
 
 
 
 
 
 
 
 
 
 

 

 

 

1. Research activity (max 1.000 words) 

 

Research Objectives 

General Objective 

The present project aims to the comprehension of the role played by fractures and microfractures 
systems in the dynamic of thermally-induced deformative processes on rock masses at the rock-
block scale or meso-scale. 

Specific Objective 

Quantitative analysis and reological interpretation of inelastic thermally-induced deformations 
related to cyclical (daily and seasonal) thermal forcings affecting fractured rock masses, pondering 
possible consequences in terms of progressive damaging and evolutive scenarios.  

Implications and Applications 

The study of the deformative response to cyclical thermal stresses of natural systems such 
as rock-walls, rock-arches and rock-blocks, will lead to better understand the importance of 
thermal boundary conditions and geomechanical control factors in rock mass thermally-
induced instabilities. It will therefore be possible to identify specific technical solutions in 
order to interfere with thermally-induced damaging processes, causing a delay in reaching 
failure conditions and preserving rock mass stability in time. 

Such an objective must be considered crucial in the field of geological risk mitigation 
related to rock mass instabilities, which, due to their impulsiveness and high frequency of 
occurence, are able to configure high-hazard slope instability scenarios. 
Furthermore, these objectives can be also considered of undoubted interest if related to 
natural and cultural heritage preservation (e.g. rock-walls, rock-arches or rock sculptures 
and architectures of major cultural interest): in fact the occurrence of rock instabilities due 
to progressive crack-growth could not only lead to the loss of inestimable heritages, but it 
would also represents an impressive socio-economical damage in terms of restoration and 
tourism costs. 

 



State of Art 

Thermally-induced deformations are one of the less intuitive and less studied effects that 
can directly control rock mass stability. Several studies tried to focus their attention on the 
analysis of thermally-induced deformative effects and progressive mechanical weathering 
caused by daily and seasonal surficial temperature fluctuations of rock slopes, for the 
purpose of understanding how preparatory factors are able to influence rock mass 
mechanical behaviour. 
Under specific climatic conditions, where temperature ranges can exceed tens of degrees, 
the effects related to the superimposition of heating-cooling cycles, negligible if considered 
in short to mid-term, can influence rock mass mechanical behaviour acting as a thermal 
fatigue process [10]: the intensity of thermomechanical effects, cumulated over time, 
cannot be then omitted from all those factors which activily contribute to the progressive 
damaging and mechanical weathering of rock mass properties [1, 7]. It has already been 
observed that daily temperature fluctuations are able to exert slight, yet repeated, 
perturbations of stress fields, resulting in a day-to-day cumulative effect, contributing over 
wide-time scales to lead rock-slopes to a prone-to-failure condition. In fact, the heat flux 
propagation inside rock masses, directly deriving from periodical fluctuations of their 
surficial temperatures, determines the configuration of a temperature field whose 
variations, in terms of heating and cooling intensity, are an inverse function of the distance 
from the heat-exchange boundary [8]; hence thermal strain has to be directly correlated to 
the temperature gradient at depth. 
As a direct consequence of the superimposition of thermal expansion-contraction cycles, 
the rock mass stress field undergoes such perturbations which are capable to lead both to 
the genesis of new cracks and to the growth of preexisting ones.  These processes can 
determine, over long-term, the reaching of inelastic deformations consistent with triggering 
thresholds of slope instabilities, e.g. rock-falls and rock-topples [8, 11, 12]. 
The comprehension of thermomechanical deformations in jointed rock masses, thus 
requires the definition of both the amplitude of thermal actions and the spatial distribution 
of near-surface temperatures [5, 8]. The heat flux propagation can be markedly influenced 
by rock mass jointing conditions (i.e. fracture density and spatial orientation) [5], acquiring 
a predominant role in the localization and accumulation of plastic deformation. 
The study of these phenomena has been primarly approached by means of comparative 
analyses (statistical and observational-based approaches) between thermal and stress-
strain time-series derived by long-term multi-parametric monitoring systems [1, 2, 3, 6, 9, 
10]. It was therefore possible to highlight a strong correlation between thermal cyclicity and 
rock mass deformative response, and the existence of inelastic deformation trends without 
the occurrence of brief and violent phenomena such as heavy rainfall, strong winds or local 
seismicity, which are considered to be the main triggering factors responsible of 
unrecovered displacements. 
On the basis of these results, several numerical modellings have been implemented in 
order to verify if in-situ recorded deformations, representative of the rock mass response to 
the superimposition of different continuous and transient forcings, were consistent with 
those derived by the simulation of periodical thermal transients at the boundary of 
numerical domains [3, 6, 7, 8, 9, 10, 12]. The results obtained by almost all the 
abovementioned models converge towards the hypothesis that surficial periodical 
temperature fluctuations are able to play a non-negligible role in the progressive failure of 
rock masses, both at block-scale and slope-scale. 



Work Plan 

My research activities will be initially focused on the acquisition of long-term multi-
parametric data including (i) meteorological, (ii) thermal and thermography, (iii) strain and 
(iv) micro-seismic data. These activities will be carried out at two different case studies: the 
former is represented by the Acuto test-site (Central Italy), where an abandoned quarry 
was devoted to experimental test-site, whereas the latter is represented by the Wied-il-
Mielah natural rock-arch in Gozo (Malta). The main difference between these two natural 
systems can be found not only in relation to a distinct potential instability-scale involving 
the rock mass, but it could be also related to their interaction with very dissimilar boundary 
conditions.  
The acquisition of monitoring data will be aimed to the enlargement and to the 
development, for the Acuto and Mielah case study respectively, of a multiparametric time-
series database both under natural- and forced-stress conditions, but whereas the Acuto 
test-site is already equipped with a complete long-term monitoring system, the Wied-il-
Mielah site is not: for the maltese case study will be then necessary to design periodical 
surveys (monthly and seasonal) for the purpose of obtaining an exhaustive 
characterization of thermal forcings and of the resulting rock mass deformative response, 
by means of IR-thermography and micro-seismic monitoring respectively. 
The subsequent elaboration and analysis stage of collected data will be geared to better 
constrain the causal nature between thermally-induced strain fields and periodical 
temperuture fluctuations, with a view to relate unrecovered deformation trends to a 
progressive decay in geomechanical and reological rock mass parameters. 
Finally thermomechanical stress-strain numerical modellings will be implemented in order 
to perform forward- or scenario-analyses concerning deformative processes strictly 
connetted to rock mass reological variations due to thermally-induced damaging. 
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2. Research products  

 

a) Publications (ISI journals)  
b) Publications (NON ISI journals) 
c) Manuscripts (submitted, in press)  
d) Abstracts 

 
 
 
 
 
 
 
 
 
 
 

N.B. I dottorandi del primo anno al punto 1 possono inserire il riassunto del 
progetto di ricerca (max 1.000 parole) 


