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Summary
 
Debris flows and hillslope debris flows endanger people and property in mountainous 
regions. Within the framework of integral risk management, structural, organizational, 
or nature-based protection measures can be used, in addition to the considerations 
of natural hazards in spatial planning. The short warning times for debris flows and 
hillslope debris flows as well as their high impact and corresponding destructive forces 
are an important reason why structural measures must assume an important protective 
function.

Debris flow and hillslope debris flow protection nets have only been available on the 
market in Switzerland for a few years and complement the range of possible measures. 
A characteristic feature of this type of measure is the permeability of the nets, which re-
tain the coarser solids, but allow water and suspended solids to flow through and thus 
drain the material. In addition to bedload retention, there are other possible applications 
for net barriers, e.g. for stabilizing the river bed or for redirecting the hazard process.

When planning protection measures, it is important that the advantages and disadvan-
tages of different types of structures are presented transparently and are assessed on 
a site-specific basis. Debris flow and hillslope debris flow protection nets are relatively 
new types of measures. For this reason, comprehensive and long-term experience in 
the case of an event as well as the necessary know-how in planning, realization, service 
and maintenance are not yet generally available to an expert audience. With this prac-
tical guide, we want to close this knowledge gap and show planners, authorities and 
clients the experience already gained. According to the practical guide’s motto: from 
practitioners - for practitioners!

The practical guide is divided into a general and a technical part. It aims to address both 
a general and a technically oriented audience, providing an overview of the state of the 
art of these specific protection nets in Switzerland. The focus lies on the gravitation-
al natural hazard processes of debris flows and hillslope debris flows and CE-marked 
standard systems for net barriers.

In the general part, important framework conditions such as approval procedures and 
responsibilities are described, and it is further explained how net barriers are correctly 
designed and constructed. The focus of this part lies on the aspects of load-bearing ca-
pacity, serviceability, durability, overload cases and local conditions. Subsequently, the 
authors present possible damage patterns and their causes, as well as the prevention 
of damages. A decision support chart summarizes the most important aspects of the 
general part, discusses advantages and disadvantages and answers frequently asked 
questions. 

The technical part describes scenario building for debris flow and hillslope debris flows 
processes, followed by explanations on net barrier-specific details. More details are giv-
en on the design of net barriers, for example regarding the residual height or the basal 
opening of debris flow protection nets. The dimensioning of the net barriers is based 
on the safety concept and load models, and the design of individual components is 
explained in detail. As is the case for all protection structures, inspection and mainte-
nance are indispensable for their long-term use. Thus, the document covers decisive 
aspects with respect to service and maintenance of net barriers. Special structures com-
plement the range of applications of net barriers and we present and illustrate selected 
examples. A design procedure chart for hillslope debris flows and debris flow barriers 
provides support for specific dimensioning and summarizes the technical part of this 
practical guide.
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General part

1  Introduction

1.1  Background and purpose of the practical guide

Debris flows and hillslope debris flows endanger people and property in many places in 
the Swiss Alps and Pre-Alps. Protection measures play an important role in the holistic 
management of natural hazards [30]. Besides taking into consideration natural hazards 
in spatial planning, structural or organizational protection measures can be considered. 
Nature based solutions such as afforestation complement the spectrum of protection 
measures. The difficult forecasting of time and place of occurrence as well as the sud-
den occurrence of debris flows and hillslope debris flows are reasons why structural 
measures have to assume an important protective function. Due to their high densities 
and velocities, both hazard processes may cause large impact pressures on structures.

Rockfall and snow protection nets are established structural measures and have been 
in use already for a long time. Debris flow and hillslope debris flow protection nets 
have only been available on the market for a few years and have complemented the 
range of possible measures. The characteristic feature of this type of protection nets 
is that the solids of debris flows and hillslope debris flows are retained and the water 
flows through the nets, or more specifically the retained material is drained after a cer-
tain time. In addition to bedload retention, there are other possible applications for net 
barriers, e. g. to stabilize a river bed or to redirect the hazard process. Net barriers are 
particularly characterized by their flexible behaviour under load and, compared to con-
ventional rigid construction methods such as concrete structures, by lower installation 
costs and reduced assembly efforts. Other points such as maintenance, accessibility, 
durability, area of application and details in the construction are decisive points that 
must be considered during design. It is therefore important that the advantages and dis-
advantages as well as the limitations in the application of net barriers are known. Such, 
a target-oriented and economically viable system of measures can be determined on 
this basis. However, comprehensive and long-term experience in the case of an event 
and the necessary know-how in planning, realization, service and maintenance have so 
far not yet been generally available to an expert audience. 

This practical guide is intended to close this knowledge gap and to show planners, 
authorities and clients the experience already gained with net barriers in the case of 
an event, but also for design, implementation, service and maintenance. In addition to 
detailed technical information and practical help, particular attention is drawn to risks 
and opportunities of use and implementation of net barriers. According to the practical 
guide’s motto: from practitioners – for practitioners!

 
1.2  Natural hazard processes considered

This practical guide focuses on the gravitational natural hazard processes of debris flows 
and hillslope debris flows. Debris flows are fast-flowing mixtures of solids (bedload and 
driftwood) and varying proportions of water in steep torrent channels. The discharge 
rises abruptly, forming a front of the debris flow with a high concentration of solids, and 
is therefore clearly distinguished from pure water runoff or bedload transport. Further-
more, debris flow are often characterized by a surge-like flow behaviour [21]. 

In contrast to debris flows, hillslope debris flows form outside of channels on open and 
steep slopes. They can detach spontaneously from water-saturated soil layers and flow 
at relatively high velocities. They may start as shallow to moderate spontaneous land-
slides, but transform into a flowing mass due to their water content. In terms of flow 
characteristics, hillslope debris flows are comparable to debris flows, but are typically 
smaller in volume [2].
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Since net barriers have been increasingly used for the retention of driftwood in recent 
years, a special structure for this application is presented in this practical guide. To a cer-
tain extent, combined loading of the net barriers by different gravitational processes can 
also be guaranteed. However, this must be verified by means of calculations for each 
load case. Other gravitational natural hazard processes such as rockfall, avalanches and 
floods are only mentioned in the practical guide as far as they may have an unfavoura-
ble effect on the stability of net barriers depending on the location. They must therefore 
also be included in the design process. 

 
1.3  Content and structure of the practical guide

This practical guide provides an overview of the state of the art of debris flow and 
hillslope debris flow protection nets in Switzerland. The practical guide is divided into a 
general and a technical part and focuses on the technical and functional aspects of net 
barriers. Other requirements (e. g. nature and landscape protection) are only touched 
upon and can be found in specific documents such as in [4]. Also, general knowledge 
about design, construction, maintenance and especially quality assurance of protection 
measures is required and not explained in detail, unless net-specific aspects are ex-
plained.

In the general part, the approval procedures for net barriers and corresponding responsi-
bilities are described first. Subsequently, the authors show how debris flow and hillslope 
debris flow protection nets can be applied, which damages to the structures may occur 
and how they can be prevented. The decision support chart summarizes the most impor-
tant aspects of the general part and frequently asked questions are answered. 

The technical part covers scenario building for debris flows and hillslope debris flows, 
assessment of system parameters and dimensioning of components. In addition, the 
inspection and maintenance of protection structures are described. In general, the prac-
tical guide focuses on currently available CE-marked standard systems in Switzerland. 
However, since the use of net barriers can go far beyond standard applications, selected 
special structures are described and illustrated by way of examples. Notes on the design 
procedure summarize the contents of the technical part. 

The glossary explains important terms, which are marked in dark gray and bold in the 
text; abbreviations and formula symbols used are defined in the corresponding direc-
tories. For further literature and references, please refer to the reference section at the 
end of this document.

In general, the term “net barrier” is used for different hazard processes and construction 
types. In this document, the term refers to debris flow and hillslope debris flow protec-
tion nets in general. The term “net types” is used to describe structures within the same 
process family, which are, however, designed for different type of impacts or load cases 
(e. g., from the process family of debris flow protection nets, the net types for load ca-
pacities of 60 kN/m2 or 180 kN/m2). 

Manufacturers of net barriers are continuously developing their standard systems for 
the market. Up to today, numerous standard systems and several special structures 
have been implemented in Switzerland, and some of them have already proven their 
worth in case of events. The practical guide represents a status as of July 2020. Updat-
ed information can be found on the landing page of this practical guide (www.wsl.ch/
practical-guide-debris-flow-hillslope-protection-nets) or obtained directly from the man-
ufacturers of net barriers. If necessary, updated information on the state of the art or 
research findings will also be published on this landing page.
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2  Approval procedures and responsibilities

2.1  Approval procedure for net barriers 

When using a certified and approved construction product, the client and designer bene-
fit from the standardized performance and the corresponding guarantee of quality [6]. It 
is important that labels, markings and documents supplied with the product are careful-
ly filed, as the original documents must be presented as evidence in case of a complaint. 

Until now, no harmonized standards for net barriers under loading of debris flow or 
hillslope debris flows are available throughout the world. In the European Union, it is 
possible to evaluate properties of construction products outside the scope of existing 
standards. The body responsible for this evaluation is the European Organization for 
Technical Assessment (EOTA). In cooperation with an applicant, the EOTA developed 
an assessment procedure, which is described in an assessment document (European 
Assessment Document, EAD). Once EOTA has adopted the EAD, manufacturers of con-
struction products can request their specific products or product families to be assessed. 
The result is a European Technical Assessment (ETA). As for the EADs, the current ETAs 
are listed on the EOTA website (www.eota.eu).

For debris flow and hillslope debris flow protection nets, EAD No. 340020-00-0106 was 
published on the EOTA website in June 2016 [12]. Based on this EAD, assessment bodies 
(in Switzerland, for example the Empa) can issue European technical assessments (ETA) 
for hillslope debris flow and debris flow protection nets. The EAD does not only deal 
with the individual net components and their arrangement, but also with the necessary 
test procedures for both barrier types (built in a scale of 1 : 1). This enables to measure 
important influencing parameters that need to be declared (essential characteristic val-
ues according to [12]). For both net types, only large-scale test procedures are allowed. 
However, if based on large-scale field tests, a product series adjustment is also permit-
ted by means of calibrated finite element methods. 

The intended minimum service life of 25 years for debris flow and hillslope debris flow 
protection nets is not only defined in the ETA for the specific product, but is also gener-
ally described in the EAD. The EAD also specifies the responsible testing bodies (testing, 
assessment and inspection bodies = Conformity Assessment Body, CAB) and defines 
the testing procedures. Finally, the tasks of the manufacturer to ensure production qual-
ity, i.e. the procedure of factory production control (FPC), are described. Both the valid 
ETA and the annual production control are prerequisites for the continuous CE-marking 
that the construction product is bearing. In support of this, the manufacturer prepares 
the Declaration of Performance (DoP) with all characteristic values and usually submits 
it together with the certificate of conformity including continuous factory production 
control (FPC certification).

 
2.2  Involved bodies, competences and responsibilities

To ensure the permanent quality and serviceability of a net barrier installed in the field, 
a wide variety of players must be involved and made accountable, from production and 
planning to installation and operation of the net barrier. Possible tasks of the project 
participants as well as information on further sources of information are listed in Table  1. 
Only if all parties involved are aware of their respective responsibilities, high-quality 
and durable solutions can be created and guaranteed. It should be noted that the areas 
of responsibilities may vary depending on the hazard process, the location of the meas-
ures and the project constellation and must therefore be defined on a project-specific 
basis. Further information and specific explanations regarding forestry, fishery, nature 
conservation, revitalization and more can be found in the Manual Program Agreements 
in the Environmental Field (valid for Switzerland) [4].
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Table 1. Tasks of the experts involved and references to further sources of information.

Who Task (selection) For explanations refer to

Manufacturer Self-monitoring of production with FPC

Documentation of protection nets 

Calculation of decisive anchor forces

Assessment report (Proof of technical requirements  
and documentation)

Identification of the net elements

Packing and shipping instructions

Installation manual and supervision of installation,  
including technical acceptance 

EAD

EAD, ETA

Manufacturer specs.

EAD, ETA, DoP 

EAD, ETA

EAD

Manufacturer  
specs.

Assessment 
body

Initial inspection of the product

Initial inspection of the plant and FPC

Periodic external audit by CAB

EAD

EAD

EAD

Authorities Catalogue of protection structures

Supervision of construction management

For further information, please refer to the Manual  
Program Agreements in the Environmental Field

[4]

Client / owner Definition of objectives of the measures and conditions  
of use 

Definition of requirements  
(i.a. selection and award criteria, usage agreement acc.  
to SIA)

Determination of the corrosion protection class of  
the anchors

Maintenance and service works

Planner Design of protection net structure

Determination of type and number of anchor tests

Dimensioning of anchors and foundations

Supervision of construction works and quality control

Construction 
company

Tests on sample anchors

Record of drilling and injection works

Construction of foundation and anchors

Installation of nets

Interest  
groups

Situational involvement of interest groups
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3  Application of debris flow and hillslope debris flow  
 protection nets

3.1  Load-bearing capacity of standard systems

Flexible net barriers can withstand high dynamic and static loads. As mentioned above, 
the information in this practical guide refers to CE-marked standard systems. Special 
structures are discussed in Chapter 9 and described more detailed in Appendix B. 

CE-marked standard systems for debris flow and hillslope debris flow protection nets 
are available on the market from various manufacturers. The respective geometries and 
load-bearing capacities of the net barriers guaranteed by independent testing are de-
scribed in Table 2 and Table 3 (as of July 2020). Further developments in net barrier 
technology are possible and current values / systems must be requested from the barrier 
manufacturers. 

Table 2. Geometries and load-bearing capacities of debris flow protection nets (as of July 2020).

Nominal height Nominal width Impact pressure Anchor forces

max. 6.0 m Up to 15 m (without posts) Up to 160 kN/m2 Up to 350 kN

max. 4.0 m Up to 25 m (with posts) Up to 160 kN/m2 Up to 350 kN

max. 6.0 m Up to 24 m (with posts) Up to 180 kN/m2 Up to 350 kN

Table 3. Geometries and load-bearing capacities of hillslope debris flow protection nets (as of 
July 2020).

Nominal height Nominal width Impact pressure Anchor forces

2.0–4.0 m Up to 30 m
(with intermediate suspension also longer)

Up to 150 kN/m2 Up to 250 kN

According to [7], net barriers and other lightweight protection structures against debris 
flows and hillslope debris flows are not considered as water retaining facilities under the 
current Swiss legislation. Thus, in Switzerland, hillslope debris flow protection nets are 
not subject to the Directive on the Safety of Water Retaining Facilities. 

 
3.1.1  Technical layout of a debris flow protection net

The support system of current standard systems consists of support ropes stretched 
across the channel, which are laterally tied to the channel flanks using anchorages. The 
retention net is shackled between the support ropes. By using secondary meshes with 
smaller mesh sizes than the primary retention net, fine material can also be retained. 
Two types of standard systems are currently available in Switzerland, depending on 
the nature of the channel: Systems up to 15 m span for narrow, V-shaped channel sec-
tions and systems up to 25 m span for wider, U-shaped channel sections. The latter are 
installed with one or more posts over which the support ropes run. The individual com-
ponents of a standard system are illustrated in Figure 1. Both appropriate corrosion pro-
tection and abrasion protection of the net components ensure a product-specific service 
life and relatively low maintenance costs compared to rigid structures. 

 
3.1.2  Technical layout of a hillslope debris flow protection net

The standard hillslope debris flow protection net includes articulated posts bolted to 
concrete foundations. The posts are anchored in the retention space with upslope an-
chor ropes including, if necessary, integrated energy absorption elements. The primary 
net is attached to the upper and lower support ropes. The secondary mesh for restrain-
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ing the fine material is locally attached to the primary net (folded in the shape of an ac-
cordion bellow). The uphill apron net is additionally mounted on the lower support rope 
and on the primary net and embedded in the ground upslope using suitable anchoring 
elements. The individual components of a standard system are illustrated in Figure 2. 

Fig. 1. Schematic view of the components and arrangement of a debris flow protection net for 
narrow, V-shaped channels, based on [12].

Fig. 2. Schematic view of the components and arrangement of a hillslope debris flow protection 
net, based on [12].
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3.1.3  Documents required for net products

The following documents are required for net products and must be submitted to the 
building owner:
– System manual (manufacturer-specific)
– Installation manual (manufacturer-specific)
– Maintenance manual (manufacturer-specific)
– Valid Declaration of Performance (DoP) of the manufacturer, preferably with continu-

ous certificate of conformity for the factory production control and valid ETA number.  

In addition, it is recommended that at least the use of the net barrier is recorded in a 
usage agreement between the building owner and the planner. 

 
3.2  Serviceability and durability

3.2.1  General requirements

The fundamental requirements of serviceability and durability are met when the 
 unrestricted use of a structure for the intended purpose and for the agreed service life 
is ensured at a reasonable maintenance cost. While structural safety verifications can 
be fulfilled using static calculations, the requirements for serviceability must also be 
reviewed on a project-specific basis. Regarding standardized net barriers, the following 
aspects, among others, must be taken into account when verifying serviceability: 

– Shape and position of the overall structure
– For debris flow protection nets, erosion resistance of the channel banks
– Protection against scouring of the basal opening (for debris flow protection nets) or 

in the spillway section (if dimensioned for overflows)
– Corrosion resistance of the superstructure and anchorages, increase of service life by 

choosing a higher corrosion protection class
– Functional impairment of the overall structure, e. g. due to
 – Deformations of the overall structure
 – Differential settlements due to dead weight or tilting of the foundations
 – Cracks in the concrete foundations and subsequent reduction in impermeability 
 – Frost resistance of the concrete structure
 – Alkali aggregate reaction of the concrete structure
 
Approaches to the serviceability and durability of debris flow protection nets can be 
found in [13], among others. Careful planning, necessary maintenance and regular in-
spections of the net barriers prevent a potential reduction of durability and serviceability. 

 
3.2.2  Requirements for anchorages and foundations

Only the superstructure is included in the product evaluation ETA (see Chap. 2.1). In 
planning and execution, great attention must therefore be paid to the dimensioning 
and the construction of the anchorages and foundations. The conditions for anchorages 
and foundations are product and site-specific. Ideally, a detailed geological profile of 
the barrier location is available and pull-out tests of anchors are performed to deter-
mine the outer skin friction of the soil. The following list includes important factors to be 
considered to ensure the durability of the load transfer of the resulting forces from the 
superstructure to the soil:
– Manufacturer’s data on anchor forces of net barriers including safety factors
– Assessment of the soil’s geotechnical parameters (skin friction, etc.)
– Use of type-tested and approved anchor grouts (see list of approved anchor grouts 

acc. to FOEN [5]), on site grout testing, monitoring of grout’s installation temperature 
and curing time for quality assurance

– Definition of the corrosion protection class according to SIA standard 267 [29] with 
the client
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– Alignment of the anchors in the direction of the cable
– Sufficient anchor spacing to prevent violation the sphere of influence
– Use of flexible anchor heads to prevent reduction of the anchor’s load-bearing 

capacity
– Possibly, use of self-drilling anchors if the borehole is not stable, or cased drilling 

with a grout sock
– Implement post-injections of grout to obtain a force-locked grout column
– If applicable, ensure corrosion protection, especially in the anchor head area, with 

small concrete foundations
– Implement erosion protection of the anchorage body to maintain the required an-

chorage length
– Carry out tensile tests on anchors
– Caution during anchor installation in winter: ice lenses may form on the on the an-

chor bar
 
The anchorage lengths and thus also the borehole lengths depend significantly on the 
soil properties. In order to keep the anchorage lengths within a technically reasonable 
and economically justifiable range, preference should be given to installation sites that 
meet the following requirements for the ground: 
– Rock or loose rock, stable, sufficient skin friction.
– Little cover of soil and low proportion of organic material in the surface layer.
– No or only few fissures, favourable orientation of possible shear surfaces
– No fissure or pore water in the boreholes
– No geological strata that can react sensitively to drilling or grout input
– No zone of sources

 
3.2.3  Requirements for net types

For the structure to be considered in land use planning, a service life of 50 years must 
be guaranteed according to PROTECT [23]. For hillslope debris flow protection nets, first 
steps to implement this approach for limited service lives are described in [35]. The net 
barrier manufacturer must provide evidence of adequate corrosion protection of the net 
components. In addition, proper construction and, if the structure can be overflowed, 
product-specific abrasion protection help to preserve the structure during its service life. 
After an event, the net barrier must be inspected and, if necessary, repaired. 

 
3.3  Consideration of local conditions in planning

3.3.1  Layout and arrangement in the terrain

The following are selected important factors for the layout and arrangement of net bar-
riers in the terrain or in the channel respectively. 

 
Debris flow protection nets
– Do not arrange net barriers in channel bends in order to prevent erosion on the outer 

bank. If applicable, additional stabilization measures on the channel’s embankment 
are necessary.

– Consider basal opening
– Ensure abrasion protection in case of possible overflow
– Ensure flow paths and appropriate protection against scouring downstream of the 

net barriers
– Consider other site-related natural hazard processes in dimensioning (e. g. windfall 

of trees, avalanches, etc.)
– Ensure accessibility for service and maintenance
– Include increased maintenance costs in case of high debris flow activity of a channel 

in economic considerations
– Establish a material management concept for the operational phase and identify 

landfill sites for the material
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Hillslope debris flow protection nets
– Consider arrangement of an uphill apron net
– Ensure abrasion protection in case of possible overflow
– Consider surface runoff or draining water from the barrier by means of drainage or 

diversion
– Ensure wildlife corridors with appropriate passages and net overlap
– Adapt intermediate suspension to wildlife crossing
– Review gullies and elevations in terrain during stakeout
– Review sliding layer depth versus anchorage length
– Consider other site-related natural hazard processes in dimensioning (windfall from 

trees, avalanches, etc.)
– Ensure accessibility for service and maintenance
– Establish material management concept for the operational phase and identify land-

fill sites
 
The following general aspects have been shown when installing flexible net barriers: 

– The drilling work for the necessary anchors in rock or soil can be carried out with a 
light drilling rig and a walking excavator

– Due to the low volume and weight of the installation elements, material can be trans-
ported to the site by truck or helicopter, which proves often to be an economically 
viable solution.

– Large excavations in advance can be avoided
– Large-scale installation and handling sites are not necessary
– The duration of the construction works is limited to a few months, while the actual 

installation of the net is taking place within a few days.

3.3.2  Ecological and ecomorphological conditions

Net barriers made of wire net structures fit relatively well into the landscape visually. 
Debris flow protection nets are installed to provide a retention space and are built with 
a corresponding basal opening (see Chap. 6.2.2) above the channel base. They allow 
most animal species to pass and do not impair fish passage. Natural bedload transport 
is usually not restricted by such net barriers, and the original condition of the channel 
bed is preserved. If, however, the channel bed needs to be stabilized below the net by 
means of a block ramp or other means, the permissible bed angles and drop heights of 
these structures must be complied with in order to ensure fish passing (in consultation 
with the competent authorities and depending on the fish population). If the net barriers 
are left in the stream bed when filled or are mechanically filled during construction, and 
thus serve as bed stabilization in the form of a step-like structure, then the same aspects 
apply with regard to ecological impacts as with other staircase- and step-like structures. 

Hillslope debris flow protection nets have a similar ecological impact on wildlife as rock-
fall protection nets. Above all, wildlife passages and wildlife resting zones must be con-
sidered in the planning of these linear structures. An intermediate suspension with sup-
port rope separation must be adapted to animal passage accordingly. Small organism 
such as insects, amphibians, reptiles, and small mammals such as stoats and mice may 
pass the net barriers through their mesh openings without restriction.

When selecting the installation site, it must be clarified on a project-specific basis wheth-
er special planning measures are required for water and nature conservation reasons 
(e. g. galvanized elements in protection zones or closed seasons for wild animals). The 
corresponding requirements can be found in the current Swiss Legislation (WPA, NCHA 
and WBG) and [4]. 
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3.4  Overload of net barriers

Technical measures are designed for a design event, which is defined during the plan-
ning of the measures. However, larger events in the sense of larger volumes or higher 
loads are possible and should not lead to a collapse-like failure of the net barriers or to 
a deterioration of the actual situation with larger bedload quantities. One reason for an 
overload or overstress can be the exceeding of the design event. This in turn leads to ex-
ceeding of the load-bearing capacity or the volume capacity of a net barrier. As a result, 
individual components may fail (e. g., failure of cables, net components, anchors etc.). 
A simultaneous, collapse-like failure of all system components is unlikely. In the case of 
net barriers, overflow, lateral bypass of a barrier or washout of the channel banks can 
also cause a net barrier to be impaired reducing its protective function (exceeding of the 
geometrical system limits). 

It is important that the consequences of an overload case are described in the project 
and that it is clarified how these can be managed by technical, organizational or spatial 
planning measures. Therefore, project-specific statements are to be made on the follow-
ing topics (selection): 
– Is part of the debris flow or hillslope debris flow material deposited below the net 

barrier?
– May further material be mobilized below the protection structure? 
– May the overflowing material be discharged without damage?
– Is the situation significantly worsened in the case of an overload for the infrastructure 

to be protected?
– Are additional structural or planning measures therefore necessary?
– Are additional organizational measures (e. g. alarms, intervention points, emergency 

planning) necessary and need to be provided for?
 
 
Overflow is not covered for all net barriers by their corresponding standard declaration 
of performance for CE-marked net barriers:
– For most CE-marked debris flow protection nets, the overflow of a barrier by the 

 design event is verified by field tests and simulations. 
– Hillslope debris flow protection nets are generally not dimensioned for overflow.

If overflow is not guaranteed by the manufacturer, this case must be considered and 
verified separately during dimensioning (see also Chap.s 6.2.5 and 6.3.3). Information 
on the current declarations of performance can be obtained from the net barrier manu-
facturers. The behaviour of a debris flow, a hillslope debris flow and a net barrier in the 
event of overflow (and especially in the event of overload) may be estimated by suitable 
modelling.
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4  Damages to net barriers and their prevention

4.1  Overview of damage patterns

In the period from 2007 to summer 2020, about 80 debris flow and 30 hillslope  debris 
flow protection nets were installed in Switzerland. On these, experience could be 
gained, damages were observed and lessons learned. Experience shows that primarily 
the damage patterns to system elements and reduction of the serviceability of net barri-
ers shown in Figure 3 may occur. 

Damages to the superstructure of this type of protection nets, such as rope and net 
failures, buckled posts and likewise damages, should not occur in certified and carefully 
designed net barriers if the design values are not exceeded. Therefore, damages due to 
overload are not dealt with in the following sections. 

Fig. 3. Overview of possible damage patterns and reduction of serviceability of a debris flow 
protection net (top) and a hillslope debris flow protection net (bottom).
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4.2  Damages and measures for their prevention

Most of the damages and impairments of serviceability of net barriers described in Fig-
ure 3 can be prevented by careful planning, design, layout and construction. Elastic 
and plastic deformations of net barriers, especially of energy absorption elements, are 
part of the load-bearing behaviour of net barriers and are necessary for the system to 
work properly. These elements can be replaced after an event (see also Chap. 8). Table 4 
shows individual damage patterns and possible impairments of serviceability and de-
scribes measures for their prevention.

Table 4. Possible damages and measures for their prevention.

  Damages to system components due to deformations, damage to corrosion protection

Damage
Damage to the corrosion protection of individual 
 components due to abrasion, using the example 
of a deformed abrasion protection of a debris flow 
 protection net.

Prevention measures
Can only be prevented to a limited extent since abrasion  
always occurs during overflow. Net parts and abrasion  
protection elements can usually be replaced if 
 damaged.
Image: [B]

Damage
Plastically deformed energy absorption element, using 
the example of a hillslope debris flow protection net.

Prevention measures
None. In the case of energy absorption elements, plastic 
deformation is part of the load-bearing behaviour and 
is necessary for the system to work properly. Plastically 
deformed energy absorption elements can be replaced.
Image: [D]

Damage
Plastic deformation of posts, base plates or their 
connecting elements, using the example of a hillslope 
debris flow protection net. 

Prevention measures
If necessary, reinforcement of post profiles, base plates 
and connecting elements. Plastically deformed posts, 
base plates and connecting elements can be replaced 
after an event. For the arrangement of an adequately 
back-anchored concrete foundation, see Figure 16.
Image: [D]

Damage
Tilting of the post foundation (right side of the image) 
with subsequent shearing of the base plate, on the 
 example of a hillslope debris flow protection net.

Prevention measures
Sufficient embedment of the foundations into the 
ground as well as sufficient embedment of the micro-
piles (pressure and tension anchors) into stable soil 
layers.
Image: [G]
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  Damages to the entire system due to backwashing and scouring of foundations as well as  
  slipping or creeping of the lateral embankment.

Damage
Backwashed anchorage foundation of a support rope 
anchorage, using the example of a debris flow protec-
tion net. 

Prevention measures
Sufficient deep embedment of all anchorage founda-
tions. Provide for a sufficient erosion protection up 
and downstream of the barrier. If possible, place the 
upslope anchor ropes outside of the channel bed, on the 
 embankment of the channel. 
Image: [C]

Damage
Scoured post foundation, using the example of a debris 
flow protection net.

Prevention measures
Sufficient deep embedment of all post foundations into 
the ground. Placement of the post foundations at the 
edge of the channel; integration of the foundations into 
the scouring protection, which is formed as a stone 
 rip-rap embedded in lean concrete. 
Image: [B] 

Damage
Scouring of the channel bed underneath a debris flow 
protection net, resulting in a significant enlargement of 
the basal opening.

Prevention measures
Selection of a barrier location with as little soil cover 
as possible and with a stable channel bed. Otherwise, 
scouring protection with sufficient embedment into the 
ground and sufficiently dimensioned width upstream 
and downstream of the barrier location. Empirical 
 values and recommendations are described in [13].
Image: [G]

  Further damages or reduction of serviceability

Reduction of serviceability
Lateral washout of a debris flow protection net due to 
bypasses and bank erosion. 

Prevention measures
Selection of a barrier location with as little soil cover 
as possible. Otherwise, permanent stabilisation of the 
slope around the anchor points (erosion protection), so 
that they cannot slide or be backwashed. Construction 
of protection nets preferably on straight channel sec-
tions (i. e. not in curves or bends of the channel). 
Image: [G]

Damage
Overflow, on the example of a hillslope debris flow 
protection net, which was dimensioned for a smaller 
load case.

Prevention measures
Reinforcement of components of the hillslope debris 
flow protection net, installation of abrasion protection 
elements, selection of a net type with higher load-bear-
ing capacity and/or greater nominal height.
Image: [H]
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Damage
Tree impact on a net barrier

Prevention measures
Regular clearing along net barriers.
Image: [D]

Damage 
Displacement of foundations and/or anchors due to 
creeping or slipping of the slope, using the example of  
a debris flow protection net.

Prevention measures
If possible, selection of the barrier location outside of 
creeping and sliding slopes. Consider sliding layers 
when designing anchorages. 
Image: [E]
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5  Decision support chart for the planning of net barriers

5.1  Flow chart

The following overview summarizes central aspects to be used as basic decision criteria 
for or against the use of debris flow and hillslope debris flow protection nets during 
planning. General aspects to be considered, such as inspection of protection structures 
and their maintenance or overload, are not explicitly listed.

 
5.2  Qualitative evaluation of net barriers compared to rigid structures

Regarding the decision criteria mentioned in Figure 4 and other aspects, flexible net 
barriers (CE-marked standard barriers, see Chap. 3.1) have advantages and disadvantag-
es compared to rigid protection structures. For a qualitative comparison, both types of 
measures were compared (Table 5). Obviously, the evaluation depends on the specific 
circumstances and must be reviewed on a project-specific basis. 

Fig. 4. Decision criteria for debris flows and hillslope debris flow protection nets. The abbrevia-
tions indicate to which process type the respective question applies.

DF: Debris flow protection net
HS: Hillslope debris flow protection net

−Accessibility: Is access to the construction site only possible with off-road installation equipment?
(DF/HS)

−Space requirement: Is the space required for the barrier(s) only given without large advance
excavations? (DF/HS)

−Net barrier location: Is the installation site located in a straight section of the channel? (DF)
Is the site suitable for a net structure despite terrain gulls and cambering? (HS)

−Anchorages: Is anchorage possible in the side banks? (DF)
Does the anchorage reach deeper than the slip layer? (HS)

−Drainage: Can drainage water be guided away in a controlled manner? (HS)
−Installation time: Is the installation time of the structure limited by external conditions? (DF/HS)

−Event frequency: Are only rare events to be expected? (DF/HS)
−Service life: Is a service life of 25 years according to the CE declaration sufficient for the structures?

(DF/HS)
−Cost and weight of materials: Is a low cost/weight of materials targeted? (DF/HS)
−Load transfer: Is a dynamic load transfer preferred as opposed to a rigid impact? (DF/HS)
−Drainage effect: Are maximum permeability and high drainage effects of the structure important?

(DF/HS)
−Economic efficiency: Can cost-benefit effectiveness be demonstrated and is there an

economic advantage over conventional options? (DF/HS)

−Protection zones: Is the installation site located outside of protection zones? (DF/HS)
−Passage for living organisms: Is passage to small animals important? (DF/HS)

Does fish passage need to be ensured? (DF)
Are there wildlife corridors that must be maintained (support rope separation)? (HS)

−Bedload passage: Must unimpaired bedload passage be maintained during normal discharge? (DF)
−Landscape: Must the impact on the landscape to be minimized? (DF/HS)

Structural 
implementation 

on site

Economic and 
technical

implementation

Ecological aspects

Further project planning
procedure:

refer to Chapter 10

Specific questions (selection)Main criteria
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In Table 5, we compare a rigid reinforced concrete structure with basal opening and 
spillway section with a CE-marked debris flow protection net with the same geome-
try, retention volume and load-carrying capacity at the same site in a steep torrent in 
the pre-Alpine area. Accessibility for emptying after an event is assumed to be given 
upstream of the barrier. The comparison is intended as a guideline, is not meant to be 
exhaustive, and only covers criteria where significant differences between both types of 
structures exist. 

Table 5. Qualitative comparison between net barriers and rigid, reinforced concrete structures 
based on different assessment criteria.
 

Assessment criterion Qualitative evalution

Net barrier (standard system) Reinforced concrete structure

 1. Structural implementation at the site

Installation site and 
use of resources

Transport volume and use of re-
sources are lower. Therefore, even 
remote locations can be economi-
cally accessed by helicopter.

Larger transport volume and use 
of resources. Implementation at 
remote locations is therefore more 
complex and expensive.

Space required Space required for installation site 
and structure usually smaller

Space required for installation site 
and structure usually larger

Machines and  
equipment

Often use of lighter equipment (e. g. 
drilling rig), use of walking excava-
tors possible

Usually heavier construction 
equipment (e.g. concrete mixer, 
crawler excavator) necessary, 
possibly installation of transport 
cableways etc. necessary

Construction time/
work safety

Shorter construction time and there-
fore shorter duration of work in the 
endangered area. 
Can be realized without advance ex-
cavations, therefore generally fewer 
critical states during construction.

Generally longer construction time 
and therefore longer duration of 
work in the endangered area. 
Due to advance excavations, gen-
erally more critical states during 
construction.

 2. Economic and technical implementation

Dimensions of 
structure and 
retention volume

Limited for standard systems, 
otherwise construction of special 
structures necessary

Very large dimensions and reten-
tion volumes also possible for 
standard structures

Possibilities of 
extension/expansion

Extension/expansion only possible 
to a limited extent

Extension/expansion generally 
possible to a larger extent, but to 
be reviewed statically

Experience in 
planning

Rather new technology with fewer 
standards, comparative and empiri-
cal values available

Long-established technology with 
established standards and many 
empirical values available

Construction costs For standard system generally 
lower

For comparable dimensions 
generally higher

Maintenance costs Strongly dependent on impact 
 frequency and required service life 

Less dependent on impact 
 frequency 

Service life 25 years 80 years

Material  
consumption

Material consumption per structure 
for same width and height generally 
smaller

Material consumption per   
structure for same width and 
height generally larger

Impact / loads Impact on a flexible and dynamically 
reacting structure, thus reduction of 
peak forces

Impact on a rigid structure, thus 
higher dynamically acting forces 
and peak forces
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Assessment criterion Qualitative evalution

Net barrier (standard system) Reinforced concrete structure

 2. Economic and technical implementation

Drainage effect and 
susceptibility to  
clogging

Passage of water possible over 
entire net area, therefore better 
drainage effect

Reduced drainage effect, higher 
susceptibility to clogging

Retention and its 
effect on maximum 
discharge

Limited retention effect on water /
flood wave, therefore higher 
discharge downstream, where 
bedload mobilization is possible

Attenuation of discharge down-
stream of the structure, and 
therefore less bedload mobilization 
downstream

 3. Ecological aspects

Passable for small 
animals and fish 

Equivalently passable for fish,  
better passable for small animals

Equivalently passable for fish, 
passable for small animals in a 
reduced way

Impact on landscape More transparent structure, visual 
impact smaller

More massive structure, visual 
impact greater

 4. Inspection of protection structures and maintenance

Operational 
maintenance

Regular control and inspection effort 
equivalent, but smaller robustness  
of system elements. In case of 
frequent events, greater repair effort 
necessary.

Regular control and inspection 
 effort equivalent, but greater 
robustness of system elements. 
More suitable for frequent events.

Emptying Effort equivalent Effort equivalent

 5. Overload / residual risk

Overload / residual 
risk

For both types of structures, possible event sequences in case of over-
load as well as the remaining residual risks have to be clarified on a 
project-specific basis.

5.3  Possible applications of net barriers

Based on the qualitative assessment and practical experience, these flexible protection 
nets are particularly suitable for the following selected types of application and measures:
– Measures in terrain that is difficult to access
– Temporary measures
– Emergency measures
– Complementary measure to rigid structures within the framework of an integral pro-

tection concept
– Sensitive situations, where rigid measures are not an option due to landscape or 

biosphere issues

The use of net barriers as measures for property protection, especially for hillslope 
 debris flows, is possible. For Switzerland, the approval procedures vary from canton to 
canton. It is important that inspection and maintenance by the (often private) landown-
ers are clearly regulated and ensured. 

 
5.4  Frequently asked questions about net barriers (FAQ) 

Decision-makers and stakeholders are often faced with the fundamental question of 
whether net barriers can be implemented in a specific case. The following answers to 
frequently asked questions may support the evaluation in favour or against the use of 
net barriers. The focus lies on net-specific questions. The list of questions and answers is 
by no means exhaustive and must be updated if required. Further information is availa-
ble from the net manufacturers and on the landing page of this publication. 
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– How to ensure a large retention volume without special construction solutions?
Several debris flow protection nets arranged in series (CE-marked systems that cover 
the overflow load case) may together generate a larger retention volume than a single 
protection net. 

– What is the service life of a net barrier?
Without impact, a service life of 25 years of the structure can be assumed. After an 
event, the barrier must be emptied and repaired. Once the net barrier has been properly 
repaired, it must be re-evaluated regarding its further service life.

– What is the advantage of a net barrier over rigid structures in terms of the costs to be 
expected? 

In many cases, net barriers can be implemented as equivalent alternatives to rigid con-
crete structures. For evaluation, it is important to consider the entire life cycle, including 
maintenance costs. For a specific project, a cost-benefit analysis is useful. Alternatively, 
the barrier’s life cycle costs should be determined to show its economic viability. In 
terms of installation, material consumption and work duration, the use of net barriers 
often has a positive impact on costs. However, the critical factor in cost-effectiveness is 
how frequently the structure is impacted and filled. Due to their shorter service life, less 
robust system elements and accordingly more repair effort, net barriers are less cost- 
effective especially in catchments with more frequent events. 

– Are net barriers subject to construction permit and eligible for subsidies?
As for Switzerland, net barriers are always subject to a construction permit. Howev-
er, the eligibility for subsidies does not result from the type of construction, but from 
the requirements that a project must fullfill (suitability, economic efficiency, com-
pliance with the law) and general conditions. In the past, protection measures us-
ing net barriers were in many cases able to fullfill the requirements for subsidies. It 
is advisable to clarify in advance with the relevant authorities whether net barriers 
can be approved as a protection measure and whether they are eligible for subsidies.  

–  How quickly can a net barrier be constructed?
The procedure for obtaining a construction permit (design, publication of construction 
permit, objection periods, etc.) is comparable to a rigid structure and therefore takes a 
similar amount of time. A standardized net barrier can be installed within a few weeks 
once the construction permit has been issued and weather conditions are favourable. 

–  Where will the debris material be deposited after an event? 
The issue of depositing the expected wet material from the retention area of the net bar-
rier must be clarified at an early stage, as is also the case for rigid structures. Therefore, 
suitable access routes and landfill sites need to be defined already during planning. As 
for bedload management, sites for re-feeding bedload downstream of the barrier need 
also be considered and possible costs must be taken into account. 

– How ecological and sustainable is a solution using nets compared to rigid struc-
tures?

The relatively large mesh openings and the basal opening of debris flow protection nets 
allow a good passage for fish and small animals. 
For sustainability considerations, a project-specific ecological impact assessment should 
be carried out simultaneously to the study of project variants. 

– How do debris flow protection nets fit into the landscape?
In contrast to massive protection structures made of steel and concrete, debris flow 
protection nets are relatively unobtrusive visually and usually blend well into the land-
scape. They are hardly visible from a distance. 
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– How are net barriers emptied?
Net barriers are usually emptied from the upstream side by means of a walking exca-
vator or a conventional crawler excavator. After an initial relief, the net barriers can be 
opened and damaged elements may be replaced. Anchorages and foundations usually 
remain undamaged. 

– Do net barriers belong to the family of structural protection measures and do they 
have to be filed in the cantonal register of protection structures (for Switzerland)? 

For some years, net barriers have extended the range of structures designed to protect 
against debris flows and hillslope debris flows. Maintenance, emptying and repair must 
be ensured in the same way as for rigid protection structures. Net barriers must there-
fore also be entered in the corresponding cantonal registers of protection structures. 

– Where can information on suitable modelling of flow processes be obtained?
Research institutions, scientific networks and associations continuously research and 
publish on flow processes and their modelling. A selection of publications can be found 
in the reference section of this practical guide.

– How permeable is a debris flow or hillslope debris flow protection net, and how large 
should the basal opening be designed for a debris flow protection net?

The permeability of net barriers is strongly process-, area- and material-dependent and 
general statements are therefore not possible. With respect to the permeability of nets, 
small-scale experiments on the relation between mesh size and relevant grain size were 
carried out at WSL (see [37] for further details). 

The influence of the flow depth on the clogging of the basal opening of debris flow pro-
tection nets was investigated in [37]. Specific information on the dimensioning of the 
basal opening can be found in Chapter 6.2.3.
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Technical part

6  Scenario building and dimensioning of system parameters

6.1  Scenario building for debris flows and hillslope debris flow processes

Hazard maps and supplementary information in technical reports or fact sheets provide 
basic information on event scenarios and flow parameters. For the actual dimensioning 
and determination of the design event, however, further clarifications must be made 
to ensure that the evaluation depth of the assessment is appropriate to the problem to 
solve and corresponds to the planning stage. The evaluation of the effect of the protec-
tion measures is carried out according to PROTECT [23]. Furthermore, it is mandatory 
to clarify the behaviour in the case of a structure overload, which must be taken into 
account for the design and dimensioning. Uncertainties in the assessment of natural 
hazards in general and in the estimation of event sizes in particular must equally be con-
sidered. They are best dealt with using possible ranges of parameter values and must 
be declared openly. 

Debris flows and hillslope debris flows are characterized by sudden surges of a mixture 
of water and solids. The fraction of solid content predominates and results in high densi-
ties of the mixture. As a result, large, heavy individual components can be transported at 
or near the flow surface. The water content of the mixture, in combination with the chan-
nel or slope gradient, defines the flow velocity. The combination of high flow heights, 
velocities, densities and, partly, large individual blocks, results in massive forces that act 
directly on the structure, locally and/or in a distributed manner. The determination of the 
flow parameters is therefore the central element for the dimensioning of the structures. 
Further information can be obtained, e. g., from [21]. Additionally, resulting impact areas 
and parameters can be determined and evaluated using numerical models. 

In scenario building, the frequency and event volumes of debris flows are decisive event 
variables and have a particular effect on the choice of suitable protection measures. For 
detailed investigations, proven methods such as SEDEX [14] and Gertsch [17] are avail-
able. They are based on estimates in the field or on theoretical considerations and then 
compared with the values from empirical formulas. With respect to the volume of solids, 
a clear distinction must be made for debris flows between the overall event and individ-
ual surges. Furthermore, it must be clarified whether viscous or granular mixtures are to 
be expected, how events develop and whether driftwood plays a decisive role. 

In Alpine regions, event volumes for debris flows range in the order of a few 100 m3 
up to several 100,000 m3. Flow velocities on alluvial fans reach 1 to 15 m/s and corre-
sponding peak discharges are in the range of 10 to 1000 m3/s. The maximum diameter 
of a single block extends approximately to the value of the flow height. The relevant di-
mensioning parameters and expected magnitudes for debris flows are shown in Table 6. 

Table 6. Order of magnitude of relevant debris flow process parameters (based on various sources).

Parameter Unit Order of magnitude Comment

Vsurge [m3] 100–100,000 Volume per surge, total volume of event Vtotal may be 
several times higher

Qmax [m3/s] 10–1000 Peak discharge or maximum discharge at the surge front

y [m/s] 1–15 Front velocity
r [kg/m3] 1600–2200 Density of debris flow mixture, at the front
r [kg/m3] 2200–2650 Density of single block, based on local geology

hfl [m] 0.5–10 Flow height at the front

d [m] up to a maximum 
of hfl

Single block diameter
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A basic disposition for hillslope debris flows is given if unfavourable geological char-
acteristics are present in a study area with slopes steeper than 20 ° [2]. Hillslope debris 
flows usually occur only once at the same site, but precise prediction of occurrence 
remains difficult. Usually, a disposition approach [2] is used to assess the location(s) of 
occurrence, which is primarily based on geotechnical properties. In addition, a survey 
of previous hillslope debris flow occurrences in the study area is important for the ana-
lysis. The disposition and probability of occurrence in the starting zone are to a certain 
extent similar to those of shallow to medium-depth spontaneous landslides. According 
to the method presented by AGN [1], a stepwise approach for the assessment is rec-
ommended. Resulting impact areas and parameters can be determined and evaluated 
using numerical models. 

The thickness of the mobilizable masses of hillslope debris flows ranges usually be-
tween 0.5–3 m, and rarely exceeds 10 m. Their relocated volume is generally limited. 
The relatively high water content results in high flow velocities (1 to 15 m/s), which have 
a corresponding destructive effect. These high values of water content also favour the 
reach of a hillslope debris flow, and the surface of the impact zone may exceed the one 
of the starting zone by a factor of 10 to 100 [8]. The relevant dimensioning parameters 
and expected magnitudes for hillslope debris flows are shown in Table 7.

Table 7. Order of magnitude of relevant hillslope debris flow process parameters (based on 
 various sources).

Parameter Unit Order of magnitude Comment

Vtotal [m3] 10–10,000 Total volume of event

Qmax [m3/s] 1–100 Peak discharge or maximum discharge at the surge 
front

y [m/s] 1–15 Front velocity

r [kg/m3] 1600–2200 Density of hillslope debris flow mixture, at the front

r [kg/m3] 2200–2650 Density of single block, based on local geology

hfl [m] 0.3–3 Flow height at the front

d [m] < hfl Single block diameter

6.2  Design layout of debris flow protection nets

6.2.1  Residual height

The residual height hb’ is defined as the smallest distance between the upper support 
rope and the channel base or the lower support rope after a filling event of a debris flow 
protection net. The data on the residual height depend on the support system, flow pa-
rameters, grain size distribution and degree of filling of the debris flow protection net. 
Standard values for the residual height can be obtained from the system manufacturer.

 
6.2.2  Hydraulic freeboard

The hydraulic freeboard is the distance between the upper support ropes and the top 
edge of the embankment, measured while the debris flow protection system is not un-
der load. It is used to ensure that the debris flows cannot escape from the channel when 
the net barrier is overflowed (see also Section 6.2.5). It is important that the sum of the 
residual height hb’ and the expected flow height hfl of the overflowing debris flow is 
smaller than the sum of the nominal height and the selected hydraulic freeboard. 
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6.2.3  Basal opening

The basal opening hd is the distance between the lower support ropes and the channel 
base and is used to pass normal runoff without large amounts of bedload and wood. If a 
lot of driftwood is expected in a channel, it is recommended to design the basal opening 
of the net barrier larger than the usual standard values of hd = 2 / 3 hfl [36]. Alternatively, a 
separate driftwood retention above the net barrier should be considered. When design-
ing the basal opening, the capacity of the channel downstream of the net barrier should 
also always be considered. 

 
6.2.4  Retention volume 

The retention volume VR is determined using the residual height of the net barrier hb’ 
and the mean channel width bm at the barrier location. For a rough calculation, the chan-
nel gradient ls upstream of the net barrier and the gradient of the deposited debris flow 
load ls’ in the retention space are required.

The gradient of the deposited material can be estimated according to [22] with ls’ = 2 / 3 ls. 
Accordingly, the gradient of the debris flow load deposition is 1 / 3 flatter than the original 
channel inclination upstream of the structure. Assuming a straight channel upstream 
of the barrier, the following geometric relationship is then obtained according to [36] 
for a rough estimation of the retention space (for a vertical protection net arrangement 
according to Figure 5 and [36]).

    (1)VR = 0.5(hb
′

)2bm sin ξ

(

sin ξ

tan(θ − θ
′

)
+ cos ξ

)

with
VR = Retention volume of the net barrier 
hb’  = Residual height, see 6.2.1 
bm = (bu + bo)/2 mean width of protection net, usually calculated using top width of  
  protection net bo and bottom width protection net bottom bu  
j  = Angle between protection structure and stream bed in [°] 
u  = Stream section angle in [°] 
u‘ = Deposition angle in [°]

Fig. 5. Longitudinal section of torrent and front view of the net. Figure according to [36].
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6.2.5  Overflow

The overflow of a debris flow protection net must be verified as a separate dimension-
ing load case (see Chap. 7.2.1). The overflow case can become decisive in the case of 
high barriers and / or large flow heights hfl, since in this case the hydrostatic pressure 
becomes correspondingly large and may eventually become larger than the dynamic 
impact. Lower barriers are overflowed earlier, but for these cases the hydrostatic pres-
sure is usually not decisive. The load case of overflow is not covered by default in the 
declaration of performance (DoP) for the CE-marking of a debris flow / hillslope debris 
flow protection net. In addition, it is important that the remaining hydraulic freeboard 
is planned larger than the maximum height of debris flow during overflow of the net 
barrier. For constructive design, it is essential to provide for an abrasion protection to 
protect the upper support ropes.

 
6.3  Design layout of hillslope debris flow protection nets

6.3.1  Residual height

The residual height hb’ is defined as the smallest distance between the upper support 
rope and the ground surface (or the lower support rope) after a filling event of a hillslope 
debris flow protection net. The data on the residual height depend on the support sys-
tem, flow parameters, grain size distribution and degree of filling of the hillslope debris 
flow protection net. Standard values for the residual height can be obtained from the 
system manufacturer.

 
6.3.2  Retention volume 

The retention volume VR is determined using the residual height of the barrier hb’ and 
the maximum spread of the material at the barrier location bmax. Similar to debris flow 
protection nets (see Chap. 6.2.4), the volume can be approximately calculated as fol-
lows:

    (2)VR = 0.5(hb
′

)2bmax sin ξ

(

sin ξ

tan(θ − θ
′

)
+ cos ξ

)

with  
VR =  Retention volume of the net barrier 
hb’  =  Residual height, see Chap. 6.3.1 
bmax  =  Maximum spread of material along the net barrier 
j  =  Angle between protection barrier and slope surface in [°] 
u =  Slope section angle in [°] 
u‘ =  Deposition angle in [°]

The simplified assumption for the calculation above is that the flow height remains 
constant over the entire width bmax. The geometrical estimation of the maximum spread 
bmax is carried out as follows: If the starting zone width of a hillslope debris flow b0 can 
be estimated, and it is assumed that the hillslope debris flow moves with a maximum 
spread angle d of [2–10°], the maximum spread of the material bmax can be determined 
using the distance between the starting zone and the installation site L0 (see Fig. 6). This 
results in:

bmax = 2 tan δL0 + b0        (3)

Alternatively, or as a supplement to the geometric considerations between the starting 
and the planned installation site of the hillslope debris flow protection net, numerical 
simulations can be used.
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6.3.3  Overflow

Usually, CE-marked hillslope debris flow protection nets are not designed for overflow. 
Therefore, this case is not covered by default in the declaration of performance (DoP) of 
a hillslope debris flow protection net (see Sect. 6.2.5 regarding overflow for debris flow 
protection nets). 

If, nevertheless, overflow of the net barrier is envisaged, this must be verified as a sep-
arate design load case (for details of the load model for hillslope debris flow protection 
nets, refer to Sect. 7.2.2). In addition to potential reinforcements of the support structure, 
the upper support ropes must be provided with additional abrasion protection in this 
case. In addition, it must be reviewed whether the overflow may result in problematic 
erosion downstream, and whether suitable structural or organizational measures must 
be taken for this case.

 
6.3.4  Bypassing

Lateral bypassing of the barrier should be avoided whenever possible. To ensure this, 
the minimum barrier length Lmin must therefore be designed to be significantly greater 
than the maximum spread of material behind the barrier bmax (see also Chap. 6.3.2). 

A uphill apron net as a constructive addition to hillslope debris flow protection nets 
prevents a net opening between the ground and the lower board of the net, which may 
occur when the lower support rope is lifted. Underflowing of the net is thus prevented. 
The installation of a finer-meshed secondary mesh on the uphill side of the actual pro-
tection net ensures the retention of fine material.

Fig. 6. Sketch of geometric determination of maximum spread. Figure according to [16]. 
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For debris flow protection nets, water flows off in a controlled manner via the channel 
on the downstream side of the net. However, this controlled drainage is missing in the 
case of hillslope debris flow protection nets. Therefore, on the downstream side of this 
type of protection net, an appropriate water catchment and drainage system must be in-
stalled so that water from the hillslope debris flow process and any surface water runoff 
can be collected and discharged without damage.
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7  Dimensioning

7.1  Safety concept

In general, a safety concept serves to ensure the stability of a structure regarding struc-
tural safety, serviceability and durability. The following section focuses on the ultimate 
limit state of structural safety. The other two aspects, serviceability and durability, are 
discussed in Chapter 3.2. 

For debris flow and hillslope debris flow protection nets, the following main aspects 
should be investigated in the ultimate limit state:

– Breaking load of the support ropes with energy absorption elements due to exces-
sive tensile and shear forces

– Breaking load of the net structure due to excessive point loads (e. g. punching due to 
single block impact, pressure peaks and overload)

– Failure of the anchors regarding pull-out and internal resistance of the anchors re-
garding rupture

For rigid protection structures, the load and the resistance side are dimensioned sepa-
rately with partial safety factors gF for the load and gR for the resistance side (e. g. SIA 
Standard 261, SIA Standard 263 and SIA Standard 267 [25]–[29]). For net barriers under 
debris flow or hillslope debris flow loads, there are so far no defined failure probabilities 
as defined for rigid structures under certain action scenarios according to SIA Stand-
ards. A probabilistic approach is therefore not yet possible for net solutions.

In Chapter 5 of SIA Standard 261/1 [27], debris flows and hillslope debris flows on the 
load side are always described as exceptional loads on a structure. In [31], debris flows 
with a short return period (1–30 years) are classified as regular loads, and with larger 
return periods (> 30 years) as exceptional loads. For the basis of the safety concept, the 
return period (and the frequency of occurrence respectively) as well as the classification 
as regular or exceptional load are important parameters. In addition, the occurring in-
tensities of the loads are important to assess. In SIA Standard 261/1 [27] and in hazard 
maps, medium and strong intensities are defined for debris flows, and weak, medium 
and strong intensities for hillslope debris flows. Site-specific intensities, or flow param-
eter and loads respectively, need to be assessed and specified by an expert.

For the risk assessment concerning people, environmental consequences and economic 
damages due to failure of a protection structure impacted by a debris flow or hillslope 
debris flow event, a classification into risk classes is proposed in [36]. As for the risk 
classes, e. g. accepted failure probabilities according to the Joint Committee of Structur-
al Safety JCSS [18] may be used and assigned to the risk classes: 
– Risk class 3 / failure probability pf = 10–6 in the case of great danger to human lives; 

for protection measures in the immediate vicinity of settlements, roads and industrial 
zones. 

– Risk class 2 / failure probability pf = 10–5 with medium danger to human lives; for pro-
tection measures in the further vicinity of settlements, roads and railroad lines 

– Risk class 1 / failure probability pf = 10–3 with low risk to human lives; for forests, allu-
vial zones and pastures

These risk classes are compared with the return periods of debris flows or hillslope 
debris flows and, following [31], the partial safety factors gF on the load side are as-
signed according to Figure 7. For the explicit protection of new buildings by means of a 
debris flow or hillslope debris flow protection net, SIA Standard 261/1 [27] needs to be 
consulted, where structure classes are defined depending on the use of the structure. 
On the resistance side, the partial safety factors gR are recommended according to the 
corresponding SIA Standards (SIA Standards 261, 262, 263 and 267 in [25]–[29]).
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7.2 Load models

7.2.1 Debris flow protection nets

The basis for the next subchapters is given in the WSL report 8 [33]. It fully describes 
the design concept for flexible net structures of PhD thesis No. 17916 at ETHZ [36] by 
Corinna Wendeler, published in 2008. This work was realized at WSL under the supervi-
sion of Dr. Perry Bartelt and Dr. Axel Volkwein as part of a joint CTI research project with 
Geobrugg AG. The pressure coefficients a are lower for net barriers than the values for 
cp published in SIA Standard 261/1 [27], which correspond to the same factor, but apply 
to impact pressures against rigid obstacles (wall, dam, etc.).

 
7.2.1.1 Quasi-static load model

An approach which determines the pressures acting on the debris flow protection nets 
and thus the forces acting on them, and which represents very well the situation for a 
simplified engineering model, is described in [36]. In this model, the debris flow is dis-
cretized with a constant flow height hfl, a constant density r and a constant flow  velocity 
v. It hits the net barrier with an “initial impact” (see Fig. 8). After the debris flow has 
stopped, the net barrier is modelled by being filled with the subsequently following 
material (see Fig. 9). This continuous process is discretized in time in the simplified load 
model in such a way that the net barrier is filled in individual flow height surges assum-
ing a uniform distribution of the flow height (see Fig. 9).

The acting hydrostatic pressure pstat and hydrodynamic pressure pdyn (in N/m2) are 
 assumed to be uniformly distributed over the channel width. The following calculation 
formulas result:

          (4)pdyn = αρv2

with
r  = Density of the debris flows with r = 1600–2200 kg/m3

a = Pressure coefficient   
  (granular debris flows a = 2.0; viscous flows with r < 1900 kg/m3; a = 0.7–1.0)
y  = Mean velocity of the debris flow front in m/s

and  

         (5)pstat = ahflρg

with
a = Earth pressure coefficient a = 1.0
g = Gravitational constant g = 9.81 m/s2

 

Fig. 7. Recommended partial safety factor gF on the load side, considering the risk class and the 
return period of the debris flow or hillslope debris flow event. Based on [31] / copied from [36].
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Fig. 8. Initial impact of the debris flow on the barrier using a pressure surge model consisting of 
hydrostatic pressure pstat and hydrodynamic pressure pdyn. Figure after [36]. 

Fig. 9. Time-discretized filling process in the pressure surge model including expected deforma-
tions of the barrier. Figure after [36].

Fig. 10. Load situation during overflow of a barrier, which reaches its remaining residual height 
due to backfilling. Figure according to [36].
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For special geometries with a locally deeper channel beds or very shallow channel 
banks, the above theory must be tested individually on a project specific basis. 

For the overflow load case, an additional shear stress t =  hfl   r   g   tan u (in the flow di-
rection) and a surcharge load with s = hfl   r   g, (perpendicular to the flow direction) are 
acting on top of the filled barrier. The shear stress component is often neglected because 
of its small magnitude (t  ≈  1/10 s).

 
7.2.1.2 Single block impact

The single impact of a block or another component, e. g. a tree trunk, is usually only 
significant when the impact occurs directly on a support rope. If the support ropes are 
separated further than the design block size, a punching shear test must be performed 
separately for the net. If the block of mass m collides directly with a support rope / support 
rope bundle of length L at velocity y, most of the kinetic energy of the block is transferred 
to the rope elongation energy, while a part of the energy is also absorbed by the energy 
absorption elements. The component of the energy absorption elements will be neglect-
ed in the following as a simplifying assumption, staying on the safe side. 

The rope elongation energy Epot,rope (in J) can be determined with

         (6)Epot,rope = 0.5ks∆L2

with  
ks  = E A/L spring stiffness of the rope of length L 
E  = Modulus of elasticity of the rope
A  = Effective cross-sectional area of the rope
ΔL  = Elastic elongation of the rope

The rope force Frope (in N) can be calculated using the approach of the spring  
law ks = Frope/ΔL:

         (7)Frope =

√

mv2EA

L

with
m  = Single block mass
y  = Mean front velocity of the debris flow 
E  = Modulus of elasticity of the rope
A  = Effective cross-sectional area of the rope
L = Rope length

Simplified, it is assumed that the same spring stiffness ks prevails over the rope length 
L and the energy absorption of the brakes is neglected.

7.2.2 Hillslope debris flow protection nets

7.2.2.1 Quasi-static load model

The quasi-static load model for hillslope debris flow protection nets works analogously 
to the formulas in Chapters 7.2.1.1 and 7.2.1.2. The only difference is that hillslope debris 
flow protection nets usually do not need to be verified for the overflow load case, since 
hillslope debris flows show significantly smaller volumes than debris flows. The impact 
width or maximum spread of material at the barrier location of a hillslope debris flow 
can be determined according to descriptions in Chapter 6.3.2.



37

WSL Berichte, Issue 113, 2021

C. Berger, M. Denk, C. Graf, L. Stieglitz, C. Wendeler

7.2.2.2  Fluid-structure interaction model (FSI-model)

As an alternative to the quasi-static load model, the interaction of the hillslope debris 
flow material with the net barrier can be represented by the Fluid-Structure-Interac-
tion-Model (FSI-Model). This model was developed as part of PhD thesis of Albrecht 
von Boetticher [34] at WSL in a joint CTI research project with Geobrugg AG under the 
supervision of Dr. Axel Volkwein.

The maximum retention volume VR is calculated considering the current terrain’s to-
pography. Both the volume reduction due to the expected lowering of the barrier’s top 
support ropes to the residual height hb’ and the inclination of the deposited hillslope 
debris flow material is’ are considered (see Fig. 5). This results in the horizontal length of 
the retention space lr. With a maximum impact width in the retention space of bmax the 
filling time tf for a surge volume Vsurge can be determined by:

          (8)tf =
Vsurge

hflbmaxv

with
Vsurge  = Surge volume 
hfl = Flow height 
bmax  = Maximum spread of the hillslope debris flow at the net location   
y = Mean flow velocity of the hillslope debris flow front

For the “initial impact”, it is assumed that the material is hitting the net barrier with a 
distinct front, and that the net barrier is subjected to a corresponding impact over the 
flow height hfl and impact width bmax.  The impact of the subsequently following material 
is discretized into single surges for overlapping filling stages.

The loads from single overlapping filling stages, which hit the mesh with flow height hfl, 
frontal flow velocity y and density r (force-time approach according to Wendeler [36]), is 
converted into overlapping pressures at the respective net barrier height. As for debris 
flows, the pressure corresponding to a filling level x is composed of a static and a dy-
namic component:

        (9)px = pstat + pdyn,x(t)

The dynamic part of the impact pressure of a filling stage pdyn,x(t) is decreasing over time 
tx. This favourable effect can be considered in a simplified way by reducing the dynamic 
impact pressure of the filling stage linearly over the deceleration time tb from the mo-
ment when the surge reaches the net (extended force-time approach according to [34]). 

The surge pressure after the initial impact pdyn,1(t) is then given by: 
   

   (10)pdyn,1(t) = max
(

tb1−(t−t1)
tb1

, 0
)

· pdyn

The deceleration time tb depends on the impact pressure which, in reality, is decreasing 
in a non-linear manner. The impact pressure simplified as linearly decreasing would 
underestimate the braking time. Therefore, the braking time should be assumed as the 
time required to decelerate a block of mass m and block velocity yf with an average brak-
ing acceleration ab. Accordingly, the braking time can be determined as follows:

  

      (11)tb,i =
vf

ab,i
=

vfρhlr,ibmax

kpdynhbmax
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with  
yf  = Block velocity
ab,i  = k pdyn h bmax/m braking acceleration for surge i 
pdyn = Hydrodynamic flow pressure
m  = r h lr bmax mass of the block
k  = 0.1, calibration value from tests in Veltheim (Switzerland) [9].

Fig. 11. Schematic representation of FSI model discretization of the first impact, following [34].

Fig. 12. Further surge discretization using the FSI method after stopping the initial impact of 
mass m0 following [34].
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The time of occurrence of individual surges cannot be readily estimated. Basically, it 
can be assumed that subsequent material pushes over the material slowed down by the 
net barrier. At low Froude numbers < 1, it can be assumed in a simplified way that the 
braking effect of the net barrier is acting on the material of the first filling surge up to a 
distance of lr0 = h/S back into the retention space. Therefore, the subsequent load stage 
forms at a distance of lb1 upstream of the net barrier. A third surge is formed analogous-
ly at a distance lr1 = 2 h/S upstream from the barrier, at the time of arrival of the second 
surge. The impact times of the surges can thus be determined at t0 = 0 [s], t1 =lr0/v, t2 
= t1 + lr1/v, and so on. 

The impact pressures p0, p1, p2 … act on the net barrier over the corresponding heights 
0-h, h-2h, 2h-3h etc., until the net barrier is overflowed. Such, the critical point in time of 
the overflow with maximum load on the support ropes can be determined during the 
calculation or simulation. 

A plausibility check of the estimated load superposition in the calculation is essential, 
both regarding the load and the coordination of the arrival time of the last surge with 
the total filling time tf. In case of doubt, the reduction of the dynamic pressure must be 
applied over a longer period of time by reducing the parameter k.

If the approach for the braking time is inserted into the formula for the dynamic pres-
sure, the dynamic pressure for a filling stage x is given by:

   (12)pdyn,x(t) = max

(

vf ρlrx

kpdyn
−(t−tx)

vf ρlrx

kpdyn

, 0

)

· pdyn

Finally, the net barrier being overflowed at an overflow height hb’ and with a flow height 
hfl is subject to the hydrostatic pressure pstat over the cumulated height hb’ + hfl. In addi-
tion, a shear load t acts due to the overflowing hillslope debris flow:

         (13)τ = hflρg tan θ

where u represents the slope angle of the hillslope debris flow. u may vary depending 
on the vegetation and the friction angle of the material [11].  

7.3 Dimensioning of components

7.3.1 Support ropes

The support ropes transfer the loads acting on the protection net to the anchorages. De-
pending on the expected load, support rope bundles may consist of several individual 
ropes. Several support rope bundles are usually evenly distributed over the net barrier 
height hb. The positioning of support ropes should be optimized regarding the expected 
deformations of the net barriers. Energy absorption elements that are integrated into 
the support ropes and allow for large deformations enable an optimum alignment of 
the ropes. It is essential to ensure a good structural connection of the ropes to concrete 
elements, rope anchors or self-drilling anchors in order to transmit the rope force into 
the anchorages, if possible in the direction of tension.

The ropes can be dimensioned analytically according to [36] based on the following ver-
ifications. The pressures acting on the protection net are transferred to the support ropes 
by means of mean influential zones. The load on the horizontal ropes can be assumed 
to be equally distributed, provided that the filling process takes place over the entire 
width of the net barrier. A differential equation for ropes suitable for this purpose is then 
solved iteratively using Newton’s method, until the calculated rope forces match the 
rope and brake elongations to be expected for these forces [20]. The following applies 
for the rope equation (see also Fig. 13):
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   (14)H3
+H2EA

[

1−
1
s0
(l − αt∆ts0)

]

=
EA
2s0

✁ l

0 Q
2dx

with
H = Horizontal rope force 
E  = Modulus of elasticity of the rope
A  = Effective cross-sectional area of the rope
s0  =  Horizontal rope length 
at  =  Temperature coefficient for steel
Δt =  Temperature gradient
Q  =  Values of the integral according to [20] 

The upslope anchor ropes cannot be dimensioned in this way because they are not sub-
jected to a continuous uniform load. Their dimensioning is explained in the following 
chapter. The practical use of the rope equation can be taken from the design example in 
Appendix A.

7.3.2 Upslope anchor ropes and posts

The forces in the upslope anchor ropes result from decisive post forces and a small force 
component from bypassing of debris flows (in the case of upslope anchor ropes that are 
anchored in the channel). This part is usually neglected. The load on the upslope anchor 
ropes is usually determined considering the overflow load case for a filled net barrier. 
The pressures are transferred to the posts using the mean width of the influential zones 
of the posts. A verification on torsional buckling of the posts, using normal force and 
force in the direction of flow of the debris flows is therefore required for the post verifi-
cation. The post’s upper support force is received by the upslope anchor ropes and must 
be converted respecting the actual angles of the attached ropes (see Fig. 14).

 
7.3.3 Protection net

The dimensioning of the actual protection net of the barrier is determined by the ar-
rangement of the horizontal support ropes. The simplified verification of the net is con-
sidering the net as a rope, using the span from the upper to the lower support ropes and 
the maximum deflection of the net barrier (see Fig. 15). The design load case with middle 
support ropes as shown in the design example in Appendix A must be considered sepa-
rately. By means of the rope equation (Fig. 13) and the net parameters per linear meter, 
the acting force on the net surface can be determined.

Fig. 13. Representation of the rope equation for equal load on the deflected rope, according to [20] 
and [36].
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Fig. 14. Debris flow protection net with posts and corresponding force vectors from the support 
and upslope anchor ropes, following [36].

Fig. 15. Section of the debris flow protection net for the verification of the net itself and its corre-
sponding force component.
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7.3.4 Anchors and foundations

We recommend assuming the anchor loads for both debris flow and hillslope debris 
flow protection nets according to the manufacturers specifications. In addition, trial an-
chors should be tested whenever possible. The number of trial anchors depends on the 
ground conditions, the size of the construction project and the potential risk of failure 
[3] but should at least comply with the specifications of SIA Standard 267 [29]. Testing 
of fully bonded, untensioned soil and rock anchors (nails) are described in SIA Standard 
267/1 Geotechnical Engineering / Supplementary Specifications [29].

Due to the uncertainties in the occurring loads, it is recommended for net barriers that 
the entire ultimate breaking load of the ropes is transferred to the soil using energy 
absorption elements. As for the anchorages, their ultimate design loads need to be clar-
ified. In addition, the recommended foundations serve to transfer the loads from the 
rope forces into the anchorage and also as corrosion protection for the anchor head. In 
the case of soil, it is advisable to review whether a lateral, continuous concrete foun-
dation should be built in order to prevent the anchorage from scouring at the channel 
banks. Moreover, a minimum reinforcement bar of 10 mm diameter should be installed 
within the foundations every 10 cm to minimize crack widths. The compressive strength 
class of concrete should be selected according to the corresponding corrosion protec-
tion class. References on the dimensioning and constructional design of the anchorages 
can be found in [36], [3] and [29]. 

 
7.3.5 Post foundations

The post foundations protect the pressure and tension anchors from scouring and cor-
rosion. At the same time, they transfer the pressure forces into the ground as an area 
load. Dimensioning of the post foundation must take into account the post’s compres-
sion forces as well as the tensile forces from the lower support ropes that act on the 
foundation. In the case of eccentric post connections to the base plate, the correspond-
ing torque must be taken into account in the design of the pressure and tension anchors. 
In terms of reinforcement, it is also recommended that the minimum reinforcement 
required is installed to limit crack widths. 

 
7.3.6 Example of structural foundation design

The geometric conditions of foundations for protection nets depend to a large extent on 
the geometric conditions of the base and anchoring plates of the individual manufactur-
ers. An example without verification of calculations is shown in Figure 16 and Figure 17 
for post foundations, with one pressure and two tension anchors that are installed at an 
angle of 45 ° to each other.
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Fig. 16. Side view of a reinforced concrete foundation with one pressure and two tension anchors, 
based on [15].

Fig. 17. Top view of a reinforced concrete foundation with one pressure and two tension anchors, 
based on [15].
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8 Inspection and maintenance

8.1 Basic conditions

Requirements are placed on protection structures regarding structural safety, service-
ability and durability. Regular inspections and appropriate maintenance are necessary 
to ensure that net barriers function properly over their defined service life [19].  

The responsibilities and periodicity for the inspections as well as for ongoing and 
structural maintenance are handled differently depending on the canton / authority and 
the owner of the structure. They must therefore be considered and identified in the 
planning stage. Ongoing maintenance can be carried out by the owner or by associat-
ed specialized service providers such as water supply services or the forestry service. 
For any structural maintenance (repair of the structure), it is advisable to involve the 
manufacturer of the net barrier, the responsible authorities and a specialized construc-
tion company. It is important to make sure that only trained staff carry out inspection 
and maintenance. The work safety of all staff must be guaranteed at all times in accord-
ance with the current applicable legal provisions. 

Suitable early warning and alarm systems can also be of great benefit for the inspec-
tion of protection structures. Based on theory and case studies, the practical guide 
“Use of early Warning Systems for Gravitational Natural Hazards“ issued by the Swiss 
Confederation [24] describes various possibilities for such systems.

 
8.2 Tools for inspections 

The following existing tools can be used for inspections as well as for ongoing and struc-
tural maintenance:  
– Manual for the inspection and maintenance of forest infrastructure [19]
– Maintenance manuals of the system suppliers

For debris flow and hillslope debris flow protection nets, the same or similar system 
components are generally used as for rockfall protection nets. For the inspection of 
these types of protection nets, the same forms for damage assessment can be used 
as for rockfall protection nets (see also [19]). The maintenance manuals of the system 
suppliers usually also contain corresponding forms (example in Appendix C). In the case 
of damage, the repair of the structure can be handled in a similar way as for rockfall 
protection nets. 

8.3 Measures after events

After an event (partial or complete filling, see examples in Table 8), the following steps 
are necessary for repair:
– The owners or the associated technical services inform the responsible authorities.
– The municipality or the local cantonal authorities are notifying the population suitably
– The safety of the infrastructures to be protected must be ensured (e. g. road closures 

by the municipality or the canton)
– The owner is commissioning a construction company for emptying of the barriers
– The construction company is ensuring the work safety of staff 
– The construction company is emptying the net barriers 
– The construction company is replacing all damaged components of the net barrier 
– The manufacturer of the net barrier is approving / re-commissioning the structure in 

consultation with the cantonal authorities.

After a net barrier has been professionally repaired, it must be reassessed regarding its 
future service life.



46

WSL Berichte, Issue 113, 2021

Practical guide for debris flow and hillslope debris flow protection nets

Table 8. Situation after partial or complete filling of a net barrier.

Congestion of the basal 
opening due to partial filling 
of a debris flow protection 
net.  

Image: [C]

Filled and overflowed debris 
flow protection net.

Image: [D]

Debris flow protection net 
filled by bedload transport.

Image: [G]
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8.4 Emptying of debris flow and hillslope debris flow protection nets

Like all retention structures, also protection nets must be emptied and repaired after 
they have been partially or completely filled. When emptying hillslope debris flows and 
debris flow protection nets (see also Table 9), the following points must be considered:  
– Site access, material removal and transport, disposal sites, and sites for re-feeding 

bedload must be defined during the planning stage.  
– Due to the filling of the net, the support structure is under tension. Therefore, spe-

cial care must be taken during all emptying operations. The system or maintenance 
manuals of the net barrier manufacturers provide information on the methods for the 
opening of the net barrier.

As with other retention structures, the following points must be considered:
– Protection nets filled by debris flow and hillslope debris flow are emptied from the up-

hill side whenever possible. Even though emptying from the downslope side is often 
possible, this is usually more difficult to carry out while fully respecting work safety. 

– If the hazard situation allows for it, emptying of the net barriers should be carried out 
within a short delay after the event, in order to make the retention space available 
again as quickly as possible. 

– Particularly high attention must be paid to work safety. 
– The preparation of an emptying concept with corresponding working steps and 

emergency scenarios is recommended.

Table 9. Emptying of debris flow and hillslope debris flow protection nets after an event.

Emptying of a debris flow 
protection net from the 
uphill side using a walking 
excavator.  

Image: [G]

Emptying of a hillslope 
 debris flow protection net 
from the downslope side 
using an excavator. 

Image: [G]
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9 Special structures

Special requirements demand special solutions. This is especially true for net barriers 
when the system limits according to Chapter 3.1 are reached. In Switzerland, several 
special structures have been realized by 2020. A selection of them is presented below. 
More detailed information is shown in the characteristic data sheets in appendix B. It is 
important to note that special structures usually have a highly complex support structure 
and require detailed consideration and dimensioning. Moreover, a numerical simulation 
of the structural system may provide more detailed information.  

Suspension rope net
Hüpbach torrent in Oberwil, Simmen-
tal, Switzerland 
Image: [F]

Multi-level net barriers 
Trachtbach torrent in Brienz, 
Switzerland
Image: [G]

Net structure with longitudinal 
concrete discs 
Grönbach torrent in Merligen, 
Switzerland
Image: [F]

Net structure with concrete pillars
Innere Sitebach torrent in Lenk, 
Switzerland
Image: [F]



50

WSL Berichte, Issue 113, 2021

Practical guide for debris flow and hillslope debris flow protection nets

Stepwise installed nets serving as 
supplementary structure 
Illgraben torrent in Leuk, Switzerland 
Image: [A]

Erosion control and filter structure
Durschtbach torrent in Simplon, 
Switzerland 
Image: [G]

Structure for combined loads 
Baltisberg/Härzigwald, Switzerland 
Image: [H]

Driftwood protection net
Chiene torrent in Reichenbach, 
Switzerland
Bild: [F]
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10 Design flow chart

After the decision to install a net barrier, it will be dimensioned. The design flow charts 
for debris flow and hillslope debris flow protection nets shown in Figure 18 and Figure 19 
may support the design process.  

Fig. 18. Design flow chart for debris flow protection nets, according to [36].
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Fig. 19. Design flow chart for hillslope debris flow protection nets, according to [36].
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11 Conclusion and outlook 

In addition to spatial planning, organizational and nature based protection measures, 
protection structures are an important element for integral protection against natural 
hazards. Properly designed and maintained, they are fullfilling a long-term protective 
function. Depending on their implementation within the process area, natural hazards 
may be deflected, slowed down, stopped, or can be prevented from developing in the 
first place. In the past decades, many settlements and traffic routes in Switzerland have 
been protected by means of structures installed in the rupture or outbreak zones, or by 
structures installed near or at the properties being protected. In addition to the traditional, 
rather rigid types of structures, lighter and flexible solutions such as net barriers have 
been developed in the recent past. 

This practical guide provides an overview of the state of the art concerning debris flows 
and hillslope debris flow protection nets in Switzerland. Important topics such as possi-
ble applications, limitations as well as the design and dimensioning of this type of pro-
tection nets are covered. Decision support charts help for considerations whether, for a 
specific situation, a net barrier is an appropriate protection structure, and which aspects 
should be taken into account for its planning and implementation. The authors point at 
the fact that inspection and maintenance of net barriers are indispensable for long-term 
use, as is the case with all protection structures. The practical guide deals with various 
type of net barriers, since, in addition to CE-marked standard systems, there are a num-
ber of special structures that extend the range of applications of net barriers. 

The lessons learned from natural hazard events and the behaviour of protection struc-
tures in the case of an event form a valuable sum of experiences. This enables us to 
improve the protection against natural hazards within the framework of integral risk 
management. Authors and translator would like to thank all financing partners for 
 supporting the original version of this report in German as well as this translation to 
English. The practical guide benefits from the comprehensive knowledge of experts on 
debris flows and hillslope debris flow protection nets. We would like to thank all those 
who have contributed to this joint effort: from practitioners – for practitioners!

It is important that the experience gained with net barriers continues to be collected and 
exchanged. In this way, the knowledge gained from the past provides a valuable key 
for the future and is basis for the continuous further development and improvement of 
debris flow and hillslope debris flow protection nets.





55

WSL Berichte, Issue 113, 2021

C. Berger, M. Denk, C. Graf, L. Stieglitz, C. Wendeler

12 Directories

Glossary

Term Explanation

Abrasion protection Protective element on the upper support rope of a net barrier to prevent 
damage to the rope due to overflow

Barrier type Classification of a structure by type of construction (e. g. rigid structure or 
flexible net barrier).

Basal opening For debris flow protection nets: Opening between channel base and  
bottom support rope to allow normal discharge and minor, non-critical 
events to pass underneath the net barrier.

CE-marking Product conformity declared by the manufacturer in accordance with EU 
Regulation N° 765 / 2008. The product complies with the applicable require-
ments defined in the European Community harmonization guidelines for 
the affixing of the marking.

Certificate /  
Declaration of  
conformity

The declaration of conformity is a written confirmation at the end of a con-
formity assessment, with which the responsible entity for the provision of 
a product, or a service (e. g. manufacturer, distributor, operator, contractor) 
or an organization (e. g. testing laboratory, operator of a quality manage-
ment system) bindingly declares and confirms that the object (product, 
service, body, quality management system) meets the properties specified 
in the declaration. 

Compressive  
strength class of  
concrete

For the classification of concrete compressive strength, the characteristic 
strength at the test age of 28 days is used. As samples, concrete cylinders 
with a diameter of 150 mm and a length of 300 mm (fck,cyl) or of concrete 
cubes with an edge length of 150 mm (fck,cube) are used.

Corrosion protection 
class

According to SIA Standard 267 [29], gradual classification of an anchorage 
to determine the corrosion protection measures required. The protection 
class depends on the planned service life, the structural class and the 
 potential corrosion hazard (of the element).

Discretization Discretization is the division of the calculation area into small parts 
 (sections), so an idealized model is available as a computational model. 
In addition, the time step width is defined as the size of the time step or 
the length of the time interval in a dynamic simulation. The progress in 
time which is divided into individual sections (discretized) and the solution 
which is calculated stepwise for successive time steps corresponds also to 
a discretization in the Finite Element Method (FEM).

Energy absorption    
element

Component, usually made of metal, which absorbs the forces occurring in 
the net structure and absorbs the energy through plastic deformation of 
the element (often colloquially referred to as a braking element).

Grout sock Flexible fabric hose used to reduce the loss of anchor grout in the borehole.

Influential zone  
(of a load)

In a static sense, a certain surface area of the retained material from which, 
from a calculation point of view, an action on a certain structural compo-
nent under investigation is exerted.

Impact pressure Short-term peak pressure value on the impact area of the net surface.  

Load case In structural analysis, a load case is defined as a set of load arrangements, 
deformations and imperfections that can act simultaneously on a structure.

Net barrier Structure for the containment of a gravitational natural hazard consisting 
of anchors and flexible steel wire nets. In this document, the term refers to 
debris flow and hillslope debris flow protection nets.

Net types Net types are structures within the same process family, which are, howev-
er, designed for different impacts or load cases.
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Term Explanation

Post-injection  
(of grout)

Repeated injection of anchor grout into the borehole to increase the bond 
between anchor grout and borehole. In addition, this procedure also in-
creases the bond between the grout column and the anchor.

Primary net Net element for the main load transfer and material retention, mostly 
coarsely meshed

Process family Classification of protection nets according to their use in a specific natural 
hazard process (e. g. debris flow protection nets, rockfall protection nets). 
Within the process family, a subdivision is made according to net types.

Secondary mesh Mounted on the primary net on its uphill side, a finer meshed, additional 
net for the retention of fine material

Service life Expected time limit on the full serviceability of a net barrier.

System parameter Structural variables such as protection net size (span and height), 
 resistance strength, net type, anchorage load, etc.

Uphill apron net Auxiliary net mounted loosely on the uphill side of the net barrier to 
 prevent underflowing of a net barrier.

Verification of the net Structural safety verification for the net element only

Verification on  
torsional buckling

Verification according to SIA Standard 263 [28], which examines the 
 combined stress due to bending and compressive loading on the post.

 
Abbreviations

Abbreviation Explanation

AGN Arbeitsgruppe Geologie und Naturgefahren; Working group Geology und 
Natural Hazards (in Switzerland)

CAB Conformity Assessment Bodies

CTI Former Swiss Commission for Technology and Innovation in the former 
Swiss Federal Office for Professional Education and Technology

DoP Declaration of Performance 

EAD European Assessment Document

EMPA Eidgenössische Materialprüfungsanstalt; Swiss Federal Laboratories for 
Materials Science and Technology

EOTA European Organization for Technical Assessment

ETA European Technical Assessment

ETH Eidgenössische Technische Hochschule; Swiss Federal Institute of Technology

FAN Fachleute Naturgefahren;  Natural Hazards Experts (Swiss Association)

FEDRO Swiss Federal Roads Office 

FOEN Swiss Federal Office for the Environment

FPC Factory Production Control

JCSS Joint Comitee of Structural Safety

NCHA Swiss Federal Act on the Protection of Nature and Cultural Heritage

SIA Swiss Society of Engineers and Architects

WBG Wasserbaugesetz; Act on Hydraulic Engineering

WPA Swiss Water Protection Act

WSL Swiss Federal Institute for Forest, Snow and Landscape Research
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Symbols

Symbol Explanation

Greek letters

a Pressure coefficient for debris flow or hillslope debris flow impact on net 
structure

[ – ]

at Coefficient of thermal expansion of the steel wire of the ropes [ – ]

d Propagation angle of debris flow or hillslope debris flow [ ° ]

j Angle between protection structure and stream bed [ ° ]

r Density of the debris flow or hillslope debris flow at the front but also: 
Density of the single block based on local geology

[kg/m3]

s Overflow load of the debris flow with flow height hfl [N/m2]

t Surge stress of the debris flow or hillslope debris flow at the stream 
 botton and during overflow

[N/m2]

u Stream section angle or slope angle at the barrier location [ ° ]

u‘ Deposition angle [ ° ]

gF Partial safety factor for load side of the debris flow / hillslope debris flow [ – ]

gR Partial safety value on the resistance side [ – ]

Latin letters 

A Effective cross-sectional area of the rope [m2]

a Earth pressure coefficient, a = 1.0 [ – ]

ab,i Average braking acceleration during surge impact i [m/s2]

Bm Contributing width of the post [m]

bm Mean width of protection net, determined from values of top width bo 
and bottom width bu, where: bm = (bu + bo)/2

[m]

bmax Maximum spread of the material along the net barrier [m]

bo top width of the protection net [m]

bu bottom width of the protection net [m]

b0 Width of the starting zone of a hillslope debris flow [m]

cp Pressure coefficient for debris flow/hillslope debris flow according  
to SIA Standard  261/1 [27]

[ – ]

d Diameter of a single block [m]

E Modulus of elasticity of the rope [N/m2]

Epot,rope Potential elongation energy of the rope during a single block impact [J]

FD Pressure force of the post [N]

Fg Material's weight due to the net expansion [N]

Fnet Force in the net, per linear meter [N/m]

Fup Force in the upslope anchor ropes [N]

Frope Force in the horizontal ropes [N]

G Gravitational constant [kN/m]
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Symbol Explanation

f Maximum deformation of the barrier [m]

g Gravitational constant [m/s2]

H Horizontal rope force according to rope equation [N]

H‘0 Lowered barrier height during the filling process [m]

h Nominal height of the net barrier [m]

h’ Barrier height at the time t. When the barrier is filled, this corresponds  
to h’ = hb’  

[m]

hb Original height of the barrier before loading [m]

hb’ Residual height, or settled barrier height [m]

hd Height of the net barriers basal opening [m]

hfl Flow height [m]

Is Channel inclination upstream (of the structure) [ – ]

Is‘ Inclination of the retained material [ – ]

ks Spring stiffness of a rope of length L [N/m]

L Rope length [m]

ΔL Elastic elongation of the rope [m]

L0 Distance between starting zone and impact area of a net barrier  
(for hillslope debris flows)

[m]

Lmin Minimum length of the net barrier [m]

Lr Length of the retention area, measured parallel to the stream bed [m]

l Effective span of the rope under consideration [m]

lr1, lr2 Individual horizontal lengths of the retention volume per surge,  
for the FSI-model

[m]

lr Horizontal length of the retention volume, for the FSI-model [m]

m Mass of a single block [kg]

m0, m1 Mass of a discretized filling surge [kg]

n Number of ropes [ – ]

p0, p1 Impact pressure according to discretized impact number, for the 
FSI-model

[N/m2]

pdyn Hydrodynamic pressure of the debris flow [N/m2]

pf Accepted probability of failure of a net structure depending on the risk 
classification

[ – ]

pstat Hydrostatic pressure of the debris flow [N/m2]

Q Values of the integral according to the rope equation according to [20] [ – ]

Qmax Peak discharge or maximum discharge at the front of the debris flow  
or the hillslope debris flow

[m3/s]

q Equal load on the rope resulting from the debris flow pressure [kN/m]

R Resultant due to the overflow load case [kN/m]
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Symbol Explanation

S Discretized rope section S [m]

s Gradient of the slope [ – ]

s0 Initial length of rope with sag of L/30, its own weight considered [m]

tf Discretized actual filling time, for the FSI-model [s]

tb Deceleration (braking) time, for the FSI-model [s]

tx Discretized filling time for a debris surge of volume V [s]

Δt Temperature gradient [ – ]

VR Retention volume of the net barrier [m3]

y Mean front velocity of the debris flow or hillslope debris flow [m/s]

yf Block speed, for the FSI-model [m/s]

Vsurge Volume per surge of a debris flow [m3]

Vsurge,FSI Volume per surge, for the FSI-model [m3]

Vtotal Total volume of the event (for a debris flow or a hillslope debris flow) [m3]
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Appendix A  Dimensioning example

Calculation of decisive forces for a protection net with posts

1. Geometry/input parameters

The design example shows a 4 m high system with posts, which is loaded by a debris 
flow with a flow height of 1 m and a flow velocity of 6 m/s and a density of 2200 kg/m3. 
The overflow load case is to be verified. 

The geometry of the structure is shown in Figure 20.

Fig. 20. Schematic representation of the geometry of the net barrier in the dimensioning example.

2. Decisive load cases

The following load cases are investigated to determine the relevant load case for the 
structural system.

Initial impact (see Fig. 8, Section 7.2.1.1):

 with a = 2.0 for granular debris flows pdyn = αρv2 = 2.0 · 2′200 · 62 = 158
kN
m2

 with  a = 1.0pstat = ahflρg = 1.0 · 1 · 2′200 · 9.81 = 21.6 kN
m2
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Fig. 21. Load distribution for a dynamic initial impact according to load assumptions.

Since the flow height is 1 m and the distance between the support ropes is 2 m, the 
initial impact hits the lower support rope bundle completely, if the basal opening is of 
height hd  =  0.0 m. The load is distributed according to the load assumptions. If the flow 
depth is greater than hfl  =  1.5∙hd the barrier becomes congested ([35], [37]). In this case, 
hd  =  0.

The compression load on the lower support ropes then results in:

pfirst impact = 21.6kN
m2 · 1m · 0.5 + 158kN

m2 · 1m = 168.8kN
m

  (see Fig. 21)

The further filling process is now considered surge by surge for a flow height of 1 m 
according to Figure 9.
If the barrier is filled and overflowed by the succeeding debris flow material, the over-
flow load case is to be calculated. The following loads result from the load model ac-
cording to [36] with the settled barrier height hb‘ = 3/4∙4 m = 3 m and hfl = 1.0 m. 
This results in a total height for the proof of hydrostatic pressure of 4 m (3 m set barrier 
height plus 1 m flow height as surcharge load) and the following calculation:

 with a = 1.0pstat = a(hb

′

+ hfl)ρg = 1.0 · 4.0 · 2′200 · 9.81 = 86.3 kN
m2

With a rope spacing of 2 m, the resultant of the load overflow R on the lower support 
ropes is R = 75.5 kN/m and is therefore not significant compared to the initial impact.
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3. Dimensioning of the support ropes

If, regarding to the hazard potential directly below the protection net, a high presence 
probability of people is to be assumed, then gF = 1.5 is used. If the probability of people 
being present is low, a smaller safety factor can be used.

The lower support ropes run as a multi-span system because they are guided over the 
base plates. As an example, Figure 22 shows the rope load according to Palkowski [20] 
for a multi-span system. 

F ropeF rope

q = 169 kN/m or q=169*1.5= 253.5 kN/m respectively

Fig. 22. Calculation of the lower rope forces according to [20], exemplified in a spreadsheet 
 calculation program, using a schematic rope representation.

q1 Distributed load first field 254’000 [N/m]
q2 Distributed load second field 254’000 [N/m]
q3 Distributed load third field 254’000 [N/m]
l1 Span first field 7.5 [m]
l2 Span second field 10 [m]
l3 Span third field 7.5 [m]
Equivalent load ⌠Q1^2 2.3E+12
Equivalent load ⌠Q2^2 5.4E+12
Equivalent load ⌠Q3^2 2.3E+12

Length l 25 [m]
Sag f 0.83 [m] 1/30-1/50 of the total span
Initial length rope so 25.07 [m]
Elongation energy absorption element brges 2.00 [m]
s1 27.07 [m]
H_1 8’179’862.4 [N]
H_new 1’261’170.0 [N]

H^3+b*H^2-c

E_Modulus 1.28E+11 [N/m2]
Cross-sectional area A rope 2.56E-04 [m2]
EA 32’768’000 [N]

Factor b 2’510’271
Factor c 5.99866E+18
Hnew+1 1’261’170.0 [N]
Frope 1 1’639’612.7 [N]
f_1 1.42 [m]
Frope_3 1’639’612.7 N
f_2 1.42 [m]

Input fields for calculation
Iteration procedure according to Palkowski, 1990
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From this, the decisive forces are obtained via the Newton iteration of the rope equa-
tion of 1300 kN total force for an elongation of 2 m of the energy absorption elements. 
Assuming a breaking force of 350 kN for the ropes with integrated energy absorption 
elements, the following number of ropes n results (with safety factors respected):

n =
1′300 kN
350 kN = 3.7

Consequently, 4 ropes with a breaking load of 350 kN are required.  

4. Dimensioning of the upslope anchor ropes

The load on the upslope anchor ropes is determined by the last surge impact before 
the barrier is completely filled (see Fig. 23). A settled barrier height hb‘ =  3/4∙4  m = 3  m is 
already taken into account. In the case horizontally installed upslope anchor ropes, the 
horizontal force component would be approximated to Fup = 1548 kN assuming a mean 
influential width of 8.5 m. This force must now be transformed vectorially into the actual 
direction of the upslope anchor ropes. 

5. Dimensioning of the winglet ropes

For dimensioning the winglet ropes, the maximum weight of the barrier is approximat-
ed according to Figure 24 and using the approximate weight of the belly of the expand-
ed net Fg at a deflection of f = 2.5 m. Accordingly, Fg  =  0.5∙g∙f∙hb‘∙bm∙r  = 0.5∙9.81∙2
.5∙3∙22.5∙2200  =  1820  kN. This results in a vertical force component G  =  1820  kN/25  m  
=  72.8  kN/m for the winglet rope and upper support ropes combined. With a safety fac-
tor of 1.5, this results in 109  kN/m over a rope length of 25 m. Using a single-field rope 
equation and assuming an energy absorption element elongation of 2 m, a maximum 
rope load of 2043 kN results. This again leads to 6 ropes with a diameter of 22 mm each. 
Since 4 ropes already result from the initial impact for each surge, 2 additional winglet 
ropes are required for installation.

Fig. 23. Last pressure surge flowing into the protection net before the overflow begins. Decisive 
case for the calculation of the upslope anchor ropes.
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Fig. 24. Net deflection and self-weight of the net’s belly. Figure according to [36].

Anchorage

Lower support ropes

hb'

Upper support ropes

Section A-A:

Anchorage

Top view barrier:

f

A

A

Barrier in the initial state

bm

Calculated volume

Retained volume

G

f

Barrier in the 
filled state

Fig. 25. Iterated single-field rope equation according to [20], exemplified in a spreadsheet calcu-
lation program for the winglet rope dimensioning.

Equivalent load ⌠Q^2 1.5E+13
q Distributed rope load, single field 109’000 [N/m]
Horizontal rope length l 25 [m]
Sag f 0.83 [m] 1/30-1/50 of the total span
Initial rope length So 25.07 [m]
Elongation energy absorption element br_ges 2.00 [m]
s1 27.07 [m]
H_1 1’931’162.2 [N] Formula 6.32 in Wendeler 2008, [34]
H_new 1’523’443.9 [N] Formula 6.34 in Wendeler 2008, [34]

H^3+b*H^2-c Formula 6.30 in Wendeler 2008, [34]

E-Modulus 1.28E+11 [N/m2]
Cross-sectional area A 2.56E-04 [m2]
EA 32’768’000 [N]

Factor b 2510270.9
Factor c 9.36177E+18
Hnew+1 1’523’443.9 [N] Formula 6.33 in Wendeler 2008, [34]
F_rope 2’043’841.4 [N]
f_Deformation 6.56 [m]

Input fields for calculation
Iteration procedure according to Palkowski, 1990
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6. Dimensioning of the posts

For the posts, the vertical component of the upper and middle support ropes (if appli-
cable or if they are guided to the post respectively) must be transmitted to the posts as 
a compressive force. If applicable, the surface load component of the debris flow must 
also be included as a continuous shear component according to Figure 14. From the rope 
equation for multi-field systems, the weight due to the net’s belly results in a vertical 
load component of FD  =  (109  kN/m∙10  m)/2  =  545  kN (compression force on the posts). 
The vertical component of the middle ropes on the posts is now neglected for the sake 
of simplicity, since the entire weight was assumed to be acting on the upper ropes and is 
therefore already taken into account. In addition, a continuous load from the influential 
zones of the posts must be applied for the last surge impact. From this, the verification 
on torsional buckling must be performed according to SIA Standard 263 [28]. 

7. Dimensioning of the net

In this example, the load case “last surge impact” is decisive for the dimensioning of 
the net, since for this case, the greatest total pressure is acting on the structure. It is 
determined from the pressure pattern in Figure 14 using the mean width of the barrier. 
The behaviour of the net surface is manufacturer specific and the detailed verification is 
therefore not provided here. 

8. Summary of the design results

Table 10. Results of the dimensioning example for a debris flow protection net.

Components to 
be dimensioned

Lower support 
ropes

Middle support 
ropes

Upper support 
ropes

Winglet ropes Posts

4 ropes
22 mm, min. 
breaking load   
350 kN

4 ropes
22 mm, min. 
breaking load   
350 kN

4 ropes
22 mm, min. 
breaking load   
350 kN

2 ropes
22 mm, min. 
breaking load   
350 kN

2 posts 
HEA 180 S235
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Appendix B  Characteristic data sheets for special structures
Appendix B.1 Suspension rope net, Hüpach torrent, Switzerland

Short project description

The debris flow barrier consists of a large-scale steel net sus-
pended from 10 fully locked coil ropes (d = 90 mm, tensile 
force 1000 t per rope) arranged slackly one above the other. 
The support ropes are anchored in a laterally surrounding 
concrete beam by means of a trumpet shape funnel con-
nection made out of steel sheets, which allows the ropes to 
be anchored without restraint. The load is transferred from 
the steel cables into the concrete foundation, from which it 
is transferred into the soil using fully grouted soil nails up 
to 15 m long. Debris flow and driftwood are spatially retai-
ned solely by the flexible retention net. Thus, the dynamic 
load transfer results in smaller anchor and total forces. In 
addition, it was possible to dispense with a concrete beam 
crossing the stream, thus ensuring the greatest possible 
permeability over the entire net area that is not backfilled. 

Flood relief in case of overload is possible over the entire 42 m net width, but is channelled in the 
middle of the net due to the deflection of the suspended ropes. Thanks to the permeably designed 
support structure and the low concrete consumption, it was possible to install an economically 
very viable structure despite its remote location. The large-scale yet transparent structure blends 
in well with the landscape.

Project characteristics

Watercourse type: Mountain torrent
Process type: Debris flow
Loads: Viscous to granular debris flow, dynamic pressure up to 215 kN/m2

Location: Oberwil im Simmental, Hüpach torrent, Switzerland
Dimensions: Max. impoundment height 14.5 m, max. span 42 m, hydraulic freeboard 2 m, 

basal opening 3.5 x 1 m
Retention volume: 13,000 m3

Barrier design: Fully locked steel cables supporting a retention net, as well as laterally surround-
ing, reinforced concrete bar, back-anchored with ground nails of type SAS 670/800

Geology: Malm limestone, partly marl shale of the Dogger
Construction costs: Approx. 2 million CHF
Construction time: 1 year
Dimensioning: Debris flow modelling using 2D simulation tool RAMMS, structural modelling 

using FARO [32].
Remark: Additional retention downstream implementing a standard system type  

UX180-H6 with 3000 m3 retention volume.
Project author: Emch+Berger AG Bern, Switzerland

Barrier, upstream side (Image: [F]). Barrier, downstream side (Image: [F]).

 Project location (Source [J]).
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Appendix B.2 Multilevel barrier, Trachtbach torrent, Switzerland

Short project description

After the devastating debris flow events in 
2005, four flexible debris flow barriers with 
a cumulated retention volume of 22,000 m3 

installed in the Trachtbach torrent have been 
protecting the village of Brienz since 2009. The 
large Ritzwald landslide is protected by a con-
crete barrier further below.

The three VX barriers installed in series are 
designed to enforce material retention in the 
torrent by complete backfilling. 

Small-scale tests on the flow behaviour and 
congestion properties of the net barriers were 
carried out at WSL (Laboratory tests debris 
flow retention Trachtbach. WSL, Corinna Wen-
deler, Birmensdorf, 28.4.2007).

Project characteristics

Watercourse type: Mountain torrent
Process type: Debris flow
Loads: Granular debris flows
Location: Brienz, Trachtbach torrent
Dimensions: UX180-H6 with span 31 m and nominal height 6 m, 

VX140-H5 with span 15 m and nominal height 5 m 
Retention volume: 22,000 m3

Barrier design: Standard systems UX180-H6 and VX140-H5 with high-tensile ring nets
Geology: Siliceous limestone and calcareous marly strata of poor quality (Cretaceous 

and Jurassic formations)
Construction costs: UX-180-H6 barrier with span 31 m approx. 0.8 million CHF, 

Total project costs incl. concrete structure approx. 7 million CHF
Construction time: Construction time of the net barriers approx. 4 months
Dimensioning: Structural modelling using FARO [32].
Remark Additional retention downstream implementing a standard system type 

UX180-H6 with 3000 m3 retention volume.
Project author: NDR Consulting / Niederer + Pozzi Umwelt AG, Switzerland

Barrier UX-180-H6  
(Image: [G]).

Barrier VX-080-H4 (Image: [G]).

 Project location (Source [J]).
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Appendix B.3 Net structure with longitudinal concrete discs, Grönbach torrent, 
  Switzerland

Short project description

The debris flow barrier consists of a rigid, arch-shaped con-
crete support structure on which the retention nets are fixed 
using steel cables. The concrete structure consists of four 
massive guide walls, which are monolithically connected 
with two transversal ribs. The guide walls project about 
7.5  m above the channel base and have a width of about 
1.0  m each. The erosion control is ensured by a stilling basin 
made of blocks layed into backfill concrete, which directly 
connects to a torrent bed with a transverse closure. The 
main load is transferred to the subsoil by the steel cables 
via the concrete discs and the transversal ribs as well as 
via the tension and compression piles in the middle of the 
stream. The debris flow and driftwood are spatially retained 
by the three flexible retention nets. Thus, the dynamic load 
transfer results in smaller total forces. 

In the overload case, flood relief is provided over the entire 23.9 m width of the net. The use of a 
segmented lift gate ensured that nearby Grönweg is passable, while at the same time guaranteeing 
debris flow retention in the case of an event. The lift gate is normally closed and can only be ope-
ned for a few minutes with permission / key. The transparent and permeably designed structure fits 
relatively well into the landscape.

Project characteristics

Watercourse type: Mountain torrent
Process type: Debris flow
Loads: Viscous to granular debris flows, dynamic pressure max. 100 kN/m2

Location: Merligen, Grönbach torrent, Switzerland
Dimensions: Max. impoundment height 7.5 m, overflow section 23.9 m, hydraulic 

 freeboard 2.5 m, basal opening 2 fields of 7.47/7.37 x 1.0 m
Retention volume: 12,000 m3

Barrier design: Reinforced concrete, steel support ropes and retention nets, fully grouted 
micropiles

Geology: Clay and marl shale of the Palfries formation 
Construction costs: Approx. 2.2 million CHF
Construction time: Approx. 2 years
Dimensioning: Debris flow modelling using 2D simulation tool RAMMS, structural model-

ling using FARO [32].
Project author: Emch+Berger AG Bern, Switzerland 

Barrier, upstream side (Image: [F]). Barrier, downstream side (Image: [F]).

 Project location (Source [J]).
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Appendix B.4 Net structure with concrete pillars, Innere Sitebach torrent,  
  Switzerland

Short project description

The debris flow barrier consists of six concrete pillars, each 
of which is installed to a reinforced concrete foundation. 
The five retention nets are stretched between the pillars by 
means of steel wire ropes. Each of the two border fields is 
integrated into the adjacent terrain by flanking walls which, 
among others, prevent material bypassing of the barrier. 
The main load is transferred into the soil over the steel ca-
bles and the pillar discs using in-situ concrete pillars and 
soil nails. The debris flow and driftwood are spatially re-
tained by the flexible retention nets. This results in smaller 
total forces from the dynamic load transfer. In the overload 
case, flood relief is provided by the 3 central net fields over 
a total width of 22.2 m. The stilling basin is bounded by a 
pile-supported reinforced concrete wall. 

The lower reaches are protected against erosion by a rough bed channel with a subsequently 
installed barrier steps. As a result of the multi-field construction method with independently built 
parts of the construction, it was possible to install an economically viable structure at this barrier 
location, in spite of the problem of a superficially creeping slope combined with a deep sliding 
layer. The transparent and permeably designed structure fits relatively well into the landscape.

Project characteristics

Watercourse type: Mountain torrent
Process type: Debris flow
Loads: Viscous to granular debris flow, dynamic pressure max. 190 kN/m2

Location: Lenk im Simmental, Innere Sitebach torrent, Switzerland
Dimensions: Max. impoundment height 13 m, overflow section 22.2 m, hydraulic 

 freeboard 2 m, basal opening 6.4 x 0.5 m
Retention volume: 40,000 m3

Barrier design: Reinforced concrete, steel support ropes and retention nets, in-situ  
concrete piles as well as back-anchoring using fully grouted soil nails of 
type SAS 670/800

Geology: Aalenian shale
Construction costs: Approx. 3.5 million CHF
Construction time: Approx. 2 years
Dimensioning: Debris flow modelling using 2D simulation tool RAMMS, structural  

modelling using FARO [32].
Project author: Emch+Berger AG Bern, Switzerland 

Barrier, upstream side (Image: [F]). Barrier, downstream side (Image: [F]).

 Project location (Source [J]).



73

WSL Berichte, Issue 113, 2021

C. Berger, M. Denk, C. Graf, L. Stieglitz, C. Wendeler

Appendix B.5 Stepwise installed nets serving as supplementary structure, 
 Illgraben torrent, Switzerland

Short project description

After countless debris flow events in the Illgra-
ben, the concrete check dam No. 25 was com-
pletely eroded on its right bank (seen relative 
to the flow direction) and the concrete flanking 
walls were bypassed by debris material.

To sustainably secure the channel course over 
the old concrete check dam, the lower net bar-
rier was installed in 2007 in a first construction 
phase (left image). Following the filling of the 
lower net barrier by a naturally occurring de-
bris flow in the following year, the right-hand 
concrete flanking wall was rehabilitated and a 
second net barrier was installed on a higher 
level and slightly off-set to the upstream side 
(right image). 

Project characteristics

Watercourse type: Mountain torrent
Process type: Debris flow
Loads: Granular/viscous debris flows
Location: Leuk, Illgraben torrent (at check dam 25), Switzerland
Dimensions: 15 m span and 4 m net height
Retention volume: About 4000 m3, considering both net barriers  
Barrier design: 2 VX barriers adapted to the terrain characteristics
Geology: Triassic dolomite / calcareous deposits and quartzites, leading to strong 

erosional effects
Construction costs: Both VX net barriers including construction / concrete works amounted  

to approx. 200,000 CHF 
Construction time: Construction time per net barrier approx. 1 month
Dimensioning: Dimensioning based on empirical values of a test barrier installed further 

downstream
Project author: Geobrugg AG /   WSL, Switzerland

Filled VX barrier for restoration stage 1  
(Image: [G]).

Restoration of the wing on the flanking wall and 
installation of a second, partially filled VX barrier 
(Image: [A]).

 Project location (Source [J]).
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Appendix B.6 Erosion control and filter structure, Durschtbach torrent,  
  Switzerland

Short project description

Pre-filled UX180-H6 barrier installed as protection 
against erosion and scouring for a bridge structure 
at the Simplon Pass road. The desired filtering effect 
by the barrier can be seen distinctly in both images 
below, as the runoff flows through the unconsolida-
ted stone rip-rap and does not flow over the spill-
way section of the net barrier. In this way, the bridge 
of the Simplon Pass road can be permanently pro-
tected against scouring.

Project characteristics

Watercourse type: Mountain torrent
Process type: Avalanches/debris flow
Loads: Overflow from debris flows, avalanches and normal runoff
Location: Simplon, Durschtbach torrent, Switzerland
Dimensions: UX180-H6 with 33 m span and 4.5 m height after pre-filling
Retention volume: 1500 m3

Barrier design: High-tensile ring net barrier with 4 support profiles to maintain the   
residual height, based on the CE-marked standard product

Geology: Moraine/scree
Construction costs: Approx. 1 million CHF, including all installation / civil engineering works
Construction time: Construction time of the entire net barrier approx. 6 months
Dimensioning: The barrier was analytically dimensioned for overflow from avalanches 

and debris flows.
Project author: Teysseire & Candolfi AG / FEDRO, Switzerland

Pre-filled UX-180-H6 barrier, seen from  
downstream (Image: [G]).

Pre-filled barrier using large blocks, seen from 
above (Image: [I]).

 Project location (Source [J]).
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Appendix B.7 Net structure for combined loads, Baltisberg/Härzigwald,  
  Switzerland

Short project description

As part of the Swiss Federal Railroads project “Infrastruc-
ture Measures Eastern Lake Zug“, the railroad track on the 
Zug-Goldau railway line is to be protected against rockfall 
with an energy of up to 2000 kJ. In addition, the structure 
must be able to absorb dynamic hillslope debris flow loads 
of up to 60 kN/m2. 

Due to the complexity of the dynamics involved in a rock-
fall event, a barrier certified for this purpose is selected. For 
the expected hillslope debris flows events, minor design 
adjustments are made to the system. These must not nega-
tively influence the performance for the rockfall load case.

Procedure for verification of the barrier performance: Based 
on the rockfall protection system “Isostop 2000Ev“, which is 
certified for the Swiss market according to [3]; Numerical 
simulation of the certified protection system, comparison 
with the measurement data from the corresponding certificate; Design modification to fullfill the 
geometric boundary conditions according to the specifications AND at the same time to create a 
suitable hillslope debris flow protection system, analogous to the “Debris Stop 150-HM“ hillslope 
debris flow barrier, which has been tested and certified according to [12]; Numerical simulations 
and verifications for the load cases 2000kJ of rockfall and 60kN/m2 of hillslope debris flow;  Testing 
and approval of the barrier by the Swiss Federal Office for the Environment FOEN.

Project characteristics

Site conditions: Slope with slope angles of up to 40 °.
Process type: Rockfall or hillslope debris flow
Loads: For hillslope debris flow: dynamic pressure 60 kN/m2 and flow height 1 m; 

For rockfall: 2000kJ
Location: Baltisberg & Härzigwald, Arth SZ, Switzerland
Dimensions: Six barriers with nominal lengths between 62 and 168 m (support rope 

separations at least every 6 fields)
Retention volume: Max. impoundment height 4 m
Barrier design: Modified standard rockfall protection system ISOSTOP 2000Ev; Reduction 

of post spacing, doubling of number of upslope anchor ropes, increase of 
post›s and support rope›s cross sectional areas.

Geology: Subalpine molasse conglomerate (“Nagelfluh”) with block or scree cover
Construction costs: Approx. 3 million CHF
Construction time: Six months
Dimensioning: Structural modelling using FARO [32].
Project author: Emch+Berger AG, Switzerland

Barrier, seen from below (Image: [H]). Retention space (Image: [H]).

 Project location (Source [J]).
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Appendix B.8 Driftwood protection net, Chiene torrent, Switzerland

Short project description

After the devastating floods of August 2005, the lower rea-
ches of the Chiene torrent were completely redesigned 
over a length of about 1 km, before its confluence with the 
river Kander. The channel capacity was more than doubled 
and a bed-load retention area as well as an overload corri-
dor were installed. In addition, a large driftwood retention 
space had to be provided for. By means of physical simula-
tion tests at the HSR University of Applied Sciences in Rap-
perswil, Switzerland, the detailed design of the driftwood 
and bedload retention could be optimized. It was found that 
the driftwood protection screen must be installed at a suf-
ficient distance from the outlet structure and must extend 
over the entire width of the retention space. This prevents 
parts of the final dam from being stacked over with drift-
wood and eventually be overflowed.

The structure of the driftwood protection screen is adapted to its respective function: on the left 
side, it extends into the mountainside over the final dam as a closed, impermeable structure (con-
crete beam/stop log at the passage). In the adjacent area behind the dam, the screen is equipped 
with a water-permeable ring net. Only in the direct inflow to the outlet structure, the driftwood 
screen is designed to be permeable to bedload. This actual driftwood screen section is founded on 
the bedrock and consists of 11 concrete posts with a diameter of 1.0 m each and a height of almost 
10  m that are each supported by concrete discs on the downstream side. The four horizontal ropes 
are fixed to the posts using open mounts (for easy replacement later in time).

Project characteristics

Watercourse type: Mountain torrent
Process type: Flood carrying driftwood and bedload
Loads: Dynamic water pressure, added by 2 m of alluvial driftwood
Location: Kien in Reichenbach im Kandertal, Chiene torrent, Switzerland
Dimensions: Max. impoundment height 7 m, max. span 90 m, hydraulic freeboard 2 m,

outlet structure passage 2 x 5.00 x 0.75 m
Retention volume: 60,000 m3 bedload / 3000 m3 driftwood 
Barrier design: Concrete structures with ring net and support ropes
Geology: Alpine limestone (bed and right bank)
Construction costs: Approx. 1.1 million CHF driftwood screen, approx. 16 million CHF for entire 

structure
Construction time: Six months for the driftwood screen, four years for the entire structure
Dimensioning: HSR University of Applied Sciences Rapperswil using physical modelling tests
Project author: Emch+Berger AG Bern, Switzerland 

Barrier, upstream side (Image: [F]). Barrier, downstream side (Image: [F]).

 Project location (Source [J]).



77

WSL Berichte, Issue 113, 2021

C. Berger, M. Denk, C. Graf, L. Stieglitz, C. Wendeler

Appendix C Checklists for inspection and maintenance
Source: [14] 

Appendix C.1 Checklists regular inspection

Date _____________________________________________________________________________

Barrier No./Name of structure ______________________________________________________

Person in charge __________________________________________________________________

Inspection criteria YES NO Comments

Are all shackles secured on the 
net?

Have energy absorption  
elements been activated?

Deformation of energy absorption elements:

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Are the causes for the elongation 
of the energy absorption ele-
ments known? 

Causes:

………………………………………………............

Is there visible corrosion? Location of observed corrosion:  

………………………………………………............

Has a visual inspection of the 
anchors, upslope anchor ropes, 
support ropes and post founda-
tions been carried out?

Has an inspection of all wire rope 
clips been carried out using a 
 torque wrench? (After a  service 
life of six months, all wire rope 
clips should be re-tightened).  
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Additional points to observe, only for debris flow protection nets 

Inspection criteria YES NO Comments

Are there any major congestions?

Is it necessary to remove any conges-
tions or to empty the protection net?

Has the basal opening changed since 
the last inspection?

Measured dimension of the basal opening:

……………………….................................

Was it confirmed that no energy 
 absorption elements project into the 
basal opening?

Additional points to observe, only for hillslope debris flow protection nets 

Inspection criteria YES NO Comments

Does the protection net need to be  
emptied?

Is the uphill apron hill intact?

Is the secondary mesh still folded in 
the shape of an accordion bellow?
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Appendix C.2 Checklist after an event

Event date_________________________________  Inspection date ______________________

Barrier No./Name of structure ______________________________________________________

Person in charge __________________________________________________________________

Inspection criteria YES NO Comments

Have energy absorption 
 elements been activated?

Deformation of energy absorption elements:

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Elongation………………........…  No….......…..

Do energy absorption elements 
need to be replaced? If so, which 
ones?

Was the system completely filled 
and was it overflowed?

Were support or upslope anchor  
ropes damaged? Inspection of 
upslope anchor ropes is often 
only possible after emptying.

Has the net been plastically 
deformed?

Have posts, base plates, connect-
ing elements (bolts, etc.) been 
damaged?

Are damages to anchor bars of 
the base plate or to the concrete 
foundation visible?

Is there any damage to the 
anchorages of the support or 
upslope anchor ropes? 

Approximately how many cubic 
meters must be excavated? 

                        m3

Are local signs of erosion visible 
on the structure?

Only for debris flow protection 
nets at their abrasion protection 
elements: Have they been bent, 
or have the long holes or shack-
les been destroyed?
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