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INTRODUCTION 

 
Mountains rivers threaten people and material assets because of the intensity and suddenness of their 
floods. In this context, measures and emergency evacuation is difficult to envisage. To ensure the 
prevention and limiting risks, protection works against flash floods have an essential role to reduce 
both the causes and effects of phenomena. Torrent check dams (also called "consolidation dams" or 
active measures) stabilize profiles along and across streams and limit the intake of materials. These are 
often old works whose aging may compromise the sustainability of the overall device. Sedimentation 
dams (corresponding to a passive strategy) store sediment just upstream and near from the people and 
assets located on the alluvial fans. Main design issue is to find an optimum between total storage of 
sediment (with high exploitation costs) and high sediment volume release (with potential increased 
risk downstream).  
 
The efficiency analysis of those protection works is therefore a very important issue for risk managers. 
For old protection devices, it is not easy to choose the best strategy for maintenance and to define 
priorities for selecting the first and more important sites to maintain. It is necessary to characterize the 
effectiveness of structures and compare their interest and importance in the context of protective 
devices. Decision support tools are needed to analyze the efficiency of these protection works 
considering both their structural state and functional abilities. 
 
This paper proposes a methodology based on safety and reliability analysis and applied to the case of 
torrent control protection works to characterize their efficiency.  

METHODOLOGY  

Safety and reliability approaches are currently used to analyse the security of systems mainly in 
industrial or technological contexts. Despite of their interest to formalize the failure modes of a 
system, efficiency or performance are not a classical factor considered by those methods. Moreover, 
the context of natural hazards requires adaptations of the original methodologies.  
 
Our approach is derived from the indicators and methods of dependability and to the specificity of 
protection works against natural hazards focusing on the mountain river torrents. The project uses the 
principles of systems analysis underlying the methods of dependability as they formalize and trace the 
reasoning associated with expert analysis of the operation and condition of structures (Tacnet, 2009).  
 
 
The methodology is based on six steps (Fig. 1) considering both structural and functional types of 
failure observed. Classical indicators denoted as RAMS (reliability, availability, maintainability and 
safety) are analyzed to assess the overall efficiency of the devices.  
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Fig. 1 Functional and structural failure analysis of torrent protection works (examples of dykes)  

 
We first remind the concepts used in the civil engineering domain: functional analysis and FMEA aim 
to describe the system and analyze its failure modes (Fig. 2). New indicators of dependability are 
proposed to define the efficiency of analyzed systems. The system analysis first addresses the case of 
individual protection works and is afterwards extended to a whole set of dams. Finally, a critical 
analysis of the method is done to examine its strengths and limitations to evaluate the efficiency of 
protection works. Developments of this approach are also used to analyze the danger level related to 
the protection works. 

 

Fig. 2 Functional and structural failure analysis of torrent protection works (examples of dykes)  
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