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Abstract We discuss the research that is being carried out at the Department
of Civil and Building Engineering and Architecture (Dipartimento di Ingegneria
Civile, Edile e Architettura, DICEA) of the Università Politecnica delle Marche
(UNIVPM). Over the years the DICEA has steadily focused its attention on resilient
environments and buildings, making a growing know-how and skill available to
the local and broad communities. Pivotal to this have been dedicated projects and
funds, like the UNIVPM strategic projects and theMIUR Dipartimenti di Eccellenza
award. In conjunction with the four companion papers, produced by researchers of
the four divisions of DICEA, we illustrate the DICEA’s trajectory in the analysis of
sustainable engineering for resilient built and natural environments.
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1 The Research Experience at Department of Civil
and Building Engineering and Architecture

The Department of Civil and Building Engineering and Architecture (Dipartimento
di Ingegneria Civile, Edile e Architettura, DICEA) is the reference Department of
UNIVPM for the disciplines of Civil Engineering and Architecture. It is made of 4
divisions, 9 laboratories and 2 research centers.

1.1 The Architecture Division

The Architecture Division includes the disciplines of Architectural Analysis, Design
and Restoration, operating in the field of Digital Cultural Heritage (DCH), History of
Architecture and Geomatics, as well as Architectural and Urban Design. Researches
deal with recycle and reuse of historical and modern building and spaces, through
digitization and programmatic and sustainable upgrade, experimenting new models
towards smart cities, heritage and buildings. Robust skills in DCH, history of archi-
tecture [2], geomatics were established through survey campaigns and studies about
tangible and architectural heritage, with particular regard to the improvement of
relevant tools for sustainable territorial development, based on knowledge, exploita-
tion and regeneration of Cultural Heritage (CH) as a whole. The team developed
researches in 3D acquisition (point cloud and image processing), modelling and
semantic segmentation, Digital Libraries (DL) and Heritage Building Information
Modeling (HBIM) [25, 40], Virtual Reality (VR) and Augmented Reality (AR) solu-
tion development and so on. Significant projects (Cultural evolved district, DCE,
Marche region) allowed to validate methods in order to the stimulate the potential
of DCH for creative industries, developing the territorial identity and promoting cul-
tural tourism [20]. The team is also well connected with stakeholders (local/national
authorities): the CIVITAS project shows a collaboration with the Galleria Nazionale
delle Marche, the main museum of the Region. In the EU framework, the Divi-
sion partner of the REMEMBER project (Interreg IT-HR) and of European COST
Action, CYBERPARKS - Fostering knowledge about the relationship between Infor-
mation and Communication Technologies and Public Spaces, dealing with strategies
to improve CH use and attractiveness [31, 36]. Very high-level collaborations in
landscape management and precision farming field are moving on [37].

From an historic point of view [3], research lines in the light of urban renewal
and resilience were carried out in Inland areas damaged by earthquakes (Aman-
dola historic center, Marche region). Other research areas are: urban and territo-
rial analyses [9], strategic visions and scenarios for the enhancement of territorial
areas [8], enhancement of historical contexts both for tourists and local communi-
ties, regional branding. Furthermore, the Division offers a transversal experience in
architecture, urban planning and landscaping, such as contextual analysis, strategies
for the enhancement of the territory of its historical contexts [4], architectural and
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urban regeneration both for the reconstruction of local communities and for devel-
opment for tourism purposes. The team members developed different experiences
as heads of scientific research units funded in the areas of enhancement of physical
and environmental heritage both in Italy and abroad. Particularly significant are: the
regeneration of the port areas along the Paranà river and the 5-year trans-disciplinary
project “Regiobranding, Branding of urban-rural regions through the characteristics
of the cultural landscape” [24].

1.2 The Construction Division

TheConstructionDivision ismade upof twomain research groups – theArchitectural
Engineering group (AE) and theDesign andConstructionManagement group (DCM)
– and also includes research activities in the field of legal (collective and individual)
work, occupational safety, liability and professional deontology, in the construction
sector [47].

The AE group has a well-known expertise in researches dealing with the assess-
ment, optimization and development of building envelope material and components,
with improved hygrothermal, energy [22], mechanical [1], cost and durability perfor-
mances, for the application in newor existing andhistorical buildings [33].Results led
to patents and collaborations with industrial partners. Recently, the AE group started
working on the development of advanced assessment tools, especially focused on
life-cycle performances and on occupants’ behavior and needs [23]. This is due to
the growing need for the building designer to choose among several solutions and
construction technologies, having to assess their performance according to multi-
ple, somehow conflicting, points of view. Furthermore, a recent research interest for
the group deals with the relation between human behavior and built environment,
leading to a “behavioral design” approach for increasing people’s safety in architec-
tural spaces [5] and improving building and components performance, e.g. from an
energy point of view. The rationale behind these researches is related to the need of
making future buildings and components able to more and more adapt and respond
to the users’ needs in terms of comfort and safety, by also considering economic and
environmental issues in the building life-cycle.

TheDCMresearch concerns the development of newdigital technologies to imple-
ment lean management principles in construction. The research encompasses the
overall field of Automation in Construction, including Building Information Mod-
elling (BIM), field automation, and building intelligence. The construction manage-
ment group has a long tradition of research on these themes. Field automation for
real-time constructionmanagement has been largely investigated. Advanced systems
for the real-time tracking of workers’ and equipment for real-time safety assessment
and construction progress estimation have been developed [15, 34, 35]. Facility man-
agement research concerns the implementation of intelligent technologies for mul-
ticriteria probabilistic assessment of KPIs in large real estate management surveys
[16] and the application of mixed reality technologies to onsite operation support.
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Building intelligence has also been largely investigated, through large-scale projects
(the SEAM4US FP7 EU Project) regarding the intelligent energy control of a metro
station in Barcelona [46], stochastic modelling of occupants, and reduced order
modelling methodologies for robust energy consumption forecasting [39].

1.3 The Infrastructure Division

The InfrastructureDivisiondoes research for the design andmanagement of hydraulic
infrastructures and for the analysis of environmental impact and risk (Fluid Mechan-
ics, Hydraulics) and on the themes of the transportation infrastructures with attention
to sustainability environmental protection of road and airport pavement structures.

The Transportation Infrastructures group holds a leading position in the research
activities related to sustainable and innovative materials and systems for pavement
construction and rehabilitation. It has a long tradition of research on the mechan-
ical behaviour of pavement interlayer systems, which led to the development of a
standard testing equipment for measuring the interlayer shear properties of bitumi-
nous pavements. Pavement interlayer reinforcement has been largely investigated
leading to substantial improvement in pavement grids and composite technologies.
The group is also well recognized in the scientific community for its cutting-edge
research activity related to low-energy and sustainable pavements. Themain research
topics are related to asphalt recycling, warm mixes and cold paving technologies, as
well as mechanical characterization of bituminous materials. The main research top-
ics are related to the three-dimensional viscoelastic behaviour [28], the fatigue and
healing phenomena [12]. The Transportation Infrastructures group has long-lasting
scientific collaborations and students exchange projects with several international
research institutions and Universities. Themembers of the group currently hold lead-
ing position in international research groups within the RILEMorganization [11] and
participate in large research projects focusing on pavement recycling (the CRAB-
forOERE project) and on environmental sustainability of marine and air transport
services (the ADRIGREEN project).

Much of the research by the Hydraulics group of the Infrastructure Division
focuses on coastal, riverine and urban flooding and climate changes. With the spe-
cific purpose to investigate coastal flooding, the wave runup and inundation over
sandy beaches, typical of the Italian coasts, have been studied using a Nonlinear
Shallow Water Equations (NSWE) approach [43]. Further, to better understand the
main causes of coastal inundation, the hydrodynamics induced by traditional rubble-
mound breakwaters and innovative coastal protection structures have been inspected
[38]. Riverine and urban floods have been analyzed by means of field experiments
and numerical tests. Specifically, summertime and wintertime field campaigns have
been carried out at the Misa River estuary (Senigallia, Marche Region), to investi-
gate the seasonal variability of the interplay between sea and river forcing actions
at an estuary characterized by cohesive sediments. The dynamics evolving during
storms lead to high-flow conditions in the river, which potentially lead to sediment
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removal off to sea and floods in the surrounding of the river mouth, including the
urban area of Senigallia [10]. Such urban flooding has occurred in the recent years,
causing large damages and deaths. Fundamental to the understanding of any type
of floods is the analysis of the rainfall. That occurred in the Marche Region, has
been inspected to find significant trends in the observed data, even in the perspec-
tive of climatic changes. The maximum annual rainfalls have been analyzed, using
time-series longer than 50-years [44].

1.4 The Structures Division

The Structures Division is well-known for the long-lasting and solid research activity
in several fields of structural engineering, characterized by the integration of a theo-
retical approach to engineering problems with a more experimental and application-
oriented point of view. The main research topics are: mechanics of materials, struc-
tural modelling of buildings, computational mechanics, dynamics of structures, vul-
nerability and seismic assessment of structures and infrastructures, dynamic inter-
action between soil and foundation-structure, reliability of structures, analysis and
control of bridges, innovative seismic protection techniques, dynamic identification
andmonitoring of structures. Research onmechanics of materials and structures con-
cerns the theoretical aspect of electromechanical interactions in materials. Among
the various topics are the mechanics of piezoelectric and ferroelectrics, the photo-
elasticity of anisotropic crystals and the propagation of electric charge carriers in
scintillators [21]. A second main research topic regards multi-layer complex struc-
tures and laminates, analyzing the non-trivial interface conditions between the con-
stituents of the composite [42]. The research concerned with the dynamics of struc-
tures investigates the nonlinear dynamics of cables, beams and composites loaded
by time-dependent excitations and laid on spring beds and with different boundary
conditions. Dynamical integrity has been largely studied as well, by determining the
properties and dimensions of basins of attraction of structural systems. In the study of
the seismic hazard of masonry structures, the so-called Non-smooth Contact Dynam-
ics Method has been used, taking into account sliding and impacts between blocks
[32]. The dynamics structural health monitoring has also been deeply investigated
[30]. Regarding bridges, advanced models for box- and twin-girder steel-concrete
composite continuous decks have been developed accounting for different features,
such as, for example, the connection deformability [26]. Models have been used
to analyze composite girders with internal and external prestressing systems and to
investigate construction aspects such as fractionated casting of the slab. Moreover,
the research on bridges has been focused on the soil-structure interaction effects
[17], on seismic isolation systems and on structural monitoring techniques, under
static and dynamic loads. Regarding buildings, the research activities have included
the seismic protection through dissipative internal or external systems; in addition to
advanced numerical simulations, experimental investigation on structural elements,
mock-up and real structures have been performed [27] and tests for the dynamic
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identification and for continuous structural monitoring have performed. Experimen-
tal investigations have been also carried out on historic and modern masonry walls
and on reinforced concrete elements strengthened with carbon FRP [13, 14].

2 The 2017 Departments of Excellence Award Experience

In 2017 the Italian Minister of Instruction, University and Research (MIUR) opened
a call named “Dipartimenti di Eccellenza” (Departments of Excellence) aimed at
awarding the best 180 Departments in the Italian Universities (according to the Law
232/2016). The call was managed in two steps. In the first one the best Departments
were selected based on the results of the previous Italian Departments assessment
done by the National authority (ANVUR). After this first stage the DICEA ranked
first with the score of 100 point out of 100. Thus, the Department was admitted to the
second stage, where the submission of a specific 5-years project for the Department’s
developmentwas required, includingobjectives, strategies and implementation plans.
The deadlinewas 17October 2017. TheDepartment’s council established a dedicated
committee to define the research topics and to prepare the application. It was realized
that the development of a resilient built and natural environment through a sustainable
engineering effort was, from the one side, a topic of major social interest and, from
the other side, a topic where the various Department’s divisions would have been
able to provide innovative, interdisciplinary and coordinated research advances. The
project was submitted, and DICEA was one of the 14 selected and awarded in the
field of Civil Engineering and Architecture.

The research approach to sustainable engineering for resilient environments
addresses the fundamental issues of resilience and sustainability by developing a
coordinated methodological perspective among the various research groups and a
technological framework to tackle them in a combined and optimized way. Three
research lines, encompassing extremely wide fields of the civil and building engi-
neering and architecture research, have been identified as the driving perspectives of
the future research at DICEA:

• Environmental Resilience and Risk Mitigation, encompassing resilient infrastruc-
tures, environment protection and safety-oriented structural design.

• Advanced digital technologies for smart facilities, life cycle engineering, lean
design and construction management.

• Digital cultural heritage for landscape protection and fruition.

3 Environmental Resilience and Risk Mitigation

This section briefly introduces the four companion papers, which detail further the
research themes outlined in the previous section, so as to provide a self-contained
overview of the Department research. The first section introduces the themes of
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the digital revolution in construction and the second discusses aspects of cultural
heritage preservation. The last two sections describe papers addressing the research
in the structure and infrastructure domains.

3.1 Cultural Heritage and Landscape: Digitization, Analysis
and Design Aiming at a Resilient Future

The research activities about cultural and built heritage at various scales, from archi-
tecture to landscape, highlight how innovative analysis and design approaches can
challenge the current methods and pursue the main scope of increasing heritage
resilience.

Major results and findings in several disciplines, such as history of architecture,
geomatics, drawing and survey, restoration, regeneration and design, are discussed
throughout a set of case studies. These allowed to develop tools to perform rapid
surveys and multilevel readings (stylistic, structural, historical, behavioral, etc.) as
well as robust procedures for interventions and recycle of built heritage. The main
idea is to highlight overlapping and consonances of different approaches although
each discipline intends in a specific way the heritage: ranging from heritage as motor
of development, as digital cultural innovation, as identity, as experienced landscape
to heritage as conservation.

The Cultural and Built Heritage collection, conservation and access in novel,
accessible and attractive ways demand for digitizing museums and archaeologi-
cal/historical sites, as well as for designing methodologies to represent, manage
and exploit cultural heritage data at different levels, ranging from 3D/4D models to
domain specific e.g., architectural, historical, etc. The generation of virtual “facsim-
iles” of artworks, monuments and architectures can unify their scattered elements,
enables public access to inaccessible places and visitors to interact with perishable
objects, promotes the preservation of fragile sites and simulates damaged or lost
objects. The availability of semantically enriched data enables smart applications
for fruition, preservation and study of DCH collections. This development has the
potential both to collect and disseminate the cultural heritage in an effective and
low-cost mode and to implement a key strategy to increase cross-curricular skills. In
particular, the sustainable valorization and resilientmanagement of CH require effec-
tive participatory (i.e. multi-level and multi-stakeholder) governance and enhanced
cross-sectoral cooperation.

The relationships between history and project, between project and city and
between heritage and contemporaneity are the centers of the research action, dedi-
cated to the regeneration of the existing heritage. Actions able to develop methods
of intervention in the relationship between heritage and recent context, the result of
plural stratifications occurred in an extended time that includes more stories, a time
far away to cure, but also a close time, that modernity that produced a large heritage
to be recovered. The idea of conservation should therefore give way to more flexible
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readings and uses where “conservation and modernity are not opposites” (Koolhaas)
and where creativity and design are for the recovery of heritage, an instrument of
thought and invention architectural. This calls for an idea of urban regeneration spe-
cific, anchored to places, and oriented towards the construction of socio-cultural
networks to trigger a process of transformation involving all actors and bringing
design ideas closer to needs.

Finally, the studies try to extend the validated approaches to similar cases in
the heritage field. The main research activities, indeed, entail the definition of the
fundamental paradigms of resilience for heritage and landscape, against the backdrop
of the contemporary techno-cultural revolution.

3.2 Rethinking Buildings Design, Construction
and Management Through Sustainable Technologies
and Digitization

A technological development not threatening natural and human life is one of the core
concepts of sustainability. In the construction sector, which is worldwide responsible
of a huge consumption of energy and natural resources, thus strongly impacting on
climate change, sustainability means the need of a prompt transition towards eco-
friendly, smart and resilient buildings. However, despite the current Fourth Industrial
Revolution, where many sectors have been able to transform themselves improving
productivity while lowering the impact, construction is still suffering from several
intrinsic weaknesses. The research in the Construction Division investigates new
approaches based on technology innovation and digitalization, aiming to develop and
optimise innovative, durable and sustainable solutions for buildings and construc-
tion processes and management. This outlines the emerging challenges and future
directions of the research at the DICEA of the UNIVPM in this long-established
sector. Several research trends are identified for a more sustainable and resilient
“Construction 4.0”. Firstly, the development of building technologies aims to inte-
grate, in a logic of constructive simplification, multiple aspects and functions (e.g.
energy efficiency, seismic resistance and high durability), reducing environmental
impacts, costs and construction time. It also includes the development of “cognitive”
technologies, able to adapt and respond to the users’ needs, involving several per-
formance domains (e.g. energy, comfort, safety, durability). Then, future research
also focuses on the development of effective building design and management tools,
able to address in an efficient way all the complex set of design, performance, envi-
ronmental and economic issues. Finally, future study trend will also involve the
development of a real-time construction management approach, supported by per-
vasive sensing and on-site site intelligence, and the development of digitization of
design and construction processes, in order to optimize these processes.
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3.3 Research and Engineering for Resilient Infrastructures
and Environment Protection

The Transportation Infrastructures group has been involved in research activities
focused on the development of sustainable materials and systems for resilient trans-
portation infrastructures, and organized the interlaboratory experiment “Advanced
Interface Testing of Geogrids in Asphalt Pavements”, promoted by the RILEM, to
verify the effectiveness of pavement grid in improving the repeated loading resistance
and for preventing or delaying reflective cracking. The pavement reinforcement by
grid installation at the interface of structural layers has been studied through both
full-scale applications and laboratory investigations.Within cold recycling, the group
investigated the short- and long-termmechanical behaviour of the cold-recycledmix-
tures (CRM). Modelling has been carried out to analyse the evolutive behaviour of
CRM and the combined effects of bituminous and cementitious binders on their
mechanical response. Laboratory characterization was then related to performance
monitoring of a full-scale test pavement to optimize the prediction of the stiffness
properties of CRM layers over time [29]. Recent research efforts focused on the inno-
vative technology of Warm Mix Asphalt (WMA), aimed at significantly reducing the
production temperature of bituminousmixtureswithout compromising theirmechan-
ical properties. The potential benefits deriving from the combination of WMA and
recycling techniques have been also investigated [45]. Further important research
topics have concerned photocatalytic techniques to de-pollute atmosphere from traf-
fic emissions [7] and the use of waste materials (e.g. C&D material, rubber from
reclaimed tires) for road applications.

Future research activities of the Transportation Infrastructures group will focus
on the development of technical solutions for resilient transportation infrastructures
according to environmental and economical sustainability. The acquisition of new
testing equipment will increase the potential of the laboratory aimed at the advanced
rheological characterization of recycled and low energy materials (through cold and
warm technology) and the development of innovative solution for resilient pavements
(e.g. reinforced pavements, low noise pavement and self-healing materials).

The group of Hydraulics focuses on themes related to both resilient infrastruc-
tures and environment protection. The riverine and estuarine environments have been
studied through a series of field campaigns, funded by international institutions (e.g.,
the Office of Naval Research—Global), to inspect the interplay between river and sea
forcing actions in micro-tidal environments of different kinds, like the Misa River
estuary (Senigallia, Italy), typical of theMediterranean area [10]. Such studies under-
line that riverine and sea forcing significantly affect themixing and transport of nutri-
ents and pollutants from the river to the sea. Furthermore, inspired by the Misa River
flood recently occurred in Senigallia (Marche Region, Italy), numerical modelling
has been undertaken with the aim to both characterize the hydrodynamics during the
urban flood and analyze the consequent pedestrians’ evacuation [6]. With reference
to the coastal environment, studies of both numerical and laboratory nature have been
carried out. Many of them where related to the development and application of an
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in-house solver based on the Nonlinear ShallowWater Equations. This has been used
for multiple purposes, including the analysis of: the wave propagation in protected
coastal areas and following vorticity generation and propagation due to low-crested
structures, the seabed erosion in either free-from-obstacle or protected beaches.
Another important topic of research is the prediction and analysis of snow avalanches
impacting into lakes, with the following generation of impulse waves [48]. Such phe-
nomenon led tomany important problems inmountainous areas, hence the prediction
of the generated wave may provide important information for both risk assessment,
design of suitable warning systems, protective civil engineering works, etc.

Active research is ongoing on the following topics:

1. modelling of river floods, turbulent flow structures, nearbed sediment transport,
river bed morphology evolution;

2. prediction of the coastal inundation due to sea storms on real beaches; modelling
of fluid-structure interactions and flows of interest for biological applications.

3.4 An Overview of the Structural Safety-Oriented Research
in the Region Marche Seismic Area

In the last decades, Italy’s central regions, including Marche, have been affected by
several earthquakes, causing the partial or total destruction of masonry and rein-
forced concrete (RC) buildings. The seismic events have severely damaged ordinary
constructions, structures of strategical importance, and historical and monumental
buildings (e.g., churches, monasteries, towers). This has caused dramatic conse-
quences within the urban fabric and inhabitant communities, confirming once more
the high seismic vulnerability of the Italian existing RC and masonry constructions
and the need of enhancing the mean safety level of the population. The importance of
the prevention during these calamitous events has highlighted the urge of studying the
dynamical behavior of structures in order to better understand their response under
seismic actions, assess precise criteria of vulnerability and develop suitable protec-
tion measures against earthquakes, improving the structural capacity. The dynamic
analysis and the seismic structural safety can be considered two of themost important
research topics of the Structural Division. The researches can be gathered into the
four main areas.

1. New methods of modeling the dynamic behavior of structures. The adequate
modeling of the dynamic behavior of RC and masonry structures is needed for
the assessment of safety and damage levels, the maintenance and the structural
upgrading possibility. The researches have focused on the study of the global
response of RC and regular and non-regular masonry buildings by means of
dynamical linear and nonlinear analyses using bar-frame models with lumped or
diffused plasticity. To investigate the mechanical behavior of structures, such as
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masonry building, discrete element techniques have been developed in order to
have a better knowledge of the collapse mechanisms [18].

2. Vulnerability assessment of existing structures. The evaluation of the seismic
vulnerability of existing buildings has a key role in determining and reducing
the impact of an earthquake. With reference to old RC and industrial precast
structures, the research activities have focused on the experimental identifica-
tion of some typological aspects that often characterize these buildings and the
analysis of their behavior through nonlinear models. Masonry buildings, lack-
ing an adequate lateral resistance and ductility, have been analyzed by means of
sophisticated methods in order to asses or predict the seismic behavior and/or
the expected damage [19].

3. Experimental studies and advanced techniques of seismic retrofitting. The
researches have focused on the development of innovative dissipative braces
(viscous, visco-elastic, elasto-plastic dissipative devices), in order to enhance
the seismic structural performance, and on advanced techniques of strengthening
through the use of near surface mounted fiber reinforced polymers (FRPs) [13].

4. New prospects for safety. In this field, several research activities are in progress
aimed at studying efficient structural health monitoring systems, providing infor-
mation about the modal parameters evolution of structures and infrastructures,
which are often used for the calibration of structural models for the seismic vul-
nerability assessment or the retrofit design [30, 41]. Moreover, the researches
have focused on the seismic isolation by means of High Damping Natural Rub-
ber bearings, which represents a recognized technology able to protect efficiently
structural and non-structural components and equipment.

4 Conclusions

We have introduced the research that is being carried out at the Dipartimento di
Ingegneria Civile, Edile e Architettura of the Università Politecnica delle Marche
towards the achievement of environments and buildings resilient to natural disasters,
like earthquakes and floods, and the development of methods and techniques for a
sustainable engineering as a fundamental tool for the circular economy. We have
referenced the past research that has been carried out over the years at DICEA,
steadily focused on resilient environments and buildings, and the pivotal experience
of the strategic projects award gained from the MIUR Dipartimenti d’Eccellenza
competition. We have then illustrated the DICEA’s current trajectory in the analysis
of sustainable engineering for resilient built and natural environments. Finally, we
have briefly introduced the four companion papers produced by researchers of the
four divisions of DICEA. A thorough bibliography of the Department research is
provided.



308 A. Alici et al.

References

1. Alderucci T, Terlizzi V, Urso S, Borsellino C, Munafò P (2018) Experimental study of the
adhesive glass-steel joint behavior in a tensegrity floor. Int J Adhes Adhes 85:293–302

2. Alici A (2014) I progetti a scala urbana per Ancona. Guido Cirilli architetto dell’Accademia.
In: Cassani AG, Zucconi G (eds) Il Poligrafo, Padova, pp 117–129

3. Alici A (2016) Italia Nostra e la tutela del patrimonio storico-artistico in Italia tra gli anni
Cinquanta e Sessanta. La scoperta della città antica. Esperienza e conoscenza del centro storico
nell’Europa del Novecento. In: Cutolo D, Pace S (eds), Quodlibet, Macerata, pp 243–257

4. Belluzzi F, Mondaini G (2017) Nuove Soglie. Spazi di riattivazione architettonica del patri-
monio esistente. In: MONOGRAPH: RESEARCH 03. Resilient Ecological Design Strategies,
LIST, Trento-Barcellona

5. Bernardini G, D’Orazio M, Quagliarini E (2016) Towards a “behavioural design” approach for
seismic risk reduction strategies of buildings and their environment. Saf Sci 86:273–294

6. Bernardini G, Postacchini M, Quagliarini E, Brocchini M, Cianca C, D’Orazio M (2017) A
preliminary combined simulation tool for the risk assessment of pedestrians’ flood-induced
evacuation. Environ Modell Softw 96:14–29

7. Bocci E, Riderelli L, Fava G, Bocci M (2016) Durability of NO oxidation effectiveness of
pavement surfaces treated with photocatalytic titanium dioxide. Arab J Sci Eng 41(12):4827–
4833

8. Bonvini P (2013) Cancellazioni involontarie e riscritture consapevoli: le infrastrutture come
possibili generatrici di nuove matrici identitarie. In: Bonvini P, Cantalini S, Mondaini G (eds)
Territori intermedi per nuovi organismi urbani, SOGLIE, Aracne Editrice, Roma, pp 24–35

9. Bonvini P (2016) Quang Tri War Memorial. An architectural investigation. In: Pugnaloni F,
Carlorosi C (eds) dMz & Military architecture. Levels for a landscape. Thành cô Quàng Tri
Viêt Nam, 94–101, Il Lavoro Editoriale, Ancona

10. BrocchiniM,Calantoni J, PostacchiniM, SheremetA, StaplesT, Smith J, ReedAH,Braithwaite
EF III, Lorenzoni C, Russo A, Corvaro S, Mancinelli A, Soldini L (2017) Comparison between
the wintertime and summertime dynamics of the Misa River estuary. Marine Geol 385:27–40

11. Canestrari F, Ferrotti G, Lu X, Millien A, Partl MN, Petit C, Phelipot-Mardelé A, Piber H,
Raab C (2013) Mechanical testing of interlayer bonding in asphalt pavements. In: Partl M et al
(eds) Advances in interlaboratory testing and evaluation of bituminous materials. Springer,
Dordrecht, pp 303–360

12. Canestrari F, Virgili A, Graziani A, Stimilli A (2015) Modeling and assessment of self-healing
and thixotropy properties for modified binders. Int J Fatigue 70:351–360

13. Capozucca R, Ricci V (2016) Bond of GFRP strips on modern and historic brickwork masonry.
Compos Struct 140:540–555

14. Capozucca R (2013) Effects of mortar layers in the delamination of GFRP bonded to historic
ma-sonry. Compos Part B Eng 44:639–649

15. Carbonari A, Giretti A, Naticchia B (2014) Automation solutions supporting real-time safety
and work progress management in construction. Proc CTM 2014:98–104

16. Carbonari A, Giretti A, Corneli, A, Villa V, Di Giuda, G (2017) Decision support tool for
multi-criteria analyses of the quality of large building stock. In: Proceedings of international
symposium on automation and robotics in construction (ISARC), vol 3, Vilnius Gediminas
Technical University, Department of Construction Economics & Property

17. Carbonari S, Morici M, Dezi F et al (2017) Soil-structure interaction effects in single bridge
piers founded on inclined pile groups. Soil Dyn Earthq Eng 92:52–67

18. Clementi F, Pierdicca A, Formisano A, Catinari F, Lenci S (2017) Numerical model upgrading
of a historical masonry building damaged during the 2016 Italian earthquakes: the case study
of the Podestà palace in Montelupone (Italy). J Civ Struct Heal Monit 7:703–717

19. Clementi F, Gazzani V, Poiani M, Mezzapelle PA, Lenci S (2018) Seismic assessment of a
monumental building through nonlinear analyses of a 3D solid model. J Earthq Eng 22:35–61



Sustainable Engineering for Resilient Built … 309

20. Clini P, Quattrini R, Frontoni E, Nespeca R (2015) A new cloud library for integrated surveys:
the ancient via Flaminia and the Nextone project. In: Brusaporci S (ed) Handbook of research
on emerging digital tools for architectural surveying,modeling, and representation, pp 579–606

21. Daví F, RinaldiD (2015)Mechanical and optical properties of anisotropic single-crystal prisms.
J Elast 120:197–224

22. Di Giuseppe E, D’Orazio M (2015) Assessment of the effectiveness of cool and green roofs for
the mitigation of the heat Island effect and for the improvement of thermal comfort in Nearly
Zero Energy Building. Archit Sci Rev 58(2):134–143

23. Di Giuseppe E, Iannaccone M, Telloni M, D’Orazio M, Di Perna C (2017) Probabilistic life
cycle costing of existing buildings retrofit interventions towards nZE target: methodology and
application example. Energy Build 144:416–432

24. Ferretti M, Schröder J (2018) Patterns and scenarios for regiobranding. JOVIS, Berlin
25. Gaiani M, Apollonio FI, Clini P, Quattrini R (2016) A mono-instrumental approach to high-

quality 3D reality-based semantic models: application on the PALLADIO library. In: 2015
Digital heritage. https://doi.org/10.1109/digitalheritage.2015.7419449

26. Gara F, Carbonari S, Leoni G, Dezi L (2014) A higher order steel–concrete composite beam
model. Eng Struct 80:260–273

27. Gioiella L, Tubaldi E, Gara F et al (2018) Modal properties and seismic behaviour of buildings
equipped with external dissipative pinned rocking braced frames. Eng Struct 172:807–819

28. Graziani A, Bocci M, Canestrari F (2014) Complex Poisson’s ratio of bituminous mixtures:
measurement and modeling. Mater Struct 47(7):1131–1148

29. Graziani A, Godenzoni C, Cardone F, Bocci M (2016) Effect of curing on the physical and
mechanical properties of cold-recycled bituminous mixtures. Mater Design 95:358–369

30. Isidori D, Concettoni E, Cristalli C, Soria L, Lenci S (2016) Proof of concept of the structural
health monitoring of framed structures by a novel combined experimental and theoretical
approach. Struct Contr Health Monit 23:802–824

31. KhromovaA,CostaCS, Erjavec I Š, PierdiccaR.Maliverni ES,Galli A,Marcheggiani E (2016)
Is the mediated public open space a smart place? Relationships between urban landscapes and
ICT–The cost action TU 1306 CyberParks. SCIRES-IT-SCIentific Res Inf Technol 6(2):17–28

32. Lancioni G, Gentilucci D, Quagliarini E, Lenci S (2016) Seismic vulnerability of ancient stone
arches through the non-smooth contact dynamics method. Eng Struct 119:110–121

33. Munafò P, Quagliarini E, Goffredo GB, Bondioli F, Licciulli A (2014) Durability of nano-
engineered TiO2 self-cleaning treatments on limestone. Constr Build Mater 65:218–231

34. Naticchia B, Carbonari A,Giretti A (2011)A proactive system for real-time safetymanagement
in construction sites. Autom Constr 20:686–698

35. Naticchia B, Vaccarini M, Carbonari A (2013) A monitoring system for real-time interference
control on large construction sites. Autom Constr 29:148–160

36. Pierdicca R, Frontoni E, Zingaretti P,Malinverni ES, Galli A,Marcheggiani E, Costa CS (2016)
Cyberarchaeology: improvedway findings for archaeological parks throughmobile augmented
reality. In: International conference on augmented reality, virtual reality and computer graphics.
Springer International Publishing, pp 172–185

37. Pierdicca R, Frontoni E, Malinverni ES, Zingaretti P, Tassetti AN, Mancini A, Galli Marcheg-
giani E (2016) Smart maintenance of riverbanks using a standard data layer and augmented
reality. Comput Geosci 95:67–74

38. Postacchini M, Brocchini M, Corvaro S, Lorenzoni C, Mancinelli A (2011) Comparative
analysis of sea wave dissipation induced by three different flow mechanisms. J Hydraul Res
49(4):554–561

39. Principi P, Roberto F, Carbonari A, Lemma M (2016) Evaluation of energy conservation
opportunities through energy performance contracting: a case study in Italy. Energy Build
128:886–899

40. Quattrini R, Pierdicca R, Morbidoni C (2017) Knowledge-based data enrichment for HBIM:
exploring high-quality models using the semantic-web. J Cult Herit 28:129–139

41. Regni M, Arezzo D, Carbonari S, Gara F, Zonta D (2018) Effect of environmental conditions
on the modal response of a 10-story reinforced concrete tower. Shock Vib 2018:1–16

https://doi.org/10.1109/digitalheritage.2015.7419449


310 A. Alici et al.

42. Serpilli M, Lenci S (2012) Asymptotic modelling of the linear dynamics of laminated beams.
Int J Solids Struct 49:1147–1157

43. Soldini L, Antuono M, Brocchini M (2013) Numerical modeling of the influence of the beach
profile on wave run-up. J Waterw Port Coast Ocean Eng 139(1):61–71

44. Soldini L, Darvini G (2017) Extreme rainfall statistics in the Marche region Italy. Hydrol Res
48(3):686–700

45. Stimilli A, Virgili A, Canestrari F (2017) Warm recycling of flexible pavements: effective-ness
of warm mix Asphalt additives on modified bitumen and mixture performance. J Clean Prod
156:911–922

46. Vaccarini M, Giretti A, Tolve LC, Casals M (2016) Model predictive energy control of
ventilation for underground stations. Energy Build 116:326–340

47. Zampini G (2014) Il Testo Unico del 10 gennaio 2014; misura e certificazione della
rappresentanza sindacale tra costituzione e autonomia collettiva. Argom di Dirit del Lav
3:629–665

48. Zitti G, Ancey C, Postacchini M, Brocchini M (2016) Impulse waves generated by snow
avalanches: momentum and energy transfer to a water body. J Geophys Res Earth Surf
121(12):2399–2423


	Sustainable Engineering for Resilient Built and Natural Environments
	1 The Research Experience at Department of Civil and Building Engineering and Architecture
	1.1 The Architecture Division
	1.2 The Construction Division
	1.3 The Infrastructure Division
	1.4 The Structures Division

	2 The 2017 Departments of Excellence Award Experience
	3 Environmental Resilience and Risk Mitigation
	3.1 Cultural Heritage and Landscape: Digitization, Analysis and Design Aiming at a Resilient Future
	3.2 Rethinking Buildings Design, Construction and Management Through Sustainable Technologies and Digitization
	3.3 Research and Engineering for Resilient Infrastructures and Environment Protection
	3.4 An Overview of the Structural Safety-Oriented Research in the Region Marche Seismic Area

	4 Conclusions
	References




