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ABSTRACT

Even the largest and best rockfall protection net cannot intercept a rock if the foundation fails in course of the impact. The foundation
is therefore an essential component of an effective rockfall protection system. The Unit of Geotechnical Engineering at the University of
Innsbruck, together with international infrastructure operators (Bavarian State Building Directorate, Austrian Federal Railways, Swiss Federal
Railways, Rhaetian Railway) and the Austrian Torrent and Avalanche Control Centre, has tested a wide variety of constructions in impact
load tests. In total, more than 175 impact load tests and 60 static pile test loads were realized. Overall, more than 1,350 meters of micropiles
were installed and tested for these experiments in order to later document any damage to the excavated grouting bodies of the micropiles.

The resulting findings were used to improve and optimize previous designs.

INTRODUCTION

Rockfall protection nets are extremely effective and economical protective measures against rockfall. In order to successfully protect the de-
sired object, the rockfall protection net must absorb the falling rock and its energy. The resulting forces are absorbed by suitable foundations
in the ground. In Europe, rockfall protection nets must be approved in load tests in accordance with the European Assessment Document
EAD 340059-00-0106 (EOTA, 2018). The foundation is not part of the approved system and must be designed and dimensioned depending

on the national standards and local conditions.

Even measuring the impact on the post foundation of a rockfall protection net is a complex issue. Gerber (2005) developed an initial pro-
posal for estimating the lateral action on the post foundation via the lower suspension rope. This approach is still used today. Volkwein et
al. (2016) published a sensor with the ability to determine all forces acting on a post foundation, although the measuring device must be

validated and calibrated (Hofmann, et al., 2021).

The impacts measured or estimated in the certification tests must be used to design and dimension the rockfall protection foundation in the
respective construction project. Such a rockfall protection foundation, which usually consists of micropiles, is impact loaded in the event of
an incident. Arndt et al. (2013) performed 1:1 tests in which he evaluated the load-bearing behaviour of post foundations in 2013. However,
the foundation types analysed differed significantly from the post foundations commonly used in Europe.

Cavziezel et al. (2022) investigated rockfall protection nets in natural terrain in realistic 1:1 tests. For this purpose, blocks equipped with
measuring sensors were rolled over the natural terrain into the net. Due to the additional rotational energy of the blocks, 30% higher forces
were measured in the cables and subsequently in the foundations than in conventional approval tests according to the EAD, in which the
block is thrown into the net without rotational energy. Nevertheless, the load-bearing behaviour of the rockfall protection foundation and

its construction were not analysed in these tests.

Generally, micropiles are typically evaluated for their load-bearing capacity through static pile load tests. However, there is only a limited
basis for determining whether micropiles react to impact loads in the same way as to static loads. In 2020, a research project was initiated at
the University of Innsbruck to study the load-bearing capacity and serviceability of the foundations of rockfall protection barriers in impact

load tests.

METHODS

Due to the complex task of an impact load, in which an interaction between the subsoil and micropile occurs, the load-bearing behaviour
of such rockfall protection foundations was investigated in real-scale tests. For this purpose, a 1000 kg or 2500 kg mass was fixed as a
pendulum to a 12 m or 7 m high steel frame. The pendulum mass was connected to the foundations by a steel rope, whereby the rockfall
protection foundations were subjected to impact loads. In order to apply an impact load to several foundations from the same pendulum

location, a pulley was arranged behind the pendulum. Figure 1 shows an example of such a test field (Hofmann & Wimmer, 2021).

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 348



post foundation

o Pendulum

Figure 1 - test setup for the impact loading of post foundations

In 2020, the first impact load tests were carried out on single micropiles with pile lengths between 4 and 6 meters. In order to investigate
the load-bearing behaviour, solid (@ = 32 mm) and hollow bars (Ja = 38 mm) were subjected to impact loads in different load directions
(axial, inclined at 45° to the bar axis and lateral). Depending on the load direction, the load peaks were between 60 kN (lateral) and 350 kN
(axial) with an exposure time of approximately 0.25 seconds. The results were also compared with additional static pile test loads. At the

end of the tests, all micropiles were excavated and the grout bodies were checked for damage (Wimmer & Hofmann, 2021).

In the following year (2021), tests were performed on previously common post foundations with different steel bars (solid bars, @ = 32 mm,
and hollow bars, @a = 38 mm) in the flat areas. The foundations were subjected to impact loads with forces between 3000 kN and 350 kN
and an impact duration of approximately 0.25 seconds. These results were then used in 2022 to test the serviceability of various post foun-
dations (with and without reinforced concrete foundations) in 35° steep terrain (Wimmer & Hofmann, 2022; Wimmer & Hofmann, 2023).

With the knowledge obtained from the tests on the load-bearing behaviour of the rockfall protection foundations under impact loads, the
designs currently used were adapted and improved to create a durable and economical foundation. The specifications and new designs
were developed in close cooperation with the project partners. The pile head system (pipe reinforcement with head connection close to
the ground) was investigate in the impact load tests (Figure 2). This system had already been tested by torrent and avalanche control centre
(in particular by Michael Posch from the Upper Inn Valley Regional Headquarter) for its practical feasibility when installed in alpine terrain.

In 2023, it was also possible to adapt current designs of post foundations to significantly increase the serviceability and durability of such

p

fl

foundations.

Figure 2 - rigid connection between pile head and pipe reinforcement (a, b) and built-in pile head system in alpine terrain (c, d)
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RESULTS AND DISCUSSION

The new, first guideline that only deals with the foundation of rockfall protection nets (RVS 08.22.02, 2024 in progress) was intended to
provide useful, proven, constructive specifications. The impact load tests realized at the Unit of Geotechnics at the University of Innsbruck
with countless project partners were used as a reference for this. It could be shown that the use of a pile head system in the course of an
eccentric impact does not lead to destroy of the grouting. However, when using a classic steel head without pipe reinforcement (Figure 3,
upper left sketch), flaking of the grouted material can occur under such an impact. Already axial impact loads of 250 kN to 290 kN damaged
the grout body of a classic steel head without pipe reinforcement to a depth of 55 ¢cm below ground level. The anchor head system, which
was developed by the torrent and avalanche control organization, consists of a head connection close to the ground that is connected to the
pipe reinforcement (steel pipe casing) in a shear-resistant manner. A slit is provided in the steel pipe to guide the grouting tube required
for backfilling the micropiles to the surface. When backfilling, care must be taken to ensure that the steel supporting element is completely

backfilled up to the head connection (Figure 2).
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Figure 3— Previous constructions of single piles and post foundations were subjected to impact loads in 1:1 tests (top). The results of the tests were used to adapt previous designs (bottom)

The impact load tests of post foundations showed that the use of adequately sized concrete foundations significantly reduces the deforma-
tions and thus the damage to the grouting of the micropiles. The use of concrete foundations with micropiles is therefore recommended.
It is also necessary to use pipe reinforcements (length > 0,8 m, exterior diameter > 76,1 mm, thickness > 2,6 mm) on the tension and com-
pression piles, which must extend into the concrete foundation. This ensures complete encasement of the steel tendon at the transition from
the concrete foundation to the subsoil. Without the use of such sheathing tubes, a construction joint was often found below the concrete

foundation. In this area, the steel tendon was not covered by grouting material.

CONCLUSIONS

Until now, there were no detailed specifications for the design of rockfall protection foundations, which were also evaluated through ap-
propriate experiments. In this research project, 175 rockfall protection foundations were analysed in impact load tests. In addition, 60 static
pile test loads were performed. In all tests, the load-bearing behaviour was investigated by displacement measurements of the micropiles,
whereby none of the analysed foundations failed under the required loads. After the tests, all 1350 meters of micropiles were excavated
and their grouting evaluated. The data from these experiments, together with findings from practical experience, form the basis for design

guidelines for rockfall protection foundations.
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It is recommended that single micropiles are produced with an pile head system. The use of a suitable pile head system, which consists
of a pipe reinforcement and a pile head close to the ground, can significantly reduce the risk of spalling of the grout in the course of an
eccentric, impact load.

In future, post foundations should be constructed with sufficiently large concrete foundations. The reinforcement must properly enclose
the tension and compression piles. The results of the research project showed that pipe reinforcement should be used on both micropiles.
This ensures that the steel support member is completely encased in grout and significantly increases the bending stiffness and durability
of the micropiles.

Finally, we would like to thank our project partners for their excellent cooperation. In particular, we would like to thank OBB Infrastruk-
tur AG (Dipl.-Ing. Markus Schuch), Zentralstelle Ingenieurbauwerke und Georisiken (ZIG) - Referat 55, Landesbaudirektion Bayern (RD
Dipl.-Geol. Andreas Koch), SBB AG (Florian Hofstetter, MSc ETH), Rhitische Bahn AG (Dipl.-Ing. Dr. Martina Sittele), Wildbach- und Law-
inenverbauung — Sektion Tirol (Ing. Michael Posch, Mag. Michael Molk, Ing. Mag. Dr. techn. Thomas Sausgruber) and Mair Wilfried GmbH
(Friedrich Mair).
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