
 
  

 

Reserved scholarships – Call 34th cycle 
 

 

Curriculum A:  
Civil and Environmental Engineering, Agricultural Technologies 
 

A1 - Hydrogeological hazard modelling in civil protection plans of municipalities 
located in mountain areas: technical and communicative aspects 
A2 - Integrating meteo-climatological, energetic, managerial and economic criteria 
for the development of advanced methods and models for high-resolution forecast of 
available power from renewable sources to support the optimal management of 
conversion plants 
A3 - Hazard assessment and risk/resilience analysis of timber structures 
A4 - Increasing the seismic resilience of existing reinforced concrete frames 
structures by replacing the masonry infills with timber-based panels 
A5 - Turbulence parameterizations for high-resolution meteorological simulations 
over complex terrain 
A6 - Research and Innovation on emerging Micro- and Nanopollutants: Occurrence, 
Fate and Transport in the Water Cycle 
A7 - Upgrade of aging hydraulic infrastructures to support fluvial ecosystem services 
in regulated rivers 
A8 - AdVAncing Tools for the Assessment of ecological flow in Rivers - AVATAR 
A9 - Compound Specific Isotopic analysis of premium alcoholic beverages - "CSI" 

 

A1 (UNITN and DICAM scholarship)  
 
Hydrogeological hazard modelling in civil protection plans of municipalities 
located in mountain areas: technical and communicative aspects 
P.I.: Giorgio Rosatti (UNITN) 
Participants: Luigi Fraccarollo (UNITN), Riccardo Rigon (UNITN) 
 
In mountain areas, impulsive hydrogeological phenomena are probably the most 
important hazards the civil protection plans must account for. Their impulsive character 
prevent the determination of trustworthy warning thresholds and require the use of 
predictive scenarios based on reliable numerical modelling which spread over various 
sub-disciplines.  
Commonly, the scenarios used to draw up a plan are based on the hypothesis of a 
single hazard occurrence: different scenarios consider different hazards. Nevertheless, 
since several hydrogeological phenomena are caused by the same meteorological 
forcing, it is very likely that more than one phenomenon occurs simultaneously, or 
better, in the same time scale of the civil protection reaction time (e.g. a debris-flow 
event in a flooded zone). This research wants to analyse thoroughly the several aspects 
(phenomenological, modelling and statistical) necessary to make a multi-hazard 
approach an effective tool for civil protection plans, using as initial study areas of the 
Trentino Alto Adige region. It also aims to verify the feasibility of reversing the 
traditional technical approach that start from phenomena and arrives to protection, 
moving from protection and planning needs (and their spatial and temporal extension) 
to identify the appropriate methodologies to get the desired results with reliable and 
robust methods accounting for climate variability. 
Another important aspect that the research wants to face is the communicative and 
educational aspects of the civil protection plans. The effectiveness of the plans is tightly 
connected on one hand with the capabilities of the municipal committees of analysing 



 
  

 

the situation and managing the plan, on the other on efficient communication with the 
inhabitants of the relevant municipality. Suitable formation of these committees (e.g. 
on the main physical features of the hydrogeological phenomena, on the available 
planning tools, etc.) and proper practical experiences are therefore a necessary step to 
improve th 
e performances. On these aspects, the research wants to set up and to test effective 
technical training paths. This part of the research will be carried out in the frame of the 
LIFE FRANCA European project. 
The expected outcomes of the project are: papers on appropriate journals (as 
Landslides, NHESS, STOTEN); guidelines for civil protection plans; technical training 
path for municipal committees and technicians; actions for climate change adaptation; 
suggestion for implementation and improvement of flood directive EU/2006/60; 
identification of appropriate modelling tools; guidelines to support planning of basins 
and catchments areas. 
 
 
A2(UNITN and DICAM scholarship)  
 
Integrating meteo-climatological, energetic, managerial and economic criteria 
for the development of advanced methods and models for high-resolution 
forecast of available power from renewable sources to support the optimal 
management of conversion plants 
P.I.: Dino Zardi (UNITN/DICAM), Graziano Coller (UNTN/DEM) 
 
Renewable resources, such as solar radiation and wind speed, present strong variability 
even at small spatial and temporal scales. As a consequence, their accurate forecast is 
still challenging for state-of-the-art meteorological models, especially over complex 
terrain. On the other hand, reliable predictions are needed in order to ensure safe and 
economic operation of the power systems. In fact, the accurate prediction of the 
availability of renewable resources is becoming a critical issue for the management of 
power plants based on weather-dependent resources, as power producers are subject 
to penalties related to the imbalance in the energy production. Customized and high-
resolution meteorological simulations with numerical weather prediction models, 
coupled with specific modules developed for renewable energy forecasting and adopting 
state-of-the-art data assimilation techniques can improve the exploitation of renewable 
resources at different prediction horizons, from some hours up to some days. More 
accurate weather forecasts allow for more efficient grid operations, thus maximizing 
revenue. This aspect becomes more and more crucial as penetration levels of weather-
dependent renewable resources continuously increases. Moreover, optimization of 
meteorological models for the predictions of renewable resources are expected to 
support also the long-term planning of renewable resources power plants, giving an 
instrument to assess the suitability of projects and to select the most viable one.   
The project aims at developing advanced methods and models for high-resolution 
forecasts of available power from weather-dependent resources, integrating meteo-
climatological, energetic, managerial and economic criteria and models, to support the 
optimal management of energy conversion plants from renewable sources. The 
candidate will use state-of-the-art meteorological tools, including numerical weather 
prediction models, to evaluate the impact of the variability of atmospheric factors, (e.g. 
solar radiation, cloud cover, wind speed wind vertical profile, icing) and of their intrinsic 
predictability on energy production. 
The project is strongly interdisciplinary. In fact, the candidate is expected to cover 
different fields, from meteorology and climatology, to renewable energy power plants 
technology and management, to aspects connected with the energy market both at 



 
  

 

national and international level. Accordingly, the candidate will interact with experts in 
the different fields.  
Starting from the current methods and tools available in the literature, the candidate 
will adapt and implement them to the selected case studies, developing innovative and 
specific solutions. Models adopted will be validated comparing numerical results with 
operating data under realistic conditions. The expected research outcome of the present 
project comprises a better understanding and prediction of renewable resources 
variability, especially in complex terrain and at different temporal horizons, to optimize 
the management of renewable energy power plants and for incorporating increasing 
amounts of renewable energy into the power system while maintaining economic and 
reliable operation of the grid. 
Results from the present project are expected to be published in peer-reviewed high-
ranked international journals. 
 
 
A3 (UNITN and FederlegnoArredo scholarship)  
 
Hazard assessment and risk/resilience analysis of timber structures 
P.I.: Maurizio Piazza (UNITN) 

Participants: Ivan Giongo (UNITN) 

 
The project aims at developing reliable strategies for the risk assessment of timber 
structures.  
Specific reliability indexes will be identified and will constitute useful decision-making 
tools to every party involved in the construction of timber structures. This will boost 
understanding of the strong suits of timber-based building technologies and will help 
mitigate critical issues.  
Stake holders and interested parties include bank institutions (a correct estimate of 
risks associated with the building process, will facilitate financing), insurance companies 
(a precise evaluation of possible hazards and ensuing risks will allow for insurance 
policies at a reduced cost), and public entities (tender bid decisions should acknowledge 
that low price offers often mean poorer detail quality and higher risk and consequently 
higher maintenance costs on the “long run”). 
Different aspects regarding structural safety and durability need to be carefully 
investigated. In particular: 

- Safety in case of seismic event; 
- Fire safety; 
- Structure durability and risk due to biologic attack; 
- Building costs and maintenance costs; 
- Restoring and retrofit costs. 

It is worth mentioning that the timber construction sector is experiencing a steady 
growth with a positive outlook that is having a significant impact over other sectors 
such as: services (plumbing, wiring and electric installations, insulation and energy 
production units), window and door manufacturing, finishing, furniture, etc.. Therefore 
a market contraction resulting from the improper management of cases of structural 
decay and degradation due to poor design and maintenance, will damage a large 
portion of the construction industry. 
 
The research project activity will be broke down into the following work packages to 
help monitor progress (WPs): 
WP1 – Timber constructions and the role of bank institutions; 
WP2 – Timber constructions and insurance policies; 
WP3 – Definition of risks associated with timber structures; 



 
  

 

WP4 – Risk assessment and risk classification; 
WP5 – Risk mitigation strategies for timber structures. 
 
The PhD research activity need to address all WPs, even if the core focus will be on 
work packages WP3, WP4 and WP5.  
 
A4 (UNITN and FederlegnoArredo  scholarship)  
 
Increasing the seismic resilience of existing reinforced concrete frames 
structures by replacing the masonry infills with timber-based panels 
P.I.: Maurizio Piazza (UNITN) 
Participants: Ivan Giongo (UNITN) 
 
The 2011 ISTAT survey established that 55% of the reinforced concrete (RC) residential 
building stock (i.e. 1.964.313 buildings) was constructed before the year 1980. The 
majority of such buildings have a RC frame infilled with masonry that was mainly 
designed for vertical loads and are often characterized by irregular plan/elevation 
geometry.     
The seismic behavior of RC infilled frames is strongly influenced by the presence and 
distribution of the infill panels. The almost complete absence of infills at the ground 
level (while the top story are “fully infilled”), typical of “pilotis” configurations can lead 
to “soft-story” mechanisms with concentration of all deformation in a single story and 
disastrous consequences. Unfortunately, also when infills are present at all building 
levels, there can be undesirable consequences such as the column shear failure 
(contrasting with the modern principles of “capacity design”) favored by the infills 
responding as a “strut”.    
 
The project will focus on studying retrofit solutions where the original masonry infills 
are replaced by timber-based panels.  
 
Preliminary studies have shown that by replacing the masonry infills with cross-
laminated timber (CLT) panels, it is possible to improve the seismic response of RC 
frames significantly, both in terms of lateral capacity and displacement capacity. It has 
also been observed that the probability of occurrence of brittle failure modes (i.e. shear 
failures of the concrete columns) can be reduced, in favor of more ductile flexural 
failure mechanisms characterized by plastic hinge formation.  Additionally, a 
modification in the infill layout can decrease the impact of building irregular geometry 
on the response under lateral loading.  
 
The research is aimed at determining the solution that ensures the best performance in 
terms of building capacity, displacement capacity and “pseudo-ductile” failure mode 
activation. Technological and economical aspects related to the retrofit onsite 
installation will be carefully analyzed and will contribute in determining the optimal 
solution. The connection system between the concrete frame and the infill timber panels 
has proven to be one of the key factors in determining the efficacy of such retrofit 
technique. Consequently, the mechanical characterization of the connection system 
(also via experimental testing) will have a central role in the project. 
 
The final step of the research will be to validate the optimized retrofit solution by 
performing laboratory testing on full-scale specimens subjected to both vertical and 
lateral loading.     
 
 



 
  

 

A5 (UNITN scholarship)  
 
Turbulence parameterizations for high-resolution meteorological simulations 
over complex terrain 
P.I.: Lorenzo Giovannini (UNITN) 
 
In recent years, the continuous increase in the availability of computational resources 
and the improvement of model architecture efficiency allowed a progressive refinement 
of the horizontal resolution of atmospheric simulations. This implies that meteorological 
models are able to operate at unprecedented grid sizes, resolving details in the 
orography and giving the possibility to explicitly treat an increasingly higher number of 
physical processes. Nevertheless, several issues still exist with respect to correctly 
simulating boundary-layer processes, especially in mountainous terrain. In particular, a 
series of physical processes occurs at spatial scales that cannot be explicitly resolved 
even at fine resolutions and that need to be parameterized. For this reason, state-of-
the-art atmospheric models include a series of empirical parameterizations that 
describe these processes, introducing uncertainty in the model results. For example, 
depending on the resolution of the simulation, a complete parameterization of the 
planetary boundary layer (PBL) turbulence can be adopted in meteorological models 
(the so-called PBL schemes in mesoscale simulations), which is intended for cases in 
which the horizontal grid resolution does not enable the representation of the three-
dimensional turbulence, or, in alternative, Large Eddy Simulations (LES) can be 
performed. LES explicitly resolves large turbulent eddies, whereas some portion of the 
turbulence (below the filter imposed by the computational grid) must still be modeled 
using a sub-grid scale (SGS) model. Turbulence parameterizations in meteorological 
models have generally been developed based on measurements over flat and 
homogeneous terrain, but are applied also to non-homogeneous terrain, although their 
use in mountainous areas is often questionable. Considering PBL schemes, a multitude 
of different turbulence parameterizations exists in the literature: PBL schemes currently 
employed within meteorological models range from simple first-order schemes (e.g. 
Yonsei State University scheme, Hong et al. 2006) to more advanced parameterizations 
taking into account turbulent kinetic energy production and dissipation (e.g. Mellor-
Yamada-Janjic scheme, Janjic 2002). However, evaluations of their performance in 
mountainous terrain are generally scarce. Building on these considerations, the aim of 
the present project is to test the performance of existing turbulence parameterizations 
in complex terrain, to evaluate their weaknesses and to propose possible 
improvements. This will be done by means of both idealized simulations and real-case 
studies, using the Weather Research and Forecasting (WRF) model, which represents 
one of the most advanced tools both for research and operational applications. Both 
traditional mesoscale simulations, to evaluate the performance of PBL schemes, and 
LES will be performed. To date, only few examples of atmospheric LES in real-world 
cases are present in the literature. Therefore, the strengths and limitations of this 
modelling technique are still largely unexplored, especially over complex terrain. LES 
applications in real test cases generally adopt LES domains nested into coarser 
mesoscale domains, where the turbulence is completely parameterized. Then, one of 
the most important issues is the spin-up of turbulence at boundaries, as the inflow from 
the mesoscale model contains no turbulence by construction. Moreover, it must be 
remarked that the grid spacing used in the LES domain must be << than the energy-
containing eddies, to resolve large eddies. This aspect may be a difficult constraint to 
overcome in stable atmospheric boundary layer (ABL), when the expected large eddies 
are of the order of 10 m. All these aspects, connected in particular to the representation 
of turbulence in LES, and only partially explored in the literature, will be also covered in 
the present project. 



 
  

 

It is expected that results from the present project, identifying and quantifying existing 
model deficiencies related to turbulence parameterizations, will have a large potential 
for improving the representation of atmospheric processes over complex terrain, with 
possible applications to different fields, such as pollutants dispersion studies and 
weather forecasts. 
The results of the present project will be presented at international conferences, such 
as the EGU annual meeting, the International Conference on Alpine Meteorology, the 
AMS Conference on Mountain Meteorology and the AMS Symposium on Boundary 
Layers and Turbulence. Moreover, results are expected to be published in peer-
reviewed high-ranked international journals. 
 
Hong, S.-Y., Y. Noh, J. Dudhia, 2006: A new vertical diffusion package with an explicit treatment of 
entrainment processes. Monthly Wea. Rev., 134, 2318-2341. 
Janjic, Z.I., 2002: Nonsingular implementation of the Mellor-Yamada Level 2.5 scheme in the NCEP meso 
model, NCEP Office Note, No. 437, 66 pp. 
 
 
A6 (MIUR scholarship – Dipartimenti di Eccellenza) 
 
Research and Innovation on emerging Micro- and Nanopollutants: Occurrence, 
Fate and Transport in the Water Cycle 
P.I.: Alberto Bellin (UNITN), Paola Foladori (UNITN) 
Participants: Gianni Andreottola (UNITN), Stefano Mallucci (UNITN) 
 
The aims of this project is to investigate the main components of the  terrestrial water 
cycle (including surface water, groundwater, drinking water, wastewater and interaction 
with biosolids in soil) to identify, assess and model the presence of Emerging Pollutants 
(EPs) and Contaminants of Emerging Concern (CECs). More than 2700 compounds have 
been indicated of concern by the European Commission Joint Research Centre (EUR 
28925, 2017). Some compounds are dangerous chemicals of synthesis, and their effect 
on public health is uncertain. Moreover, significant concerns due to the unknown 
environmental risks have been recently originated by EPs like pharmaceuticals, personal 
care products, endocrine disrupting chemicals and increasingly used nanomaterials. EPs 
may have possible contribution to female reproductive disorders and endocrine-related 
cancers.  
This research project will afford a comprehensive evaluation of the impact of a selected 
range of compounds in surface and subsurface waters, focusing on three levels of 
investigation: 
1) screening, monitoring, occurrence: experimental investigation is aimed at 
determining their occurrence in water for human use, rivers, groudwaters, municipal 
wastewater and biosolids. Precise and accurate sampling, screening and monitoring are 
extremely important because affect the ability to identify EPs contamination. Passive 
Sampling instead of classical grab sampling will be used (as recommended by the EU 
Water Framework Directive), because it offers the advantage of combining sampling 
and preconcentration in one step. Efforts will be dedicated to calibration of the samplers 
which is a crucial step for each contaminant. Analyses based on on-line SPE+LC–MS/MS 
will be developed and performed;  
2) transport, biodegradation, persistence and environmental toxicity: modelling will 
be developed and applied taking into account sources of EPs, contaminant migration in 
water matrices, interaction across water bodies, the potential persistence, 
bioaccumulation or biodegradation, included relative kinetics.  
3) management and removal: the extent of removal of EPs by conventional 
wastewater treatment technologies (i.e. activated sludge process) coupled with 
emerging innovative technologies (i.e. ozonation) will be also evaluated both on the 



 
  

 

relevant knowledge at international level and experimentally on local case studies.  
This research project offers opportunities for 2-3 topics for PhD Thesis. However, here a 
first PhD Thesis is proposed that will be followed by subsequent topics in the next 
years. Expected research outcomes of this first PhD Thesis will be: (1) at least 5 
publications in peer-review journals, (2) at least 4 presentations in international 
congresses, (3) a book for stakeholders regarding successful “case studies” and “lesson 
learnt” in the management of ECs in the water cycle aimed at reducing environmental 
and health risks; (4) proposals for public policy and regulations. 
 
 
A7 (MIUR scholarship – Dipartimenti di Eccellenza) 
 
Upgrade of aging hydraulic infrastructures to support fluvial ecosystem 
services in regulated rivers 
P.I.: Marco Tubino (UNITN), Guido Zolezzi (UNITN) 
 
Many European rivers have been subjected to massive hydro-morphological regulations 
especially in the second half of the XX century, with most infrastructural development 
designed under much different environmental and socio-economical settings compared 
to the present day scenario. 
 
Multiple intersecting patterns of global change are posing novel management challenges 
in these regulated river systems, in which a variety of new needs have developed 
compared to those that motivated the original design and operational rules. Increasing 
water demands for agriculture and renewable energy production, the need of preserving 
the aquatic, riparian and terrestrial ecosystem supported by the river corridor, together 
with changing climate conditions require fundamental changes in existing hydraulic 
infrastructures, in their operational schemes and in the control and decision support 
tools required for sustainable management in a multi-stakeholder perspective. 
 
The research project will exploit the case study of the Mincio river system, connecting 
the Lake Garda with the Po river, which is nationally relevant and offers a paradigm 
example of a lowland river system for such open, interdisciplinary research need. Other 
case studies can be selected, preferably at an international level and in different 
contexts of socio-economic development, to test the broader applicability of the 
research outcomes. 
 
The specific scientific goals of the research project are: 
- To develop a comprehensive approach for re-engineering aging hydraulic 
infrastructures accounting for multiple river ecosystem services that crucially depends 
on the river flow; 
- To detect gaps in current practices of hydro-ecological data collection and 
analysis in lowland regulated river systems and propose related improvements and 
novel standards in monitoring and control schemes; 
- To establish effective ecological flow requirements that guarantee acceptable 
environmental standards in highly regulated river systems 
 
The research will integrate collection of existing and novel field data on the selected 
case studies with hydro-morphological modelling and scenario analysis from a river 
ecosystem services perspective. The ideal candidate will have a background in 
Environmental Engineering or related fields, ability to develop her/his research activities 
with high level of autonomy (data collection and processing, hydraulic modelling), 
strong motivation for such interdisciplinary and management-oriented research topic, 



 
  

 

excellent communication skills (written and oral), and a positive attitude towards 
integrating this research project within a wider research group. 
 
 
A8  (UNITN and  Edmund Mach Foundation scholarship)  

 

AdVAncing Tools for the Assessment of ecological flow in Rivers - AVATAR 
P.I. : Guido Zolezzi (UNITN) 
Participants: Walter Bertoldi (UNITN), Maria Cristina Bruno (FEM) 
 
In all EU member states, flow regimes have been altered by impoundments and 
abstractions, causing less than half of EU waterbodies meet their ecological targets. 
Ecological Flows (e-flows) consist in the flow regime that has to be maintained 
downstream of water abstractions to ensure ecosystem integrity in regulated water 
bodies, for which they are recognized among the most appropriate management tools.  
However, there is a fundamental gap in the interdisciplinary science underpinning the 
evaluation of the e-flows, which mainly relates to the way different biological 
communities respond to alterations in the flow regime, in a broad range of spatial and 
temporal scales.  
Three types of e-flows assessment methods have been so far proposed, based on: 1) 
hydrology 2) hydraulic habitat availability for fish fauna, 3) biological indicators. The 
classical biological indicators used for the Water Framework Directive, such as those 
based on benthic macroinvertebrates, seem to respond incoherently to flow alterations.  
Aim of the PhD is to quantitatively detect the main traits of biological communities that 
respond to flow regime alterations and to develop new effective metrics that can be 
used to design and assess e-flows. The index will possibly be built on monitoring/field 
biological data (macroinvertebrates) and hydromorphological data that are specifically 
sensitive to flow alterations and that are routinely collected by environmental agencies. 
The research will require field monitoring campaigns and statistical data analysis, to 
relate the different variables at the proper spatial and temporal scales. The fundamental 
science incorporated in AVATAR will be applicable to river systems in the Alpine 
ecoregion, and to other mountain ecoregions across Europe. AVATAR will train the 
candidate researcher to enter careers where he/she must address the full range of 
science and management issues faced within water uses, not least within Europe where 
they are encompassed within major EU directives (e.g., Flood, Groundwater, WF and 
Habitats Directives). The expected research outcomes will be scientific papers, possibly 
a technical manual to describe the newly proposed approach, which could also support 
the implementation of the decree n. 30/STA 13.02.2017 proposed by the Italian 
Ministry for the Environment, Land and Sea for the design and assessment of e-flows in 
Italy. 
 
We are looking for highly talented and driven candidates, who have: 

• a relevant MSc degree in in environmentally-related disciplines (Environmental 
Engineering, Environmental Sciences, Natural Sciences, Environmental 
Management, etc.) and knowledge in at least one of the following: Hydrology, 
Fluvial geomorphology, Stream Ecology, River Hydraulics, Statistical data analysis 
• an analytical and quantitative approach toward problem solving and proficient in 
a programming language (eg. Matlab, R) 
• a proven background and interest in mathematical modelling and data analytics 
skills or be willing to invest in developing expertise in these research techniques; 
• previous experience with field work; 
• excellent writing skills; 
• good English writing and communication skills, as she/he will participate in an 



 
  

 

international research team and will publish internationally; 
• ability to work in a team, and conduct field work in harsh conditions. 

 
 
A9  (Edmund Mach Foundation scholarship)  

 

Compound Specific Isotopic analysis of premium alcoholic beverages - "CSI" 
P.I. : Massimo Bertamini (UNITN) 
Participants: Federica Camin (FEM) 
 
Fighting food frauds is urgent not only for consumers’ safety and confidence as well as 
to avoid financial losses. The determination in specific compounds of stable isotope 
ratios have been one of the most effective and innovative techniques successfully used 
for verifying the authenticity of different agro-food commodities.  
This project should develop novel methods for the determination of the isotopic 
composition of selected premium beverages. In particular, two of the most advanced 
and state of the art techniques currently available must  be applied (GC-IRMS and GC x 
GC-IRMS). After the development and the validation of the methods, the analysis of a 
representative number of authentic samples of the selected beverages must be 
performed. In particular, the characteristic ranges of values of the different products, 
including their flavour profile, should be defined and 'isotopic identity cards' should be 
built. The final aim is to create statistical models, usable for determining the 
authenticity of products on the market.  
This project is expected to provide a tool for the protection against frauds of premium 
products, but also 'isotopic identity cards' usable for their promotion. The development 
and validation of the isotopic methods must be carried on according to 
normalisation/standardization body procedure (like UNI - Italian Organization for 
Standardization).  
The student should preferably have a background on food chemistry, and have basic 
knowledge abouteconomic, social, and environmental aspects of food adulteration. The 
PhD is expected to improve the student’s skills at different levels that will allow him/her 
identifying real and relevant problems faced by food industry. 
 
 

 
  



 
  

 

Curriculum B:  
Mechanics, Materials, Chemistry and Energy 
 

B1 - 3d printing of graphene-reinforced materials 
B2 - Advanced energy materials 
B3 - Fluid-dynamics model of hydrokinetic turbines for renewable energy exploitation 
in free flow confined canals 
B4 - Cross Laminated Timber (CLT) for a sustainable build future in Italy and in 
Norway 
B5 - Instabilities and collapses in soft matter thin structures 
B6 - Coupling hydrothermal processes to solar energy for residual biomasses 
upgrading to energy vectors 
B7 - Microfluidic devices for space applications 

 
B1 (UNITN and Fondazione Amaldi scholarship) 

 
3d printing of graphene-reinforced materials 
P.I.: Nicola Pugno (UNITN) 
Participants: Flavio Lucibello (Fondazione Edoardo Amaldi) 
 
The project aims to design and fabricate metal-matrix composites using nanomaterials 
such as graphene as a reinforcement, to obtain enhanced mechanical and physical 
properties. The 3D-printing technology is explored to increase flexibility in the 
microstructural design and to implement advanced biomimetic concepts (e.g. 
strength/toughness optimization) derived from numerical simulations performed with 
in-house developed codes. Microstructure and corresponding properties of the 
composites with different graphene reinforcement volume fractions will be investigated 
with various techniques (SEM, TEM, Raman), preparing mixtures of graphene and metal 
powders with various graphene weight ratios. Bulk and surface properties will be 
studied, including in particular graphene integration into the bulk. Mechanical tests will 
be performed evaluate overall composite performance, including stiffness, strength, 
fracture toughness, fatigue strength, plasticity, as well as tribological properties. 
Numerical simulations will be adopted to interpret the obtained experimental results, 
using data from microstructural characterization for the input properties, and evaluating 
multiple options in the design to reach optimized characteristics. 
 
Expected research outcome: papers in high quality journals, establihment of 
collaborations with industry for applications. 
 
 
B2 (UNITN and DICAM scholarship) 
 
Advanced energy materials 
P.I.: Paolo Scardi (UNITN) 
 
Renewable energy and clean, sustainable energy production are the main challenges of 
the present and coming years, and materials play a key role in all developments, 
whether in new or in existing technologies. The project is open to one or several of the 
following topics, all centered about nanostructured materials: 
(A) Molecular Dynamics (MD) simulations of materials at the 

nanoscale  
MD is the most flexible and comprehensive technique to 



 
  

 

investigate materials at the nanoscale; besides information on 
thermal and mechanical properties, MD could be used to support 
the analysis of data from electron microscopy and X-ray 
spectroscopies: in fact, despite all the progress of recent years in 
developing new experimental techniques (e.g., using Synchrotron 
Radiation and Free Electron Lasers), analytical methods still lag 
behind. Our research group is leader in XRD methods and data 
analysis; with this new research we want to propose a new 
paradigm, and demonstrate the validity of a combined atomistic 
modelling and X-ray spectroscopy approach.   
 

(B) Advanced materials for energy harvesting  
Several methods for clean and renewable energy production 
require new and advanced materials. This is the case of metal 
nanocrystals as catalysts, e.g. for Fuel Cell applications, but also 
semiconductors for quite many and diverse applications, like, e.g., 
thin film photovoltaic cell, and thermoelectric devices. In all these 
researches modelling has a relevant role, to predict properties and 
to orient experimental efforts toward the most favorable directions 
(see topic A); experimental work is also required in the production 
and testing of materials, like in the case of thermoelectric 
materials, for which we focus both on production/synthesis and on 
the measurement of the Figure of Merit for thermoelectric devices 
based on the Seebeck effect    

 
 
B3 (UNITN and DICAM scholarship) 

 
Fluid-dynamics model of hydrokinetic turbines for renewable energy 
exploitation in free flow confined canals 
P.I.: Lorenzo Battisti (UNITN) 
 
Presentation in short 
Hydrokinetic turbines (HT), also known as Water-Current Turbines (WCTs), are extra 
low polluting and LOW environmentally intrusive hydropower plants that harness the 
kinetic energy of natural water streams, using several kinds of rotors and technical 
solutions. WCT electricity generation can also be intended for rural use, at sites remote 
from existing electricity grids. It is a useful tool for improving the quality of life of 
people in these locations and for stimulating local economies. 
 
Tidal, marine currents and confined water streams in artificial canals are increasingly 
being considered as potential sources of renewable energy through the exploitation of 
the kinetic energy content of the moving waters. Large prototype systems have now 
been installed in the free waters of UK and Norway and it is likely that other systems 
will be tested shortly. Exploitation of hydrokinetic resource in the confined flows of 
artificial canals however, although very promising because of the inherent resource 
concentrating effect due to the confined flow condition, is not well understood, and 
dedicated turbines needs to be conceived to efficiently extract the available potential. 
 
Models and methodology can be in principle derived from wind turbines, but the free 
surface flow need several adaptation of the physics and fluid-dynamics. 
 



 
  

 

The Ph.D. program will be based on the development of a theoretical, experimental and 
numerical approach aimed to model the behavior of hydrokinetic turbines in confined 
flows. 
 
Research Area 
The research is inherent to fluid machines fluid-dynamics. The turbomachinery Lab of 
DICAM has a well dated experience in modelling, testing and design of wind and water 
turbines, also in collaboration of Risoe (DTU, Denmark). The Ph.D. program will propose 
a full analysis of the fluid-dynamics of hydrokinetic turbines operating in confined water 
flows. The aim is twofold: to create models for the design and performance prediction 
of hydrokinetic turbines and to provide models to predict the alteration of the flow 
condition in confined canals. It is apparent from the literature review that multiple 
turbines installed in the same canal cross-section allows achieving a consistent rise in 
power of the single units, promoted by the hydrodynamic effects induced from the canal 
blockage. Multiple rows of turbines can be also installed along the canal in order to 
exploit an optimal recover of the stream velocity, that would otherwise go unexploited. 
The first point is to experimentally confirm the numerical works forecasting the rise in 
power compared to exploitation in unconfined flow, promoted by canal blockage. 
Although the phenomenon is well known in wind tunnel tests, where an increase of the 
performance of the turbine is measured in confined flow, the effect has to be still 
proved for application of multiple parallel turbines deployed in the canal section. 
 
Facility 
The Turbomachinery lab owns commercial and proprietary fluid-dynamics codes, 
developed mainly for wind energy and wind turbines. Theoretical basis on the topic if 
proved by several papers and books published in the last twenty years. The program 
will make use of an external facility to carry out tests on models of scaled hydrokinetic 
turbines, and rigs to measure power, torque, thrust, water speed, turbulence, full (3D) 
wake development in water. 
 
 
B4 (UNITN and DICAM scholarship) 

 
Cross Laminated Timber (CLT) for a sustainable build future in Italy and in 
Norway 
P.I.: Roberto Tomasi (UNITN) 
Participants: Maurizio Piazza (UNITN) 
 
Around two decades ago, there were early signs in various parts of the world of a 
renaissance in use of timber as a general-purpose construction material. Cross-
laminated-timber (CLT) is a prime example of a new type of wood construction product 
that replaces 'dirty technology' post-industrial construction materials like reinforced 
concrete (RC) with clean and sustainable alternatives. Cross Laminated Timber (CLT) is 
the generic term for a class of thick or massive engineered wood panel products 
consisting of three or more layers of finger-jointed structural grade lumber with layer 
thicknesses up to 45 mm. CLT panels are suitable for applications like wall and floor 
slabs in mid and high rise multi-story timber building, a construction market that until 
recently was closed to wood products. 
 
The main goals of this research project are related to the technological and production 
aspects of CLT construction, for example, use of local wood raw material and timber 
species, strength modelling of CLT, application of massive timber elements with 



 
  

 

diagonal boards, application of specialized wood based materials. Other areas requiring 
significant scientific development are modelling of the structural system using CLT 
elements also in combination with other materials (hybrid structures), for example, 
capacity model for CLT shear walls for lateral seismic and wind loads, composite 
structures with CLT for floor elements, modelling and design of CLT connections. The 
different type of models adopted (frame models, cantilever model etc.), the role of the 
connection systems (vertical joints, base connections etc.), the effect of structural 
redundancy and secondary elements on the overall structural behavior will be 
investigated in this research project. 
 
This research project is in collaboration with the Norwegian University of life Science, 
Ås, Norway (NMBU), which is a competence center for production, design and 
application of CLT construction, both nationally and internationally, with strong relation 
with Norwegian timber industries. In recent years, there has been increased activity in 
Norway regarding the use of massive timber in multi-story buildings with “pure” timber 
structures - a contemporary example emphasizing this growth is the eight-story 
massive timber towers build at the NMBU campus in Ås - or in combination with other 
materials and products (hybrid system). Norway is developing a consistent domestic 
production of CLT panels. A new wood structure laboratory has been developing in 
NMBU, with the capacity to test large timber elements and connections.  
 
Part of the activity related to testing and modelling CLT elements and structures will be 
performed at NMBU, offering the access to the University facilities (laboratory, 
computer lab etc.). 
 

 
B5 (UNITN and DICAM scholarship) 

 
Instabilities and collapses in soft matter thin structures 
P.I.: Luca Deseri (UNITN) 
Participants: Davide Bigoni (UNITN), Diego Misseroni (UNITN), Dr. MD. Luka 
Pocivalsek (University of Chicago), David R. Owen (Emeritus Prof., Carnegie 
Mellon UNiversity) 
 
There are several instances in which material and structural instabilities result in 
collapses of natural physical systems. One of them is encountered in lung alveoli coated 
by lipid monolayers in the presence of Adult chronic Respiratory DiseaSe-ARDS. Indeed, 
in-plane and out-of-plane rearrangements of lung surfactants have been shown to occur 
in such pathological situations, eventually leading to the failure of the lipid monolayer. 
The first mode appears when lipid clusters are not rigidified and, hence, they 
congregate together like granular materials undergoing shear stresses. Here (shear) 
banding is shown to occur. Eventually progressive stiffening of such clusters becomes 
dominant. Here a plate-like buckling (wrinkling) and subsequent folding become the 
only mechanisms that the system has to lower its energy, thereby getting a relief from 
an overall compressive stress acting on large zones of rigidified lipid clusters. 
Similar, although more controllable, situations are observed in planar lipid monolayers 
set up in the laboratory.  Preliminary studies towards an understanding of the collapse 
mechanisms exhibited by some structures are presented through the study of a 
benchmark problem. There, the stress relaxation in the out-of-plane mode is 
characterized by a scaling law between the wavelength at the onset of instability and 
the geometrical and constitutive parameters. The current predictions based on 
Molecular Dynamics do not relate collapse through bending at the observed 



 
  

 

experimental scales, although they qualitatively are in agreement with them. 
Henceforth, a predictive strategy that can provide the right scaling is still missing. A 
platform owing to the first insights on the scaling and the length scales involved in such 
phenomena is envisioned  based on the preliminary findings of the theoretical and 
experimental of thin films mimicking the lipid monolayer on a viscous substrate. 
Theoretical, experimental and numerical aspect of this research will be performed in the 
SSMG-DICAM Laboratory for model problems, while the ongoing collaboration between 
the PI and Dr. Pocivavsek will be extended to younger investigator and Ph.D. students 
in Trento.  
The knowledge acquired in the last few years in the greater area of mechanisms leading 
to material and structural instabilities of highly deformable systems will be applied to 
the very challenging area of thin soft matter systems. It is foreseen that significant 
research papers with both theoretical and experimental outcomes. 
 
References  
L. Pocivavsek, R. Dellsy, A. Kern, S. Johson, B. Lin, K.Y.C. Lee, E. Cerda, 2008. Stress and Fold Localization 
in Thin Elastic Membranes, Science, 320, 912. 
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B6 (UNITN, DICAM and Department of Physics scholarship) 

 
Coupling hydrothermal processes to solar energy for residual biomasses 
upgrading to energy vectors 
P.I.: Luca Fiori (UNITN/DICAM), Antonio Miotello (UNITN/ DEP. PHYSICS) 
 
"Waste to Energy" and "Waste to Chemicals" are key-sectors for a sustainable 
development given the great social, environmental and economic interest regarding 
waste management and the use of renewable energy. 
In this context, the present research project intends to transform residual biomass and 
wet organic waste into a carbon-enriched and sterile material that can find different 
applications: as a renewable and sustainable energy vector (as it derives from waste, 
and therefore it has zero CO2 net input to the atmosphere), as soil improver, as a base 
for advanced carbon based materials (carbon electrodes for fuel cells, activated carbon, 
and others). 
The coupling of two technologies will make possible to achieve this goal with a 
completely "green" approach: hydrothermal conversion and concentrated solar radiation 
to provide thermal input. The hydrothermal conversion (hydrothermal conversion or 
carbonization, HTC) is a thermochemical process that transforms organic material into a 
sort of "bio-coal" (referred to as hydrochar) in the presence of liquid water at 
temperatures of 180-250 ° C and at autogenous pressures (10-50 bar) which keep the 
water in the liquid state. The solar concentrator (already available at Dept. of Physics) 
is made up of parabolic sectors, each having 15° aperture and 0.8m2 surface, and is 
mounted on a polar-equatorial axis solar tracking support while the main rotation axis is 
parallel to earth rotation axis. 
The solar radiation is focused on a receiver which has the role of absorbing the solar 
radiation and converting it into heat. 
The idea of this project is to energetically (thermally) sustain the HTC process with 
solar energy. A prototype HTC reactor will be built, whose thermal cycle will involve the 
use of the solar concentrator.  



 
  

 

The research project includes the following activities: 
• Complete HTC-solar system design; 
• prototype construction; 
• field-test of the HTC-solar system; 
• process and plant simulation; 
• reduction of the organic load of the residual liquor from HTC; 
• economic evaluation of the integrated system. 

 

 
B7 (UNITN and Fondazione Bruno Kessler scholarship) 

 
Microfluidic devices for space applications 
P.I.: Nicola Pugno (UNITN) 
Participants: Maurizio Boscardin (FBK) 
 
The project will focus on the fabrication of silicon substrates with controlled surface 
properties, using a bioinspired approach to achieve e.g. low adhesion, water repellence 
and self-cleaning. These properties will be achieved exploring appropriate combinations 
of surface chemistry and topography, using a method based on a combination of wet 
and dry etching with soft lithography, able to generate nano- and micro- hierarchical 
structures on silicon surfaces. The fabricated surfaces will be characterized extensively, 
including with contact angle and sliding angle measurements. The controlled properties 
will be achieved by designing super-hydrophobic areas, e.g. on wet confinement sample 
holders, leading to an optimal distribution of the liquids to be analyzed. Structures with 
different geometries will be realized and tested e.g. with combined X-ray fluorescence 
and X-ray phase contrast imaging. The objective is to contribute to fabricating next-
generation microfluidics devices and components to be deployed in space research 
missions, advancing capabilities for molecular and cellular diagnostics, drug discovery 
and screening, and expanding the understanding of the effects of the space 
environment on biological systems. 
 

 
  



 
  

 

Curriculum C:  
Modelling and Simulation 
 

C1 - Atomistic modelling of nanostructured materials 
C2 - Mathematical and numerical modelling of depth-integrated, free-surface, solid-
liquid flows in real-world conditions 
C3 - New high order schemes for compressible multi-phase flows 
C4 - Mechanics of materials and structures under extreme loading conditions 
C5 - Multiscale numerical models for adhesion and friction of biological and 
bioinspired surfaces 
C6 - Stradivari-snow project 
C7 - Modeling and Testing of Fully Dissipative Steel Devices for Resilient Buildings 
with Steel and/or Composite Steel-Concrete Structures Subjected to Seismic Hazard 

 

C1 (UNITN and DICAM scholarship) 
 
Atomistic modelling of nanostructured materials 
P.I.: Paolo Scardi (UNITN), Stefano Siboni (UNITN) 
Participants: Luca Rebuffi (APS, Argonne National Laboratory, USA) 
 
Nanostructured materials are of interest in different fields of basic research and 
technology. The project is open to one of the two following themes, according to skills 
and interests of proposers and candidates: 
(C) Global optimization methods to study nanostructured 

materials  
Focused on nanocrystalline powders (e.g., advanced metal 
catalysts), the project is partly experimental (synchrotron rad. 
facilities), but mainly involving algorithm development and 
computer programming to create new procedures of global 
optimization based on data from different X-ray spectroscopies 
and electron microscopy to shed light on real nanomaterials  
 

(D) Big Data in materials science  
Molecular Dynamics (MD) simulations of large systems (millions of 
atoms) involving large datasets (e.g., coordinates/velocities) and 
high frequency updates. Test case: kinetics of hydrogen 
uptake/release in Pd nanocrystals (storage and catalysis studies). 
Development of algorithms and Big Data handling /modelling 
procedures. Collaboration and participation in experimental work, 
with in-situ/ in operando measurements 
 

 
 
C2 (UNITN scholarship) 
 
Mathematical and numerical modelling of depth-integrated, free-surface, solid-
liquid flows in real-world conditions 
P.I.: Giorgio Rosatti (UNITN) 
Participants: Daniel Zugliani (UNITN) 
 
Hydrogeological hazards in mountain regions often involve the free-surface flow of 



 
  

 

mixtures of solid and liquid phases as debris flows, snow avalanches, rock-ice 
avalanches and intense sediment transports. Hazard assessment concerning this type of 
flows requires the development of mathematical and numerical models that, despite 
their intrinsic simplifications, are able to catch not only qualitatively but also 
quantitatively the main features of the phenomena. 
All these type of flows are commonly characterized by the shallow flow condition, i.e. 
the depth scale is much smaller than the planimetric scale, and therefore depth-
averaged equations (1D or 2D) are usually employed to build the relevant mathematical 
models. Another common feature is the multi-phase condition, where one phase is 
water, while the other phases are solids (sediments, rocks or ice). Nevertheless, the 
relevant equations change significantly depending on the number of phases, the basic 
assumptions and the rheologies assumed. 
Starting from the knowledge developed in the last years at DICAM in the field of debris-
flows (e.g. Armanini et al, 2009, Rosatti and Begnudelli, 2010; Zugliani and Rosatti, 
2016), the present research wants to improve the quality of the models available in the 
WEEZARD system, both from a mathematical and from a numerical point of view. In 
particular, the research aims at developing and analysing the mathematical properties 
of a quasi three-phase model for rock-ice avalanches as well as developing a numerical 
scheme able to solve properly the relevant PDEs system. Finally, in order to extend the 
applicability of the models to real-word situations, special flow features (as the 
overtopping of a check dam) will be investigated.  
The expected outcomes of the research are both journal papers and the implementation 
of the models in the WEEZARD system in order to make the models usable in practical 
hazard assessment.   
 
 
C3 (MIUR scholarship – Dipartimenti di Eccellenza) 
 
New high order schemes for compressible multi-phase flows 
P.I.: Michael Dumbser (UNITN) 
 
This research project is concerned with the numerical analysis and simulation of 
compressible multi-material and multi-phase flows, including the effect of surface 
tension and possible applications to fluid-structure interaction (FSI) problems. In both 
cases the governing equations need to take into account the presence of a contact 
problem at the interface, which typically happens at microscale or even at nanoscale. In 
this project we plan to use so-called diffuse interface models, where the interactions are 
confined to a volume of very small but finite width, which is numerically tractable at the 
aid of modern high resolution schemes. 
  

The mathematical models to be used here fall into the so-called class of symmetric 
hyperbolic and thermodynamically compatible systems (SHTC). This class contains PDE 
that are symmetric hyperbolic in the sense of Friedrichs and which obey the second law 
of thermodynamics. It was first discovered and analyzed by Godunov (1961) and 
Romenski (1972, 1998). These equations allow to treat large deformation elasto-plastic 
solid mechanics and fluid mechanics of viscous Newtonian and even non-Newtonian 
fluids in one single extended system of partial differential equations (PDE), describing 
the entire range of continuum physics, see references [R7, R10] below. The group of PI 
Dumbser at DICAM was the first numerical analysis group in the world that was able to 
solve these equations in their entire regime of validity with one single computer code, 
hence covering viscous fluids and elastic solids just as two particular cases of a more 
general class of mathematical models. One aim of this project is to make use of the 
special mathematical structure of SHTC systems wherever possible in the numerical 



 
  

 

discretization, and to preserve as many of their properties as possible also at the 
discrete level. Such numerical methods fall into the category of so-called structure-
preserving schemes.  
 

The numerical algorithms to be developed in this research project are from the families 
of high order accurate fully discrete finite volume and discontinuous Galerkin (DG) finite 
element (FE) schemes on space-time adaptive meshes (AMR) and unstructured simplex 
meshes composed of triangles and tetrahedra. In order to deal with the well-known low 
Mach number problem, which is particularly severe in compressible multi-phase flows, 
where the sound speed in the liquid or solid phase is typically at least one order of 
magnitude larger than the sound speed in the gas phase, also novel semi-implicit 
discretization schemes on staggered meshes may have to be investigated.  
 

Possible fields of applications of the new numerical algorithms to be developed in this 
thesis are small fluid droplets and their interaction with bio-inspired hydrophobic 
surfaces. In order to discretize the resulting complex geometries at nanoscale level will 
require either adaptive mesh refinement (AMR) or gradually refined unstructured 
meshes. Initially both alternative strategies will be tried during this research project 
and the most successful approach will then be continued. The project therefore clearly 
falls into the field of basic research in applied mathematics inside the topic 
Nanomechanics and bio-inspired materials of the DICAM Department of Excellence 
initiative. Further potential applications may also concern multi-material flows like 
mixtures of granular solids with liquids, which are also among the core research 
topics of DICAM.   
 

The research will be carried out in the Laboratory of Applied Mathematics of the 
University of Trento, but also medium and long-term stays abroad are possible and 
strongly recommended within a wide and well-established international collaboration 
network inside the EU (e.g. Stuttgart, Würzburg, Marseille, Toulouse, Bordeaux, Paris, 
Málaga, Madrid, Santiago de Compostela). Candidates are particularly encouraged to 
aim for a Doctor Europeaus degree.  
 

We expect at least three papers in leading peer-reviewed international journals in the 
fields of scientific computing, applied mathematics and computational physics. Excellent 
programming skills in Fortran and a solid background in applied mathematics are 
mandatory.   
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method on staggered unstructured meshes for the solution of the compressible Navier-Stokes equations at 
all Mach numbers. Journal of Computational Physics, 341:341–376, 2017 
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C4  (MIUR scholarship – Dipartimenti di Eccellenza) 
 
Mechanics of materials and structures under extreme loading conditions 
P.I.: Davide Bigoni (UNITN) 
Participants: Andrea Piccolroaz (UNITN), Francesco Dal Corso (UNITN), Diego 
Misseroni (UNITN) 
 
Extreme structural and material models will be developed to understand the behavior of 
solids and structures subject to large strain. In this research field, instabilities will be 
analyzed, corresponding to a failure of ellipticity in a continuum and a loss of 
positiveness of the total potential energy for structures. Computational models of 
complex materials and metamaterials will be developed with an emphasis on 
micromechanical structures, band gap properties, dynamic anisotropy and dispersion 
degeneracies linked to Dirac cones.  
Applications are pursued to soft actuation and soft robotics.  
This research extends and complements the research activity pursued in the past 
projects: ERC Advanced Grant “Instabilities and nonlocal multiscale modelling of 
materials” and PRIN 2015 2015LYYXA8-006 Multi-scale mechanical models for the 
design and optimization of micro-structured smart materials and metamaterials  
Research outcomes:  
1) Journal articles;  
2) Software;  
3) Mechanical Models  
 
 
 



 
  

 

C5  (MIUR scholarship – Dipartimenti di Eccellenza) 
 

Multiscale numerical models for adhesion and friction of biological and 
bioinspired surfaces 
P.I.: Nicola Pugno (UNITN) 
Participants: Federico Bosia (Università di Torino) 

 
The goal of the project will be to tackle the problem of adhesion and friction of complex 
hierarchical surfaces by developing multiple numerical tools relative to the numerous 
size scales involved in biological and bioinspired surfaces, such as the attachment disks 
of spiders. Both quasistatic and dynamic problems will be considered. This will involve 
various phases: 

• Development of numerical models based on nanomechanics and fracture 
mechanics, using Green’s function approaches, molecular dynamics, finite 
element methods, framework methods, lattice models, cohesive zone models. 
Development of both static and dynamic models. Determination of handshake 
regions and multiscale approaches. 

• Development of adhesion-friction models. Studies on the effects of patterning, 
hierarchy, material heterogeneity and gradings, material nonlinearity. 
Development of new adhesive analytical and numerical models based on contact 
mechanics (JKR, DMT, Kendall, etc.) single and multiple peeling, adhesive wear 
models. Competition between fracture and delamination. 

• Validation of numerical models through experimental tests on adhesive tapes or 
membranes on various types of structures: patterned, curved, rigid/compliant 
viscoelastic, self-healing, etc. 

• Application to structures of interest: biological and bioinspired materials, analysis 
of anchorages or attachments in nature, and design of optimized artificial 
structures for strength, toughness, etc.  

 

Expected research outcome: papers in high quality journals, establihment of 
collaborations with industry for applications. 
 
N. Pugno, The theory of multiple peeling. INTERNATIONAL JOURNAL OF FRACTURE (2011), 171, 185-193. 
N. M. Pugno, S. Cranford and M. J. Buehler, Synergetic material and structural optimization yields robust 
spider web anchorages, SMALL (2013), 9, 2747-2756. 
G. Costagliola, F. Bosia, N. Pugno. A 2-D model for friction of complex anisotropic surfaces. JOURNAL OF 
THE MECHANICS AND PHYSICS OF SOLIDS (2018), 112, 50-65. 
 
 
C6  (MIUR scholarship – Dipartimenti di Eccellenza) 
 
Stradivari-snow project 
P.I.: Riccardo Rigon (UNITN) 
  
The Stradivari project research aims to build better tools for analysing the processes of 
the hydrological cycle and its relation with ecosystems. The project is more focused on 
the tools (building the violin) but it does not forget the applications and processes 
investigation (the music that has to be written and played). 
To this regard, the models developed looks to provide robust, reliable, and realistic (R3) 
tools for copying the estimation of water resources availability under changes (climate 
changes as well soil use change or anthropic actions). 
 It is conceived to account for hydrological processes’ thermodynamics and interactions, 
trying also to model feedbacks with ecosystems. It could possibly aims also to develop 
new mathematics (equations, graphical relations, statistics) for process quantitative 



 
  

 

description. Use of appropriate contemporary numerics is also part of the project. The 
overall project builds on the foundations given by the 
GEOtop (http://abouthydrology.blogspot.com/2015/02/geotop-essentials.html)  model 
and the GEOframe-NewAGE (http://geoframe.blogspot.com/) infrastructure. 
 

This specific Ph.D. program, however, focuses on snow dynamics (distribution, 
redistribution, metamorphisms, sublimation, melting, runoff production). It is, in fact, 
time to renovate snow models. The computation abilities and the physics of snow are 
now much better known than thirty years ago. However, most of the snow model are 
based  on parameterisations which originated at that time and should be updated. The 
program  starts from the experience made in GEOtop (versions 0.*,1.* 
and  2.*).  GEOtop is capable of reliable forecasting of snow height, temperature and 
densities, at operational level over all the Alps. In particular GEOtop use highlighted 
various issues that we plan to overcome with a new version of the model, which 
requires improving both the thermodynamics of the processes and its numerical 
implementation. However, the project looks also to the experiences made by CROCUS, 
SnowPack and Alpine 3D, three of the major snow model presently in use. 
 

In synthesis we identify the following aspects to be improved: 
 

• The physics. Actual GEOtop snow model is 1-d. It can improved including the 
vapor phase movements explicitly. Besides, we can add modules to have a better 
account for: density, viscosity and, adding the vapor phase, type of grain. 

• The parameterisations. The projects will use non equilibrium thermodynamics to 
keep out as much as possible, formulations of the processes which revealed 
obsolete; 

• Water percolation. Adding Richards equation for water percolation;  
• Rainfall-snowfall separation. This will be obtained through a more physical 

modelling of atmospheric condition which will be compared with the current 
statistical approaches; 

• Surfaces treatment. The description of deposition on canopies, and subsequent 
effects of vegetation on sublimation; 

• The effect of slope and topography characteristics on snow deposition and 
sublimation 

• Blowing snow in complex terrain 
• Assimilation of hydro-meteorological data and calibration 
• Integration with remote sensing data 

Realistically the Ph.D student and the Advisor will select and face some of these topics, 
to attack first, according to the student skill and will. 
This research will be implemented in strict collaboration with MobyGIS, EURAC Research 
(Giacomo Bertoldi, Ph.D) and Stephan Gruber, of Carleton University and with Niccolò 
Tubini, the Ph.D. student who is actually developing new theory and codes for Richards 
equation and freezing soil. Collaborative and unselfish spirit is required in this research 
group.  
 

The project has also some practical outcomes that are related to:  
 

• the avalanche triggering; 
• the water availability due to snow and glaciers melting (both in the short, 

coupled to weather forecast model, and long terms, when coupled to weather 
generator models and climate projections) ; 

• the hydroelectric production management under varying climate; 
• the estimation of surface waters temperature in mountain areas as a product of 

snow melting 
 

Therefore the topic is precisely cogent with the first (and partially the second) research 
line addressed by the “Dipartimento di Eccellenza” project.  



 
  

 

The project is also synergic with the University of Trento projects (progetti di Ateneo) 
on "Modelling and Simulation", and to the “Institute for safety and securities sciences of 
the University of Trento”.  
 

All the code developed will be done in Github (or similar platform), inside the GEOframe 
community and will be Open Source according to the GPL v3 license. 
The candidate will take care of implementing, besides the code, the appropriate 
procedures for continuous integration of the evolving source code, and s/he will be also 
asked to maintain a regular rate of commits to the common open platform. Despite 
these conditions, and being free and open source, the code will be intellectual property 
by the coder. This will be guaranteed also by the components-based infrastructure 
offered by OMS3, the software infrastructure on which the group builds its softwares, 
which allows to better define the contributions of anyone. 
The implementation part will be  accompanied and followed by testing activities, either 
for mathematical and physical consistency, against experiments and field 
measurements. 
 

The Ph.D. student is intended to produce, besides working, documented and tested 
codes, also at least three papers in major journals (VQR Class A), of which, at least one 
as first Author.  Duration of the doctoral studies could be three or four years. 
 

 
 
C7  (MIUR scholarship – Dipartimenti di Eccellenza) 
 
Modeling and Testing of Fully Dissipative Steel Devices for Resilient Buildings 
with Steel and/or Composite Steel-Concrete Structures Subjected to Seismic 
Hazard 
P.I.: Nicola Tondini (UNITN), Oreste S. Bursi (UNITN) 
 
The candidate will deal with ingenious yet simple passive dissipation devices employed 
in steel and steel-concrete composite structures subjected to realistic seismic loading. 
In order to gain knowledge on the actual performance of the aforementioned passive 
devices also experimental tests are used based on the hybrid simulation technique. 
Therefore, the candidate has to pay attention both to numerical modelling of the 
proptotype buildings and relevant hysteretic devices and to the splitting of critical 
Physical Substructures (PSs) to be tested in the laboratory and to Numerical 
Substructures (NSs) to be simulated during hybrid tests. In this respect, hybrid tests 
require heavy simulations on at least three six-story buildings endowed with hysteretic 
devices subjected to seismic records that will be performed with both OpenSEES and 
D2LAB software. Consequently, emphasis is given to numerical simulations where 
hysteretic behaviour/models are involved as well as laboratory testing of substructure 
prototypes at full scale. 
The outcome of the research activity consists in journal papers and validated prototype 
passive dissipation devices for resilient structures against seismic hazard. 
 
 

 
  



 
  

 

Curriculum D:  
Architecture and Planning, Landscape 
 

D1 - A new model for a comprehensive comfort assessment methodology in buildings 
based on pre and post design procedure 
D2 - Planning for nature-based solutions in urban areas 
D3 - Impact assessment of nature-based solutions based on green and blue 
infrastructures in urban areas 
D4 - Indoor environmental quality as the main driver for energy efficiency in the 
residential sector: measures, technology and concepts 
 

D1 (UNITN and DICAM scholarship) 

 
A new model for a comprehensive comfort assessment methodology in 
buildings based on pre and post design procedure 
P.I.: Rossano Albatici (UNITN) 
 
The research project concerns the definition of a new integrated system for the 
evaluation and classification of indoor human comfort. Starting from the indexes 
commonly used and included in current standards (PMV and PPD for thermal comfort, 
daylight factor for visual comfort and so on) new weights will be given in order to 
better take into consideration some parameters such as, for example, destination of 
use, type of users, relationship with external environment. Moreover, the 
characteristics of the building elements and components that have a direct influence 
on human comfort will be defined and studied (considering in detail some practical 
examples), in order to propose a new model for comfort evaluation a-priori based on 
materials, component and solution provided during the first stage of the design 
process. 
The research will be also practically developed with an evaluation process in situ on 
three real scale buildings with same shape, exposure and use but with different 
structural material (concrete, brick block masonry and timber X-Lam walls) and 
envelope elements (green roof vs traditional roof, ventilated façade vs super-
insulated façade and so on). 
An integrated monitoring system will be developed, based on questionnaires 
(longitudinal and transversal), spot measurement of comfort parameters and long 
term continuous monitoring by means of a building automation system. A post 
occupancy evaluation will also be performed.  
 
Main outcomes: 
1. Definition and realization of a new integrated system for the evaluation and 
classification of indoor human comfort 
2. Definition and realization of a new comprehensive procedure for the monitoring of 
human comfort conditions in buildings  
3. Design guidelines for a proper choice and installation of building materials and 
elements taking into account not only their energy performance but also their impact 
on users comfort on a wide and integrated scale, properly evaluated     a-priori by 
means of a new methodology 
4. Papers on international journal and participation to conferences. 
 
 

 
 
 



 
  

 

D2 (UNITN and DICAM scholarship) 

 
Planning for nature-based solutions in urban areas 
P.I.: Davide Geneletti (UNITN) 
 
Nature-based solutions (NBS) are broadly defined as the use of nature and ecological 
functions to address societal challenges. In urban areas, NBS are receiving increasing 
attention to tackle issues such as climate change adaptation and mitigation, 
population health, food security, and natural disasters (EC, 2016; Jones et al., 2012). 
NBS in cities include, for example, green areas and corridors, ponds for 
phytoremediation, sustainable urban drainage systems, green roofs and walls, 
interventions to reduce soil sealing and to increase ventilation (Geneletti and Zardo, 
2016). The promotion of NBS builds on the increasing evidence and experiences that 
show that natural resources can play an important and cost‐effective role in 
adaptation. However, these evidence and experiences are largely related to the 
agricultural and forestry sectors, with relatively little work being conducted in urban 
areas (Munang et al., 2013).  
Evidence is needed to improve our understanding of the range of economic, social 
and environmental benefits provided by NBS in urban areas, as well as to promote 
way to mainstream them into planning and policy making (Maes and Jacobs, 2016).  
This research aims at exploring the challenges associated to the development of NBS 
in urban areas, and to their inclusion in urban planning. Particularly, the research 
focuses on (some of) the following topics:  
• Methods for mapping and assessing ecosystem services, and disservices, 
associated to NBS in urban environments (e.g, by comparing existing modeling tools 
or developing new ones); 
• Inclusion of NBS in urban planning and design, policy formulation and other 
decision-making processes; 
• Scalability of NBS across scales relevant for cities; 
• Flexibility of NBS to fit different environmental and climatic conditions, as well as 
planning and governance mechanisms.  
 
The research has both an inter-disciplinary (social sciences and environmental 
sciences/engineering), and trans-disciplinary nature (interaction between different 
cultures and communities: scientists, practitioners, policy-makers). As such, the ideal 
candidate should have a strong background in urban studies, and in the biophysical 
and socio-economic assessment of ecosystem services.  
The expected scientific outcomes of this research are three papers, of which one is 
envisaged to be a review of current planning practice and gaps, and two are 
expected to relate to the development and application of the proposed method in one 
or more study areas. The latter will be selected according to data availability and the 
candidate’s specific interest. In addition, the research is expected to produce a 
guidance document (based on the scientific papers) that can be used to promote the 
proposal and development of NBS is urban planning. 
 
References 
EC (2016). Towards an EU research and innovation policy agenda for nature-based solutions & re-
naturing cities. European Commission 
Geneletti and Zardo (2016). Ecosystem-based adaptation in cities: an analysis of European climate 
adaptation plans. Land Use Policy 
Jones, H. P., Hole, D. G., & Zavaleta, E. S. (2012). Harnessing nature to help people adapt to climate 
change. Nature Climate Change, 2(7), 504–509.  
Maes, Joachim, and Sander Jacobs. "Nature‐Based Solutions for Europe's Sustainable Development." 
Conservation Letters (2016).  
Munang, R., Thiaw, I., Alverson, K., Mumba, M., Liu, J., & Rivington, M. (2013). Climate change and 



 
  

 

Ecosystem-based Adaptation: a new pragmatic approach to buffering climate change impacts. Current 
Opinion in Environmental Sustainability. 
 
 

D3  (MIUR scholarship – Dipartimenti di Eccellenza) 
  
Impact assessment of nature-based solutions based on green and blue 
infrastructures in urban areas 
P.I.: Davide Geneletti (UNITN) 
 
Nature-based solutions (NbS) are broadly defined as the use of nature and ecological 
functions to address societal challenges (EC, 2016). In urban areas, NbS are 
receiving increasing attention to tackle issues such as climate change adaptation and 
mitigation, water management, population health, and natural disasters (EC, 2016; 
Jones et al., 2012). NbS in cities include, for example, green areas and corridors, 
ponds for phytoremediation, sustainable urban drainage systems, green roofs and 
walls, interventions to reduce soil sealing and to increase ventilation (Geneletti and 
Zardo, 2016). 
 

NbS are described as solutions that potentially provide many co-benefits, that are 
cost-effective, and that promote social inclusion and equality (Maes and Jacobs, 
2016). However, the actual evidence base supporting this is largely scattered, and 
often inferred from different areas and conditions, as opposed to empirically 
collected. A more structured body of evidence on the actual impacts of NbS is needed 
to promote successful NbS, enhancing their planning and design, including them in 
new urban and environmental policies, and paving the way for further 
implementation and upscaling. NbS in cities are mainly implemented through green 
and blue infrastructures that can provide a wide range of (co-)benefits to citizens 
(from recreation to microclimate regulation), including the regulation of the water 
cycle in urban areas (Demuzere et al. 2014) through interventions such as the 
transformation of impervious surfaces into green surfaces, and the design of rain 
gardens. 
 

This research aims at i) proposing criteria and indicator frameworks that can be used 
to assess the impacts of Nature-based solutions based on green and blue 
infrastructures in cities, focusing particularly on the impacts on water quality and 
quantity and ii) testing the frameworks through empirical evaluations, conducted 
using both quantitative and qualitative approaches, in selected urban environments. 
Particularly, the research will address (some of) the following key questions: 
(a) What tradeoffs and synergies among water-related and other types of ecosystem 
services emerge from the implementation of NbS through green and blue 
infrastructures in cities? 
(b) How can NbS be designed to maximize synergies and reduce undesired tradeoffs? 
(c) What determines the cost-effectiveness of NbS, particularly vis-à-vis more 
traditional approaches, such as “gray” infrastructures? 
(d) How can the social impacts of NbS in cities be described and measured? 
 

The research has both an inter-disciplinary (social sciences and environmental 
sciences/engineering), and trans-disciplinary nature (interaction between different 
cultures and communities: scientists, practitioners, policy-makers). As such, the ideal 
candidate should have a strong background in impact assessment (environmental/ 
social/economic impact assessment; sustainability assessment) and urban studies.  
 

The expected scientific outcomes of this research are three papers, related to both 



 
  

 

case-study applications and theoretical development of the assessment framework. 
The study areas will be selected according to data availability and the possibilities to 
build synergies with on-going research projects. In addition, the research is expected 
to produce a guidance document (based on the scientific papers) that can be used to 
assess the impacts of NbS in urban areas. 
 
References 
Demuzere, M, K. Orru, O. Heidrich, E. Olazabal, D. Geneletti, H. Orru, A. G. Bhave, N. Mittal, E. Feliu, 
and M. Faehnle (2014). Mitigating and adapting to climate change: Multi-functional and multi-scale 
assessment of green urban infrastructure. Journal of Environmental Management 146 (2014): 107-115. 
EC (2016). Towards an EU research and innovation policy agenda for nature-based solutions & re-
naturing cities. European Commission 
Geneletti, D., & Zardo, L. (2016). Ecosystem-based adaptation in cities: An analysis of European urban 
climate adaptation plans. Land Use Policy, 50, 38–47 
Jones, H. P., Hole, D. G., & Zavaleta, E. S. (2012). Harnessing nature to help people adapt to climate 
change. Nature Climate Change, 2(7), 504–509.  
Maes, J, and Jacobs, S. "Nature‐Based Solutions for Europe's Sustainable Development." Conservation 
Letters (2016).  
 
 

D4  (fellowship – assegno di ricerca -  funded by EURAC Reserach - 
Bolzano/Bozen) 
 
Indoor environmental quality as the main driver for energy efficiency in the 
residential sector: measures, technology and concepts 
P.I.: Rossano Albatici (UNITN), Wilmer Pasut (EURAC research team) 
 
The research on energy efficiency in residential buildings performed over the last 20 
years has highlighted the impact that users have on building performances. 
Occupants’ energy behavior has a strong effect on energy efficient technologies and 
it is key for a successful implementation of passive solutions.  
It has been proved that the sole increased energy costs associated to an improper 
operation of the building is a weak motivation to promote a wiser behavior. However, 
where the economic reasons seems to fail, the prospective of a better indoor 
environment got interesting results, becoming the main leverage to convince building 
users to change their habits. It is now clear the importance of evaluating buildings 
and technologies not only from an energy prospective, but also based on the quality 
level of the indoor environment that is achievable with the used energy.  
The main objective of this research is to define methods and tools to easily analyze 
the indoor environment, and with them studying which are the most energy effective 
technology to guarantee comfortable homes.   
The main issues to be faced are: 
- to develop (or advance existing) tools to characterize the indoor environmental 
quality in the residential sector; 
- to analyze different building envelopes and construction technologies based on  
IEQ and costs; 
- to make a comparison among few possible solutions to provide comfort in 
summer and winter conditions.  
The main idea is to perform the research monitoring existing houses chosen as 
suitable for the scope, and using the EURAC Research new climatic chamber.  
• The existing houses will serve as a living lab.  
• EURAC climatic chamber is capable to control the indoor environment at different 
air temperatures, operative temperatures and humidity levels, using various terminal 
units.    



 
  

 

Expected research outcomes: 
-  a clear definition of the most important parameter to evaluate IEQ in houses; 
-  a tool to easily and economically measure the above mention parameters; 
-  the definition of the most comfortable and the most energy effective solutions for 
the building envelope and to control the indoor thermal conditions in the residential 
sector; 
- definition of comfort value: effectiveness of the energy consumption in term of 
well-being. 
 

 


