GEOSYNTHETIC REINFORCED DAM WITH EMBEDDED HEB-BEAMS -
AN APPROACH FOR AVALANCHE BARRIERS WHERE SPACE IS LIMITED
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ABSTRACT
Avalanche protection dams next to vulnerable infrastructure are forced to provide a high level of protection while at the same time there is
often a restraint in space for construction. The design of geosynthetic reinforced protection dams against sliding due to the horizontal loads

is mainly a function of the available soil/geosynthetic surface.

This paper presents an approach for the design and the construction of a geosynthetic-reinforced avalanche protection dam with embedded
steel beams to increase the shear strength based on a case study where space was limited. Using the preassembled reinforced earth system
consisting of metallic geosynthetics as reinforcement ensured a reduced construction time while simultaneously providing a high degree of

handling safety on the jobsite and increasing the stability of the design by a force-locking connection with hogrings between the elements.

INTRODUCTION

Due to a prolonged period of heavy snowfall at the beginning of 2019, a situation of very dangerous avalanche conditions occurred in
the Northern Alps and in particular in the Chiemgau area. The federal road B305, also known as Deutsche Alpenstrafle, had to be closed
because of a high avalanche risk in the Weitsee area between Reit im Winkl and Ruhpolding. On January 11, 2019, two large avalanche
events took place from the south side of the Hochkienberg, in which the forest belt was breached and in one case the B305 was covered

with avalanche debris and broken trees up to a height of 9 m (Zumbrunnen, Scharrer, Fischer, 2021).

[Figure 1] Situation after the avalanche event on the B305.

As a consequence of the damage to the protective forest in the avalanche-paths, a trend towards more avalanche events reaching the road

is expected in future. In 2021 it was therefore decided to build an avalanche protection dam.

LOAD APPROACHES AND FURTHER REQUIREMENTS

The avalanche that occurred in 2019 corresponds to an event with a recurrence frequency of over 100 years. According to the evaluation
of a laser scanning flight, the snow depth in the starting area of the avalanche was approximately 3.50 m. Through several simulations by
the avalanche warning center in Bavaria, the flow height and flow speed as well as the pressure forces occurring on a protective dam were
determined. The height of the deposits along the road during the 2019 event was approx. 7-8 m. This height resulted largely from the tree
trunks and root plates of the tree population being dragged away in the avalanche path. According to the report, the flow velocity at the
characteristic cross section is 6.0 m/s for 100-year avalanche events, the flow height is approx. 2.50 m. At the new wall location, the simu-

lations of the report lead to a maximum pressure of 50.0 KN/ m? (Fischer, 2021).
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This data forms the basis for the construction of the new catching dam.
Along the new Weitsee hikers' car park the avalanche protection dam using geosynthetic reinforced soil (GRS) was to be built, 4 m high in
the main section and 3 m high at the edges. The approximately 110 m long dam was dimensioned against a horizontal avalanche force of

50 kPa in the main section and 40 kPa in the side parts.

METHODS

Reinforced earth structures are mainly designed to resist vertical loads (traffic loads, earth pressure in result of the construction height) but
can also resist horizontal loads. For the design of horizontal resistance (e.g. factor of safety against sliding) the resistance in all possible
sliding planes needs to be checked to ensure a sufficient factor of safety against sliding failure. Mostly the critical sliding occurs on the geo-
synthetic surface as the sliding coefficient between geosynthetic and soil is in general smaller than the frictional resistance of the soil. Typical
values for a reduced sliding resistance between soil and geosynthetic vary between 0,7 — 0,9 based on the soil type and the geometrical
conditions and shape of the geosynthetic. A safe slide approach was used by not considering the tension force in the wrap-around system

so that the sliding resistance is purely a function of the available soil/geosynthetic surface.

The sliding resistance must be fulfilled in all possible sliding planes (every geosynthetic layer) resulting in a comparison of horizontal acting
force (e.g., horizontal avalanche force of 50 kPa) versus the available resistance. The avalanche protection dam is built with side slopes of
70-80°, resulting in large resistance against sliding in lower parts where the resistance acts along a longer sliding plane, leading to a lower
resistance against sliding in the upper part, where the sliding plane is shorter due to the geometrical conditions. Usually, the avalanche
protection dam is designed by the required earth resistance, resulting in quite massive constructions that ensure the resistance in all sliding
planes. With the planned conditions a sufficient factor of safety against sliding can only be calculated for the 1st (lowest) reinforcement layer,

in all other levels the required factor of safety cannot be calculated even by considering the tension force that can be activated by the C-rings.

Due to site constraints, the dimensioning of the avalanche protection dam could not be constructed in the statically required width so that
alternative measures to ensure the resistance needed to be considered. In order to increase the calculated stability, it was firstly discussed
to increase the vertical pressure by using a soil with a high density, to use crushed stone with a higher natural friction angle or to increase
the load by additional weight (higher embankment than originally planned). All these options were finally dismissed due to availability or

other reasons, so that an alternative solution had to be found.

Ultimately, it was decided to embed vertical piles in the center of the avalanche dam to ensure an additional safety against sliding and allow
a vertical force transfer to the ground within the design cross section. It was decided to install HEB piles that are driven apx. 2,5 m into the
ground before the construction of the avalanche earth reinforcement dam. Within the sliding plane the remaining required sliding resistance
was calculated in association with the partial safety factor for sliding. The HEB beam was chosen to deliver a sufficient transverse resistance

based on the pile spacing of 1,5 m (Geotechnik, 2013).
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[Figure 2] Cross section of GRS protection dam with integrated HEB beams.
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RESULTS AND DISCUSSION

The horizontal load that cannot be resisted by the reinforcement must be absorbed from the HEB piles. This allows large, calculated defor-
mation of the avalanche earth resistance dam before the vertical beams take over the additional load and ensures therewith an economical
design of the overall structure. Additionally, it enables the geosynthetic reinforced structure to maximize its potential of resisting large defor-
mations and build an arch between two adjacent piles. The design of the earth resistance that can be resisted was done according to DIN EN
4085 (2017) considering spatial resistance in front of the HEB piles. The pile length was designed to resist the horizontal load comparable

to a structural support of an excavation.

[Figure 3] Firstly installed steel beams.

The design of the reinforced avalanche resistance dam was made following the guidelines of EBGEO (2012) (Recommendations for Design
and Analysis of Earth Structures using Geosynthetic Reinforcements) considering earth pressure from the weight of the embankment as well
as horizontal loads from a possible avalanche. As resisting forces, the soil shear strength and the design strength of the reinforcement was
used. As the piles were embedded from the ground to the dam structure, the reinforcement layers had to be partially cut out and placed
around the beams. Therefore, a higher reduction factor for installation damage of the geosynthetics was agreed on by the project partic-
ipants. Through the support of the forming soil arch by the GRS system the spacing between the piles could be optimized for economic
reasons. For the construction, it was decided to connect the different reinforcement layers together by means of C-rings that connect one
layer with the adjacent one. This ensures an optical smooth surface and ensures a load transfer from one geosynthetic reinforcement lay-
er to the next in case the embedded length may not be sufficient. For the stability calculation it was decided to consider the connection
strength that can be activated in the C-Rings with only a small structural factor of safety to allow for material deficiency, installation error

or installation damage.

The preassembled GRS system with reinforcement layers made of metallic geosynthetics is particularly suitable for use in this construction
method. By using the steel-based reinforced earth system, it was possible to meet the technical requirements of the structure while at the

same time maintaining an attractive, ecological appearance.

[Figure 4] Geosynthetic reinforced dam under construction.
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Due to the high degree of pre-assembly of the reinforced earth system, a very short construction time could be realised. By using UV-re-
sistant steel wire mesh as reinforcement material, it was possible to erect the bottom layer in the same system, steepened to 80° and with a

facing stone backfill. The construction costs for the protection dam were apx. 2.300 € per running metre.

[Figure 5] Finished and partially greened avalanche protection dam.

Damage caused by the impact of debris or trees in the wire mesh by future avalanche events can be easily repaired thanks to the option of
force-locked clamping. Furthermore, the double twist protects the wire mesh from further untwisting in the event of damage, even under
tensile stress (Agostini, Mazzalai, Papetti, 1988). The clamped connection of adjacent elements provides additional safety against horizontal

displacement of the individual layers.

CONCLUSIONS

The integration of vertically driven steel beams into a geosynthetic reinforced avalanche dam makes it possible to absorb the static hori-
zontal load of an avalanche while using a minimum of space. The HEB beams were designed according to DIN EN 4085 (2017), while the
design of the GRS was based on EBGEO (2012). In the context of the construction project, only the project-specific case and the verification
against the specified horizontal load of 50 kPa for 4 m construction height were considered. Therefore, the system concept should be further
optimised and investigated through modelling and full-scale tests and might thus be adapted for applications where dynamic impact loads

must be considered and space is limited.
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