POLITECNICO DI MILANO

PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

Number of scholarship offered

DIPARTIMENTO DI INGEGNERIA CIVILE E
Department AMBIENTALE

Description of the PhD Programme

General description

Structural, Seismic and Geotechnical Engineering - SSGE - encompasses the disciplines and
technigues to understand, model and control the behavior of: (a) structural materials (concrete,
steel, masonry, composites, bio-materials and materials for micro-systems), (b) structural
systems (from constructions to bio-mechanical systems and micro-systems), (c) soils and (d)
environment-construction interaction. Being deeply-rooted in the civil engineering which is, by its
very nature, highly inter-disciplinary, SSGE also focuses on environmental actions, either external
(such as earthquakes, vibrations, irradiation, wind and fire) or ensuing from soil-structure
interaction (such as those caused by retained-earth thrust, landslides and water-table
fluctuations). Because of their generality in materials and structural modeling, the methods
developed within the domain of SSGE are also very useful in other technical-scientific fields,
whenever understanding and controlling mechanical aspects is necessary to guarantee design
reliability and structural safety, serviceability and durability. Many are the examples of typical
SSGE issues: from tall buildings and bridges to industrial bio-mechanical and micro-
electromechanical systems, from off-shore structures and dams to the rehabilitation of
monumental buildings, from seismic design and structural dynamics to slope stability, tunnel
behavior and foundations, not to mention many issues in common with several branches of
industrial engineering.

List of topics and research areas

Advanced computational methods for coupled problems in porous media - Advanced
computational methods for the simulation of complex flows with moving boundaries -
Cementitious materials and concrete structure under extreme and exceptional loading -
Computational and experimental mechanics - Computational mechanics of materials and
structures - D-zones and anchorages under severe conditions - Earthquake engineering and
structural dynamics - Fire safety of concrete structures - Geotechnical earthquake engineering -
Life-cycle performance of bridges and structures - Micro Electro-Mechanical Systems and
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Life-cycle performance of bridges and structures - Micro Electro-Mechanical Systems and
micromechanics - Microseismic monitoring of unstable rock slopes - Smart materials and
structures - Structural analysis of built heritage - Theoretical modelling and mechanical
characterisation of biomaterials - Topology optimization for structural design.
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PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

OPEN SUBJECT Research Field: ADVANCED COMPUTATIONAL METHODS FOR COUPLED
PROBLEMS IN POROUS MEDIA

Monthly net income of PhDscholarship (max 36 months)

€ 1195.5

In case of a change of the welfare rates during the three-year period, the amount could be modified.

Context of the research activity

Coupling is an inherent feature of the engineering
behaviour of porous materials, and it requires multi-phase
and multi-scale approach for its analysis. The interplaying
role of different physical fields, e.g. electrical, chemical,
thermal, hydraulic, mechanical, highly non-linear effects,
moving interfaces, and large scale heterogeneities,
definitely require numerical methods for their analysis. In
the past the bottleneck was given by the hardware
limitations, while nowadays the most relevant difficulties
are related on the one side to the determination of
coupled mechanical properties and, on the other side, to
- o the setup of robust numerical procedures able to cope
Motivation and objectives of the research . .
in this field with multithread and parallel treatment.
Specifically, this proposal focuses on the development of
innovative numerical tools to analyse problems related to
the durability of porous materials, undergoing slow cyclic
and fast dynamic or thermal excitation, chemical
aggression and material degradation.
The final aim of the investigation is life-cycle assessment
of engineering and biological structures made of, or
interacting with, porous materials. The proposal is
inserted into a wider numerical and experimental activity,
supported by different Italian and foreigner private
companies and public agencies.

Methods and techniques that will be Numerical modelling requires moving on with new
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developed and used to carry out the
research

techniques, stemming from standard finite element
approaches, based on approximation methods more
flexible in view of parallel implementation. A balanced
combination of field and laboratory tests will also support
accurate material characterisation.

Educational objectives

The proposed work can contribute to shape an all-round
scientific personality. Three main abilities will be
developed: theoretical modelling, numerical developments
and experimental testing.

Job opportunities

The proposed research project will allow the Ph.D.
student to come in contact with a broad family of
geotechnical/structural/biomechanical problems and to get
an in-depth knowledge of different theoretical subjects.
Working in this project will be stimulating and will favour
high-level career profile in advanced fields of engineering.

Composition of the research group

2 Full Professors

1 Associated Professors
1 Assistant Professors

1 PhD Students

Name of the research directors

G. Della Vecchia, C. Jommi, A. Pandolfi, D. Sterpi

Contacts

Gabriele Della Vecchia: gabriele.dellavecchia@polimi.it - tel. +39 02 2399 4264
Cristina Jommi: cristina.jommi@polimi.it - tel. +39 02 2399 4281

Anna Pandolfi: anna.pandolfi@polimi.it - tel. +39 02 2399 4217

Donatella Sterpi: donatella.sterpi@polimi.it - tel. +39 02 2399 4311

www.dica.polimi.it

Additional support - Financial aid per PhD student per year (gross amount)

Housing - Foreign Students

Housing - Out-of-town residents
(more than 80Km out of Milano)

Scholarship Increase for a period abroad

Amount monthly

597.76 €

By number of months

6
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Additional information: educational activity, teaching assistantship, computer availability, desk availability,

any other information

List of Universities, Companies, Agencies and National or International Institutions that
are cooperating in the research

TU, Delft, Netherlands

UPC, Barcelona, Spain

Caltech, Pasadena, USA

EPFL, Lausanne, CH

University of Siegen, Siegen, Germany

MIUR, Roma, Italy

E.N.I., San Donato, Italy

Technital S.p.A., Milano, Italy

Educational activities
The Ph.D. course supports the educational activities of its Ph.D. students with an additional
funding equal to 10% of the scholarship, starting from the first year.

Teaching assistanship

Ph.D. students are encouraged to apply upon prior authorization to the calls to support teaching
activities at the undegraduate and Master levels at Politecnico, and they are paid for that. The
teaching assistantship will be limited up to about 80 hours, maximum half of them devoted to
teaching and classroom activities and the rest to support classworks and exams.

Computer availability
Each Ph.D. student has his/her own computer for individual use.

Desk availability
Each Ph.D. student has his/her own desk, cabinet and locker.
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PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

OPEN SUBJECT Research Field: CEMENTITIOUS MATERIALS AND CONCRETE
STRUCTURES UNDER EXTREME AND EXCEPTIONAL LOADING

Monthly net income of PhDscholarship (max 36 months)

In case of a change of the welfare rates during the three-year period, the amount could be modified.

€ 1195.5

Context of the research activity

Motivation and objectives of the research
in this field

Concrete, reinforced/prestressed concrete and advanced
cementitious composites are so extensively used today
that many are the structures exposed to either extreme
environmental conditions (high corrosion, high/low
temperature) or exceptional loads (fire, explosions,
vehicle impact, bombing, natural disasters). Hence,
improving structural durability, also through the use of
tailored ¢ engineered self-healing techniques¢, and
preventing progressive structural failures, is becoming
one of the imperatives for structural engineering and
code-writing bodies. The quantitative assessment of
damage in any structure exposed to extreme and
exceptional loads is a basic step for risk-mitigation design.
To this purpose, non-standard experimental techniques,
accurate material models and advanced computational
approaches should be developed.

Methods and techniques that will be
developed and used to carry out the
research

Both experimental techniques and numerical methods are
needed to solve the still-open problems in severely-
corroded or fire/blast-damaged structures. For instance,
assessing the decay of bar-concrete bond under chloride
attack, or quantifying the healing capacity of cementitious
composites, requires special techniques and equipments
to simulate different exposure conditions, accelerate their
effects, e.g. in terms of corrosion rate, recovery of
performance, and to quantify the related effects. Testing
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concrete at high temperature needs split-tube furnaces to
be designed and constructed. Investigating materials and
structural behaviors under blast requires special devices
like shock tubes or scaled experimental models.
Evaluating fracture energy and size effect in concrete
structures requires special specimens. Assessing
concrete damage via non- destructive test methods based
on concrete colorimetry, ultrasounds and x-rays, as well
as linking concrete fresh-state properties to those after
hardening are bringing in advanced techniques. At the
same time, adequate theoretical and numerical models at
the meso-structural and structural level are being
developed, to be implemented into available FE codes.

Educational objectives

Designing concrete structures for durability, fire proofing
and blast resistance requires a multi-disciplinary
approach, since many and different topics are involved
(materials, structures, human and structural safety, heat
transfer, diffusion of chemical products, chemistry of
combustion, chemistry of concrete, fluid-structure
interaction¢ ). Consequently, the candidate will not only
have the opportunity to contribute to the broadening of the
knowledge in one or more directions, but will have also an
insight into a variety of problems, with high technical and
socio-economic impact.

Job opportunities

In-depth research activities concerning the mechanical
environment-induced decay of structural materials and
constructions is a sound basis for understanding and
mastering not only corrosion, fire, and blast-related
events, but any incident that can regard other scenarios
related to the safety of large and socially-relevant
structures.

Job opportunities are basically the same as for structural
engineers (universities, public and private research
centers, large engineering firms, consulting and insurance
companies), but with a plus granted by a large-spectrum
formation.

Composition of the research group

3 Full Professors

3 Associated Professors
4 Assistant Professors

2 PhD Students
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|Name of the research directors |Marco di Prisco

Contacts

Marco di Prisco: marco.diprisco@polimi.it ¢, tel. +39 02 2399 4400

www.dica.polimi.it

Additional support - Financial aid per PhD student per year (gross amount)

Housing - Foreign Students --

Housing - Out-of-town residents
(more than 80Km out of Milano)

Scholarship Increase for a period abroad

Amount monthly 597.76 €

By number of months 6

Additional information: educational activity, teaching assistantship, computer availability, desk availability,
any other information

List of the Universities, Companies, Agencies and/or National or International Institutions

that are cooperating in the research

SUPSI, Canobbio-Lugano, Switzerland - http://www.supsi.ch/

Ben Gurion University of the Negev, Israel - http://www.cs.bgu.ac.il/
UniversityofStuttgart, Germany - http:www.uni-stuttgart.de

Arizona State University, USA - http://www.asu.edu/

ETH, Zurich, Switzerland

EPFL, Lausanne, Switzerland

Northwestern University, Evanston, lllinois, USA

INSA - Mech. et Durabilité des Constr., Toulouse, France

CTG - ltalcementi, Bergamo, Italy

CSTB - Centre Scientifique et Technique du Batiment, Marne-La-Vallée, France
RELUIS - http://www.reluis.it

Universidade Federal do Rio de Janeiro, Brasil

University of Leuven, Belgium

University of British Columbia, Vancouver, Canada

Universitat Politecnica de Catalunya, Barcelona, Spain

DTU, Delft, The Netherlands

Educational activities
The Ph.D. course supports the educational activities of its Ph.D. students with an additional
funding equal to 10% of the scholarship, starting from the first year.
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Teaching assistanship

Ph.D. students are encouraged to apply upon prior authorization to the calls to support teaching
activities at the undegraduate and Master levels at Politecnico, and they are paid for that. The
teaching assistantship will be limited up to about 80 hours, maximum half of them devoted to
teaching and classroom activities and the rest to support classworks and exams.

Computer availability
Each Ph.D. student has his/her own computer for individual use.

Desk availability
Each Ph.D. student has his/her own desk, cabinet and locker.
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PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

OPEN SUBJECT Research Field: COMPUTATIONAL AND EXPERIMENTAL MECHANICS

Monthly net income of PhDscholarship (max 36 months)

€ 1195.5

In case of a change of the welfare rates during the three-year period, the amount could be modified.

Context of the research activity

The proposed subject represents an advanced topic for
multi-disciplinary research activities, involving expertise in
engineering, physics, and medicine. A two-year project (5
per mille Politecnico, Euro 80,000) a grant for equipment
(Fondazione Banca del Monte) already concluded, and a
new ongoing project by Fondazione Cariplo and Regione
Lombardia (Euro 100,000) have all been awarded to Dr.
R. Fedele and are now concluded. An ERC Consolidator
Proposal by the same Pl was selected for the interview
Motivation and objectives of the research |and received "B" as final score. In addition, the CARIPLO
in this field project coordinated by Prof. Mariani has been granted for
two years, and it includes X-ray micro CT investigations
on polymeric foam samples.

The main innovative content is represented by
characterization and modelling of heterogeneous
materials and constructs at different scales (polymeric
foams, advanced ceramics, restored human teeth) on the
basis of the information provided through X-rays micro CT
and inverse analyses.

The subject will combine non-conventional experiments,
mathematical modeling in a framework artlessy multi-
Methods and techniques that will be scale and inverse analyses in a sequence (3D Digital
?:;’ee;?fﬁd and used to carry out the Image Correlation, parameter identification).

In particular, X-ray computed microtomography allows to
reconstruct the inner (bulk) microstructure of
heterogeneous samples, possibly evolving under complex
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loading. Moreover, conventional experimental techniques
at the macroscale, so far applied in engineering and to be
possibly improved, will be considered for a cross
validation. Possible experiments with a testing machine
placed in the department laboratory at the small scale will
also be considered to get insight into the material
properties.

Educational objectives

The main objective from an educational standpoint is
represented by a full-immersion training into the world of
experiments, computer simulations and multidisciplinary
applications, rooted into the knowledge of computational
mechanics, advanced technologies and matter physics. A
doctoral course on this subject was activated last year.

Job opportunities

From the standpoint of an academic career, working on
this multidisciplinary topic will allow Ph.D. students to
achieve a wide preparation, both experimental and
numerical, oriented to a variety of engineering and
biomedical applications, which is expected to be greatly
appreciated by many research groups in Europe and in
the USA. For example, a post-doc co-worker has just
found an interesting research position abroad. Also
private enterprises will appreciate this

expertise, as across several disciplines and suitable for
R&D activities.

Composition of the research group

0 Full Professors

2 Associated Professors
1 Assistant Professors
0 PhD Students

Name of the research directors

Roberto Fedele, Stefano Mariani, Aldo Ghisi

Contacts

Roberto Fedele: roberto.fedele@polimi.it ¢, tel. +39 02 2399 4275
Stefano Mariani: stefano.mariani@polimi.it ¢, tel. +39 02 2399 4279
Aldo Ghisi: aldo.ghisi@polimi.it ¢, tel. +39 02 2399 2399

www.dica.polimi.it

The research will involve other groups from the Dept. of Mechanical Engineering, Aerospace
Engineering, Chemical Engineering, working in the MicroCT lab facility AMALA of Politecnico di

Milano.
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Additional support - Financial aid per PhD student per year (gross amount)

Housing - Foreign Students --

Housing - Out-of-town residents
(more than 80Km out of Milano)

Scholarship Increase for a period abroad

Amount monthly 597.76 €

By number of months 6

Additional information: educational activity, teaching assistantship, computer availability, desk availability,
any other information

List of the Universities, Companies, Agencies and/or National or International Institutions
that are cooperating in the research

EMPA, Zurich

McGill University, Montreal

Universita degli Studi di Milano - Faculty of Medicine and Surgery, Milan

Educational activities
The Ph.D. course supports the educational activities of its Ph.D. students with an additional
funding equal to 10% of the scholarship, starting from the first year.

Teaching assistanship

Ph.D. students are encouraged to apply upon prior authorization to the calls to support teaching
activities at the undegraduate and Master levels at Politecnico, and they are paid for that. The
teaching assistantship will be limited up to about 80 hours, maximum half of them devoted to
teaching and classroom activities and the rest to support classworks and exams.

Computer availability
Each Ph.D. student has his/her own computer for individual use.

Desk availability
Each Ph.D. student has his/her own desk, cabinet and locker.
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PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

OPEN SUBJECT Research Field: COMPUTATIONAL MECHANICS OF MATERIALS AND

STRUCTURES

Monthly net income of PhDscholarship (max 36 months)

In case of a change of the welfare rates during the three-year period, the amount could be modified.

€ 1195.5

Context of the research activity

Motivation and objectives of the research
in this field

New modeling capabilities at both material and structural
levels, and innovative computational procedures are
favoring considerable advances in various fields of
structural engineering, with important fallouts in industrial
applications.

Further research efforts are needed to develop more
accurate and efficient procedures in the following contexts
among others: (a) metamaterials design; (b) multi-physics
problems; (c) nonlinear analyses of structures and
industrial components; (d) inverse analyses aimed at
calibrating material models; (e) safety assessment of
existing ageing structures.

Methods and techniques that will be
developed and used to carry out the
research

Advances in computational methodologies (by means of
FEM, X-FEM, particle-FEM, and BEM) applied to various
challenging and present-day engineering problems, also
in multi-scale contexts; inverse analysis based on physical
measurements for damage identification and for material
characterization (at various scales).

Educational objectives

The Ph.D. student engaged in this rather interdisciplinary
project is expected to acquire the ability to tackle complex
problems and to develop effective problem-tailored
solution procedures.
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There is a growing need for post-docs with specific
expertise in computational mechanics and in integrity-
assessment methodologies applicable both to civil
engineering structures/infrastructures and to industrial
components.

Job opportunities

3 Full Professors

2 Associated Professors
2 Assistant Professors

3 PhD Students

Name of the research directors C. Comi, G. Novati, U. Perego

Composition of the research group

Contacts

Claudia Comi: claudia.comi@polimi.it - tel. +39 02 2399 4215
Giorgio Novati: giorgio.novati@polimi.it - tel. +39 02 2399 4257
Umberto Perego: umberto.perego@polimi.it - tel. +39 02 2399 4214

www.dica.polimi.it

Additional support - Financial aid per PhD student per year (gross amount)

Housing - Foreign Students -

Housing - Out-of-town residents
(more than 80Km out of Milano)

Scholarship Increase for a period abroad

Amount monthly 597.76 €

By number of months 6

Additional information: educational activity, teaching assistantship, computer availability, desk availability,
any other information

List of Universities, Companies, Agencies and/or National or International Institutions that
are cooperating in the research

LMT-Cachan, Laboratoire de Mécanique et Technologie, Cachan, France
Ecole Polytechnique, Paris, France

Ecole Centrale de Nantes, France

Poznan University, Poland

University of Newcastle, UK

E.N.I. - Ente Nazionale Idrocarburi, Italy

Dalmine S.p.A., Italy

Tetra Pak Packaging Solution, Modena, Italy

Rtm Breda, Cormano (Milan), Italy
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A2A, Milan, Italy
R.S.E. - Ricerca Sistema Elettrico, Italy
CNRS, France

Educational activities
The Ph.D. course supports the educational activities of its Ph.D. students with an additional
funding equal to 10% of the scholarship, starting from the first year.

Teaching assistanship

Ph.D. students are encouraged to apply, upon prior authorization, to the calls to support teaching
activities at the undegraduate and Master levels at Politecnico, being paid for that. The teaching
assistantship will be limited up to about 80 hours, maximum half of them devoted to teaching and
classroom activities and the rest to support classworks and exams.

Computer availability
Each Ph.D. student has his/her own computer for individual use.

Desk availability
Each Ph.D. student has his/her own desk, cabinet and locker.
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PhD in INGEGNERIA STRUTTURALE, SISMICA,
GEOTECNICA / STRUCTURAL SEISMIC AND
GEOTECHNICAL ENGINEERING - 39th cycle

OPEN SUBJECT Research Field: D-ZONES AND ANCHORAGES UNDER SEVERE
CONDITIONS

Monthly net income of PhDscholarship (max 36 months)

€ 1195.5

In case of a change of the welfare rates during the three-year period, the amount could be modified.

Context of the research activity

Several aspects of reinforced-concrete structures are still
open to investigation. Among them the strengthening of
existing members and the coupling of different members
are considered in this research project. Structural
strengthening via external bonding of fiber-reinforced
polymer (FRP) composites has become a popular
technique all over the world. The performance of the
interface between FRP and concrete is one of the key
factors affecting the behavior of the strengthened
structure.

Many experimental and theoretical results are available
nowadays on the behavior of bonded interfaces, but there
Motivation and objectives of the research |[is still a number of open questions regarding (a) how the
Lot bonded length and the FRC plate stiffness affect the
behavior of the interface and (b) to what an extent the
local phenomena at the ends of the interface affects the
structural response. Nonetheless, very few data exists
regarding the variation of bond properties after exposure
to fire. The coupling of different R/C members and the
steel to concrete connection are often performed by
means of post- installed rebar or anchors, respectively. In
both cases they aim to transfer externally-applied loads to
the concrete member. Anchors fail in different ways, but
anchor's pull-out from the concrete is the best known, as it
represents the biggest concern for structural-engineering
applications.
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