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1. Research activity (max 1.000 words)
The study of the deformative response to cyclical thermal stresses of rock masses is considered crucial in geological risk mitigation relative to those instabilities that, due to their impulsiveness and high frequency of occurrence, can configure high hazard slope instability scenarios. Under specific climatic conditions, where temperature ranges can exceed the tens of degrees, the effects of the superimposition of heating-cooling cycles, negligible if considered in short- to middle-term, can influence the mechanical behavior of rock masses acting as a thermal fatigue process. It has already been observed that temperature fluctuations can 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 toward prone-to-failure conditions. As a direct consequence of the superimposition of thermal expansion-contraction cycles, the rock mass stress-field undergoes such perturbations capable of inducing both the genesis of new cracks and to the growth of pre-existing ones (i.e., subcritical crack growth). These processes can induce inelastic deformations consisting of triggering thresholds of shallow slope instabilities, such as rock-falls and rock-topples.

The time-schedule of the second year of this Ph.D. had been strongly affected by the COVID-19 pandemic outbreak. Although the analysis of the data collected during the first year of Ph.D. and until February 2019 was already scheduled, this year should have been mostly devoted to (i) completing field monitoring datasets for two different case-studies (Wied Il-Mielah sea arch in Malta, and Monachus sea arch in Cyprus) and (ii) acquiring a significant monitoring dataset for a new case-study from the Arches National Park in Utah (USA). Due to the impossibility of traveling abroad since March 2019, the already scheduled field activities in Malta and Cyprus were aborted. Moreover, the period abroad – six months – at the Department of Geology and Geophysics of Utah University was postponed to safer international circumstances. Notwithstanding these issues related to international mobility and the inability to conduct all the scheduled activities, this second year of Ph.D. was mainly devoted to starting the analysis of multiparametric monitoring datasets collected at the two case-studies of Malta and Acuto. Starting from the end of March 2019, the active participation in the technical design of the structural upgrade of the Acuto test-site within the Italian Ministry of Education, University and Research (MIUR) Department of Excellence initiative has also been of great importance. In particular, through the combination of the results obtained from all the experimental activities carried out by the engineering geology research group headed by Prof. Salvatore Martino, it was possible to achieve the final project of the new field-laboratory. The implementation of multiple new devices and the instrumentation of several sectors of the quarry wall will undoubtedly pave the way to innovative applications of integrated geophysical and geotechnical approaches aimed at investigating the non-linear deformation induced by near-surface thermal fluctuations in jointed rock masses at different dimensional scales.

The bibliographic update of literature sources related to near-surface thermomechanical effects on jointed rock masses has been of great importance as for the last year. In particular, the scan of scientific literature was focused on discovering new insights concerning passive seismic (ambient seismic noise monitoring) and microseismic (event detection and characterization) methods to constrain the influence of near-surface thermal stresses on the mechanical and dynamic behavior of natural structures characterized by multiple degrees of freedom (e.g., rock blocks, rock columns and sea/aeolian arches), and therefore particularly prone to emphasize natural vibrations. Besides, I also deepened my knowledge concerning new InfraRed Thermography (IRT) applications, in particular 3D IRT photogrammetry, to better assess both the spatial distribution and temporal evolution of surficial temperatures of jointed rock masses.
The next year of Ph.D. will be focused on completing the analysis spectrum already started on the two case-studies. Concerning microseismic monitoring datasets, all the collected records will be processed through a MATLAB implemented script for STA/LTA automatic event detection, then extracted microseismic signals will be classified based on their features (as described in the previous section). Moreover, spectral content distribution and variation in time will be considered to perform a more robust and rigorous differentiation of microseismic signal classes. This analysis will pave the way to interpreting microseismic signal sources and the correlation of their spatiotemporal pattern with external stressors such as continuous temperature fluctuations. 

Given the possibility of safely traveling abroad, it is intended to conduct a long-period integrated geophysical monitoring at the Wied Il-Mielah sea arch together with the research group headed by Prof. D’Amico of Malta University. In fact, in light of the results obtained from ambient seismic noise monitoring at this site, coupling different techniques able to provide information on rock mass mechanical damaging at different dimensional scales, such as ambient seismic noise and microseismic monitoring, could represent a mandatory tool to investigate further subsisting relations between thermal fluctuations and stress-strain response of jointed rock masses. Also, in case international circumstances related to the COIVD-19 pandemic will be safe enough to guarantee mobility abroad, there will be the opportunity to be hosted by Prof. J.R. Moore of the Geohazards Research Group (Department of Geology and Geophysics) of Utah University. This period abroad will be focused on sharing new methodological approaches, i.e. integrated geophysical techniques and numerical modeling methods, to study thermally-induced changes in the vibrational dynamics of aeolian rock arches. Moreover, field activities will be carried out at the Moonshine aeolian arch, which has already been selected as a potential case-study of this Ph.D. project. This case-study will be investigated through the combination of expertise and methodological approaches from two different research groups, which I believe would be beneficial for both Institutions, fostering and strengthening infra-university cooperation. 
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