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ABSTRACT

In the course of climate change and due to climate change-related effects, an increase in rockfall events in the Alpine region is to be ex-
pected. In addition, triggered by the requirements for sustainable and economic operation of infrastructure, there are increased demands on
the durability of structures. For this reason, the development of a new regulation for the foundation of rockfall protection fences has been
started in order to create the necessary framework to cover the effects of impact and off-axis loading on the foundation of rockfall protec-
tion structures on the one hand, and on the other hand to define the necessary boundaries for a planned service life of more than 30 years.
The following paper presents some of the planned innovations of this set of rules and describes their application, implementation and the

resulting advantages and improvements.

INTRODUCTION & ROCKFALL PROTECTION STRUCTURES
Rock-fall protection fences (Fig. 1 left) are state-of-the-art protection measures against rock-fall, especially when the topography or the
available space is not suitable for other structures such as rock-fall dams (see. Fig. 1 right). Rock-fall protection fences according to EAD

34-0059-0106 consist of the following components, as shown in Fig. 1 left:

e interception structure (principal net and optional additional layer);
e support structure (posts) and foundation structure;

e connection components (e.g. metallic ropes, wires, wire rope grips, energy dissipating devices).

Despite to the design of the interception structure, the European Assessment Document (EOTA, 2018) does not consider the design and ex-
ecution of the foundations of rock-fall protection fences. Nevertheless, the maximum forces acting on the foundations are based on various

assessment tests, representing the characteristic actions to be considered for the design and construction of the foundation.

Furthermore, within the Austrian Standard Rule ONR 24810 (2021) - Technical protection against rockfall - the state-of-art for the design
and construction of rock-fall protection measures including the foundations of rock-fall protection fences is given. Given by the fact, that
during the above mentioned assessment test, only an idealized impact is simulated, a partial safety factor of 1.5 has to be used. In reality,
load cases with impacts off-axis have to be considered, which leads to higher forces due to an asymmetrical distribution of the actions in

the protection system.
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Figure 1:  Left: Schematic of a rock fall protection fence (RVS 08.22.02), Right: Rock fall protection dam

As shown in Fig. 1 left, related to the subsoil, micropiles and supporting foundations are necessary to transfer the impact-like loads and

furthermore compensate for the off-axis direction of action. As a result, due to geometrical boundaries and given by the deflection of the
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support structure, the loads primarily act partly subparallel to the axis of the micropile (upslope rope of post and upper or lower bearing

ropes), and partly oblique or perpendicular to the axis, especially at the post-foundations.

Currently the Austrian Standards describe two approaches for the design of the foundations of rock-fall protection fences:
e using characteristic values for various soil-types derived from literature;

e by characteristic resistance values derived from micropile tests.

In order to account for a resilient protection structure with a high confidence level during its working life, additional standards are to be
defined within the currently under preparation RVS 08.22.02. This new standard should include recent results from research and practice
and also incorporates the content of the Austrian Standard B 4456 - Durability of anchorages such as the corrosivity of the underground and
the influence due to de-icing agents. This new regulation should take these conditions into account and thus lead to resilient and reliable

foundations for rock fall protection fences.

DURABILITY RELATED DESIGN

In order to ensure a planned service life of more than 30 years for the foundation of rockfall protection fences, appropriate design approach-
es must be followed. On the one hand, these result from environmental influences are given by the subsoil and the ground and slope water,
and on the other hand, they also result from impulsive and off-axis load effects. The former is given here decisively by the effects resulting
from the corrosiveness of the subsoil (ON B 4456) and by the spray impact from nearby roads and traffic routes. Fig. 2 on the left shows
the areas of the foundation of a rockfall protection system that are exposed to spray mist from a nearby road, which has a size of 6 m x 3
m in accordance with EC2 (2014). In this area, an increased accumulation of corrosion-promoting agents is to be expected, resulting in an

accelerated progression of corrosion.
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Figure 2:  Left: Spray area in the vicinity of roads, Right: Eccentric load of the micro-pile

In addition to corrosion, micropiles used as foundations for rockfall protection fences are subject to off-axis and mostly impulsive loads as
a result from an event. As shown in Fig. 2 on the right, this results from the geometric and installation-related effects. On the one hand, the
required parallelism between the cable and the micropile can never be ensured in the area of the foundation of the cable, as this is impos-
sible due to the geometric framework conditions and also as a result of the deflection of the net. On the other hand, appropriately arranged
micropiles, which are loaded orthogonally and obliquely, are required to transfer the forces in the auxiliary foundations. The currently ap-
proved micropile systems in Austria only allow a rod-parallel tensile stress as well as compressive and alternating load application. Meaning

that corresponding improvements are necessary, in order to prevent negative effects due to a planned off-axis loading.

NEW GUIDELINES FOR THE FOUNDATION OF ROCKFALL PROTECTION STRUCTURES - RVS 08.22.02

As already mentioned, a new guideline currently being developed will provide a basis for addressing the durability requirements and the
effects of impulsive, off-axis loads in the foundation of rockfall protection nets. This aims to allow for a planned service life of more than
30 years and also to provide recommendations for temporary structures for example throughout the construction time. In addition to infor-
mation on planning and design, such as the specialities of the subsoil investigation related to protective structures, the focus is on design

specifications and information relating to the grouted material and documentation.

The design specifications range from information on minimum cross-sections for micropile systems, to the requirements for corrosion

protection and the grout cover. One focus is on a number of components that consider the effects of off-axis and impulse loading. Thus,
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requirements for a protective tube in the area of the pile head are defined together with near ground-level connections between the cable
and micropile in order to reduce the effects of off-axis loading and also to mitigate the impulse-like effects and an often-missing bedding in

the head area. Together with the requirements for the grouted material, main information on auxiliary foundations are given.

By addressing the requirements for comprehensive documentation, it should also be ensured that, on the one hand, comprehensible plan-
ning is given and, on the other hand, the necessary information with regard to maintenance and servicing is collected. Above all, the docu-
mentation of pile installation and testing, but also the documentation of the existing subsoil are to be processed accordingly here in order

to be able to use these results for future construction measures and also to bring improvements in this area of geotechnics.

Additionally, temporary measures and emergency measures are also addressed in order to close a currently existing gap in the planning
and design and also to fulfil the practical requirements of such a set of rules. If the design specifications for such measures are adhered to,
a subsequent classification and thus the achievement of the planned service life of more than 30 years can thus also be possible, even if in
the case of immediate measures, the requirements for comprehensive planning that would otherwise have to be implemented (e.g. subsoil

investigation, pile testing) cannot be implemented for time reasons.

CONCLUSIONS

The current development in the field of foundations for rockfall protection fences shown in this article is based on research and devel-
opments in the field of micropile technology and the experience gained in dealing with protective structures against natural hazards. The
approaches briefly presented here strive to extend the planned service life - and thus the effective life - of these constructions to enable

sustainable and long-lasting constructions for the protection of infrastructure and settlement areas in the future.

To make this possible, uniform standards are given which address both the environmental impacts on the structure and the corrosion
protection of the micropiles, but above all the off-axis and impulsive loading. By taking these design specifications into account, it can be
ensured that the protective effect of the structure is given over an appropriate period of time and that the effects of low-energy impacts are
subsequently reduced. Above all, the latter is decisively connected with a sustainable construction, as the need to replace the foundation in

the case of events below the service energy level is only given to a limited extent.

The mentioned RVS 08.22.02 is currently being drafted and is expected to be published in mid-2024. In addition to the development of
this guideline based on results of research projects, practical experience will be integrated and, among other things, consultation will be
held with the suppliers of micropile systems to enable the implementation of the design specifications. Furthermore, ongoing research and
investigations are being carried out on corrosion protection methods for micropiles in order to increase the service life and to improve

installation, maintenance and load-bearing capacity.
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