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 Geological and mineralogical nature of the rock as well as hydrogeological and structural 
conditions, 

 Geomorphological conditions: localisation, morphology, topography of the site (height of the 
slopes, their inclination exposure(s), etc...),  

 Regional tectonic conditions, which will have an influence on the initial state of stress of the 
massif, 

 "Physical" condition of the rock mass (depth of alteration, in situ stress, presence or absence 
and type of vegetation), 

 Fracturing conditions of the rock mass (identification of discontinuities families, persistence 
and extension, fracturing density, opening and/or filling of discontinuities, etc.), 

 Hydraulic conditions (permeability, drainage, etc.) 
 Mechanical characteristics of the rock mass at the appropriate REV (Representative Elemental 

Volume) scale, i.e., constitutive laws for both the rock matrix and the joints or, if 
homogenisation, the properties (strength and modulus) of the homogenised rock mass. 

External factors correspond to everything that will disturb the "balance" of the rock massif and will 
therefore influence its weathering as well as the creation of potential instabilities. They are shown in 
purple in Fig 1. These are mainly: 

 Local climatic conditions (rain, snowmelt, freeze-thaw, sun exposure, daily and seasonal 
temperature ranges), 

 Factors related to the water cycle (climate, precipitation, evapotranspiration or effective 
rainfall distribution parameters, etc.), 

 Presence or absence of rivers or sea at the foot of the cliff, which will lead to mechanical 
erosion up to under-caving, 

 Permafrost local conditions (if any), 
 Seismicity and regional tectonic activity, 
 Human activities.  

3 Impact of water variations on rock masses 
As briefly described in the introduction, climate change is already imposing, and will continue to 
modify the water regime in various parts of the world (IPCC (2019). We will not detail here these 
evolutions but we will focus on their impact on the rock mass and the rock discontinuities. 

3.1 Increased of water content 
Numerous studies (Zhou et al., 2016; Althaus et al., 1994 among others) have shown that when the 
saturation of the rock increase, its strength decrease. Pan et al.(2020) studied the influence of 
saturation on UCS and Young's modulus of several rock types (Fig 2). Gombert et al. (2013) and 
Lafrance (2016) have shown that for clayey limestones or porous rocks such as chalk, the deterioration 
in mechanical properties could result in a loss of up to 70% in UCS compared with the dry state. 

 
Fig. 2 Decrease in the mechanical properties of several types of rock as a function of saturation. a-simple compressive 
strength, b-Young's modulus after Pan et al.(2020). 
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6 Conclusion and outlook 
The impact of climate on the stability of rock masses is a complex subject that requires consideration 
across multiple temporal and spatial scales. In this paper, we have examined three different processes, 
impact of atmospheric water, positive thermal cycles, changes in the 0°C isotherm, which we have 
sought to illustrate briefly by describing both field observations and laboratory experiments. Although 
most of them are clearly identified on field, they are still often poorly described, particularly in terms 
of constitutive laws. A lot of work remains to be done to be able to accurately model the impact of 
climate on the rock mass, and even more so if we wish to anticipate the effects of climate change. 
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