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HANDLING OF STONE WALLS AND EARTH TERRACES IN AVA-
LANCHE STARTING ZONES 

TECHNICAL GUIDELINE FOR OPTIMAL MAINTENANCE STRATEGIES 

Stefan Margreth1 and Reto Baumann2 

INTRODUCTION 

In Switzerland more than 1000 km of stone walls and earth terraces in avalanche starting zones exist. 
The structures were mainly built between 1890 and 1940. At that time stone walls and earth terraces 
were the only defence structures available to prevent the release of avalanches. Since 1940 those struc-
tures were replaced by snow bridges or snow nets which are considered to be much more effective. In 
many avalanche starting zones snow bridges and snow nets were integrated in areas controlled with 
stone walls and earth terraces in order to increase their effectiveness. Because of their age the struc-
tural safety and serviceability of stone walls and earth terraces today are poor in many places. A large 
need for renovation exists. However their renovation is expensive. Furthermore, those structures 
mostly do not meet the requirements of the technical guideline "Defence structures in avalanche start-
ing zones" (Margreth, 2007). Additionally, a collapsing stone wall can cause rockfall. The mainte-
nance and renovation of stone walls and earth terraces are often not sustainable in regard of costs and 
effectiveness. Because widely accepted and science-based strategies on how to handle this problem 
were missing, we developed the methodology described in this paper (Margreth and Blum 2011).  

GENERAL METHODOLOGY 

The goal of the methodology is to find an optimal maintenance strategy for stone walls and earth ter-
races situated in avalanche starting zones. The approach is similar to the guideline on the effectiveness 
of mitigation measures (Margreth and Romang 2010) and is subdivided into the following six steps:  
 
 Step 1: Preparatory work 

The main goal of the first step is to collect the relevant information on the hazard situation and on 
the type of stone walls respectively earthen terraces situated in the avalanche starting zone. Three 
different types of structure arrangement are distinguished (Fig. 1).  

 Step 2: General assessment 
The state and function of the structures and the need for action are evaluated (e.g. collapsed walls 
which must be repaired). Further the damage potential in the avalanche path is mapped. 

 Step 3: Assessment of effectiveness 
The assessment of the effectiveness of the stone walls and earthen terraces is one of the key-points 
in the methodology. At first the effect to prevent avalanches is analysed. Because their structure 
height is small, their effectiveness is mostly limited (Fig. 2). Then the influence on rockfall and the 
increase of slope stability are assessed. In a next step the protection goal and the existing risks are 
evaluated. If the risks are unacceptable the safety has to be increased (e.g. by extension of the stone 
walls with modern steel bridges). Finally potential negative effects of stone walls are analysed. A 
non-maintained stone wall can collapse and rockfall can endanger nearby snow supporting struc-
tures, other objects or even persons.  

 Step 4: Planning of remedial measures   
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Possible options such as maintenance of stone walls and earthen terraces (e.g. demoli-
tion/rebuilding, stabilizing with concrete front, repacking of the stones in gabions), non- mainte-
nance or demolition are discussed. Positive and negative factors as well as maintenance costs are 
given. If the protective effect is insufficient stone walls and earthen terraces can be replaced or 
supplemented with snow supporting structures. Finally the costs of the different measures are cal-
culated and the feasibility is verified. The expected yearly maintenance and service life influence 
the cost greatly.  

 Step 5 and 6: Overall assessment and evaluation of the optimal strategy 
The effectiveness, the cost and the sustainability of the different maintenance strategies are rated. 
The effectiveness and the costs are weighted each with 3 points and the sustainability with 1 point. 
The rating of the sustainability includes technical, ecological and culture-historical aspects. Often 
the best strategy consists of a combination of different measures which are implemented step by 
step.  

CONCLUSIONS 

The proposed methodology allows to evaluate the best suited maintenance strategy with a structured, 
complete and comprehensible assessment. In a long term view the replacement of stone walls or 
earthen terraces with modern snow supporting structures is often the most sustainable solution. In gen-
eral the maintenance cost of stone walls and earthen terraces are much higher than the construction of 
new snow supporting structures. The effectiveness of defence structures in avalanche starting zones 
can be improved on a long-term basis with a radical cut if the stone walls and earth terraces are demol-
ished and replaced with modern snow supporting structures in accordance with the technical guideline 
(Margreth, 2007). 
 

Determination of the effective structure height HK,eff

Degree of backfill behind wall

Fill terrace Stone wall partly filled Freestanding stone wall

Slope inclination Slope inclination 

HK,eff = 0.4 HK, Mauer HK,eff = 0.6 HK, Mauer HK,eff = 0.8 HK, Mauer

>35° >35°

≤35° ≤35°
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Fig. 1 Types of arrangement of supporting 
structures in avalanche starting zones. 

Fig. 2 Procedure to determine the effective structure 
height of a stone wall or earth terrace. 

REFERENCES 

Margreth S., Blum M. 2011: Gestion des ouvrages paravalanches en murs de pierres et terrasses en 
maçonnerie. Guide pratique. Office fédéral de l’environnement, Berne. Connaissance de 
l’environnement n° 1109: 80 p. 

Margreth, S. and Romang, H, 2010. Effectiveness of mitigation measures against natural hazards, Cold 
Regions Science and Technology, Volume 64, Issue 2, DOI: 10.1016/j.coldregions.2010.04.013. 

Margreth, S., 2007. Defence structures in avalanche starting zones. Technical guideline as an aid to 
enforcement. FOEN Federal Office for the Environment, Bern, WSL Swiss Federal Institute for 
Snow and Avalanche Research SLF, Davos. 

 
Keywords: avalanche defence, stone walls, maintenance, snow supporting structure 

- 259 -




