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Disegni bimbi 2



Disegni bimbi 4



142 frane

40 debris flows

2.125.000 mc

178 case distrutte

452 case danneggiate

160 vittime

5 Maggio 1998  Sarno, Siano, Quindici, Bracigliano
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Limestone - Dolomitic complex
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SARNO: Fusi granulometrici
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Hutchinson & Bhandari (1971), Sassa (1985)



Hutchinson & Bhandari (1971), Sassa (1985)



Hutchinson & Bhandari (1971), Sassa (1985)

Francesco
Nota
Marked impostata da Francesco



Hutchinson & Bhandari (1971), Sassa (1985)







Risk Mitigation
Structural measures



foto

EPISCOPIO
CURTI



Sarno 
vasca Episcopio
feb 04 – gen 06

13,7 Meuro



Foto evento 3



Sarno Episcopio
MAGGIO 1988 



Vasca Episcopio
MAGGIO 2007



Vasca Episcopio
RAMO IN DX ID.



Vasca Episcopio
RAMO IN DX ID.



Vasca Episcopio
RAMO IN SX ID.



Vasca Episcopio
RAMO IN SX ID.



















Vasca Episcopio
CANTARIELLO



Vasca Episcopio
CANTARIELLO



Vasca Episcopio
CANTARIELLO



Vasca Episcopio
CANTARIELLO













Quindici 
vasca Connola
giu 04 – dic 06

9,5 Meuro





Quindici
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Ultimata









VASCO CONNOLA
Quindici

Manufatto di Deviazione delle Portate



VASCO CONNOLA
Quindici

Manufatto di Deviazione delle Portate



VASCO CONNOLA
Quindici

Manufatto di Partizione delle Portate
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DIVERSION STRUCTURE /  Siano



DIVERSION STRUCTURE /  Siano







DIVERSION STRUCTURE /  Siano



Ingegneria
naturalistica
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NATURALISTICA
Fasi





INTERVENTI DI
INGEGNERIA 

NATURALISTICA
Fasi



INTERVENTI DI
INGEGNERIA 

NATURALISTICA
Fasi



INTERVENTI DI
INGEGNERIA 

NATURALISTICA
Fasi



INTERVENTI DI
INGEGNERIA 

NATURALISTICA
Fasi









Risk Mitigation
Non structural measures



Models

Monitoring
network

Risk
Scenarios

Site 
Survey

Field Survey

Advice
Watch

Warning

• Interventions

• Evacuation



RELAZIONI TRA PIOGGE E FRANE 

Modelli empirici

Modelli completi di versante



RELAZIONI TRA PIOGGE E FRANE 

I MODELLI EMPIRICI



ALEOTTI 2004

CRITICAL THRESHOLD

I = 19 · D-0.50



GUZZETTI 2008

Fig. 7 Comparison between the global ID thresholds defined in this study and
published global (worldwide) ID rainfall thresholds. 1 Caine (1980); 2 Innes (1983);
3 Clarizia et al. (1996); 4 Crosta and Frattini (2001); 5 Cannon and Gartner (2005); 6
I-D THRESHOLDinferred from the entire set of ID rainfall data (this work); 7 thresholds
inferred from the probability estimates of the rainfall conditions, for two different
rainfall periods (D < 48 h, and D ≥ 48 h) (this work). Dashed line shows 0.25 mm h−1
rainfall intensity

F. Guzzetti, S. Peruccacci, M. Rossi, C. P. Stark, 2008
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FLaIR                                                                
(Forecasting Landslide Induced by Rainfall,      

Sirangelo & Versace, 1992)
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RELAZIONI TRA PIOGGE E FRANE 

I MODELLI COMPLETI 
DI VERSANTE



Complete  models

Hydraulic Module

T

W

N’

F

Geothecnical module

Pore pressure 

and water content



SUSHI model (Capparelli, 2006)
(Saturated Unsaturated Simulation for Hillslope Instability)

General Limit Equilibrium Methods

Extended  Mohr-Coulomb Failure Envelope 

Hydrological module
Hydro sushi

Geotechnical module
Geo sushi

analysis of the saturated 
and unsaturated flows

applicability to :
layered soils 
irregular shape domain
variable boundary conditions

2-D Richards’ equation



General framework

Potential
Evapotranspiration

ETp

Potential
Evaporation Esp

(wet bare soil)

Upper boundary 
condition in the 

Richards’ equation 

Potential
Transpiration Tp

Sink term S in the 
Richards’ equation 

SUSHI

r

p

z
T

S )()( ψαψ =

α ∈[0,1] dimensionless reduction factor depending on
the suction ψ accounting for restriction to
transpiration caused by soil moisture limitations

Tlow

Thigh

α

1.0

0.0

ψ
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zr rooting depth 

(uniform root distribution)

Integration of S(ψ) over the rooting depth yields 
the total actual transpiration T

(Feddes et al.,1978)



Tuostolo basin
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pumice

pumice

top soil

paleosoil
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