maintenance have a big 
impact accordingly. 

 
10.14.3 CO

2 
footprint comparison between slope stabilizations 

with shotcrete and with high-tensile steel wire mesh 

Two alternative slope stabilisation methods were analysed in terms of their respective 
contribution towards the greenhouse effect (“climate friendliness”): 

- A conventional slope stabilisation method, using shotcrete, anchors and welded wire 
mesh (see picture 10.21) 

 

Picture 10.21  Slope stabilization using traditional reinforced shotcrete system 
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- the slope stabilization with high-tensile steel wire mesh (TECCO® system, see also 

picture 10.22). 

 

Picture 10.22 Slope stabilization using high-tensile steel wire meshes in combination with nailing  

(TECCO® System) 

 

 
In order to do this, the emissions which affect climate change and occur during the life cycle 
of the building materials used as well as during the utilisation of the slope stabilisation 
structures are to be logged and compared. This method is called the “CO

2 
footprint” as 

mentioned in the previous chapters 10.14.1 and 10.14.2. The “CO
2 
footprint” method used 

here essentially follows the Life Cycle Assessment (LCA) method in accordance with ISO 
14040. 

The corresponding investigations, calculations and analysis were made by the Institute of 
Civil and Environmental Engineering of the Technical University of Rapperswil in 

Switzerland (Hochschule Rapperswil)
41

. 

The figures 10.17 and 10.18 show two comparable slope stabilisation structures, each realised 
by using one of the two methods to be compared. 

These two structures are comparable in terms of: 

- Functionality: the slope stabilisation function; other functions such as e.g. landscape 
protection will not be taken into consideration. 

- Life cycle: both methods have the same service life. 

- Maintenance/repairs: it has been assumed that neither of the methods will require any 
maintenance/repairs to be carried out during their service life. 

 

 

 
 

 

41 
Details of this analysis are shown in the paper by Prof. Susanne Kytzia and Prof. Paul Hardegger of HSR 

Hochschule Rapperswil  [64]. 
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Figure 10.17 Slope stabilisation using flexible slope stabilization system with high-tensile steel wire 

mesh (TECCO® System) 

 

 

Figure 10.18  Slope stabilisation by means of shotcrete placement 

 

 
Accordingly, the materials used for these two structures are listed on tables G.1 and G.2 in 
the appendix G. These quantities correspond to a stabilisation structure consisting of a slope 
100 m long in each case as represented in the diagrams shown in figures 10.15 and 10.16. 

The service life analysis was limited to the manufacture of the building materials and their 
transport to the construction site. Construction, operation, maintenance, removal and disposal 
were not be taken into consideration. 
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This definition is based on the following considerations: 

- Studies published on life cycle assessment of structures are based on the assumption that 
the creation of the structure will only make a relatively small contribution towards the 
pollution of the environment. Kasser [67] and Geiger and Fleischer [57] come to the 
conclusion that in the case of residential buildings, less than 1% of the cumulative energy 
demand of a building can be attributed to construction. The construction of the structures 
considered here is not expected to result in (relatively) higher energy expenditure. 

- It has been assumed that in general, there will be no expenditure on operation and 
maintenance. 

- When the two structures are removed, it is mainly steel and concrete which will need to 
be dealt with. If these two waste materials are collected separately, then their processing 
and disposal will only result in very low energy consumption and thus only to a low level 
of emissions which might affect climate change. 

The emissions from the manufacture of materials which might affect climate change (incl. 
the recovery of materials, the manufacture of fabricated materials and the supply of energy) 
as well as from transport processes have been taken from the Ecoinvent database from the 
domain of the Polytechnical University ETH of Zurich, Switzerland. Within the context of 
this conservative estimate of emissions (consideration of the “worst case scenario”), in case 
of doubt, processes which produce the highest level of environmental pollution was chosen 
in each case. 

Emissions which might affect climate change have been selected by the level of carbon 
dioxide emissions from the burning of fossil fuels (in kg of “CO

2
-fossil”) on the one hand. 

On the other hand, all the emissions which contribute towards climate change have been 
recorded and weighted according to their specific contribution – relating to carbon dioxide 
as a reference variable – and added together to give an overall index. This overall index is 
known as the “Global Warming Potential” (“GWP” for short); the unit in which it is measured 
is kg CO

2 
equivalent. This method of assessment has been used as part of the Life Cycle 

Assessment in many studies and is internationally recognized. 
 

Results of the carbon footprint comparison 

The comparison of all the emissions which might affect climate change during the service 
life of the two structures clearly shows that the TECCO® system contributes to the 
greenhouse effect far less than the shotcrete placement (see Figure 10.19). 

This statement applies to both “CO
2
-fossil” and to the “Global Warming Potential (GWP)”. 

The impact is around 4ï5 times less for the TECCO® system for both methods of 
assessment. 

This difference can be attributed to the differences in the quantities of materials used. In the 
construction of the shotcrete placement, around 14’700 kg of steel, 40’300 kg of cement and 
564’000 kg of concrete are used. With the TECCO® system, the same construction uses 8’100 
kg of steel and 23’400 kg of cement. 

These differences have a considerable effect on the environmental impact which would be 
caused: both in respect of the manufacture of the materials and transport. These differences 
are described in detail in the appendix G on table G.3. This also shows the different 
contributions made by the different parts of the structure (nailing, mesh and shotcrete) as well 
as the contribution of the different materials. 
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Comparison of the CO2 levels caused by different processes 
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Figure 10.19 Emissions which might affect climate change during the service life of a comparable 

structure produced using different processes. The impact is around 4–5 times less for the TECCO® system 

(compared to the shotcrete solution) for both methods of assessment. 

 

 
This shows the following regarding the TECCO® system: 

- that nailing contributes towards the greenhouse effect far more than the mesh and greening; 

- the cement used accounts for most of the total level of pollution caused, followed by the  
steel (in a ratio of 3 to 1); 

- the contribution made by transport is relatively small at 5% of the total level of pollution  
caused. 

 

This shows the following regarding the shotcrete structure: 

- that the shotcrete accounts for 70% of the total level of pollution caused and thus con- 
tributes towards the greenhouse effect more than the pinning which accounts for 30% of 
the total level of pollution caused; 

- the cement used is responsible for most of the total level of pollution caused, followed by 
the steel (in a ratio of 12 to 1); 

- the contribution made by transport at approximately 9% is more than that made by the 
steel. 

 
10.14.4 CO

2 
footprint comparison between slope stabilizations with 

concrete and with high-tensile steel wire mesh 

 
The carbon footprint comparison analysis between slope stabilization systems with concrete 
structure and high-tensile steel wire meshes [117] confirmed the results and conclusions of 
the previous chapter (10.14.3) in a similar way. 
 
 
 
 

k
g
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The Kyoto Protocol to the United Nations Framework Convention on Climate Change is an 
international agreement negotiated on 11 December 1997 at the 3

rd 
Conference of the Parties 

in Kyoto (Japan). The purpose is to require countries to lower their emissions of six 
greenhouse gases that cause global warming. Under the protocol, for instance, the country of 
Japan is required to reduce greenhouse gas emissions by six percent compared to the 1990 
level over the period of 2008–2012. To achieve such targets, it is necessary to develop 
innovative technologies that produce less greenhouse gasses and emissions. The TECCO® 
system, which offers slope stability with a high-strength mesh and soil nails, is expected as a 
less CO

2
-producing alternative measure than a conventional shotcrete technique, because the 

system requires less construction materials. Picture 10.23 show the two systems that were 
compared. 

 

Picture 10.23 Compared systems for carbon footprint comparison in Japan 

Left: Slope stabilization system with TECCO® meshes 

Right:   Concrete slope stabilization system (frame system) 

 

The table G.4 (appendix G) shows the emission ratios of greenhouse gasses in each pro- 
cesses of concrete life cycle. As illustrated in the previous chapter and according to this, the 
emissions amount in a material manufacture process is extremely large compared with other 
processes. Moreover, source unit of CO2 emissions according to used material in each system 
is shown in table G.5

42
. 

 
In addition, although the value of wire and steel bar was assigned directly, grout and shotcrete 
were comparatively converted based on the standard compounding ratio (w/c = 50%). The 
emission basic unit of the cement contained into them is 0.75kg-CO2/kg, sand is 0.0034 kg-
CO2/kg, water is 0.02 kg-CO2/m3, and decided emission basic unit of grout and shotcrete 
from the quantity contained in per 1.0 m3. 

The corresponding CO2 
emissions in the material manufacture stage of the TECCO® system 

and the concrete frame system are calculated respectively based on the quantity of the used 
material per 1000 m

2
. 

The calculation results are shown in the appendix G (table G.6). Material quantity of each 
system was taken as the specification which can respond to shallow landslide level. For the 

 
 

42    
The CO2 emissions source unit of each material in table E.5 was extracted from “Center of Environmental 

Information Science corporation: Table of CO2 emissions standard physical unit”(2007) [29, 65]. 
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High-tensile steel wire mesh system, the nail interval is 2.5 m, and the nail length 2.1 m. The 
concrete frame set the beam interval to 2.0 m and the cross section to 300 × 300 mm. These 
are standard values for both systems. 

 

Conclusion 

According to this calculation result shown in appendix G (tables G.6 and G.7), the CO
2 

emissions of the high-tensile steel wire mesh system in the material manufacture stage are 
approximately 1/9, as compared with those of the shotcrete frame. 

In other words, the adoption of the high-tensile mesh system can reduce CO
2 
emission 

89% (figure 10.20). 

Of course, this example may only illustrate a particular and single case. Country and/or area 
specific values and influences can cause additional variation of results. Nevertheless, the very 
large difference of carbon footprint between high-tensile steel wire mesh systems and 
corresponding alternative solutions executed with concrete will always be significant. 

 
 

 

Figure 10.20 Carbon footprint comparison between concrete and high-tensile steel wire mesh slope 

stabilization systems 

 
 



11     Practical examples 

 
The following practical examples shall provide additional information about several field 
applications and installation of projects that were designed according to the new method for 
the design of slope stabilization systems with high-tensile steel wire meshes. A selection of 
executed projects is shown in order to illustrate various implementation aspects of the new 
method; therefore and for overview reasons, not all details of these projects are shown in this 
chapter. 

 

 
11.1    Project built at Anzenwil, Switzerland 

 
Because of the new bridge at Anzenwil, the main road at the Neckartalstrasse between 
Mogelsberg and Ganterswil had to be widened and therefore, the existing slope had to be cut, 
prepared and secured. 

Picture 11.1 provides an overview of the slope during installation of the flexible slope 
stabilization system. In the front, the old wooden bridge can be seen. The new bridge was 
installed parallel to the old bridge where first concrete foundation is shown on the left side 
of the picture. 

 
 

 

Picture 11.1  Cut slope at the bridge of Anzenwil during the construction phase 

 

 
Project and geotechnical data  

Superficial friction angle (charact. value) j 
k = 34 degrees 

Friction angle (characteristic value) jk = 32 degrees 

Cohesion (characteristic value) ck = 0 kN/m
2 
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Unit weight (characteristic value) gk = 20 kN/m3  

Stabilized area A = 850 m2 

Max. slope height H = 16.0 m  

Slope length L  = 50 m  

Slope inclination actual state abefore = 30ï25°  

Slope inclination final state aafter = 55°  

Altitude  = 700 m.a.s.  

Exposition = south-west 
 

The surface layers consisted of scree and moraine soil which covered the deeper layers of 
molasse (Nagelfluh) and marl material (figure 11.1). 

 

Figure 11.1  General cross-section with nailing and high-tensile mesh as protection system 

 

 
Special local mountain water conditions with hillside water, water along stratification and 
joint systems as well as several small slope springs required a careful design of the drainage 
system including water management. Consequently, additional dimensioning steps had to be 
included for the design of the final slope stabilization system. The following figure 11.2 
provides additional overview information accordingly. 
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Figure 11.2  General cross-section for stability analysis 

 

 

 

Picture 11.2  Drainage measurements before mounting of the TECCO® mesh 
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Picture 11.3 Completed slope stabilization system including greening (new bridge in front) 

 
 

11.2 Project built at Mülheim, Germany 

Close to the city of Mülheim (Germany), at the location Mendener Strasse, a rocky slope 
approx. 420 meter long and on average approx. 12 m high is permanently protected against 
rockfalls and local instabilities by means of nailing in combination with a TECCO® mesh 
cover. 

The inclination of the slope front to the horizontal plane amounts to between 45 and 70°. 
Locally, above all in the upper areas, the rockface (sandstone, siltstone, mudstone) is covered 
by slope clay and slope scree (see also figure 11.3). 

 

Figure 11.3 General cross-section with nailing and high-tensile mesh as protection system 
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The rock is very prone to weathering. Based on the geotechnical situation, the overall stability 
of the slope is not endangered. The protection measures are limited to the section close to the 
surface. 

The surface protection was dimensioned on the basis of the RUVOLUM® method. For the 

rocky section with a slope inclination of a = 70° and a long-term loosened, weathered layer 
of thickness t = 0.50 meter to be protected, a nail pattern of a = b = 2.5 meter resulted. 

In the area of the unconsolidated rock covers with a slope inclination of 45–50° and with 
t = 0.80 m, a nail pattern of a = 3.3 m and b = 3.0 m resulted. The slope was greened with 
the Fibrater system. 

Picture 11.4 presents the situation with the closed road before the slope stabilization work 
started. 

 

Picture 11.4  View of the slope and sliding areas before installation 

 
 

The cleaning and natural grading with an excavator is shown on the following picture 11.5. 
 

Picture 11.5  Cleaning and natural grading with excavator 
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The drilling machinery and drilling process is illustrated on the picture 11.6. Picture 11.7 
provides a partial overview of the installed high-tensile steel wire mesh, shortly before the 
spike plates are finally tensioned. 

 
 

 

Picture 11.6  Drilling process 

 

 

 

Picture 11.7  Installation of high-tensile steel wire mesh 

 

 
Pictures 11.8 and 11.9 emphasize the natural and green appearance of a slope stabilization 
system with high-tensile steel wire mesh. Mesh and spike plates can hardly be seen only 
several months after installation due to natural greening effects.
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Picture 11.8  Completed installation with protected slope 

 

 

 

Picture 11.9  Completed installation with protected slope (rocky section) 

 
 

11.3    Project built at Odernheim, Germany 

 
Between the towns of Odernheim and Duchroth in Germany, a landslip occurred along the 
regional road L 235. This was followed by falling blocks, so that the road in question had to 
be closed. Suitable measures to protect the particular slope permanently were called for 
urgently (see also picture 11.10). Protective measures taken in the area of the slope at an 
earlier stage had failed because, in the main, the applied nails were too short and consequently 
pulled out of the terrain together with the blocks. The fence of 2 m height along the foot of 
the slope was intended as a rockfall barrier for rocks of maximum head size but was clearly 
not laid out for the events which subsequently occurred. 
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The rocky subsoil consists of partly-cut rocks of the “Unterrotliegenden” type, arranged in 
alternating layers of various thicknesses of sandstone, siltstone and claystone. The rocky 
slope of maximum 45 m height and approx. 100 m length is partly covered by colluvium and 
scree. The ground characteristic values, compiled on the following page, generally apply to 
the decompressed subsoil. 

The high-tensile system TECCO® was selected to stabilize the slope against instabilities 
starting from the oversteep rock ledge and against slips near the surface in the area of the 
scree and colluvium, respectively. This flexible slope stabilization system is ideally suitable 
for the purpose. Thanks to its flexibility it can be optimally adapted to the irregular surface 
of the terrain. Apart from the static requirements to be satisfied, the individual nails must be 
positioned in recessed spots as far as possible so that the mesh can be tensioned to the 
maximum extent onto the surface. 

 
 

 

Picture 11.10  Slide, causing the temporary closing of the regional road 

 

 
The fence at the foot of the slope was repaired and put into its original condition to protect 
against rockfall from the forest located above the surface covered by the mesh. 

Slips at a deeper level could be excluded in principle. To dimension the high-tensile steel 
wire mesh slope stabilization system, the investigations on the basis of the RUVOLUM® 
method concerned slope-parallel instabilities near the surface on the one hand, and local slips 
between the individual nails to a maximum depth of 1.0 m on the other. Dimensioning 
indicates that, using nails of type GEWI D = 28 mm and allowing for a rusting-away of 4 
mm with reference to the diameter, the maximum distances between nails listed in the 
following overview are admissible. The nails must be incorporated in the compact rock to a 
depth of at least 3 m. The overall length of the nails is 4.0 m, i.e. they are twice as long as the 
originally installed ones which revealed to be too short. Figure 11.4 provides an overview of 
the cross section of the protection system. 

 
 



2 
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Figure 11.4  General cross-section with nailing and high-tensile steel wire mesh as protection system 

 

 
Project information  

Geotechnical parameters of the superficial area of the subsoil 

Friction angle (characteristic value) jk   =  35 degrees 

Cohesion (characteristic value) c
k     

=   0 kN/m 

Unit weight (characteristic value) gk    =   23 kN/m 

Maximum nail distances using nails of type GEWI D = 28 mm 
 

Inclination of slope a ≤ 55° > 55° 

Max. nail distance horizontal a 3.00 m  2.50 m  

Max. nail distance in line of slope b 3.00 m  2.50 m  
 

Project data 

Stabilized area 3¡500 m
2 

Number of nails of type GEWI D = 28 mm 500 pcs. 

Nail length 4.0 m 

Total nail length 1,950 m  

Time for installation 3.5 months 
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The picture 11.11 below illustrates an overview of the stabilized slope just by the end of the 
construction work and picture 11.12 presents the greened slope several months after the 
completion of the slope stabilization. 

 
 

 

Picture 11.11 Overview stabilized area (after completion of installation work) 

 

 

 

Picture 11.12 Overview stabilized area (several months after installation) 

 

 
Picture 11.13 shows a closer view of the middle (steeper) part of the slope where mixed 
rock and soil sections are stabilized with the high-tensile steel wire mesh system.
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Picture 11.13  Detail from the middle steeper part (mixed rock and soil sections) 

 

 
The location of nails and spike plates at low points in combination with intermediate steel 
wire ropes can be seen on the following picture 11.14. 

 
 

 

Picture 11.14  Location of nail and spike plate in deep point of the slope 
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11.4  Project built on Island of Helgoland, Germany 

 
In the North Sea, on the Island of Helgoland there is a steep East to South-East-facing rock 
slope of severely fissured sand and silt stone, the so-called “Falm” edge. The highly loosened 
rock material close to the surface endangers the properties located below the slope. In some 
places loose layers of rock have already slipped away and partly backfilled and damaged 
several dwellings beneath (picture 11.15). The superficially very loose slope was secured by 
means of the TECCO® system consisting of the high-tensile steel wire mesh and nailing 
(figure 11.5). 

 
 

 

Picture 11.15  Sliding mass at the foot of the slope 

 

 
Dimensioning was only carried out for the loosened layers of unconsolidated rock near the 
surface and was based on the RUVOLUM® method. Large area, deep-seated stability 
problems could be excluded in this case. 

For the given example, using a nail of type GEWI 32 mm and taking into account a rusting- 
away of 4 mm of the diameter, the maximum admissible nail distances result in dependence 
of the slope inclination and at an assumed layer thickness of 1.0 m. In the area of the top 
cover layer nail lengths of 6.0 m were selected, and in the rock slope itself generally of 4.0 m. 
Greening was indicated in view of this fine-grained and loosened subsoil highly liable to 
weathering. 

The proximity to the sea with the salty, aggressive air demanded a mesh displaying a high 
resistance to corrosion, as it is guaranteed by the TECCO® mesh with its aluminium-zinc 
coating. A much longer useful life can be expected from this mesh in comparison with one 
galvanized in the normal manner. 

Because of the complicated location above the residential areas with private houses, most of 
the cleaning work had to be made by hand (figure 11.16). 
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Figure 11.5  General cross-section with nailing and high-tensile steel wire mesh as protection system 

 

 

 

Picture 11.16  Cleaning work 

 

 
Mesh installation and drilling processes had to be executed with special safety measurements 
in order to reduce impact to the houses and infrastructures below (picture 11.17). 
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Picture 11.17 Left: Installation of TECMAT and high-tensile steel wire mesh 

Right:  Drilling processes with light weight equipment 

 

 
The project information below provide an overview of the relevant design parameters. 

 

Project information  

Geotechnical parameters of the superficial area of the subsoil 

Friction angle (characteristic value) jk   =  45 degrees 

Cohesion (characteristic value) c
k     

= 0 kN/m 

Unit weight (characteristic value) gk    =  24 kN/m 

Maximum nail distances using nails of type GEWI D= 28 mm 
 

Inclination of slope a 55° 65° 80° 

Max. nail distance horizontal a 3.65 m  3.00 m  2.35 m  

Max. nail distance in line of slope b 3.65 m  3.00 m  2.35 m  
 

Project data 

Stabilized area 7¡300 m
2 

Number of nails of type GEWI D = 28 mm 950 pcs. 

Nail length 4.0–6.0 m 

Total nail length 4’600 m  

Time for installation 5 months 

Pictures 11.18 and 11.19 show the slope several months after completion of the installation 
work. 

 
 

2 

3 
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Picture 11.18  Several months after greening 

 

 

 

Picture 11.19  Overview of the slope stabilization of the Falm edge of Helgoland (Germany) 

 
 

11.5    Project Kaiserslautern, Germany 

 
A cutting was made in mottled variegated sandstone prone to weathering along the highway 
A63 from Kaiserslautern to Mainz, Germany. This cutting is up to 30 m deep on the northern 

and 15 m on the southern side with a total area to be stabilized of 31¡400 m
2 
[86]. The 

inclination of the slope is generally 45° and flattens off slightly towards the top edge of the 
slope. The altitude amounts to about 220 m a.s.l. Transverse to the slope surface there are 
several fissures going right across, with a width up to several cm. 

Relaxation processes in the form of removal of rock masses at the front led to a tremendous 
loosening of the rock compound with the result that the tectonic-based fissure systems were 
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visibly activated (see also pictures 11.20 and 11.21). Approx. two years after the excavation 
the slopes revealed to be unstable and required subsequent protection measures. 

 

Picture 11.20  Situation before stabilizing 

 
 

 

Picture 11.21  Wedge-shaped failure due to relaxation 

 

 
Figure 11.6 presents the cross section of the problem situation including the protection 
measure. 

The nailing as well as the flexible mesh cover were dimensioned on the one hand against 
superficial instabilities considering various individual wedge-shaped bodies (figures 11.7 and 
11.8) susceptible to break out up to a depth of 4.5 m and of a width of up to 10 m varying 
distances between fissures as well as based on the RUVOLUM® method. 
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Figure 11.6  Cross section including protection measure 

 
 

Figure 11.7  Analysis of specific wedge-shaped failures 

 
 

 

Figure 11.8  Investigation of the overall stability 

 
 

 
 

 
 



2 
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On the other hand, the global stability was investigated according to the sliding-block method 
(figure 11.9). As a result of the dimensioning, the maximum admissible nail spacing as well 
as the nail length minimum required were determined. 

 
 

 

Figure 11.9 Investigation of individual wedge-shaped failures 

 

 
Project information  

Geotechnical parameters of the superficial area of the subsoil 

Friction angle (characteristic value) jk   = 35 degrees 

Cohesion (characteristic value) c
k      

=    0 kN/m 

Unit weight (characteristic value) gk     =  23 kN/m 

Maximum nail distances using nails of type GEWI D = 32 mm 
 

Inclination of slope a 45° 

Max. nail distance horizontal a 3.40 m  

Max. nail distance in line of slope b 3.40 m  
 

Project data 

Stabilized area 31¡400 m
2 

Number of nails of type GEWI D = 32 mm 3¡300 pcs. 

Nail length 6.0–8.0 m 

Total nail length 22¡950 m 

Due to the fact that the newly built highway could be used as a very comfortable access 
without any restrictions and taking into account that the summer 2003 was extraordinary dry, 

the installation of both sections of a total area to be stabilized of 31¡400 m
2 
took only about 

three and a half months. 

As a base for the determination of the required nail length as well as to guarantee the quality 
of the fully mortared nails, numerous pulling tests were carried out. Pictures 11.22, 11.23 and 
11.24 show different views of installation locations and steps. 
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To guarantee a full force transmission from one steel wire mesh panel to the neighbour one, 
special compression claws (picture 11.27) were used in accordance to the system instructions. 

To avoid any further erosion, a hydroseeding adapted to the local condition needed to be 
applied as well. Thereby, the consideration of the regional micro climate was a very important 
factor for the selection of the seed to be applied. A part of the stabilized slope is shown on 
picture 11.25. 

 
 

 

Picture 11.22  South-eastern slope: drilling work 

 

 

 

Picture 11.23  Drilling work using mobile cranes 
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Picture 11.24  North-western slope 

 

 

 

Picture 11.25  Stabilized slope 

 

 
The slope stabilization system with high-tensile steel wire mesh could be adapted to the site 
specific and static conditions in an optimal manner. It offers the possibility to arrange the 
nails in an economical way due to the capability of absorbing and transferring of high loads. 
Unlike stabilization with concrete solutions, with TECCO® stabilized slopes regain a natural 
green appearance, which is well appreciated and more pleasant to the eye. 
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Picture 11.26  Pulling tests 

 

 

 

Picture 11.27  Connection of  mesh panels 
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Designed to be maintenance free, the slope will further grow into the surrounding landscape 
and contribute to a safe and economical operation of the highway. Numerous applications 
have proven that the fully designable TECCO® system can ideally combine slope stabilization 
with revegetation measures tailored to the actual climatic and environmental conditions. 

Based on the analyses of wedge-shaped failure mechanism as well as on the RUVOLUM® 
method, the high-tensile steel wire mesh system could be properly dimensioned against 
superficial instabilities. 

The following pictures 11.28 and 11.29 show the completed slope stabilization several months 
after the installation. First results of the hydro-seeding can already be seen on the slopes. 

 

Picture 11.28  State of the stabilized slope several months after installation 

 
 

 

Picture 11.29  State of the stabilized north-western slope several months after installation 
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11.6    Project built at Grodziec ślŃski, Poland 

 
Several deep cuts were executed along the expressway S1 from Bielsko-Biała to the Polish 
border with Czech Republic in Cieszyn. One of those cuts was characterized by flysh and 
clay soils prone to weathering and environmental exposure. According to the local water and 
soil conditions, slope stabilization investigations and analysis were carried out and solutions 
for global and surface stability were engineered. 

Due to heavy and continuous rainfalls in autumn 2006, after the excavation and before the 
beginning of the stabilization work, approximately one third of the slope surface failed and 
collapsed up to 3–4 meters deep. Moreover, in several locations on the slope surface, shallow 
slides were observed. After that, new design had to be prepared and submitted. This new 
concept included removement of down-slided soil material, fill-up of corresponding surface 
gaps and decreasing of inclination of the slope from 34 to 26 degrees. Finally, for the new 
slope stabilization, nailing and high-tensile steel wire meshing was determined. Accordingly, 
self-drilling soil nails (Titan 30/11) and the TECCO® system were applied. 

 

Project information  

Name of project Express Road S-1, Grodziec Śląski/Poland 

Slope height (in line of slope): max. 22 m 

Geology: Flysch, clays 

Slope angle: 1: 2 

Slope exposition: North and South 

Protected area: approximately 8¡600 m
2 

Measure type: Soil nailing together with flexible face cover made out 
of high-tensile steel wire mesh 

Investor: National Roads Dept., Division Katowice 

General Contractor: SKANSKA S.A. 

Nailing contractor: Soley Spółka z o.o. 

Installation: 2007 

Measure type: TECCO® System 

Mesh: TECCO® G65/3 mm 

Spike plates: TECCO® System Spike Plates 

Pretensioning force: V = 30 kN 

Nails: TITAN 30/11 

Nails length: L = 4, 6, 7 ,8 m  

Nails pattern: a · b = 2.5 m · 2.5 m 
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Pictures 11.30 and 11.31 show the self drilling processes on the slope and picture 11.32 
presents the installation of the high-tensile steel wire mesh. 

 
 

 

Picture 11.30  Drilling process from with access from the top of the slope 

 

 

 

Picture 11.31 Slope under nailing works. Partially covered with crushed stones due to local failures of  

the slope surface 
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Picture 11.32  Installation of the high-tensile steel wire mesh 

 

 
On picture 11.33, the nail head area and the spike plates with the corresponding local dells 
for pretensioning are illustrated. 

 
 

 

Picture 11.33  System spike plates allow active pretensioning (system fully installed) 

 

 
The following pictures 11.34 and 11.35 show the express road with the slope stabilization 
system. After several weeks, first results of greening can already be seen. 
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Picture 11.34 Slopes after completion. Slope partially covered with crushed stones, no greening was 

applied and no erosion mat was used 

 

 

 

Picture 11.35 Completed slope after completion of Express Road works 

 
 

11.7  Project Laliki, Poland 

 
In the south of Poland at the express road S69 near Laliki, approximately 3¡500 m

2 
of slope 

is protected with combination of nailing and high-tensile steel wire mesh surface cover. 
During planning the slope, at the very beginning of this project, the slope was somehow 
assumed to be a self-stable hard sandstone rockface. However, the following excavation and 
ground works asserted flysh as main slope material. 
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The excavation works were partly done using explosives (picture 11.36) and this seems to be 
the main reason why the face of the slope was partially heavy structured and fractured. Since 
it is often not simple to conduct geotechnical investigations and determine parameters for 
flysh, so called Rock Lab analysis (figure 11.10) was conducted in order to obtain the 
geotechnical parameters demanded for slope stabilization calculations. In a first concept, the 

entire area of approximately 7¡000 m
2 
was considered to be  stabilized. 

Due to costs optimization, the project was changed from one angled plane (34°) to two angled 
slope (45° in lower part and 26° in upper part of slope). The lower part acts as ground 
retaining structure secured with nails and mesh. Both upper and lower part are drained and 
revegetated. 

 

Project information  

Project name: Express Road S69, Laliki, Poland 

Slope height: max. 6.0 m in nailed part, up to 15 m above the berm 

Geology: Flysch, clays, sandstone 

Slope angle: 45° (1 :1) in nailed face, 26° (1 :2) above the berm 

Slope exposition: South 

Protected area: approximately 3¡500 m
2 

Measure type: Soil nailing together with flexible face cover made out of 
TECCO®, cocomat, hydro-seeding 

General Designer: Transprojekt – Krakowskie Biuro Projektów Dróg i Mostów 
Sp. z o.o 

General Contractor: BOGL& KRYSL Polska Spółka z o.o.  

Nailing: Soley Spółka z o.o./PPI Gerhard Chrobok Sp.j. 

Meshing and greening: AKG Architektura Krajobrazu Sp. o.o. 

Installation: March–May 2009 

Mesh: TECCO® G65/3 mm 

Spike plates: System spike plates (TECCO®) 

Pretensioning force: V = 30 kN 

Nails: TITAN 40/16, L = 3–4.5 m 

TITAN 30/11 L = 3, 6–9 m 

Nail pattern: a · b = 1.5 m · 1.5 m 

Cocomat type: GREENFIX Eromat typ 6S 
 

The following charts show some results of the investigations that was done with Rock Lab 
in order to obtain the relevant parameters of the flysh soil material. 
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Figure 11.10 Rock Lab investigation for flysh geotechnical parameters 

 

 

 

Figure 11.11 Cross section of flysh slope protected with nails and TECCO® system 

 

 
The following picture 11.37 provides an overview of the reprofile slope surface including 
the self drilling nail heads (before installation of mat and mesh).
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Picture 11.36 Rough slope after cutting; the drainage system is visible at the upper part of the slope 

over the bench 

 

 

 

Picture 11.37  Reprofiled and nailed slope face 

 

 
Picture 11.38 shows a view of the slope during the installation. Most cocomat cover is already 
installed whereas the high-tensile steel wire meshes are only partially unrolled on the surface. 
Picture 11.39 shows a slope three months after completion of installation work. 
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Picture 11.38 Slope covered with cocomat during high-tensile steel wire mesh installation 

 

 

Picture 11.39 Picture of the slope three month after completion of installation work 

 
 

11.8  Selection and samples of further TECCO® projects 

 
The following pictures shall give a wider overview of TECCO® system installation and 
global application in different slope conditions. 
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Picture 11.40  TECCO® system installed at Brot-Dessous, Rochefort, Switzerland 

 

 

 

Picture 11.41  TECCO® system installed at Brot-Dessous, Rochefort, Switzerland 
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Picture 11.42  TECCO® system installed at Dodoni, Greece 
 

Picture 11.43 TECCO® system installation at Polymilou, Greece (under construction) 

 
 

 
 



11.8  Selection and samples of further TECCO® projects 193 

 

 

Picture 11.44  TECCO® system installation at Santa Barbara, USA (under construction) 

 

 

 

Picture 11.45  TECCO® system installed at La Luz, Santiago de Chile 

 
 

 
 



194 11  Practical examples 

 

 

Picture 11.46  TECCO® system installed at Dandong Highway, China 

 

 

 

Picture 11.47 TECCO® system installed at Gifu Prefecture, Japan 
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Picture 11.48  TECCO® system installed at Railway in Czech Republic 

 

 

 

Picture 11.49  TECCO® system installed for railway protection at Kyle, UK 
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Picture 11.50 TECCO® system installed at Tunnel do Morro Agudo, Brazil 

 

 

 

Picture 11.51 TECCO® system installed at Tunnel do Morro Agudo, Brazil 

 

Picture 11.52 TECCO® slope stabilization at Carajas in Brazil (for VALE) 
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Picture 11.53  TECCO® system installation at Cavalcanti, Rio de Janeiro, Brazil 

 

 

 

Picture 11.54  TECCO® system installed at Barbados Wood, Tintern, UK 
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Picture 11.55 TECCO® installation at open pit mine in Western Australia 

 

 
Picture 11.56 TECCO® installation at Mount Tambourine, Australia 

 

Picture 11.57 TECCO® installation at Puntilla Hydro Power Plant, Chile 
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Picture 11.58  TECCO® installation at Xativa, Spain 

 

Picture 11.59  TECCO® installation at Monte Rosa Cali, Colombia 
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Picture 11.60  TECCO® installed at the Panama Channel, Panama 

 

 

 

Picture 11.61  TECCO® installation in Malaysia 
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Picture 11.62  TECCO® slope stabilizations incl. greening for SAMSUNG in Korea 

 
 

 
 

 
 

 
 



202 11  Practical examples 

 

 
   Picture 11.63 TECCO® slope stabilization at Neilston, UK, Railway cutting near Glasgow (left during     
   installation; right several months after completion of installation) 

 

 Picture 11.64  TECCO® slope stabilization USA 

 (left during installation; right several months after completion of installation) 

 

Figure 11.12 Stabilizing of an old unstable stone block wall along a railway line with high frequency, 

Kreuztal, Germany (see also following pictures 11.65 and 11.66) 
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Picture 11.65  Old, partly broken brick wall at railway line 

 

 

 

Picture 11.66  Stabilized brick wall (covered and nailed with TECCO® mesh) 
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Picture 11.67 TECCO® stabilization of brick walls at Markgröningen, Germany 

 

 

 

Picture 11.68 Special TECCO® application at Alptransit exhibition centre, Bodio, Switzerland 
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Picture 11.69 Slope stabilizations in Sendai area (close to Fukushima, Japan) after the heavy earth- 

quakes in March 2011. Left pictures show a failed concrete slope stabilization due to earthquake in-       

fluences. Right pictures show a TECCO® slope stabilization that resisted all earthquake influences 

perfectly without any damages. 
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12     Outlook and recommendation for further  

    research – status 2020 

 
By means of the presented dimensioning models it is now possible in principle to dimension 
so-called “flexible” surface protection systems in combination with nailing. Corresponding 
proofs of safety can be submitted for such systems provided that the necessary input 
quantities are known or have been established by suitably adapted tests for a specific system. 

It is in the nature of the dimensioning models that they include substantial simplifications 
which can simulate reality to a limited degree only. Uncertainties are to some extent covered 
by appropriate safety factors. 

A future task is to check these dimensioning models and the forces calculated with their aid 
in appropriate large field tests and to make adaptations and/or fine tunings where necessary. 

Scale 1 : 1 trials are suggested for this purpose on a test slope with the installation of an 
artificial cover layer to be stabilized. In the large-scale test it will then be possible to measure 
both deformations and effective forces acting on the system, and to compare these with the 
calculated values. Additionally, detailed and advanced geotechnical numerical simulations 
and calculations may support corresponding analysis. 

These endeavours to establish the forces and to define adequate proofs of safety are intended 
to make the presented technique a recognized construction process which satisfies the usual 
requirements as regards the safety and “fitness-for-use” of a long-term construction with 
permanent support and stabilization functions. 

This will eventually permit to replace many elaborate conventional support and stabilization 
measures consisting of solid and visible constructions in a manner which is gentle on the 
landscape and the environment. 

Since the TECCO® systems with high-tensile steel wire meshes is containing substantial 
safety factors, even more economic and cost-effective solutions may be achieved accordingly 
in the future. 

Other than that, further research regarding design and application of the new dimensioning 
concept for flexible slope stabilization systems should be made concerning application for 
rock slopes since meshes and nets from high-tensile steel wires will also provide new 
potential for economical rock slope stabilizations. 

Last but not least, new geotechnical numerical modelling in 2D and 3D will certainly support 
analysis of the interaction between mesh, nails and soil/rock. Consequently, such new 
numerical simulations will help with the design process of flexible slope stabilization 
systems and should be studied more detailed in the future.  

After 2012 the large-scale field tests have been performed and are described in chapter 13. 

In chapter 14 the significance and advantage of EAD and CE marking of geohazards 
products in general and specific for slope stabilization is explained. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

13     Large-scale field tests 

 
Goals 

 

The overarching goal for the execution of large-scale field tests was to analyse and better 

understand the load bearing capacity of this type of slope stabilization system under different 

limiting conditions and under conditions which are as real as possible. This was done with view 

to the optimal application of such systems in practice. Only instabilities close to the surface with 

a maximum thickness of 1.20 m were examined in this research project. The overall stability and 

thereby the dimensioning of the nail anchoring system to prevent fracture mechanisms with low-

lying sliding surfaces will not be discussed.  

 

Testing equipment 

 

The testing equipment consists of a 13 x 15 m steel frame which can be filled with soil material 

through a 10 x 12 m surface up to a layer thickness of 1.20 m (picture 13.1). The incline of the 

frame can vary between 0° and 85° by lifting it with a 500 to crane (pictures 13.2-13.4). The base 

and side areas of the test area are covered flat with rough wooden planks. To ensure that the sliding 

surfaces of instabilities close to the surface form within the filling material and do not follow the 

board floor, wooden slats with a cross sectional area of 30 x 60 mm were applied to increase 

roughness in the transverse direction. The mesh cover was sewn to upper and lower edge ropes. 

Depending on the safety system, they exhibit a diameter of 14 - 22 mm and are braced against 

laterally positioned bollards. To create a cut-out from an infinitely long slope which is as realistic 

as possible, the mesh cover was screwed to the side of the frame using U-profiles. This created a 

bedding which was immovable in the lateral direction. GEWI D = 28 mm or D = 32 mm with 

solidified cladding tubes were used as nails. The connection to the framework construction was 

made with a base plate welded to the nail which was itself screwed onto another steel plate. The 

cladding tube was led into a steel tube fastened to the base plate. The nail is considered bend-proof 

in its connection to the frame. Conventional solidification of the nail was not possible due to 

reasons concerning the installation and time frame. 

 

Spike plates adjusted to the mesh were used to fasten it. The upper support cable was not held up 

with nails; instead, it was fastened against bollards using fixing ropes. The lateral distance between 

the bollards corresponded to the respective horizontal distance between the nails. The mesh webs 

exhibited widths of 2.0 to 3.5 m and were connected to one another in a force-locking manner via 

system-specific connectors. To prevent the non-compacted gravel from falling out between the 

mesh, a mesh with an opening width of 20 x 20 mm with low-tensile strength and no static function 

was laid out under the mesh cover starting with the 4th test. 
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Picture 13.1  Test no. 13, TECCO® G65/4 + P33, after dismantling  
mesh cover and removing material, nail grid 3.5 x 3.5 m 

 
 

 
Picture 13.2  Total overview of testing equipment 

 
 
 

 



 

13  Large-scale field tests                                                                                                                   211 

 

 

Measurement equipment 

 

The surface including nail heads and steel frames were scanned flat using laser scans to 

serve as a reference level (picture 13.5). White cones set on the nails and various mirrors 

served as orientation aids and reference points. The scan was repeated after changing 

the incline by 5° each time. Picture 13.3 shows a cross-fade of individual scans. A 

pendulum and an automatic inclinometer are used to determine the inclination of the 

steel frame. 

 

The displacements of the top middle nail were measured via a rope potentiometer to 

verify the scan data and monitor the deformation during the test. In addition, the forces 

in the upper and lower support wire ropes were determined using load cells specially 

adapted to the conditions. 

 

Information on developments in selected nails during changing conditions was gathered 

using strain gauges. Analysing this would go beyond the scope of this book.  

 

Test results 

 

The large-scale field tests also show the positive influence of the installation of the spike 

plates in previously-created recesses. Creating troughs makes it possible to actively 

stretch the mesh during installation. This significantly reduces deformations when lifting 

the steel frame, which makes a significant effect on the load bearing capacity of the 

entire system (picture 13.4). 
 

 
Picture 13.3  Test no. 4, TEECO® G65/3 + P33,               Picture 13.4  Test no. 5, TECCO® G65/3 + P33 =  85° 
cross-fade of individual scans                                             sandy gravel 0 – 63 mm 
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Verification of RUVOLUM ® dimensioning concept 

 

The RUVOLUM® dimensioning concept was developed on the basis of many years of 

experience in the area of flexible slope stabilization systems and was verified in 2008 using 

only model tests. The large-scale field tests performed in the scope of the CTI research 

project make it possible for the first time to examine the theoretical model approach and 

the underlying assumptions under realistic conditions and using repeatable tests. The 

graphic analysis of the laser scan shows good agreement with the model approach in 

accordance with the RUVOLUM® concept. Comparative calculations were performed. The 

results of the back-calculation correlate quite well with the situation in which the first 

instabilities close to the surface were observed. If all partial safety factors are se t to 1.00 

and if the nail inclination is assumed to be perpendicular to the slope surface as before, the 

break is calculated to occur and matches very well with the test results.  

 

Conclusions from the large-scale field tests 

 

The large-scale field tests performed create an ideal foundation for a better understanding 

of the load bearing capacity of flexible slope stabilization systems as well as for further 

developing them and adapting them to project-specific requirements.  

 

The size of the test frame seems to have been well-selected for simulating instabilities near 

the surface. In supplementary tests, additional results on impacts to the nails and especially 

in the nail head area will be gathered. It was possible to verify the RUVOLUM® 

dimensioning concept.  

 

The results agree well with the test results and the experience gathered over the last 15 

years. They are based on a model approach which illustrates the real conditions in a 

simplified but sufficiently exact manner. 

 

    

Figure 13.1 Test no. 14, TECCO® G65/3 + P66,    
nail grid 3.5 x 3.5 m, round gravel 16 – 32 mm,  

a = 60°             

Picture 13.5 Test no.11, TECCO® G65/3 + P33, nail 

grid 3.5 x 3.5 m, sandy gravel 0 – 63 mm, a = 53°,  
first slides close to the surface             



                                                                                

 

 

14     CE Marking 
        

  Significance and Advantage of EAD and CE Marking of Geohazard 

  Products 

 
 

 
 

In a globalized world the standardization of products is essential to make sure that they perform 

as expected. The basis of their performance can either be that the product solves a described 

problem or performs in a specific way. This article describes how standardisation in the European 

Union helps to achieve a certain quality standard and what users must be aware of to compare 

different products. 

 

Why CE marking and what does this mean? 

Existing in its present form since 1985, the CE Marking has the symbol  . The letters "CE" are 

the abbreviation of French phrase "Conformité Européene" which literally means "European 

Conformity". CE marking is a certification mark that indicates conformity with health, safety and 

environmental protection standards for products sold within the European Economic Area (EEA). 

The CE marking is the manufacturer's declaration that the product meets the requirements of the 

applicable EC directives. The added value of CE marking is that all EU countries must allow the 

selling of construction products bearing the CE mark. This means that public authorities cannot 

ask for any additional marks or certificates or any additional testing. It is however important to 

know the basics of a CE marking. 

 

Responsibility for CE marking  

The responsibility for the CE marking lies with whoever puts the product on the market in the EU, 

i.e. an EU-based manufacturer, the importer or distributor of a product made outside the EU, or an 

EU-based office of a non-EU manufacturer. 

 

CE marking for construction products and how to get it 

Under the wing of the EUROPEAN COMISSION the EUROPEAN COMITEE FOR 

STANDARDI-ZATION takes care of all European Standards and supports the EU Legislation. 

 

The CONSTRUCTION PRODUCT REGULATION No. 305/2011 (CPR) of the European 

Parliament and of the European Council is a regulation of 9 March 2011 that lays down 

harmonized conditions for the marketing of construction products. The EU regulation is designed 

to simplify and clarify the existing framework for the placing on the market of construction 

products. The CPR helps authorities and consumers to receive high quality and safe products and 

to be able to compare different products.  

 

By testing the products either to a HARMONIZED EUROPEAN STANDARD or a EUROPEAN 

ASSESSMENT DOCUMENT (EAD) it is made sure that the basis for comparing product 

performance is the same. The test results display all relevant parameters in a detailed manner. 

Customers can ask the producers to provide them with the details to enable comparison of products 

and their performance. 
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If no harmonized standard exists for a specific product, then a European Assessment Document 

(EAD) can be written. This is the documentation of the methods and criteria accepted in the 

European Organisation for Technical Assessment (EOTA ) as being applicable for the assessment 

of the performance of a construction product in relation to its essential characteristics. 

 
Based on an EAD the Technical Assessment Body (TAB)  is performing the tests on the product 

and issues an European Technical Assessment (ETA) . As soon as the European Commission 

approves and lists the ETA the notified Body issues the CE-Marking. Finally, the Declaration Of 

Performance (DoP) must be drawn up by the manufacturer, who then assumes responsibility for the 

conformity of the product with the declared performance. It is a key part of the Construction 

Products Regulation. It provides information on the performance of a product.  

 

Natural hazard prevention: The new standardisation for rockfall, debris flow, shallow land-

slides and slope stabilisation 

 

In the field of geohazard products one can find the following three main EAD which cover different 

special applications: 

 

¶ EAD 230025-00-0106 “Flexible facing systems for slope stabilization and rock protection” 

¶ EAD-340020-00-0106 “Flexible kits for retaining debris flows and shallow landslides/open 

hill debris flows” 

¶    EAD-340059-00-0106 “Falling rock protection kits 

 

 

 
All available EADs can be found officially on the website of EOTA: 

http://eota.eu/en-GB/content/eads/56/ 

 

 

 

 

 

http://eota.eu/en-GB/content/eads/56/
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What are the details of an EAD? 

Using the EAD “Flexible facing systems for slope stabilization and rock protection” as an 

example. In this EAD several tests are described for flexible facing which have been used 

worldwide for decades. They are available in two different qualities, mild steel wire and high-

tensile steel wire. For both qualities of steel in combination with soil nailing / rock bolting there 

exist three key characteristics for the products.  

 

1. Puncturing at the nail head plate (shearing-off resistance at the upslope edge of the spike 

plate) 

2. Slope parallel load transfer into the nail with interaction of the soil (tensile strength) 

3. Deformation / elongation of the mesh under load in percent 

 

The tables below show the groups and classes to categorize the performance of the flexible 

facings. 

 

 

What does this mean for users? 

This means that using these tables one could clearly define in the tender documents the bearing 

resistances for a flexible facing which are needed for a specific project. Different products can 

be compared easily.  

 

The main advantage is that based on these tables one could clearly define in the tender document 

the three characteristics for a flexible facing which are needed for a specific project. So different 

products can be compared on a unique level. Of course, the basis of the tender specifications 

must be the design in accordance with the expected failure scenario. 

 

It is important to know that it is possible to get a CE-Marking without having performed all 

tests. For example, often only the tensile strength of a mesh has been tested but all other 

parameters are missing. But if these parameters are unknown, it is impossible to dimension an 

economic and safe solution. 

 

To avoid failures in installations and liability risks it is important to make sure that the 

parameters in the DoP (Declaration of performance) or ETA are in accordance with the 

corresponding design of the project. So, if investors, designers and contractors want to be sure 

to get the right product with the expected performance the test results must be checked in detail.  
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The TECCO® slope stabilization system with high-tensile steel wire meshes is introduced in 
this publication. The first chapters explain the traditional solutions using wire mesh and wire 
rope nets for slope stabilizations with flexible measure to protect surfaces. Also, the 
corresponding dimensioning concepts including sliding off parallel to the slope, local wedge-
shape bodies liable to break out and required inputs quantities and proofs of the terrain’s 
resistance against sliding (deep sliding surfaces) are presented and discussed. 

High-tensile steel wire meshes and their most common uses are then introduced, especially with 
the focus on flexible surface stabilization systems. Due to the uniform membrane structure of 
high-tensile steel wire TECCO® meshes, advanced nail patterns can be applied. The structure 
of the mesh enables to deviate from the basic pattern within reasonable limits; local 
discontinuities in the slope can be counteracted in optimum manner. 

A new concept of load transfer around the nail head area is provided by the method of designing 
of flexible slope stabilization systems with meshes made from high-tensile steel. Pretensioning 
is enabled by special spike plates and the high static effectiveness of the high-tensile mesh itself. 
This allows substantially increased and optimized load transfers from the meshes into the plates 
and finally into the main nails which improves the static performance of the entire system and 
limits its deformations. Only meshes with high-tensile steel wires can be used accordingly; 
normal steel wire meshes tend to deform elastically, cannot distribute such pretensioning forces 
and will therefore not be able to transfer the necessary loads which was illustrated with 
corresponding comparison tests. 

The relevant material properties of high-tensile steel wire TECCO® meshes were deter-mined, 
tested and analysed with corresponding test infrastructures, methods and comprehensive 
laboratory tests. Externally supervised test series proofed the load bearing capacities of the 
system elements, their functioning and interactions. 

Long-term field tests as well as different accelerated weathering tests were carried out in order 
to ensure sufficient corrosion protection levels. 

The dimensioning part of the RUVOLUM® design method with TECCO® mesh consists of 
different necessary investigations, load cases and stability proofs. This includes investigations 
of superficial and local instabilities, puncturing and stability proofs as well as bearing capacities 
of the nails. Additionally, the load cases “earthquake” and “streaming parallel to the slope” were 
analysed and corresponding design methods developed and explained. Design examples provide 
an in-depth explanation with hand calculations of the entire dimensioning concept. 

A detailed description of typical project executions and installation options explain the 
recommended system elements, different planning steps problem analysis, preparation, stake-
out, drilling, grouting, mounting and connecting the mesh to greening, revegetation and planting 
aspects. Also, important advice is given for acceptance, maintenance and periodic inspections 
of the flexible slope stabilization system. 

Environmental and carbon footprint aspects are analysed and discussed with comparisons of all 
the emissions which might affect climate change during the service life of different slope 
stabilization structures. It was shown that the TECCO® system with high-tensile steel wire mesh 
contributes to greenhouse effects far less than shotcrete or concrete structures. 
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In that sense, increased use of such slope stabilization systems would definitely help to reduce 
and slow down global warming. 

A few international examples of executed flexible slope stabilization solutions are presented 
with various selected aspects of design, execution and installation in order to complete the 
introduction of the method of designing flexible slope stabilization system with high-tensile 
steel wire meshes. 

Conclusions about the TECCO® system and the RUVOLUM® method of designing of 
flexible slope stabilizations with high-tensile steel wire meshes: 

- The method provides a slope protection and stabilization system which is used to stabilize 
slopes of any soil and unconsolidated, rocky material on the one hand, and on the other 
hand to prevent stones and blocks in disintegrated, loose or weathered rockfaces from 
breaking out. 

- This design method serves dimensioning slope stabilization systems which consist of 
high-tensile steel wire mesh cover in combination with nailing. The dimensioning concept 
also includes the investigation of superficial slope parallel instabilities as well as the 
investigations of local instabilities between the individual nails. 

- Further, the design method provides a comparatively very low carbon footprint as well as 
various visual advantages in order to allow respectful, environmentally friendly and 
forward-looking solutions. 

- In the meantime, installations and applications in more than forty different countries and 
on all continents demonstrate the method’s global geotechnical acceptance, approval and 
economical effectiveness. 
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Appendix E       Example for high-tensile steel wire test series 
 

Since the beginning of production of high-tensile steel wire meshes, raw material control of 

steel wire was and still is always of great importance. All production companies are carrying 

out random tests to check their provided technical information.  

 

For example, BAREMO GmbH (Romanshorn, Switzerland) is one of the independent 

companies for material testing. This company is testing the wire samples in accordance to 

standard DIN 51210 to verify the technical information provided by the steel wire supplier.  

Thereby, the following tests are being carried out: 

 
- Tensile tests at an individual steel wire (determination of the breaking load) 
- Bending tests 
- Torsion tests 
- Determination of the corrosion protection coating thickness 

To analyse the probabilistic distribution of the tensile strength of the high-tensile steel wire, 

the provided data by the steel suppliers is evaluated and summarized. In order to give an 

overview of this procedure, a sample of a French supplier of wires is illustrated as follows:  

 
- Number of considered coils:  n = 139  
- Average value of the yield strength (under tensile load)  fy = 1860.6 N/mm2 
- Minimum value of the yield strength (under tensile load)  fy,min = 1783.0 N/mm2 
- Maximum value of the yield strength (under tensile load)  fy,max = 1920.0 N/mm2 
- Standard deviation   s = 25.33 N/mm2 
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Appendix F        Model tests regarding bearing resistances 
 

Based on the RUVOLUM® method, flexible slope stabilization system such as the TECCO® 
system, can be dimensioned against superficial instabilities. Next to slope-parallel failure 
mechanisms, local instabilities between the single nails are investigated. 

Based on practical experiences as well as experiences during model tests (figure F.1), it is 
generally assumed that if a certain mass would slide down, tensile forces in the mesh occur as a 
result of friction or interaction, respectively, between the subsoil and the mesh. Above of the 
considered sliding mechanism, the wire mesh is fixed at the nail head with a TECCO® system 
spike plate. A certain amount of this tensile forces is transferred from the wire mesh via the spike 
plate onto the nail and finally into the stable subsoil. This additional stabilizing effect can be 
taken into account in the consideration of equilibrium in the context of superficial instabilities. 

To determine the maximum possible tensile force to be transmitted from the steel wire mesh via 
the TECCO® system spike plate onto the nail, corresponding tests as presented in picture F.1 were 
carried out. It is important to differentiate between the capacity of the wire mesh to this kind of 
local force transmission and the tensile strength of the steel wire mesh in longitudinal as well as 
transversal direction. During the tensile tests, the stress transmission is more or less uniform over 
the width of the test sample. In contrast to this, in the tests as shown in picture F.1, the load 
distribution is concentrated very much around the nail head. 

The bearing resistances of the steel wire mesh to tensile stress in longitudinal as well as 
transversal direction mainly serve to characterize the product. But this information cannot be used 
directly for the dimensioning of the stabilization system against superficial instabilities because 
the effective kind of stresses occur in different ways. 
 
 

 
 
 

Figure F.1 Left side: model for the investigation of local instabilities between the single nails based on the 

RUVOLUM® method. 

Right side: model tests with a scale of 1: 5 with an inclined plane. The photographs on the very right side 

shows the deformation behaviour of the system around the nail head area in a near vertical state. Just below 

the thread bar, a hole was created due to moving down of the sandy material. The geogrid is tensioned and 

pulls at the nail head. At the same time on the upper side of the steel plate, the geogrid would like to be sheared 

off. The sliding mass is pushing out the flexible system. In this test, the resistance of the system against 

shearing-off is sufficient. But of course, a geogrid should not be used for stabilizing real slopes due to its low 

resistance. In this model test, it was not possible to use a scaled TECCO® mesh. 
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Picture F.1 Test setup to determine the bearing resistance of the high-tensile steel wire mesh system 

against selective, slope-parallel tensile stress. In this test series, the tensile forces have to be transmitted 

from the pulling machine, via wire ropes and shackles, the steel frame and the steel wire mesh onto the 

spike plate as well as the nail into the subsoil. The box filled up with sandy gravel and the central arranged 

nail with the spike plate are fix. The red frame and the attached steel wire mesh TECCO® can move freely 

on the green steel profiles 
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Appendix G Material descriptions and calculation of carbon footprint  analysis 
and comparison 

 
 

TECCO®– System Material Weight 
(kg) 

Pinning     
(WT 32 gross) 

 

 
Nail = 4.0 m 

Nail = 6.0 m 

Injection for nails 

 

 
steel 

steel 

cement, w/c= 0.4 

 

 
1817.3 

4088.9 

23400.0 

Wire mesh    

 TECCO® mesh high-strength wire 1963.6 

 Corrosion protection: 
galvanization 

zinc 169.6 

 Corrosion protection: 
galvanization 

aluminium 8.9 

 Gripping plate sheet steel 495.0 

 Corrosion protection for 
gripping plate 

zinc coating  

 Press claws steel 123.8 

 Corrosion protection zinc coating  

 Stranded rope 
(as side guys, top/bottom) 

high-strength wire 100.0 

 Corrosion protection for 
stranded rope 

zinc coating 0.5 

 Spiral rope anchor = 4.0 m 
(top/bottom) 

high-strength wire 42.4 

 Corrosion protection 
for spiral rope anchor 

zinc coating 0.2 

 Injection for spiral rope 
anchors 

cement 896.0 

Planting  

TECMAT erosion 
protection mat 

 

polypropylene 

 

714.0 

 
Table G.1: Materials used for a slope stabilisation structure constructed using flexible TECCO® wire net- 

ting for a slope 100 m long 
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Shotcrete placement Material Weight 

(kg) 

Pinning (WT 28 gross)    

 Nails = 4.0m steel 1081.9 

 Nails = 5.0m steel 6713.7 

 injection for nails cement, w/c = 0.4 40350.0 

Shotcrete    

 Total shotcrete 
(spraying loss ~25%) 

 564360.0 

 Clips Steel 6324.8 

 Top plate Steel 589.2 

 Corrosion protection 
for top plate 

Zinc coating  

Drainage  
 

Drainage pipes 

 
 

PVC 

 
 

64.0 
 

Table G.2 Materials used for a slope stabilisation structure constructed using shotcrete placement for a 

slope 100 m long 

 

 
Consideration of the CO

2 
equivalent level of pollution (in kg CO

2 
equivalent) 

TECCO®-System 

Process Total Pinning Mesh Planting 
 

Total for all processes 35586.6 28041.0 6037.6 1508.0 

Portland cement, strength class Z 42.5, 

at plant/CH S 
20245.2 19498.6 746.6 0.0 

Reinforcing steel, at plant/RERS  8134.6 7363.1 771.4 0.0 

Steel, converter, low-alloyed, at plant/RERS  3571.8 0.0 3571.8 0.0 

Transport, lorry 28t/CH S 1644.0 1179.3 385.1 79.5 

Polypropylene, granulate, at plant/RERS  1428.5 0.0 0.0 1428.5 

Zinc for coating, at regional storage/RER S 437.1 0.0 437.1 0.0 

Aluminium, primary, at plant/RERS  106.4 0.0 106.4 0.0 

Transport, transoceanic freight ship/OCE S  19.2 0.0 19.2 0.0 
 

Table G.3 Detailed consideration of the emissions which might affect climate change during the service 

life of a comparable structure produced using different processes 
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Shotcrete placement 

Process Total Shotcrete Pinning Drainage 
 

Total for all processes 147479.6 102231.2 45108.6 139.8 

Concrete, exacting, at plant/CH S 80772.4 80772.4 0.0 0.0 

Portland cement, strength class Z 42.5, 

at plant/CH S 
33622.5 0.0 33622.5 0.0 

Reinforcing steel, at plant/RER S 18338.2 8619.6 9718.6 0.0 

Transport, lorry 28t/CH S 14578.7 12809.8 1767.5 1.4 

Polyvinylchloride, at regional storage/RER S 138.4 0.0 0.0 138.4 

Zinc for coating, at regional storage/RER S 29.5 29.5 0.0 0.0 
 

Consideration of the CO2 pollution from fossil fuels (in kg CO2) 

TECCO®-System 

Process Total Pinning Mesh Planting 
 

Total for all processes 25053.4 22040.0 2949.8 63.6 

Transport, lorry 28t/CH S 1282.6 920.0 300.5 62.1 

Transport, transoceanic freight ship/OCE S 0.2 0.0 0.2 0.0 

Portland cement, strength class Z 42.5, 

at plant/CHS  
18586.0 17900.0 686.0 0.0 

Reinforcing steel, at plant/RER S 3557.4 3220.0 337.4 0.0 

Steel, converter, low-alloyed, at plant/RER S 1522.7 0.0 1522.7 0.0 

Polypropylene, granulate, at plant/RER S 1.5 0.0 0.0 1.5 

Zinc for coating, at regional storage/RER S 85.9 0.0 85.9 0.0 

Aluminium, primary, at plant/RER S 17.0 0.0 17.0 0.0 
 

Shotcrete placement 

Process Total Shotcrete Pinning Drainage 
 

Total for all processes 122480.4 85960.0 36518.0 2.5 

Transport, lorry 28t/CH S 11372.3 9993.2 1378.0 1.1 

Concrete, exacting, at plant/CHS  72200.0 72200.0 0.0 0.0 

Portland cement, strength class Z 42.5, at 

plant/CHS  
30900.0 0.0 30900.0 0.0 

Reinforcing steel, at plant/RER S 8001.0 3761.0 4240.0 0.0 

Polyvinylchloride, at regional storage/RER S 1.4 0.0 0.0 1.4 

Zinc for coating, at regional storage/RER S 5.8 5.8 0.0 0.0 
 

Table G.3 Continued 
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Process CO

2 
emissions 

(%) 
SO

X 
emissions 

(%) 
NO

X 
emissions 

(%) 
Soot and Dusts 

emissions (%) 

Material 84.9 63.2 40.6 27.9 

Construction 4.9 9.5 16.0 19.2 

Dismantlement 5.3 14.9 28.7 31.4 

Abandonment and 

recycling 
1.2 1.9 1.6 2.1 

Transportation 3.6 10.5 13.1 19.4 
 

Table G.4  Process rate of concrete life cycle 

 

 
Industrial method Material Emission basic unit 

Value Unit 

High-tensile steel wire mesh system 

(TECCO® system) 
Grout 937.6 

3 

kg-CO
2
/m 

Wire 1.3 kg-CO
2
/kg 

Steel bar 1.2 kg-CO
2
/kg 

Concrete/shotcrete system Grout 937.6 
3 

kg-CO
2
/m 

Shotcrete (mortar) 320.7 
3 

kg-CO
2
/m 

Wire 1.3 kg-CO
2
/kg 

Steel bar 1.2 kg-CO
2
/kg 

 

Table G.5  CO
2  
emissions source unit of each material 

 

 

Method of 

construction 
Material Use quantity CO

2 
emissions 

standard physical unit 
CO

2 

emissions 

Quantity Unit Value Unit (kg-CO
2
) 

TECCO® system Grout 0.9 m
3 

937.6 
3 

kg-CO2/m 844 

Wire 2,124.0 kg 1.3 kg-CO
2
/kg 2,761 

Steel bar 2,775.0 kg 1.2 kg-CO
2
/kg 3,330 

Total  6,935 

Concrete frame Grout 1.4 m
3 

937.6 
3 

kg-CO
2
/m 1,313 

Shotcrete/ 

concrete 

(mortar) 

141.0 m
3 

320.7 kg-CO /m
3 

2 45,219 

Wire 4,463.0 kg 1.3 kg-CO
2
/kg 5,802 

Steel bar 11,167.0 kg 1.2 kg-CO
2
/kg 13,400 

Total  65,734 
 

Table G.6  Calculation results of CO
2  
emissions per 1¡000 m

2  
slope surface 
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TECCO® system 

CO
2 
emissions (A) 

Shotcrete 

CO
2 
emissions (B) 

A 

B 

Reduction rate 

(B -  A) 
x  100 (%) 

B 

6,935 kg-CO
2
 65,734 kg-CO

2
 6.935/65.734 = 1/9.5 (65.734 – 6.935)/65.734 × 100 

= 89.4% 

 
Table G.7  Environmental impact by high-tensile steel wire mesh system (TECCO® system) 
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Appendix H Example for output data of   RUVOLUM ® 

Dimensioning Software (1/6) 
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Appendix H Example for output data of  RUVOLUM ® 
Dimensioning Software (2/6) 
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Appendix H Example for output data of    RUVOLUM ® 

Dimensioning Software (3/6) 
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Appendix H Example for output data of  RUVOLUM ® 
Dimensioning Software (4/6) 
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Appendix H Example for output data of    RUVOLUM ® 

Dimensioning Software (5/6) 
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Appendix H Example for output data of   RUVOLUM ® 
Dimensioning Software (6/6) 
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Flexible slope stabilization systems made from conventional wire meshes in combination with nails or nailing are 

widely used in practice to stabilize soil and rock slopes. They are traditional solutions and provide an alternative 

to measures based on rigid concrete liner walls, shotcrete applications or massive supporting structures. 

 

Slope protection by means of common wire mesh and wire rope nets is known accordingly, but the transfer of 

forces by mesh as pure surface protection devices is limited on account of their tensile strength and above all 

also by the possible force transmission to the anchoring points (nails, anchors). 

 

Strong wire rope nets offer certain possibilities for slope stabilizations with greater distances between nails and 

anchors. However, they are comparatively expensive in relation to the protected surface and the size of the 

individual nets is relatively small, resulting in higher installation cost and less flexibility to local terrain 

conditions. 

 

Today, apart from solutions using conventional steel wire, new meshes from high-tensile steel wire are now also 

available on the market. The latter can absorb substantially higher forces and transfer them onto the nailing. 

 

A new special method has been developed for the designing of flexible slope stabilization systems with high-

tensile steel wire meshes for the use on steep slopes in more or less homogeneous soil or heavily weathered 

loosened rock. 

 

The interaction of mesh and fastening to nails has been investigated in comprehensive laboratory tests. This 

enabled also to find a suitable fastening spike plate which allows an optimal utilization of the strength of the 

mesh in tangential (slope-parallel) as well as in vertical direction (perpendicular to the slope). 

 

The trials also confirmed that the high-tensile wire meshes, in combination with suitable plates, enable 

substantial pretensioning of the system. Such pretensioning increases the efficiency of the protection system. 

This restricts deformations in the surface section of critical slopes which might otherwise cause slides and 

movements as a result of dilatation. Suitable dimensioning models permit to correctly dimension such systems. 

 

Various implemented stabilizations in soil and rock, with and without vegetated face, confirm that these measures 

are suitable for practical application and provide useful information for the optimized handling and installation 

process. 

 

Geotechnical, civil and mining engineers, geologists, professors and students, designers, public authorities as well 

as any decision takers will receive a detailed insight into the subject of slope stabilization with the new high-tensile 

steel wire mesh and the new dimensioning method for flexible slope stabilization systems which allow simple and 

safe concepts including cost saving installation processes. This provides new interesting solutions for 

traditional geotechnical problems which, in the meantime, are executed and applied globally on all continents.  
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