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CITY, ARCHITECTURE AND SUSTAINABLE DESIGN Spoke 4. Universita luav di Venezia Y.
SMART AND SUSTAINABLE ENVIRONMENTS -
(MANUFACTURING, WORKING, LIVING) ¢ v
TOURISM, CULTURE AND CREATIVE INDUSTRIES
SMART AGRI-FOOD

MARITIME, MARINE, AND INLAND WATER TECHNOLOGIES:
TOWARDS THE DIGITAL TWIN OF THE UPPER ADRIATIC

UNIVERSITA
DEGLI STUDI
D1 PADOVA

Task RT2.3. a
Heritage, Recovery, Conservation

MODELS, METHODS, COMPUTING TECHNOLOGIES FOR DIGITAL TWIN

iNEST is a new model of innovation ecosystem that concerns areas of technological specialization consistent with the industrial
and research vocations of the reference territory. It intends to promote and strengthen collaboration between the research
system, the production system and territorial institutions, with a view to economic, social and environmental sustainability.

It is made up of 24 universities, foundations and research institutions, with 9 Spokes and 44 affiliations.

Spoke 4 City, Architecture and Sustainable Design is dedicated to sustainable design strategies for the care and maintenance
of the built environment considering the energy transition and resilience towards environmental risks.

Task RT2.3 Heritage, Recovery, Conservation identifies the processes of safeguarding and restoring the historical heritage,
considering the energy and digital transition, the socio-cultural value and the use of the asset.
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Task 2.3 Heritage, Recovery, Conservation has implemented an
integrated system of risk and damage and degradation analysis,
methodologies and technologies for the conservation and
improvement/adaptation of the historical, architectural and
urban heritage.

[ Event, problem ] ) ) )
I The system will be able to suggest prevention actions to reduce
Building/Site component (Target) ] vulnerability, improve resilience, energy performance and use
) 1 of buildings, also considering the post-event emergency phase.
Type of damage or degradation .
T The tools developed in the research concern macro-events
[ Hazard and vulnerability of the building and/or site ] (earthquakes, floods, urban heat islands - linked to the theme of
1 energy efficiency of buildings, fires), and actions that cause
—( Risk a“a'is's model ) localized damage and degradation.
[ Methodologies, Technologies, Techniques, Materials for mitigation ] Hazards and vulnerabilities are assessed USing a mUIti'riSk
1 analysis model and are correlated with the most appropriate
(Multicriteria Evaluation of Technologies, Methodologies, Materiala methodologies and technologies.The assessment of intervention

options can be supported by decision-making aid tools such as
multi-criteria analysis.
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A multi-risk analysis model has been developed to assess

- regional hazard ] the hazard of sites and the vulnerability of buildings.
—{ Local hazara | The model is based on parameters and indicators to
_ _’[ Formal vulnerability ] Mmeasure:
| structural vuinerability |  the hazard at regional and local scale;
ion building/si oge . .
—__ Forctenbuiinglsre | « the vulnerability (formal and structural) of the building
_’[ Socio-demographic conditions] . .
and its components;
_)[ Natural environments ]
* the exposure.
—D[ Production activities ]

— symitatics avaisotins The model is implemented with :

Parameters / Components Vulnerability values

Detection sheets, in which the characteristics of hazard and

‘ ‘| “ “ “ vulnerability are described, based on analysis of the building

Via deTTAcquedoto, TAnGess (PN

Fire

= and the site, use of maps, models, etc.
Information processing platform (implemented in EXCEL), in
which the information from the cards is reported, and relative
hazards and vulnerabilities are calculated (depending on the

impacts of the events foreseeable on the site); summary
|| || || || assessments are also provided, by type of event

Urban Heath | -
Island Energy ||
efficiency

IIII II 1“'
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UHI - Urban Heat Islands

Parameter (generai) Component (locai) Weight v:';‘g’;‘h':""m"f‘f)" W Locol Value Num. Value Norm. Volue Grophic Norm. Volve Mi"’:;:;;’d o =,I:L. Vu
ma

Geographic location, Latitude 8 0,2105 =] high 4 08 0,3200

Regionc/ hazard Geographic location. Altitude 8 0,2105 ) low 2 04 0,1600

Regional hazard (Rig) Geographic location. Morphology 6 01579 1 high 4 08 = 0,3200

Weather conditions 10 0,2632 [ tow 2 04

General weather conditions 6 01579 — medium 3 06 0,2400
Presence of environmental pollution s 01212 l=—=x] medium 3 06 R on paik R 7 e Y
Local atmospheric conditions 5 0,1515 | medium 3 06 L 0,2400 H
Reflectance / albedo of urban surfaces 3 0,0909 ] low 2 04 = .
Local hazard Permeability of urban surfaces 3 0,005 | S—r low 2 04 . H
Local hazard (Ril) Thermal conductivity of urban surfaces 3 0,0909 [— very high 5 1 u i | .
Architectural-urban context. Building density I3 0,1212 [ — very low 1 02 . .
Architectural-urban context. Water mitigation 3 0,1212 — high s 08 . = M
= .
ban context 4 01212 [E——] medium 3 06 M H
Architectural-urban context. Sky-view factor 3 0,0909 == medium 3 06 2 H
Conformation of the bullding ) 0,129 medium 3 06 M H
Geographical exposure of the building 4 0,1290 low 2 04 : :
Building albedo. Roofs 5 01613 medium 3 06 . H
Forrp'ol . Building albedo. Facades 5 01613 very high 5 1 = I | H
vu/nercblllty Yolresapitty Vu (form) Green elements in the building. Facades 3 0,0968 very low 1 02 = :
T h e h a za rd s a nd Green elements in the building. Roofs 3 0,0968 high 4 08 = - .
Mitigation facade elements 3 0,0968 low 2 04 = .
one. o Aspect ratio building height/road surface width 4 0,129 Tow 2 04 2 H
vulnerabilities of the Exposure po— Fonciosi poie S o : w | :
Sociodemographic characteristics 3 0,7500 | E— medium 3 06 = .
e . Air conditioning systems present and their efficiency 5 02778 | Esmm—— medium 3 06 = Ll
b u i I d i n g a n d t h e Site a re Structural VU/n.e(ObI/Itndd air Vulnerability Vu {structure, Building envelope and its efficiency 5 0,2778 — very low 1 02 = H
COI’)dIthI’NI’)g systems clymate systems) Building construction materials and their thermal resilience 4 02222 f——2) very low 1 0.2 : H
Roof construction materials and their thermal resilience 4 02222 low 2 04 . H
kY N

related to the

Methodologies,

methodologies and oeper  fe/me | Mebeibye ovspe, 1

Ie;;:a:e“:i:less' Vulnerabilities / Hazards of hazard and vulnerability HOZOfd, VUlnefObiIity
technologies that allow ey [Rey e | Methodologies, l
the mitigation of : 5 V) \ﬁ (| [Rr2,cn | Technologies, Request for
. d d ‘l\‘ : : Techniques, "reduction of
IMpacts, ' amages an -Z 7 -v2 _<.7+ T1(C2) ‘ ’ R(TL, c2)‘ Materia{s and vulnerabilify;.vnd
degradations. = z | (R | their — hazard" o

JGovs . & : «performances» indicator
The example concerns : : | / . (reduction of components
th bl f UHI-heat /‘ vulnerability / (building/site
. Ie p;o e;n o -hea ha ﬁy{/ J‘! M ,,,,, ﬁ Ti (Ci) H R(Ti, Ci) ’ hazard) elements)
Islands and energy - W—b— : :
s 5 : : A -

efficiency of buildings. S v | | [amen |5 S8 UHI- Energy efficiency
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For cultural heritage, the value of the building is important
in the decision-making process of adaptation and maintenance.

« Economic value (reconstruction cost, etc.)

« Social/cultural value of the building/site

1. Objective aspect

o historical-artistic importance of the building and any artistic assets present.
o local/national/international recognition (e.g. UNESCO sites, etc.)
o function of the building (religious, civil, cultural, etc.)

2. Subjective aspect (perception of the increase in the quality of the place - «residential satisfaction»).

«Environmental Psychology», «<Restorative design»

- Buildings and historic centers, equipped with effective function/use, are often places of "social aggregation" in which the
inhabitants can recognize "identifying elements" and "sense of belonging" to a community and contribute to the
consistency of its "social organization”.

« Historic buildings and sites sometimes relate to a significant environment (system of squares, streets, etc.), or to «Green»
and «Blue» (Green/water) elements, natural or artificial, which can increase the quality of their enjoyment.
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The INEST Project developed an integrated system to analyze
risks and identify tailor-made solutions for the adaptation,
improvement and mitigation of damage and degradation on
buildings and historical sites with regard to natural events and
those resulting from climate change.

The system integrates technologies, context and
sustainability.

The tools are adaptable on a building, urban and territorial
scale.

It is a expeditious but sufficiently in-depth, replicable,
scalable and flexible model, designed for the challenges of
ecological transition and sustainable enhancement of
heritage.

Its potential can grow with collaboration between
institutions, technicians and local communities.

Tests on case studies and further developments of the tools
are underway.
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