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ABSTRACT
To ensure that flexible rockfall barriers can stop the dynamic impact of rockfall effectively, several guidelines have been introduced world-

wide since 2001. However, long-term experience shows that other, “natural”, load cases happen which are not covered by guidelines or 

certification tests. Proposed substitute scenarios, for these natural load cases, are now treated by means of 1:1 field tests to increase the 

quality of rockfall protection systems and to offer more safety through additional test procedures. Additionally, the rest capacity of barriers 

is a recurring question. Based on the additional tests provided by the research projects, more load cases were investigated, such as multiple 

impacts, treefalls and hits into a support rope separation setup.

INTRODUCTION: ROCKFALL CERTIFICATION PROCEDURES AND GUIDELINES WORLDWIDE 
To ensure that flexible rockfall barriers can effectively stop the dynamic impact of rockfall, several guidelines have been introduced world-

wide since 2001. They include proof of functional suitability through 1:1 field tests, as well as proof of serviceability. In 2001, the first 

guideline was published in Switzerland (Gerber 2001), followed in 2008, by a European approval and conformity verification procedure 

for rockfall protection nets, called ETAG 027 (EOTA 2008). In 2018, ETAG 027 was transformed into a European Assessment Document 

EAD 340059-00-0106 (EOTA 2018). The EAD specifies standardised and reproducible load cases and is the most commonly used guideline 

worldwide by designers (Peila & Ronco 2009, Volkwein et al. 2019, MBIE 2016, TRB 2016). However, long-term experience shows that oth-

er, natural, load cases happen which are not covered by the "laboratory-like" tests prescribed in the EAD. Additionally, the energy uptake 

of rockfall barriers has developed exponentially from 50 kJ to 11’000 kJ (EOTA 2023). More details are found in (Caviezel et al. 2022). The 

methodology of further field testing and “laboratory” testing is then described to assess further realistic load case scenarios. The following 

scenarios are then treated by means of 1:1 tests to increase the quality of rockfall protection systems and to offer more safety through ad-

ditional test procedures.

METHODOLOGY: ANALYSIS OF FAILURES IN THE FIELD AND SUBSEQUENT ROCKFALL TESTING 
Many examples can be found in Caviezel et al. & Mastrojannis (2022, 2022) where certified barriers failed to stop the rock. The main 

problems relate to force concentration in the posthead area due to eccentric impacts, impacts in the lateral, untested, fields as well direct 

damages to posts and base plates. The impact source also differs from the standardized test scenario with differently shaped rocks and 

rock’s rotational component. Bichler & Stelzer (2022) reviewed the performance of a 1000 kJ rockfall barrier over approximately ten years. 

This example showcases nicely what a barrier must go through during its service life and how far these scenarios are from the standardized 

certification impacts. The current state of research in Europe is well summarised in Caviezel et al. (2022). Here focus is laid on the results 

of a research project from 2019, funded by Innosuisse, led by the Snow and Avalanche Research Institute (SLF) of the Federal Forest and 

Landscape Research Institute (WSL), with a flexible rockfall protection fence manufacturer, Geobrugg, as the industry partner. The aim was 

to investigate random natural load cases hits into a fully instrumented barrier (see Figure 1) and propose some additional testing scenarios 

for the standardised testing facility, termed Walenstadt hereafter, in Switzerland. The random hits were meant to show the most important 

force concentrations in the barrier and the tests led in Walenstadt, allowed to get as close as possible to the same peak loadings while en-

suring repeatability. A summary of the testing campaigns is found in Sanchez et al (2019) as well as in Caviezel et al. (2022). Further tests 

were then undertaken in Walenstadt, to verify for additional load cases encountered in the field over the years. This are highlighted in the 

following chapter.
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Figure 1. Left: A test block, released by helicopter bounces, rolls and slides down the slope. Right: Fully instrumented flexible rockfall protection barrier experiencing a random rock impact.

RESULTS AND DISCUSSION
One of the findings from the full-scale experiments is that it is possible to structure the additional tests for approval in a similar way to what 

authorities have been demanding since the 1990s. These tests can be carried out in addition to the tests required by the EAD in order to 

give design engineers and the ultimate owners of the rockfall barriers more certainty about the capacity of the entire protective surface. The 

proposed additional tests in Caviezel et al. (2022) are on one hand an impact in a single field of a barrier, instead of a three-field system 

which is equivalent to a border field impact. On the other hand, an eccentric impact is proposed in the middle field of a three-field system, 

as this impact translates best to the random impacts in the net as well as the rotation of the blocks. These proposed scenarios were taken 

over by Geobrugg, additionally to the CE certification, and implemented during the development of a new rockfall barrier line. Further 

tests were deemed of interest to push knowledge further in terms of the uptake capacity of a barrier as well as the proof of constructional 

adaptations in the field. These test results are described in further detail in the following subsections.

Support Rope Separation

Depending on the site where a barrier is installed, constructional adaptations need to be made to ensure the full functionality of the barrier. 

When a barrier exceeds a certain length, a separation of the support ropes of the barrier is necessary, to ensure that the forces acting upon 

the barrier arrive at a timely interval to the anchors on either side so that the energy-dissipating elements can be activated. In Switzerland, it 

is customary to do so after a length of 60m. But this setup has never been tested before. A support rope separation was successfully tested 

in 2021, by means of two consecutive maximum energy level tests on either side of the support rope separation (see Figure 2, TSUS 2021b).

Figure 2. Support Rope Separation Test on a 2’000 kJ rockfall barrier (TSUS, 2021b). The bottom support ropes are led to two anchors on the ground top while the top support ropes are 

separated and connected at the post head instead of being also led to anchors in the ground. This ensures that no support rope gets hit during an impact.

Multiple Impacts

An always-arising interrogation lay in the question of how much rest capacity a barrier has when dimensioned to receive Service Energy 

Level impacts (SEL). Therefore, after certifying a 3’000 kJ barrier with a MEL and two consecutive SEL hits, further SEL hits where launched 

in various locations, trying to replicate impacts observed in the field over the years as well as during the research project with the SLF. It 

was decided, after the two SELs in the middle field, to impact twice a lateral field, then a post and a final impact in the middle field again 

(see Figure 3). The barrier successfully managed to retain all six SEL load cases (TSUS, 2021c).
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Figure 3. Succession of several SEL impacts in the same barrier without repairs between tests (TSUS, 2021c).

Tree-impacts

Different tree-impact testing has been performed by Geobrugg since 1992. Here a closer look at the tests in 2021 are provided, as they 

were performed on the same barrier line as the previous tests described above (see Figure 4). Three test setups were studied, two of which 

assess the performance of different secondary mesh layers and one assessing the main ring-net as a bearing element. The load case is quite 

different to the rockfall tests as the impact area is significantly smaller and the impact represents a highly dynamic impact into one ring of 

the ring net used as a protective surface. In short, a quarter of the energy of a tree trunk can be absorbed by the rockfall barrier.

Figure 4: Example of a tree-trunk test into a ROCCO-2000 barrier at the test facility Walenstadt (DTC, 2021).

CONCLUSIONS
Over the last 15 years, falling block protection kits have become established as an efficient protective measure, and the solution is rec-

ognized worldwide. The energy absorption capacity has increased by a factor of 6 from a maximum of 1’500 kJ to 11’000 kJ. The higher 

performance of the systems, the new markets, and the worldwide established EAD test (EOTA 2018) has created a competition that exists in 
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many markets. This has had a positive effect on the cost-benefit ratio for the available systems in the market. Flexible barriers have evolved 

from being a specialized solution for specific/narrow energy level locations to cost-efficient systems widely used. But the described testing 

avoids real conditions, and thus, the performance issues lead to failures. Therefore, it is difficult for the planner to determine the most 

cost-optimized solution for an adequate protection measure. The research project on rockfall barrier service loads by the SLF-WSL and even 

further testing can answer some of these questions.
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