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ABSTRACT: Diagonally structured meshes of high-tensile steel wire provide new safety and economical
possibilities for slope stabilizations in combination with soil and rock nailing. An adapted concept for di-
mensioning based on practical experience as well as special laboratory trials to determine the essential bear-
ing capacities of tangential and axial force transmission from the mesh to the nails make this flexible facing
system designable. This system with an open mesh permits full-surface greening and is often an economical -

alternative to rigid constructions of concrete.

1 INTRODUCTION

The use of wire mesh and wire rope nets as a flexi-
ble measure to protect surfaces has been proved
worthwhile in many cases and is an accepted tech-
nology. Until now, wire mesh from wires of a tensile
strength of approx. 500 N/mm? are mostly used for
these protection measures. Ropes threaded into the
mesh can be used as reinforcements. If the distances
between nails are kept at an economical level, these
simple meshes are often unable to absorb the occur-
ring forces and to selectively transmit them onto the
nails. Wire rope nets, while finally allowing larger
spacing between nails, are comparatively expensive
and therefore only used in particularly delicate cases
with very high forces and a need for long nails.

The development of a wire mesh made from
high-tensile steel wire with a tensile strength of
more than 1,800 N/mm?, produced in a special pro-
cess, offers new possibilities for the efficient and
also economical protection and stabilisation of
slopes. The system lends itself for dimensioning by
means of suitably adapted dimensioning models
considering the statics of soil and rock. In the practi-
cal application these high-strength meshes are often
able to replace the expensive wire rope nets.

2 HIGH-TENSILE WIRE MESH AS A SURFACE
PROTECTION SYSTEM

The usual type of the new mesh for slope stabiliza-
tion, named TECCO (cf. figure 1), has individual
meshes measuring 83 mm x 143 mm. It is produced
by single twisting of the wire with a diameter of 3
mm and a tensile strength of more than 1,800
N/mm? This TECCO mesh has a considerable ten-

707

sile strength of approx. 150 kIN/m in longitudinal
and 75 kN/m in cross direction. The gentle deflec-
tion of the wire to form the individual meshes results
in a three-dimensionality of the mesh which vastly
improves the connection to the subsoil and possibly
applied hydroseeding.

Substantially higher forces can be absorbed by
this mesh in comparison with the wire mesh tradi-
tionally available on the market, offering a tensile
strength in longitudinal direction of approx. 50
kN/m at comparable mesh size and similar wire di-

~ ameter. Compared to wire rope nets, the high-tensile

wire meshes with their special properties provide a
statically virtually equivalent surface protection sys-
tem which is, however, substantially more economi-
cal.

When using high-tensile wire mesh as a surface
protection system, the slope of soil or rock to be pro-
tected is cut as suitable and level as possible to the
profile and then covered with the high-tensile steel
wire mesh which is fixed and often pretensioned to
soil or rock nails.

Figure 1. The TECCO meéh.



WIRE MESH NAIL (WITH SPIKE PLATE)

Figure 2. The TECCO mesh.

Figure 4. Instabilities, parallel to the slope, local.

For this system 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 (cf. figure
2). This means that the maximum possible bodies li-
‘able to break out are limited to a width a and a
length of 2*b. The nail head is designed so that it
can be pretensioned with the force V (cf. figure 5 or
7). This improves the static effectiveness of the sys-
tem and limits the deformasions in the area of the
slope. To meet the high demands in respect of .dura-
bility, the known anti-corrosion process of alumin-

ium-zinc alloying is used to protect the wire surface
what equals an enormous increase of corrosion pro-
tection in comparison with normal standard zinc
coating.

3 RUVOLUM, THE NEW DIMENSIONING
CONCEPT

The new dimensioning concept RUVOLUM is ap-
plicable to all 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
RUVOLUM is not restricted to the dimensioning of
protection systems using high-tensile mesh exclu-
sively.

The new dimensioning concept comprises two
investigations: '
- Investigation of superficial instabilities

parallel to the slope
- Investigation of local instabilities between single

nails

RUVOLUM is a product of Riiegger Systems Ltd
and has been established especially by Rudolf Riieg-
ger and Daniel Flum in the context of the develop-
ment of high-tensile mesh.
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Figure 5. All forces acting on the cubic body.



3.1 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 thiclaness t which threatens to slide off
the firm subsoil. All forces considered and acting on
the sliding body are marked in figure 5. Hereby it is
assumed that no hydrostatic excess pressure and no

“flow pressure is effective on the sliding body. The

force V signifies the pretensioning force of the sur-
face protection system. The active application of this
force V means that the spike plates and thereby the
mesh are pressed onto or slightly into the subsoil.
This outer pressure force acting on the surface of the
steep terrain permits to mobilize additional friction
forces along the sliding surfaces under examination.
This has a positive effect above all on the overal sta-

© bility.

- From considerations of equilibrium concerning
the cubic body shown in figure 5 and taking into ac-
count the rupture condition of Mohr-Coulomb, the
general equation 1 can be formulated for the stabiliz-
ing shear force S in function of the geometrical and
geotechnical parameters as well as of the pretension-
ing force V and safety factor F.

S[kNi=1/F- {F-G-sino.— V-F-cos(‘*Y+a) —c- A
— [G-coso. + V-sin(‘P+0)] - tanep} (1)
The following three proofs of stability must be
established in the investigation of global failures

parallel to the slope:
- Proof against sliding off parallel to the slope

Proof against puncture of the mesh due to preten-

sioning force
- Bearing safety of the nail (combined strains)

3.2 Investigation of local instabilities between
single nails

When investigating bodies which might break out
between single nails, the question is what sort of
bodies become possible considering the selected nail
arrangement.

Located above each nail is a field of width a and
length 2*b which must be protected against local in-
stabilities. The cross section of the maximum possi-
ble shape that may break out is influenced to a major
extent by the protection concept itself: By sightening
the nuts, the spike plates are firmly pressed onto the

ground or slightly into it and the mesh is preten-’

sioned against the nail head with the force V.

Due to the passing-on of forces in the area of the
nail head, a truncated pressure cone occurs in the
cover layer beneath the spike plate and the adjoining

- Mmesh (figure 7).
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Figure 6. Overview of the general nail arrangement.
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Figure 7. Cross-section of the maximum possible body (liable
to break out) of the thickness t.

The dimensioning model is assuming that the
pressure cones are located completely outside the
body to be examined. The cross-section of the.
maximum possible body is therefore trapezoidal.
Simplifying, the trapezoidal surface can be trans-
formed into a rectangle of equal area of the width
areq and the thickness t. '

The body to be considered now features a width
of areq and @ maximum length of 2*b. For the proofs
of bearing capacity in the context of the investiga-
tion of local instabilities by the dimensioning
method described in this chapter it is mandatory to
vary the thickness of the bodies to be examined over
the entire interval O to t and to determine the deci-
sive failure (break-out) mechanism in this way.

It must be pointed out that the selected geometry
of the bodies to be examined is intended to approxi-
mately simulate the shell-like shapes which break
out in reality. By means of the trapezoidal cross-
section the actually curved cross-section is described
as an approximation.

The failure mechanism in figure 8 shows a two-
body sliding mechanism. Hereby the upper body I of
trapezoidal cross-section presses onto the wedge-
shaped lower body II via contact force X. The width -
of both bodies amounts to a.4. The force Z denotes
the slope-parallel force which is to be transmitted se-
lectively onto the upper nail. The force P is intro-
duced as a general retaining force required in the
context of the equilibrium considerations.
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Gn- [F- sin B —cos B - tan @] + (X-2Z) - [F - cos (0—f) —sin (a—P) - tan @] —c - Ay

P [kN] =

F-cos(B+W¥)+sin(B+%¥) tan@

()

X[kN]= 1/F-{Gi-(F-sinaa—coso-tan®)-c-Ay} 3)

As a special case the body I does not exist and it
remains body II as a one-body sliding mechanism.

The contact force X results from the equilibrium
considerations at the upper body I, whereby the con-
dition of Mohr-Coulomb as well as the safety factor
~ F are again taken into account. The equilibrium con-
- ditions on body II are formulated to determine the
maximum force P by variation of . Hereby the con-
tact force X from equation 3 and the slope-parallel
force Z are used.

The following proofs of bearing safety must be
established in the investigation of local instabilities
taking into account the bearing capacities of the pro-
tection system (cf. chapter 4):

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

the spike plate at the lower nail (force P)
. -Selective passing-on of the slope-parallel force Z
from the mesh onto the upper nail

A _
BODY Il _ "¢

N

At

X contact force

Z slope-parallei force

Gy ' dead weights of the individuat sliding bodies

c* Al forces due to cohesion
© Tun N reaction forces from the subsoil

a inclination of the slope

k4 inclination of the force P

Figure 8. Two-body sliding mechanism (possible friction

forces along the contact surface of the two bodies I and II are

neglected).

3.3 Additional proof of the terrain’s resistance
against sliding (deep sliding surfaces)

This concemns the proofs of safety against rupture of
the terrain, for which the nails are included in the
stability caculations with the topographically and
geologically adapted sliding surfaces, usually as ten-
sion elements with a stabilizing effect and in rarer
cases as shear elements. '

4 TRIALS FOR DETERMING THE BEARING
CAPACITY FOR FORCE TANSFER MESH —
NAIL '

In the equilibrium considerations in paragraphs 3.1
and 3.2, 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 in the maximum so that they can
still be absorbed by the used mesh, the applied spike
plate and the nails, taling into account appropriate
safeties. '

Figures 11 and 12 show the test setups developed
by Riiegger Systems Ltd, in one case to determine
the. bearing resistance of mesh against selective,
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Figure 10. Global stability.
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slope-parallel tensile strains, and in the other to de-
termine the bearing resistance of mesh to pressure
strain in nail direction.

The figures 13 and 14 show a-graphic presentation
of the test results. Laid off as abscissa are the defor-
mations in mm and as ordinate the tota] tensile or to-
tal pressure forces in kIN in each case. Hereby the
different bearing capacities of a high-tensile wire
mesh, of a common wire mesh and of a geogrid of
PET become particularly evident.

To determine the curves I, II and III in figure 14,
the meshes and the geogrid, respectively, were ten-
sioned in a square frame. The hydraulic press is ar-
ranged centrally and presses against a nail of type
GEWID =32 mm. '

Curve IV describes the behaviour of the test soil

(sandy gravel) without involvement of a mesh or

geogrid.

The difference A in figure 14 corresponds for ex-
ample to a high-tensile wire mesh of type TECCO,
the bearing resistance of mesh to pressure sirain in
nail direction, whereby corresponding safety mar-
gins must be considered also. In the proof 'shearing-
off of the mesh at the upslope edge of the spike plate
at the lower nail, only half of A may be used in the
calculation, while including corresponding safeties.

Figure 11. Test setup for determining the bearing resistance of
mesh against selective, slope-parallel tensile strains.

Figure 12. Test setup for determining the bearing resistance of
mesh to pressure strain in nail direction.
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“of D =220 mm.
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Figure 13. Force-deformation relationships of three different
products as result of tensile tests in tangential direction, using a
round spike plate with a diameter of D =220 mm.
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Figure 14. Force-deformation relationship as result of puncture
tests in nail direction, using a round spike plate with a diameter



Figure 15. General cross-section.

Figure 16. Protected slope with mesh cover in combination
with nailing.

Figure 17. Protected slope. .
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Figure 18. Protected slope (rocky section).

5 PROJECT IMPLEMENTED IN MULHEIM,
GERMANY

In Mtilheim, Germany, at the location Mendener
Strasse, a rocky slope approx. 420 m 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. The rock is very prone to weathering.
Based on the geotechnical situation, the overall sta-
bility of the slope is not endangered. The protection
measures are limited to the section close to the sur-
face.

The surface protection was dimensioned on the
basis of the RUVOLUM concept. For the rocky sec-
tion with'a slope inclination of o = 70° and a long-
term loosened, weathered layer of thickness t = 0.50
m to be protected, a nail pattern of a=b=2.5 mre-
sulted. 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 mand b = 3.0 m resulted.
The slope was greened with the Fibrater system.



