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Debris Flows: Disasters, Risk, Forecast, Protection 

 
Table 2. Calculated yield stress and viscosity for Cv=0.55. 

Rheology Viscosity η (Pa s) Yield stress τy (Pa) 
R 1 2 3893
R 2 36 928
R 3 88 218
R 4 135 83
R 5 147 184

 
A roughness n-value of 0.18 was assumed, typical for open ground with debris; the 

specific weight of the mixture γm and the resistance parameter for laminar flow K, were as-
sumed equals to 26.5 kN/m3 and 2285 respectively, as suggested values for debris flows.  The 
hydrologic model CLEM (Cazorzi, 2002) has been used to predict the design storm rainfall-
runoff hydrograph, assuming flow velocities of 2 m/s and 0.03 m/s in the flow net and over 
the slope respectively. The maximum annual rainfall series (1984-2004) of the nearest station 
have been analyzed; the design hydrograph has been obtained, considering the upper confi-
dence limits of depth-duration-frequency curve for a return period of 200 years. The sediment 
concentration by volume assigned to the hydrograph, ranges between not less than 0.3 along 
the rising and falling limbs of the hydrograph, and a maximum of 0.55 corresponding to a 
mature debris flow. The peak discharge was assigned a sediment concentration slightly less 
than the frontal wave to account for water dilution. 

For each rheology, adebris flow hazard map has been obtained: different areas are clas-
sified into different hazard levels defined in terms of a combination of flow depth (h) and the 
product depth times velocity (hv), based on literature data and on our own experience on Do-
lomites debris flows  (Table 2).  

 
Table 3. Hazard degrees range.   

Definition of mud or debris flow intensity
 Maximum depth h (m) maximum depth h times 

maximum velocity v (m2/s) 
High h>= 1.0 m OR v h > =1.0 m2/s
Medium h>= 0.4 m AND v h >= 0.4 m2/s
Low h>= 0.2 m v h >= 0.2 m2/s

4  Results 
The following values of design debris volumes, for Gere, Fiames and no. 154 basins, 

were estimated for numerical simulations: 30000, 30000 and 15000 m3. Five runs with the 
different combinations of rheologies were calculated for each basin. As an example, Figure 2 
shows the hazard zonation at  n. 154 basin, for the lowest, medium and higher viscosity (rhe-
ologies 1, 3 and 5 respectively).  

rheology 1 rheology 3 rheology 5 

Figure 2. Hazard maps at no. 154 debris flow site for the rheologies 1, 3 and 5. 

In case of low viscosity, the velocity and flow depth show high intensity values (v>1 
m/s and h>1 m) until the flows reaches the road; medium or low intensity are indicated in the 
middle slope. Different flow behaviour is displayed with the rheologies 3 and 5 where high 
hazard is exclusively related to the flow path and  to the upper part of the slope, whereas the 
middle part is located within the moderate hazard zone. The lower part of the slope was con-
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