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2. State of the art 
There are many uncertainties in the forecasting of when a movement in a landslide will occur, 
or when rates of movement will increase and thus it cannot be performed reliably at present. 
Therefore, improving this capability is a basic requirement for the development of warning 
systems (Corominas, Moya, Ledesma, et al.; 2007).  
The simplest method for predicting landslide occurrence at a regional scale is through the 
establishment of empirical rainfall thresholds. This method is based on the analysis of storms 
that have produced slope failures. The fundamental assumption is that, in a homogeneous 
region, landslides occur once a precipitation threshold has been overcome. The threshold is 
usually expressed as rainfall intensity-duration relationship (Caine 1980; Cancelli and Nova 
1985; Wieczorek 1987; Larsen and Simon 1993) and it has been used with some degree of 
success as a warning system in areas affected by widespread and recurrent shallow landsliding 
(Keefer et al. 1987).  
A more precise prediction of the time of failure can be obtained by measuring the 
displacement rates in slopes and landslides. Translational and rotational movements display a 
range of behavior styles, including long-term creep, catastrophic movement that is preceded 
by long term creep, and sudden catastrophic movement with no creep phase (Petley and 
Allison 1997).  
Forecasting of catastrophic event may be made by analyzing the late stages before the slope 
failure, i.e. tertiary creep (Saito 1965). Time of failure can be determined by curve fitting 
techniques (Voight and Kennedy 1979; Picarelli et al. 2000), or from the linear trend of the 
inverse rate curve (Voight 1989; Fukuzono 1990).  
Prediction of the failure may be also carried out by physically-based numerical models. 
Significant developments have been produced over the last years in slope stability models 
(Matsui and San 1992; Griffiths and Lane 1999) and, in particular, in coupled hydrological 
and mechanical models (Wilkinson et al. 2002). Numerical models can provide a good 
understanding of the mechanism of failure and they can consider complex landslide 
geometries, spatial variations in soil properties and three-dimensional groundwater flow, 
among other advantages(Corominas, Moya, Ledesma, et al.; 2007). 
In fact, deformation within the landslide body also affects the hydrological and mechanical 
properties (Nieuwenhuis, 1991). During movement both tension and compression zones in 
fine-grained landslides develop. Where material extends, fissures develop leading to rapid 
infiltration and drainage. Under compression, excess pore water pressures as a result of 
undrained loading may generate sudden surges (Bonnard et al., 1995, Baum and Fleming, 
1996, Caron et al., 1996, Van Asch, Van Beek , Bogaard 2006). 
However, the applicability of these models to the prediction of slope displacements and 
failure conditions is still far from routine, is complex and time consuming, and experiences of 
3D coupled modeling are rather limited. Suspended and dormant landslides can be reactivated 
in periods of heavy rainfall while active ones may show phases of acceleration and 
deceleration. This variable movement pattern has been observed in slow-moving earthflows 
(Lateltin and Bonnard 1995), mudslides (Angeli et al. 1996), and in both rotational and 
translational landslides (Corominas et al. 1999). In some of these movements, the search for 
reliable rainfall thresholds has been unsuccessful (Noverraz et al. 1998; Flageollet et al. 1999) 
and alternative approaches are required to assess the conditions leading to the reactivation. 
Petley et al. (2002) analyzed inverse rate curves and demonstrated that landslides occurring in 
existing failure surfaces show an increase of the rate of deformation up to a constant rate 
(steady-state behavor) for any given stress state – material combination.  
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On the other hand, the use of hydrological and mechanical models is restricted because of the 
complexity of these landslides. Existing models remain limited when considering 
groundwater changes and rates of displacement (Corominas, Moya, Ledesma, et al.; 2007). 
Some attempts to examine large landslides have included the use of simplified empirical 
models that combine hydrological and stability analyses (Van Asch and Buma 1997) and the 
use of viscous constitutive laws for the simulation of continuous displacement patterns 
(Vulliet 2000). 
Generally, all methods proposed are used to landslide occurrence. In special case of active 
landslides, it is possible distinguish different approaches to modeling creep landslides: 
 

 
Figure 13: Possible framework for creep displacement modeling. L. Cascini – The geotechnical slope 

model – LARAM 2007 

In phenomenological models a simplest framework is proposed: it is necessary have 
measurements of ground water level at a defined location to obtain displacements of a point in 
the same location using phenomenological relationship. In this way you are considering local 
safety factor. Generally these models are based on the study of phenomenological stress-
strain-time soil behavior in various laboratory conditions. This behavior is finally described 
by an aforementioned equation of state which can be purely empirical, physical or combined. 
 
In mixed models you calculate global safety factor. Effective rainfall is input to a ground 
water model furnishing pore water pressures within the slope. Displacements along slip 
surface are obtained using phenomenological relationship and pore water pressure from 
ground water model. 
 
In physically-based models is the most complex approach: it is called uncoupled analysis 
because  with ground water model is made an hydro-mechanical analysis and pore pressures 
within the slope are obtained; these are input to stress-strain relationship that has 
displacements within the slope as result. There are also physically-based models that are 
coupled in which the hydraulic problem and the mechanical one are solved simultaneously. 
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In literature are proposed different typology of creep models’ falling into the three big classes 
previous proposed.   


