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Topic 1 
G. Andreottola 
Environment and Energy - Wastewater treatment 
a) Enhancement of wastewater and sludge treatment processes by hydraulic cavitation   
Hydraulica cavitation is an innovative solution to enhance sludge hydrolysis. The technology has to be optimized and 
modelled. The optimized technology will be mainly  tested as a sludge pretreatment in order to increase biogas 
production in anaerobic digesters and in sludge reduction side-stream biological reactors. The experimental activity will 
be carried out both at lab scale and at pilot scale. 
 
b) Innovative municipal wastewater treatment process based on sulphur cicle 
An innovative process for treating municipal wastewater based on the activity of sulphur reducing bacteria and 
autotrophic denitrifiers will be developed at lab scale. Biokinetic parameters will be measured by respirometric tests and 
track studies. A biokinetic model will be developed in order to optimize the operation and design of this novel process. 
Very limited sludge production and low oxygen demand should be two strong advantages shown by the optmized 
process. 
 
Topic 2 
A. Armanini 
Sediment transport and morphology of vegetated rivers 
The mechanics of sediment transport and the morphological response of a water course in the presence of vegetation 
will be addressed both from the theoretical point of view relative to the mechanics of the phenomenon and through the 
laboratory investigation. In particular, the influence of vegetation on the planimetric and altimetric bed forms will be 
analyzed. 
 
A. Armanini, G. Rosatti 
Granular flows driven by gravity and sediment transport: from rheological characterization 
to numerical modelling 
The research topic concerns the study of two-phase (solid and liquid) mixtures in a given range of concentration regimes 
(sediment transport, hyperconcentrated flows, debris flows, snow avalances). Starting from the most recent advances in 
this field, and in particular from the ones obtained at CUDAM, the candidate should focus his research on developing 
general rheological closures to be used in depth-integrated numerical modelling. A thorough validation of the models 
should be carried on by using experimental results and, possibly, field data. 
 
Topic 3 
A. Bellin 
Mixing processes in heterogeneous porous media 
Theoretical and experimental study of the impact of porous media heterogeneity on the transport of species reacting 
upon mixing, including biologically mediated reactions and transport of bacteria. 
 
Large-scale modeling of flow and transport processes 
a) Development of a large-scale (continental) model of hydrological fluxes to be coupled with state of the art climatic 
models. The objective is to improve the current available continental scale hydrological models in order to better project 
changes in flooding frequencies over large areas.  (PRIN 2010/2011). 
 
b) Theoretical and experimental field study on the transport of micropollutants, nutrients and emerging contaminants (i.e. 
hormons and personal care products) at the river basin scale. (EU project Globaqua). 
 
Topic 4 
P. Bertola, M. Ragazzi 
Water supply systems: optimization and management issues, with reference also to 
developing countries 
a) Reliability and efficiency of water distribution network 
The research deals with the study of hydraulic network simulation problems and with the study of design and managing 
of hydraulic network; the aim of the research is the reliability increasing of the whole system with a deep knowledge of 
some qualitative aspect involved by drinking water. 



 
b) Water supply system technologies and design for sustainable access to basic water services with special 
focus on developing countries 
The aim of the project is to improve the present knowledge on sound technical and management practices leading to 
sustainable of basic water supply and sanitation services in rural and urban areas with special attention on developing 
countries. In developing countries water supply and treatment systems are currently facing problems with regards to 
adequate water delivery and shortage of water for potable purpose, also due to water leakage in water supply system. 
One of the various problems observed with the existing water distribution networks is high water loss due to pipe 
breakage and loss in the fixture structures. The other very difficult situation with the system is lack of well automated 
water management system in the water utility. The technical focus will be on system aimed at facilitating water re-use in 
water scarce areas and optimization of water use in water supply system. 
 
Topic 5 
W. Bertoldi, M.Tubino 
Field and laboratory investigation of the morphological evolution of braided rivers in a 
changing environment 
The proposal aims to investigate the effect of spatial variability / temporal unsteadiness of the main controlling 
parameters (flow regime, sediment supply, grainsize distribution, vegetation density) on the river bed morphology, using 
a combination of field and experimental analysis. 
 
Topic 6 
D. Bigoni, F. Dal Corso 
Thermoplasticity with applications to geomaterials 
Elastoplastcity theory with full account of thermal effects is the framework to describe the behaviour of geomaterials at 
high temperature. These materials have a chief importance as refractories for several applications, as for instance, in the 
liquid steel technologies. The student will be guided to develop a new themo-elasto-plastic modelling of geomaterials, to 
implement it in a computer code, to calibrate the model against experimental results and to simulate the mechanical 
behaviour of pieces. 
 
Topic 7 
O. Bursi, N. Tondini 
Risk analysis of steel structures subjected to exceptional fire/ seismic loadings    
The coupling between the fluid dynamics-based software FDS and SAFIR as well as improved material constitutive laws 
for structural steel at elevated temperature, will be investigated in depth for fire safety engineering. Relevant seismic risk 
assessment based on advanced Probabilistic analysis methods might be considered too. 
 
Topic 8 
M. Ciolli 
Modeling environmental changes in the Udzungwa Mountains of Tanzania through 
assessing impacts on rainforest mammals 
The project will aim to assess distribution and abundance of selected forest mammals (mainly primates and ungulates) 
across the Udzungwa Mountains landscape in Tanzania, and derive spatial-explicit models of abundance with potential 
drivers of changes, both of natural and anthropogenic origins. Data collection and analysis will deploy state-of-the-art 
approaches in ecological modeling. The area is one of the most outstanding sites in Africa for biological diversity and 
endemism. 
 
Topic 9 
L. Deseri 
Multiphysics modeling of chemo-mechanical interactions in human cells 
Recent studies have shown that adhesion, migration, structural reorganization and biochemical signaling in human cells 
are regulated by complex interactions at the nanoscale. These involve the nucleus, the structure of the cytoskeleton and 
the cell membrane. The proposal is to obtain a new mathematical model suitable to account for the multiphysics owing 
the overall mechanical behavior of the cells under the action of external stimuli. 
 
Topic 10 
R. Di Maggio 
Advanced materials for direct energy conversion technology 
a) Sol-gel synthesis of materials for thin-film photovoltaic cells 
The search and optimization of alternative thin-film materials for the fabrication of second-generation thin-film solar cells 
is an ongoing and active area of research. At this regard recently, Cu2ZnSnS4 (CZTS), Cu2ZnSnSe4 (CZTSe) and their 
alloy Cu2ZnSn(Se,S)4 consisting of abundant, low-cost and non-toxic elements, represent alternative materials to Si, 



CdTe and Cu(In,Ga)Se2 based technologies. The complexity associated with the multi-component system introduces 
difficulties in material synthesis, characterization, and application 
 
b) Sol-gel synthesis of materials for the reinforcement of proton conductive membranes 
In order to overcome the current limits to a widespread production of fuel cells, the synthesis of new proton exchange 
membranes with high thermal stability and high proton conductivity is of great interest. So far, perfluorosulfonic acid 
(PFSA) membranes still appear the most promising. An interesting improvement is to dope Nafion membrane with oxide 
particles functionalized with proton exchange groups, enabling to increase operating conditions of the membrane over 
100°C, meanwhile with its thermo-mechanical properties and proton conductivity. 
 
Topic 11 
M. Dumbser 
High order numerical methods on general meshes for the Direct Numerical Simulation 
(DNS) and Large Eddy Simulation (LES) of turbulent flows in complex geometries 
In his PhD research the candidate is supposed to develop new efficient and high order accurate numerical methods on 
general structured and unstructured meshes for the discretization of the compressible and incompressible Navier-Stokes 
equations, as well as for the resistive and viscous MHD equations that govern non-ideal plasma flows. The aim is the 
simulation of turbulent flows in highly complex geometries using DNS and LES. 
 
Topic 12 
M. Leoni 
Structure and microstructure of disordered modular materials 
a) New mathematical formalism and software for the description of disordered and partly ordered systems and for the 
analysis of the corresponding diffraction patterns. Analysis of the disorder in Markov chains, finite-states machines and 
probability functions extracted or simulated from atomistic models. 
 
b) Analysis and systematic classification of  industrially relevant materials to find relationships between disorder and 
properties: examples include intergrown zeolites (e.g. EMT-FAU, BET-FAU), solid fatty acids, novel Li- and Na- battery 
materials and intercalated pharmaceuticals (e.g. LDH with analgesics). 
 
Topic 13 
M. Piazza, R. Tomasi 
Mechanical investigation of an innovative prefabricated timber-concrete composite system 
The object of the Phd project is to study a novel type of timber-concrete composite floor, consisting of longitudinal timber 
elements with a fibre reinforced concrete (FRC) slab on the top. The goal of this research is also to propose some 
innovative design approach and solutions specifically conceived for this type of structural system. 

Topic 14 
M. Piazza, R. Tomasi 
Assessment of interaction between timber diaphragms and masonry skeleton in historical 
heritage 
The object of the Phd project is the study of the seismic behavior of masonry structures with special regards to the 
interaction between timber diaphragms and masonry skeleton. In situ and in laboratory tests will be performed on 
different type of local connections: moreover some numerical models will be implemented in order to characterize the 
structural response. 
 
Topic 15 
N. Pugno 
Super-tough nanocomposites inspired by spider silk and natural armors 
Theorethical, numerical and experimental study of the mechanics of nanotructured composites inspired by spider silk and 
natural armors, in order to maximize their toughness, and in particular their impact strength. 
 
Topic 16 
N. Pugno 
Nanosurfaces inspired by desert animals and plants for wettability control 
Theorethical, numerical and experimental study of the wettability of nanosurfaces inspired by desert animals and plants 
for the control of their hydrophylicity, in particular for maximizing water condensation from dry atmosphere and for 
desalination. 
 
Topic 17 
N. Pugno 
Nanomechanics of graphene: nanocomposites and hydrogen storage 



Theorethical, numerical and experimental study of the mechanics of graphene, in particular for the design of 
nanocomposites with superior mechanical properties and for hydrogen storage. 
 
 
Topic 18 
M. Ragazzi, D. Zardi 
Assessment of atmospheric processes, polluting emissions, atmospheric dispersion and 
related effects on the air quality in valley environments crossed by highways 
Air quality in mountain valleys is affected by multiple processes. The proposed research will focus on the role of one of 
the sources that can contribute to critical conditions in a part of the territory: highway (or equivalent roads). The research 
will be divided in sub-topics to be analyzed in details before studying their synergies: ground level atmospheric 
processes, emissions assessment methods and measurements, linear atmospheric dispersion in complex environments, 
human exposure and air quality. Options of potential interest for mitigating the highway impact will be analyzed too. 
 
Topic 19 
R. Rigon 
Distributed Modelling of the Hydrological Cycle at large scales (including human impacts) 
This regards mainly the development of the JGrass-NewAGE for the complete closure of the hydrological budgets, in 
medium to large scale modelling. This requires the implementation and testing of new physical-statistical model of the 
various terms of the hydrological cycle, and their application to case studies at the scale of hundreds to thousands of 
square kilometers. At the moment the model has a first implementation of all the processes that is going to be thoroughly 
tested, and the main interest in this research is to go beyond the simple forecasting of hydrological quantities (in space-
time) to achieve the estimation of error bounds in the predictions with the application of appropriate calibration methods, 
and data assimilation procedures (http://abouthydrology.blogspot.it/2013/06/two-possible-phd-position-available.html). 
 
Topic 20 
R. Rigon 
Distributed Modelling and Data Assimilation of the Cryospheric processes 
This study involves the modelling and forecasting of the evolution of the snow cover working with the model GEOtop. 
Previous Ph.D researchers implemented a one dimensional energy budget of both the snowpack and freezing soil. They 
also posed the bases for further theoretical and numerical improvements of the model, to a 3D version, and eventually 
including also different constitutive relations, which could be pursued in this research. The present proposal is especially 
dedicated to include (or embed) GEOtop modelling with a data assimilation system dedicated to real-time forecasting of 
the snow cover, depth, and status. The Ph.D. work could be oriented to assimilate either ground data than remote 
sensing data (http://abouthydrology.blogspot.it/2013/06/two-possible-phd-position-available.html).  
 
Topic 21 
D. Zonta 
Structural health monitoring and decision making based on Bayesian epistemology 
The objective of this PdD project is to develop a concept of intelligent civil infrastructure incorporating decision capability 
based on Bayesian epistemology. This involves technological developments at different scale level: i) at sensor level, 
through deployment of new sensing devices (mainly based on fiber optics) and their optimization for civil application; ii) at 
the structural level, through development of a construction technology based on intelligent components; iii) at the network 
level, using an infrastructure management system. 
 
Photonic crystals for structural health monitoring 
This PhD project aims to develop a strain sensing system for structural application based on the properties of photonic 
crystals. Photonic crystals are artificially created periodic structures, usually produced in the thin-film form, where optical 
properties are tailored by a periodicity in the refractive index. The idea of using the crystal as a sensor is based on the 
observation that a distortion in the crystal structure produces a change in a change in its apparent color, allowing 
detecting anomalies in the strain field. 
 


