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Abstract  

A new type of debris flow mitigation measure, flexible ring-net barrier systems, 
are cost-effective and efficient compared to massive concrete barriers. However, 
the performance of these systems has not yet been investigated systematically. 
For this reason a wire ring-net barrier system has been installed in the Illgraben 
torrent, to investigate its performance, measure the forces and to provide 
information on the expected maintenance. Additionally, this net-testing facility 
allows for optimization of the structure and provides a basis for design 
guidelines. This paper describes the measurement facilities at the barrier and the 
debris flow events of 2006. First results of the filling event and their 
interpretation with the computational model are discussed. 
Keywords: debris flow mitigation, flexible debris flow barriers, numerical 
simulation, field testing. 

1 Introduction 

Debris flows are initialised mostly by heavy rainfalls where the water quickly 
infiltrates into and mobilizes the ground material in mountainous regions. They 
flow downwards in riverbeds and along slopes, carrying large blocks and 
boulders, and endanger humans and their infrastructure. To reduce debris flow 
damage adequate protection measures have to be chosen. In regions where large 
debris flows occur frequently the best protection measures are typically large 
dams to re-route the debris to less vulnerable areas or special retention basins. 
But for smaller volumes a new protection system, the flexible ring-net barrier 
(Fig. 1), is now in a testing and developing phase in Switzerland. As shown here,  
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Figure 1: Debris flow deposit directly in front of a building and a filled 

flexible barrier system. 

it can ideally be used to span the cross section of a river bed to stop the expected 
debris flow volume and to drain the material. 
     First tests with such ring-net barriers were carried out at the United States 
Geological Survey (USGS) Debris Flow Flume in 1996 [1] where the peak 
measured loads in the ropes were 40 kN and 10 m3 of debris were retained. 
Motivated by these tests, the Swiss Federal Research Institute WSL built a full-
scale test site in a very active debris flow channel in Switzerland.  
     One advantage of ring-net barriers in comparison to traditional concrete 
structures is that the ring-net barriers are light and flexible and can easily be 
installed in remote regions by transporting the system with helicopters. 
Furthermore, the maximum impact forces are reduced by long braking distances 
and flexible deforming structures. The stopping process has already been studied 
using similar barriers intended as protection against rockfall, woody debris in 
rivers or small snow slides. However, the load distribution over the barrier for 
debris flows is different than other applications. So, corresponding research is 
necessary, and a new project was initiated in 2005 that combines the results from 
full-scale field tests and laboratory experiments with numerical simulation 
results, giving new insight into the flow barrier interaction during and after a 
debris flow impact. 

2 Test site description 

In 2005, the first barrier system was installed at the Illgraben, one of the most 
active debris flow torrents in the Swiss Alps. The annual average debris flows 
occurring in the Illgraben lies between 4-6 events per season. Additionally, the 
torrent has been monitored by the WSL since 2000 and is equipped with 
geophones to measure the front travel time, laser, radar, and ultrasonic devices 
for the flow height, and a flow force plate to continuously record normal and 
shear forces, which together with the flow depth allows calculation of the bulk 
density of the flow [2].  
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3 Barrier details 

There are two different set-ups of the barriers depending on the shape of the 
torrent (Fig. 2). For wide U-shaped channel cross sections, the so-called U-
Barrier system was developed with posts in the middle of the construction 
transferring the loads to the banks. For narrower V-shaped channels up to 12-15 
m wide a so-called V-Barrier without any posts is sufficient. The standard 
construction height of these barriers is around 3-6 m. 
 

 
Figure 2: U (top) and V-barrier system (bottom) against debris flow. 

     In both systems, a wire ring-net is mounted between the horizontal steel wire 
ropes that are anchored in both sides of the channel side slopes. Its function is to 
transport the area loads to the ropes where a part of the energy is absorbed by 
elongation of the so-called brake rings (see Fig. 3) installed in the ropes as a 
peak-force damping system. Loads up to 400 kN can be carried and transferred 
to the anchors.  
     The test barrier system (Fig. 4) has been instrumented to measure the 
interaction of the flow with the barrier. Above the barrier, a laser device 
measures the flow height. On the right channel bank a video camera documents 
the debris flow events and their interaction with the barrier. At night, a flood 
light on the left channel side produces the additional illumination. To measure 
tension forces in the support ropes, load cells with a range up to 500 kN are 
installed at the ends of the ropes. The system is triggered by a geophone installed 
upstream. The data are transferred to the WSL via a wireless data modem. 
     A newly designed test barrier was installed in late April 2006 in the torrent 
within a one week period (including earthworks to prepare the river bed at the 
barrier location) before the start of the debris flow season to avoid construction 
interruptions due to debris flows. The main difference to the barrier system of 
2005 [3] is a change within the net panel from two support ropes and additional 
brake elements installed between the ring net and lateral anchors. 

 © 2008 WIT PressWIT Transactions on Engineering Sciences, Vol 60,
 www.witpress.com, ISSN 1743-3533 (on-line) 

Monitoring, Simulation, Prevention and Remediation of Dense Debris Flows II  25



     
Figure 3: A not deformed brake ring (left) compared with an elongated one 

(right) installed in support ropes: A rope passes through a hollow 
steel tube bent into a ring form. Once the rope is loaded, the ring 
diameter narrows plastically thereby absorbing energy.   

 

Figure 4: Construction phase and final set up of the barrier 2006. 

4 Field results 

Four weeks after installation, on May 18, the barrier captured the front of a 
debris flow and – after filling – was overtopped by subsequent flows, providing a 
chance to evaluate the behaviour under severe field conditions. Another five 
debris flows passed over the barrier during 2006 (Table 1). The two events in 
June were the largest ones by the total flow volume but considering the densities, 
the more powerful events were the events on July 28, and the one in October 
with densities larger than 2000 kg/m3. The retained debris volume is 1000 m3, 
calculated from survey measurements, before and after the filling event (Fig. 5). 
The filling event itself, with a velocity of 2.9 m/s and a bulk density value of 
about 1600 kg/m3, was a muddy or watery debris flow. The low density of the 
filling debris flow partially explains the longer than normal filling time (more 
than 1 minute). The interaction with the barrier therefore was not as intense as it 
would have been for a granular debris flow, which typically occurs over a few 
seconds. 
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Table 1:  Overview of the debris flow events in 2006 at the Illgraben [6]. 

Date Volume Density 
Flow 
height 

Front 
velocity Front shape 

 m3 kg/m3 m m/s  
18 May  15,000 1620 1.4 2.9 Watery  
24 June  50,000 1520 3.2 4.8 Granular  

27 June 70,000 
1320 
(~1800) 2.5 3.9 

Watery 
(granular body) 

18 July 50,000 1600 2.5 4.8 Watery  
28 July 10,000 2130 1.4 2.0 Granular  
3 October 10,000 2060 1.4 1.65 Granular  

 

       

Figure 5: Measured profile of the Illgraben torrent close to the test barrier 
before and after the filling event. 
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Figure 6: Tension forces in the load cells on May 18, 2006. 
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     The tension forces in the support ropes during the filling event are shown in 
Fig. 6. The maximum load level of the bottom support ropes is around 240 kN 
each during the filling process. The top support ropes were loaded less, at 150 
kN each. These values add to the existing data obtained earlier in field and 
laboratory tests [1, 3, 4]. This collection enables comparison and analysis [5]. 

5 Discussion 

Ropes forces: One important observation of the filling process was that the 
bottom ropes are more loaded than the top ropes. The opening of the barrier at 
the river bed was around half a meter in height and so that small floods may pass 
beneath the barrier. During the subsequent overtopping phase it is reversed: then 
the top support ropes are directly influenced by the overflowing debris flow and 
are loaded more than the bottom support ropes. In every load curve of support 
ropes in Fig. 6, sudden losses of the rope forces are visible. This is caused by the 
elongation of the brake rings. 
     Load model: First guidelines for design of these flexible barrier systems are 
given in [7] based on an empirical design method by [8]. These formulas, based 
on conservation of energy, calculate the stopped volume and the discharge of the 
flow and work fine for granular flows. However, the filling process for mudflow 
streams (as on May 18th) isn’t adequately modelled. Therefore a new calculation 
method has to be developed.  
     A first approach assumes that a muddy debris flow has a flow regime similar 
to a turbulent flood water event. Therefore, more the passing of the liquid phase 
and only some bigger boulders impacting the net comprise the load, compared to 
a dynamic impact of a larger-density debris flow filling up the barrier very 
rapidly. The pressure exerted on obstacles by a turbulent muddy debris flow then 
depends on flow velocity and the obstacle’s front area and shape.  
     An overview of the calculated pressures is given in Table 2. The static 
pressure is calculated as active earth pressure based on Coulomb [9] with a 
density of the debris deposited behind the barrier of 2300 kg/m3 and an 
inertial friction angle of 35°. Estimates for the basal friction angle can be 
found in McArdell et al. [2]. The table shows that the method explained in 
[7] results in a very high maximum dynamic pressure resulting due to the 
long filling time. In the second row the dynamic pressure is back-calculated 
iteratively from the measured rope forces using a Newton iteration according 
to a simplified rope analysis for uniform distributed loads. The resulting 
dynamic pressure is around 60 kN/m2. Similar magnitude estimates by the 
calculation of the dynamic pressure using a dynamic overload factor of 
Pdyn/Pstat = 2.2 obtained from corresponding laboratory tests [10] shown in 
the third row. Ongoing additional resistance measurements of a ring-net in a 
clear water flow (no sediments) will help to consolidate the last two 
approaches and identify a lower boundary for the load level. The comparison 
with different debris flow measurements including solid structural concrete 
measures will be considered [5]. 
     Numerical modelling: Once a model for the acting pressure has been found 
the results can be used in a corresponding numerical simulation tool that enables 
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development of further barriers. The simulations are carried out with the finite 
element software FARO [11] based on a discrete element formulation. The 
software has been developed for the calculation of flexible rock fall barriers 
where the dynamic acting force of the impacting boulder induces large 
deformation in the entire system necessitating non-linear simulation methods. 
The software now has been modified to also account for forces induces by a 
debris flow. Figure 7 shows a simulated barrier together with the filled Illgraben 
barrier for an applied acting pressure according to Rickenmann [8]. The forces 
were applied quasi-statically.  

Table 2:  Pressure values on the barrier. 

 
Velocity 

Velocity 
head 

Obstacle 
area 

Static 
pressure 

Max. 
pressure 

 m/s kg/ms2 m2 kN/m2 kN/m2 
Energy 
conservation [8] 2.9 6730 10.1 21.7 780.0 
Back calculated 
from measured 
rope forces 2.9 6730 10.1 21.7 59.4 
Dynamic 
factor = 2.2 from 
laboratory tests 2.9 6730 10.1 21.7 47.8 

Table 3:  Comparison of simulation results with measured field data. 

Support ropes Simulated forces 
Measured field 
forces Deviation 

 kN kN % 
Top 160  150  6 
Bottom 210  248  15 

     
Figure 7: Finite element model of the test barrier compared to the deformed 

field barrier. 

     Both the forces in the ropes (Table 3) and the deformations correspond well to 
the field observations. The actual load application first calculates the mass to be 
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stopped and the resulting total kinetic energy that has to be absorbed using the 
energy conservation approach described above. Together with an estimated 
braking distance this results in a total brake force that is equally distributed on 
the single element nodes of the finite element model. The node loads increase 
over the time as the barrier is progressively filled. 

6 Case study 

Multilevel debris flow barrier Milibach, Hasliberg, Bernese Oberland / 
Switzerland 
     Floods and a debris flow event occurred in the Milibach on 22. August 2005 
which resulted in serious debris coverage and damage in the Weiler Reuti / 
Hasliberg and in Meiringen. The Milibach above Reuti comprises two part 
creeks, the Lauenenbach being situated in the upper catchment area in the 
Alenienschiefer (schist). Due to heavy rainfalls, within about 1 hour a total of 
approximately 13’000 m3 of loose soil material became detached and flowed 
downhill as a mudflow in 2 to 3 surges (muddy debris flow, rich in fine 
material). 
     On the way to the valley, additional soil material was eroded from the riverlet, 
resulting in a much greater event in Meiringen than the original volume. 
     For the upper drainage area of the Lauenenbach (“Gummen”), provision has 
been made for the debris flow to be held back during a future event (return 
period 30 years) by means of 13 flexible, debris flow barrier systems installed in 
series (Fig. 8). These are arranged and dimensioned to provide sufficient 
retention volumes and are also capable of bearing the expected debris flow 
impact and overflow loads, as well as snow and static loads.  
 

      

Figure 8: Barrier under construction at Gummen (left). Two barriers already 
installed (right). 

7 Conclusion 

The Illgraben torrent observation station is ideal to test flexible net barriers under 
natural conditions due to the relatively frequent occurrence of large debris flows. 
First testing phases 2005 and 2006 revealed good results to help in the proper 
design and improvement of these systems. An improved barrier set up will be 
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installed in spring 2007 to further optimise the design. First load approaches and 
back calculations already show promising results for further developments.  
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