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1 Introduction 

Instability (failure) of rock slopes is mainly governed by one of the following mecha-
nisms: 

▪ Wedge failure by two discontinuities in which intersection lines dip towards the 
slope 

▪ Toppling of rock columns or slabs created by vertical discontinuities close to 
the slope 

▪ Circular slip surfaces in heavily jointed / fractured rocks masses 

▪ Rock fall of loose blocks due to slipping, rolling or toppling 

▪ Planar failure along discontinuities dipping in the direction of the slope 

Rock slope instability can be triggered by different internal and external sources as 
illustrated in Fig. 1.1. Typical rock fall mitigation measures and their location are illus-
trated in Fig. 1.2 (see also Fig. 1.6). Exemplary, Fig. 1.3 shows typical rockfall 
events. In principle, there are three options to handle rock slope instabilities: 

▪ Eliminating of the instability (removal of dangerous rock blocks) 

▪ Slope stabilization (increase of factor-of-safety) 

▪ Hazard reduction (reduces the risk by specific measures) 

Elimination of rock slope instability can be performed by blasting or mechanical de-
tachment of loose rock blocks (scaling) or by relocation of the geotechnical structure. 
Potential measures for rock slope stabilization are shown in Fig. 1.4. An overview 
about potential measures to reduce the hazard of rock slope failure is provided in 
Fig. 1.5. Not mentioned in Fig. 1.4 and 1.5 is dewatering, which is one of the most 
important measures to increase the factor-of-safety. The following chapters give an 
overview about some selected measures to stabilise rock slopes or to reduce the 
risks in respect to potential rock slope failure. Most important for any design of rock-
fall protection systems is the potential energy of the expected boulders or debris, 
which is dependent on velocity and mass as illustrated in Fig. 1.7. Comprehensive 
overviews about rock slope instabilities and corresponding mitigation measures are 
provided for instance by recommendations like TRL (2011), FOEN (2016) or MBIE 
(2016). 
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Fig. 1.1: External and internal factors for triggering rockfall (Volkwein et al., 2011) 

 

 

Fig. 1.2: Overview about rockfall mitigation measures (MBIE, 2016) 
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Fig. 1.3: Different rockfall examples 
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Fig. 1.4: Rock slope stabilisation measures (Ortigao & Sayao, 2004) 

 

Fig. 1.5:  Rock slope hazard reduction measures (Ortigao & Sayao, 2004) 
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Fig. 1.6: Typical rock slope stability measures (modified after GEOH, 2003) 
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Fig. 1.7: Energy considerations for boulders (FOEN, 2017) 

 

2 Dewatering 

Dewatering has four main aims: 

▪ Reduction of joint and matrix pore water pressure  

▪ Reduction of water pressure behind artificial surface sealing 
(e.g. behind shotcrete walls) 

▪ Reduction / elimination of ice pressure (freeze-thaw cycles) 

▪ Reduction of flushing of joint fillings  

Dewatering can be reached by the following measures: 

▪ Surface drainage by channels, trenches or ditches 

▪ Filters (e.g. behind retaining walls) 

▪ Drainage with the help of geosynthetics 

▪ Relief wells 
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3 Anchorage 

Single blocks (see Fig. 3.1) or complete slopes (see Fig. 3.2) can be stabilised by 
anchors. More information about anchors can be found in our corresponding  
E-Book 16 “Rock bolting”. 
 

 

Fig. 3.1: Stabilisation of loose rock blocks with anchors (Ortigao & Sayao, 2004)  
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Fig. 3.2: Rock slope stabilised with berms, shotcrete, systematic pre-stressed anchorage and relief 

boreholes for dewatering (water dam project, China) 
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4 Rockfall barriers 

Several types of rockfall barriers are common (see Fig. 4.1): 

▪ Fences 

▪ Flexible barriers (meshes) without rope retention 

▪ Flexible barriers (meshes) with rope retention 

▪ Galleries 

▪ Retention dams (earth embankments, concrete walls, gabion baskets etc.) 

 

 

Fig. 4.1: Types of typical rockfall barriers depending on the corresponding impact energy 

(Grošić et al., 2010) 
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4.1 Flexible barriers 

Exemplary, Fig. 4.2 illustrates the components of a flexible barrier with rope retention. 
Such a system consists of the following main components (see also Fig. 4.3 and 4.4): 

▪ Foundation for rockfall protection barriers 

▪ Anchors for barrier anchorage 

▪ Base plate 

▪ Posts 

▪ Intermediate and lateral support 

▪ Bearing mesh 

▪ Brake system 

Most important parameters for dimensioning and choice of an appropriate system are 
bouncing height and block energy impact. For design and dimensioning several tools 
are available: 

▪ Simplified analytical solutions 

▪ Simplified numerical solutions (trajectory models: rockfall simulation software 
based on jumping, sliding or bouncing spheres) 

▪ Complex numerical simulations based on FEM, DEM or Particle Methods 

 

Fig. 4.2: Scheme of flexible rockfall protection systems (Xu et al., 2018; Volkwein et al., 2019; 

 Robles et al., 2017)  
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Fig. 4.3: Fence solution with (a): extra internal anchorage and (b): direct connection 

(Stelzer & Bichler, 2013) 

 

 

Fig. 4.4: Fence solution with (a): additional anchorage and additional bearing rope (b): additional 

anchorage with no bearing rope (Stelzer & Bichler, 2013) 
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Fig. 4.5: Energetic differences between stiff and flexible barriers (Robles et al., 2017) 

Important is to distinguish between stiff and flexible barriers (see Fig. 4.5). Flexible 
barriers, for instance by using energy dissipating elements, allow to absorb high en-
ergy impact. For the use of flexible barriers several guidelines were published, for 
instance: 

▪ ONR-24810: technical protection against rockfall. Terms and definitions, ef-
fects of actions, design, monitoring and maintenance (Stelzer & Bichler, 2013; 
Bichler et al. 2017). 

▪ ETAG-27: Guideline for European technical approval of falling rock protection 
kits (EOTA, 2013). 

▪ WA-RD 612.2: Design guidelines for wire mesh or cable net slope protection 
(WSTC, 2005) 

▪ Gerber, W. (2001): Guidelines for the approval of rockfall protection kits, 
SAEFL & WSL Berne 

ETAG-027 is based on in-situ tests according to a special pre-described procedure 
and defines two energy levels: SEL “Service Energy Level” and MEL “Maximum En-
ergy Level”. SEL is defined as 1/3 of MEL and the rockfall protection system should 
be able to retain such a SEL event twice. These energy levels are used to classify 
the rockfall protection systems (see Tab. 4.1). 
 
A residual height value according to Tab. 4.2 is chosen to categorize the rockfall pro-
tection systems. The residual height considers a reasonable height for an impacted 
net fence that would permit an already impacted modulus to intercept a new falling 
block (Peila & Ronco, 2009). 

Tab. 4.1: Energy level classification according to ETAG-027 
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Tab. 4.2: Categories for rockfall protection systems according to ETAG-027 

Category Residual height 

A ≥ 50 % nominal height 

B 30 % < nominal height < 50 % 

C ≤ 30 % nominal height 

 
 

 

Fig. 4.6: Exemplary: flexible rockfall protection barriers in-situ (company material: Geobrugg) 

Exemplary, Fig. 4.7 and 4.8 show flowcharts which can be followed to design fences 
and flexible barriers (meshes). Such recommendations (published as guidelines) are 
available in most countries as national documents provided by the corresponding 
authorities. A very detailed description of the practical application of flexible defences 
including their dimensioning and construction is given by Cala et al. (2012). 
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Fig. 4.7: Exemplary design proposal for two different types of catch net flexible barriers (JRA, 2000) 
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Fig. 4.8: Exemplary: flowchart for design of rockfall catch fences (JRA, 2000) 
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4.2 Galleries 

The guideline ASTRA (2007) is concerned with rockfall protection galleries for road 
and railway infrastructure against debris flow and snow avalanches (project planning, 
ultimate limit state proof, serviceability check). Fig. 4.9 shows typical galleries in na-
ture and Fig. 4.10 illustrates typical constructions.  

 

Fig. 4.9: Different galleries to protect roads  

 

Fig. 4.10: Typical rockfall gallery constructions (Vogel et al., 2009) 

 

4.3 Retention dams and ditches 

Retention dams should include ditches (catchment areas for rock blocks and debris, 
respectively). A typical construction based on retention walls and ditches is shown in 
Fig. 4.11, which contains the following elements: 

▪ Slope profile modification, scaling, trim blasting etc. 

▪ Ditch (catchment area) 

▪ Retention dam or wall 

A comprehensive overview about retention dams is provided by Lambert & Kister 
(2017). 
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Fig. 4.11:  Typical construction schemes of rockfall protection systems (JICA, 2009) 

 

 

Fig. 4.12:  Profile of embankment with natural slope reshaping (Lambert & Bourrier, 2013) 

 

Tab. 4.3: Typical geometrical parameters for ditches (Lambert & Bourrier, 2013) 

Rock Cut Heights / m Catchment Width / m Catchment Depth / m 

0 - 8 3 0.75 

8 - 16 4 1.00 

> 16 5 1.25 
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Fig. 4.13: Typical recommended ditch configurations for catchment area (OHT, 2011) 
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5 Decision making 

The decision making process, whether protection measures have to be taken or not 
and which, respectively, depends on several factors: 

▪ Rock slope failure hazard 

▪ Acceptable risk (see for instance ÖGG, 2014) 

▪ Available money, technology, material, etc. 

▪ Considered time span  

▪ Geology and rock mechanical properties 

▪ Environmental conditions 

▪ Human and natural impacts 

Fig. 5.1 lists several important factors which influence the selection of appropriate 
risk reduction measures. 
 

 

Fig. 5.1: Factors influencing the selection of risk reduction approach (TRL, 2011) 
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Fig. 5.2: Action planning procedure according to FOEN (2017) 

Fig. 5.2 shows the proposed action planning procedure according to FOEN (2017) 
and Fig. 5.3 to 5.5 illustrate the decision making process according to TRL (2011) 
incl. potential rock slope failure mitigation measures. Fig. 5.6 shows – according to 
HNTB (2015) – an evaluation chart for potential rock slope failure mitigation 
measures. 
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Fig. 5.3: Stages of risk management (TRL, 2011) 
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Fig. 5.4: Stages of risk management (TRL, 2011) 
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Fig. 5.5: Rock slope failure mitigation measures (TRL, 2011) 
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Fig. 5.6: Exemplary: chart to evaluate protection measures for a certain rockfall prone area 

(HNTB, 2015)  
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