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Debris Flows: Disasters, Risk, Forecast, Protection 

Bedload sizing damDebris flow breaker Bedload/ flood dosing dam

 Fig. 1. Structures with different functional design. Front view without surrounding terrain (Leitgeb, 
2002). 

Retaining structures are established to directly resist the thrust of debris flow mass. 
This method is used to prevent small-scale debris flow or bank erosion and scouring. It may 
also be applied to part of a debris flow which has only small thrust. It is usually used com-
bined with other methods, because it is not possible to control a debris flow with only a re-
taining structure. The design of these retaining structures has to done adequate to the stan-
dards. The items like, stability to fail, stability to glide, stability to slide, bearing capacity of 
the ground (bottom pressing), and last not least the safety of internal stress must be consid-
ered. During construction it is necessary to take care on excavating. Excavations in a debris 
flow channel increase the danger of activating the debris flow. Piles are installed to stabilize a 
debris flow source through resistance. There are inserted through the debris flow originating 
mass and fixed to bedrock. Usually steel piles approximately 300 mm in diameter are inserted 
through bores. When the debris flow source moves, the piles stabilize the mass by resisting 
the gliding force by bending moment and/or shear resistance. The pile is generally defined as 
bending pile since its length is long compared to its diameter. 

An anchor is implemented to prevent landslide through the tensile strength of reinforc-
ing steel which anchors the sliding mass to the bedrock. One end of the reinforcing steel is 
fixed to the bedrock and the other end is fastened to a bearing plate on the ground surface. 
The reinforcing steel is tightened and prestressed through the bearing plate. Important consid-
erations for this method are the bearing capacity of the soil mass under the bearing plate and 
the bond strength between anchor grout and rock at the fixation part. Circumference friction 
and hole spreading friction are the two types of anchor fixation.  

Slope reformation is done by soil mass removal. The volume of soil mass to be re-
moved is determined by trial slope stability analysis taking the objective safety factor (F = 
1,2) into consideration. Vegetation cover and surface drainage should be established on the 
surface of the slope after soil mass removal. 

Erosion prevention leads to the more technical part in the chain of functions. In many 
cases landslides are caused by the lowering of torrent bed or lateral erosion by meandering. In 
such cases erosion control by structures is important. The construction used are stabilizing 
and consolidating constructions like sills, bars, ground sills, consolidation dams or other lat-
eral constructions like revetments, dikes, embankments, groynes and spurs. 

Revegetation is rehabilitation with vegetation cover. The expected functions of vegeta-
tion are, to reduce runoff and therefore surface erosion, to strengthen the surface and subsur-
face soils by the root system and to improve the hydrological conditions of landslides areas. 
Prevention and stabilization by revegetation is an important part of an integrated measure 
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