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DECREASE OF BUILDING´S VULNERABILITY
BY LOCAL STRUCTURAL PROTECTION MEASURES  

AS PART OF INTEGRAL RISK MANAGEMENT 
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During the last decades, settlement activities increased in European mountain regions. Due to 
the scarceness of areas suitable for development, settlements were extended into areas which 
are endangered by natural hazards such as mass movements or avalanches. These settlements 
generally show a considerable vulnerability of tangible assets.
Typically, conventional protection concepts include structural measures in the catchment area, 
along the channel system or track and at the fan. Characteristically, these structures fulfil the 
functions of stabilisation, consolidation, filtration and retention. Such measures are not only 
very cost-intensive in construction, moreover, if maintenance is neglected, mitigation 
measures will become ineffective and can even increase the catastrophic potential of natural 
hazards. Since conventional technical measures do neither guarantee reliability nor complete 
safety, a residual risk of damage to buildings, infrastructure and harm to people remains.  
Thus, methods of protection against natural hazards should not only influence the natural 
process, but also reduce the impact on the values at risk. Integral risk management strategies, 
including spatial planning and hazard mapping, aim to assess such endangered areas. Within 
the risk management framework, hazard maps serve as a basis for the implementation of 
mitigation measures, in particular for the implementation of local protection measures.  
Risk accomplishment (“How can we protect ourselves?”) as part of integral risk management 
provides four suitable instruments for reducing the vulnerability of values at risk: 

Spatial precaution – Avoidance of endangered areas 
Structural precaution – Local structural measures and adapted use of buildings 
Behavioural precaution – Preparedness of people 
Institutional precaution – Risk transfer 

Structural precaution is the main application domain for local structural measures, since the 
individual vulnerability of buildings can be fundamentally decreased by strengthening e.g. 
brick walls with reinforced concrete components (Fig. 1), and/or the adapted interior design 
of the different rooms according to occupancy time and hazard potential (Fig. 2). 

With respect to the following fundamentals of implementing local structural measures, a 
considerable decrease of damage to tangible assets can be achieved: 

Knowledge of interactions (frequency and magnitude) between all the possible hazard 
processes within the area concerned. 
Spatial measures should be preferred to structural measures. The most effective way to 
avert the impact of natural hazards to damage potential is to keep the affected areas 
clear of values at risk. 
Permanent measures should be preferred to mobile equipment. Due to high transport 
velocities of mountain mass movements and a short lead time for reaction, mobile 

                                           
1 Institute of Mountain Risk Engineering, University of Natural Resources and Applied Life Sciences - Vienna, 
Peter Jordanstrasse 82, 1190 Vienna, Austria (Phone: +43-1-47654-4350, Fax: +43-1-47654-4390, email: 
markus.holub@boku.ac.at) 



– ��� – – ��� –

mitigation measures cannot provide the same safety level than fix installed protective 
systems since they need a certain amount of time for installation. 
Damage to third parties is not acceptable; hence, local structural protection must not 
cause negative impacts to adjacent or downstream riparian owners’ values at risk. 
Combination of miscellaneous local structural measures decreases considerably the 
vulnerability.

According to different transport processes (flash floods with or without bedload transport, 
debris flows, rock falls and avalanches) and the structural elements of a house, local 
protection structures can be classified in terms of relevant impacts (e.g. stability, leakage into 
the building) and protection objectives (e.g. prevention of excavation and erosion of 
foundation, waterproofed construction). Based on this classification, local structural 
measures, which can lead to a consequently decrease of vulnerability of tangible assets, are 
suggested not only for new buildings but also for upgrading existing objects.
However, little information is available on local structural protection measures so far, in 
particular with respect to different types, designs and materials used. The aim of this paper is 
to partly close this gap by (1) presenting the concept of local structural protection within the 
framework of integral risk management and (2) providing a catalogue of local structural 
measures used in Austria to protect buildings as well as infrastructure and lifelines. 

Fig. 1: Use of reinforced concrete to increase the 
building’s resistance against avalanches. 

Fig. 2: Distribution of the different rooms 
according to occupancy time and the hazard
potential. 
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