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Abstract

“Green Hill Research Center” is the renovation project of an industrial
building in Milan located in the area of the Ex-Slaughterhouse. The
gallery under consideration has a historical importance to be enhanced
both for the monumental structure and for its agri-food functions
which are maintained by the proximity of the neighboring food market.
The purpose of this project is to modernize and return to give
life to an abandoned area with great potential; use and adapt
the space by creating a strong connection between the existing
and the new project, balancing the use of innovative and modern
technologies and the revitalization of the previous walls and roof.
The Green Hill research center transforms the gallery into a hybrid form
that combines conservation and contemporary technological design. It
creates a sense of space that celebrates the present and at the same
time establishes connections with both the past and the future, this
connection is given by a historically rooted context and will result in
a structure that will open towards the future through the function
of bio-technological and agri-food research. We will try to create a
flexible and receptive, historical, and contemporary environment.
The project aims to merge the fields of architecture and engineering,
making them interact to create a complete project in all its phases; use
innovativetechnologiesthat create spacesasattractiveandimpressive as
thestructurethathoststhem. Atthe sametime, wetriedtogiveimportance
to the environment, climate change, sustainability, and the reduction of
CO2 emissions through passive and active strategies. The main strategy
was to use greenery, to create an area that acts as a purifier of the
surroundings and which at the same time acts as an interactive space, for
the community andfunctions asinterconnection with the neighborhoods.
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11. Competition and regulations

Reinventing Cities is a global competition organized
by C40 to drive carbon neutral and resilient
urban regeneration around the world. When the
competition launched at the end of 2017, 15 cities
proposed 40 different sites for redevelopment and
reuse. The first results of Phase 1 of the Reinventing
Cities competition are in, and they are promising.
The competition received more than 230 creative
proposals across 33 sites - and more are expected
in the coming months. More than 1,200 different
companies and organizations joined at least one
bidder team. Together they have formed creative
multi-disciplinary teams of investors, developers,
architects, environmental experts, start-ups, civil
organizations, and artists. Students Reinventing
Cities provides a unique opportunity for academics
and students to collaborate with global cities.
Together they will imagine a more sustainable and
inclusive vision for cities everywhere, by rethinking
how neighbourhoods are planned and designed.
This competition comes at a key moment - we
know that the next decade will determine whether
we can avoid runaway climate change. Across
the world, cities are strengthening their climate
commitments and actions. They are developing an
ambitious agenda for a green and just recovery from
the COVIDA19 crisis and building a broad coalition
with  youth climate activists, representatives
from labour, business, academia and civil society.

1. INTRODUCTION

1.2. Project aim and vision

The renovation project studied in the thesis is part
of the Reinventing Cities competitions. The aim is
to give rebirth to an industrial and abandoned area
were the “food “theme is crucial and has to be kept.
Thisisthe reason why Green-hill became a biological
and agricultural research centre, immersed in
the nature. The aim is to raise awareness on the
importance of agriculture and to keep alive the
history of the building. This is the reason why
part of the building is open to everyone and part
of it are open to the public by request, like the
greenhouse, so that there is interaction between
the main function and the public.

The project will:
‘Reduce the impact of emissions due to the
buildings. Existing buildings need high levels of

retrofit in order to reduce carbon emissions of 50%.

Support the implementation of new ideas and
innovations that can be rolled out on a global scale.

Actively drive collaboration between the private
and public sectors to deliver new approaches to

delivering low carbon urbanisation.

‘Keep alive the history of the place to people of all
ages, and create a community
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2. HISTORICAL ANALYSIS

1.3. History of slaughterhouse in Ita-
ly and Europe

Since the first decade of previous century. The city
of Milan was subject to an important campaign of
restructuring and reorganization of more conscious
and efficient services aimed at an expansion of the
capital of Lombardy, the public slaughterhouse of
Milan, as well as the expansion of the aqueduct and
markets as well as the lighting system of the city,
was an integral part of these ambitious projects
aimed at achieving greater city well-being. The
project, studied by engineers Giannino Ferrini and
Giovanni Filippini, was initially carried out between
1912 and 1914. It included an incredibly large area
of about 300,000 square meters, nearby the main
train stopover and the fruit and vegetable market
(now decommissioned). Following the outbreak of
World War | and the arms race, the construction
of the Milan public slaughterhouse inevitably
had delays. It was not until 1924 that engineer
Antonio Cecchi finished the ambitious project,
continuing to amend it until 1929. This plant was
conceived according to the most classic schemes
of the European plants then in operation such as
those in Dresden, Stuttgart, Cologne and Zurich.
The lot located in the former railway station of
Porta Vittoria, near Linate airport, hydroscalo
and Viale Forlanini, is one of the arteries of Milan.

Rectangular in shape, it was equipped with railway
junctions, on the north and south sides; obviously
the distribution mode of the buildings was closely
associated with a functional value more than stylistic.
Near the iron-road port, in Viale Molise, there were:
offices, slaughter chains, markets and health and
veterinary institutes, isolated from the place of
production itself. Although the realization of the
same has occupied over three lustres, the complex
demonstrates a clear evolution of the architectural
language as well as the construction techniques
used while maintaining, however, a great unity of the
whole, faithful to the design and the plant set at the
beginning of the century. The purpose of industrial
archaeology and the knowledge of monuments
and industrial structures, or their localization and
the identification of their peculiarity from different
points of view, such as history, architecture,
technology, urban planning, art, but also customs
and social life. Before developing the concept of
industrial archaeology it is necessary to define the
meaning of the term abandoned areas. It defines
those spaces and containers which are no longer
used for the activities for which they have been
designed and manufactured and which are awaiting
use. This phenomenon has been going on for at least
a decade and is linked to the cessation of activities
and the modernity or services and infrastructure.
The disused areas are a sign of the relative stability.

HISTORICAL ANALYSIS O3



The end of the industrial era in Europe was the
cause of the abandonment of the vast production
areas and related structures such as worker
quarters, railway stations, bridges, power stations,
warehouses,etc. there have been profound changes
in the form and location of new industrial estates
for two reasons: the first is the general tendency of
firms to produce intensively and to move industries
to cheaper areas, the second being technological
innovation and speeding up transport times. Areas
are thus abandoned both on the periphery as it is
no longer necessary to have ample space for the
installation of assembly lines, and within urbanized
fabrics as the speed of connections given by the
new technology allows you to easily reach several
international centres. Moreover, it is often clear that
they have always been intensely occupied and are
left adrift, while free land is often purchased without
apparent need precisely together with the derelict
areas are quietly abandoned even in infrastructure,
equipment and services, a phenomenon less flashy
but no less relevant. Consequently, it can be said
that industrial archaeology is not only concerned
with specific cases but covers a much wider field.

The impression is that it is not just an area or sector
that is in crisis, but that linked to a model and all
the urban armour linked to the last technological
era, which is being called into question at the same
time. According to (Vittorio Gregotti, i territori
abbandonati 1990) : The area defined as industrial
archaeological heritage, with lives in comma
urban centres in harmony or in contrast to recent
realizations, preserving the traces of stratification
of the various phases of industrialization and
have succeeded each other with the numerous
generations of industries. The large industrial centres
become symbolic places of cities and represent
the ways of growth of the city itself. To intervene in
these areas, redesigning the and reintegrating them
fully into the urban fabric after their divestment,
in addition to studying in morphology, it is also
necessary to be fully aware of the semantic and
structural value they have with respect to the rest of
the city precisely in order to redefine the identity of
the site and the elements that want to preserve, it is
fundamental importance the acquisition of a deep
knowledge both of the historical and morphological
structure of the surrounding urban reality and of
the peculiar characteristics of the areas in question.

O4  HISTORICAL ANALYSIS

THE FIRST PUBLIC SLAUGHTERHOUSE

Observing the Milan plant of 1832 it is possible to
outline the south-west area of the city where the
first slaughterhouse will be born, an area with poor
urbanization. The opening of the Ticino railway
station (you can bring Genoa) in 1862, determine
the start of a process of total transformation of the
area; In fact, the Pubblico Macello (1861-63) is built,
on the current Piazza S. Agostino, designedby the
engineer Agostino Nazari, the Municipal Technical
Office, and the cell prison of SVittore (1872-79)of
the engineer Francesco Lucca. A number of road
arteries are created, including via Olona,the main
link between the city centre slaughterhouse.

THE NEW SLAUGHTERHOUSE

Following the construction in 1911 of the wholesale
fruit and vegetable market in progress march 22,
the “annotari” interests in Milan move decidedly
outside the Spanish walls, in the eastern area of
the city. The next new location of Macello pubblico
behind the railway station of Porta Vittoria and
with the construction of the poultry market in the
immediate vicinity of 1925, the conditions were
created for the definition of a large south-east area
of the city to be used for all activities related to
the supply of food. This is due to the position of
this area, which facilitates its connection to the
main rail, road and air traffic links. Moreover, this
area, at the time comma was not yet urbanized (the
prerogative for the placement of the slaughterhouse
was the distance from the dwellings, mainly due
to unpleasant smells) and was large enough to
accommodate a large public function such as the
slaughterhouse and cattle market.

In this area was then built in the early 60s the current
Fruit and Vegetable Market that went to replace the
one in progress 22 March. The new slaughterhouse
in Milan is inspired by the canons of European
public slaughterhouses comma in particular those
German comma that provide for the slaughter of
large common tunnels connecting different plants
comply with the hygienic and sanitary regulations
of the time. The new plant came into operation in
1930, although work began in 1914, and occupies
about 65700 sqm , over a total area of 200,000
sgm.



2.1. Transformation of the ex Slaugh-
terhouse along years

In order to understand the typology of the
project we need to renovate, It's very important
and necessary to demonstrate a clear evolution
of massing and functional reallocations among
years. That's why highlighting it among time line
along years is the main key role to figure out the
historical parts that needs to be preserved to
keep the identity and also which parts are valid for
demolition that will not touch historical value and
allowing us to explore new building re-use , adaptive
functions, Morphological urban transformations
matching with sustainability and new environmental
roles. Architectural renovation is taking apart in
architecture transformation and is defined as the
principle that an architectural concept, structure,
or organisation can be altered through a series
of discrete manipulations and permutations in
response to a specific context or set of conditions
without a loss of identity or concept.

Transformation comes after several investigations
going on several basis whether it's urban or
renovation or structure and material and also
building life cycle that allows us to decide it's
good choice to keep , reinforce or to demolish.
In following pages we analysed our site location
, number of buildings , distribution of functions
and each building was subjected to functionally
change or even was meant to addition or removal
of materials , roofs or extensions. The next time line
is stating transformation of the new slaughterhouse
after following the construction in 1911 and starting
of work in 1914 until the year 1950 after the
inauguration of the complex that it is the final state
of the site and area with no alter changes till the
current moment we are living in now. Noting that
also financial condition of the owner and whether
the investment is going to get the profit and revenue
for him or to keep the land value as it is has to be
taken in consideration.

HISTORICAL ANALYSIS  O5



1914-1920

The buildings that faces in Viale Molise hosts the
functions of administration, direction, sanitary offices
and the livestock exchange building. These lots
developed in two floors and are characterized by
decorative mouldings inspired by Art Nouveau: such
as faux ashlar, coupled windows, bands in coloured
ceramic tiles and floral ornamental details. The
structure of the Liberty in the middle was completed
in 1916 despite the war, while the construction of
the lateral ones were interrupted until 1924. This
transformed the style into an objective language
in which the decorative apparatus is eliminated

in favour of the pure exposure of the reinforced

1930

concrete structure.

The works started in 1914 continue, once the liberty
buildings are finished, the foundation works of the
slaughtering galleries and the refrigerator and the
complete construction in rustic of some buildings
for the services of the livestock market begin.
In recent years, to facilitate the supply of building
materials, part of the livestock yard was built with a
provisional connection to the Porta Vittoria station.

In these vyears the two large buildings to the
north developed with the function of the calf, pig
and sheep market and the large cattle market.
At this time there was a lot of talk about livestock
as by examining the market trend you can get
information on the conditions of agriculture
as, for when drought ruins the
countryside it makes it difficult to feed livestock.
In the last three vyears, the meat trade has
developed a lot, signifying the improved
tone of life of modest social categories.
With this third and last lot the works are concluded
with a total cost of 17,000,000 lire.

example,

OO HISTORICAL ANALYSIS

After the inauguration of the complex in
1930, this. The general aspect of the complex
was that of a modern and efficient urban
equipment, at the levels of European standards.
In the 19505, to increase the hygiene of the exhibition
gallery, it was decided to cover it with a metal truss.
However, the constant growth of the city has led
the slaughterhouse to no longer be part of such
a peripheral area. Thus began the decline of the
slaughterhouse around the 1970s until 2007 when
the business was definitively ceased.



2.2. Milan: Beruto, Pavia-Masera, Al-
bertini, Veneziani plans

The Beruto plan (1884-1889)

Two floors were studied by the engineer Beruto, the
first in 1884, who obtained the approval of the City
Council in 1886, but was sent back to the Superior
Council of Public Works; the second, in 1888, which
was approved by law of 1889. With the first floor,
Beruto responds to the need for expansion with
a radial reticular road system, which is inserted
between the original arteries of penetration,
forming blocks of about 400 meters on each side
so as not to jeopardize future development with
a mesh that is too narrow, in order to to allow
even large residential or industrial constructions.
In fact, Beruto himself states that small blocks are
the result of speculation. Beruto's plan, therefore,
rejects a dense and undifferentiated road network,
which would allow immediate subdivision and
would therefore become easily usable for building
purposes. Beruto intends to limit himself to marking
the main road routes, making up the so-called
“‘general plan”, leaving the small subdivision to be
studied with partial plans, anticipating what will be
the distinction between the General Town Plan
and the detailed Implementation Plan. Another
characteristic aspect of the plan is the importance
assumed by the vast area of expansion envisaged
and the modesty of the gutting interventions in
the historic centre and within the Spanish walls,
when the contemporary city plans of Rome and
Naples heavily open the way. to the destruction
of historical nuclei. In reality, the birth of urban
planning is intertwined with economic interests
linked to land rent. In short, the plan of 1884 is an
extraordinarily avant-garde plan in the conception
of the city and of society itself. Considering all the
areas preserved from the building (roads, gardens,
public spaces), each of the 250,000 inhabitants
settling in the expansion areas would have been
entitled to a per capita endowment of at least
25 square meters of public equipment, equal to
10 square meters / in destined for streets. The
location of the green spaces, then, is studied with
the intention of creating in the future crown of new
buildings equidistant public gardens so that each
neighbourhood can use them.

However, the Plan was rejected in Rome by the
Higher Council of Public Works and sent back to
Milan for a new draft. The refusal to approve the first
project by the government authority is motivated
by a series of reasons mainly of a formal nature:
isolated with too large meshes; irregularly shaped
blocks; excessive frequency of curved lines in the
shape of the squares and in the layout of the streets.
To the observations made by the Ministry, Beruto
in 1887 proposed a detailed report with which
he tried to justify the design choices he made.
In the first place, he justifies the large size of the
blocks by arguing that this would have allowed a
lot of freedom to construction, thus also allowing
the settlement of industrial complexes and large
building complexes. Linked to this was the choice
of limiting the road layouts only to the main ones, so
that case by case the subdivision would have been
carried out, depending on the type of intervention
and the context. Secondly, he affirms that the choice
not to have used a rectangular subdivision but to
have opted for an irregular subdivision was born
both from the desire to reject the regularity of the
cities that arose from scratch, and the possibility
of guaranteeing a radial-type road system layout.
Diagonal, which would have constituted a way
of saving time in the journeys according to the
relationship between the hypotenuse and the sum
of the legs. Finally, as regards the choice of circular
squares, Beruto affirms the desire to include
Milan among the European cities, citing a series
of foreign examples (including Berlin and Paris).
However, the Ministry's observations have their
effect and the municipal administration orders
Beruto to compile a new plan. Beruto, in this second
version, then subdivides the blocks with more
intense road links, sometimes eliminating some
diagonal roads, some roundabouts, some triangular
blocks: in substance much of the space intended for
public use and green spaces is reduced and greater
extension is guaranteed to building surface, making
new lots faster to build. The special municipal
commission deliberate the plan on 20 June 1888 and
the ministry approves it with law 11 July 1889 no. 6210.
The internal area, included between the ramparts,
appears in the plan table with only the main radial
arteries that branch off as ramifications from the
Piazza del Duomo. You can find via Orefici, piazza
Cordusio, via Mercanti, via Dante and the system of
the Foro Bonaparte. The area of the Forum up to
the Arco della Pace is left blank.

HISTORICAL ANALYSIS — O7



The Pavia Masera Plan (1910-1912)

The potential of the Beruto Plan therefore did not
find adequate realization. The lack of planning is
in fact increasingly accentuated by the economic
interests linked to urban development. In the
historic centre the process of demolition and tertiary
transformation is accentuated while the suburbs
are enlarged like wildfire in all directions, setting the
new road network on the already partially defined
radio centric type. So the Municipality of Milan
commissioned a new plan from its engineers Angelo
Pavia and Giovanni Masera, which was adopted in
1910 and approved by the Ministryin1912. For the area
inside the Bastioni, the decision to demolish large
areas is continued: the creation of Corso Matteotti,
the opening of Corso ltalia, the enlargement
of other streets, including Corso Garibaldi.
As for the area outside the Spanish Walls, an
urban expansion of 2240 hectares and the
settlement of 560,000 inhabitants is planned.
The road scheme resumes that of Beruto, extending
the interrupted radials and creating new roads
perpendicular to them. All these choices lead to
the creation of an urban aggregate increasingly
gravitating around the centre and weighed down
and suffocated by concentric rings. It is therefore
an expansion plan, which does not tend to develop
the expansion of the city towards the north,
because by now the expansion has almost reached
the municipal boundaries, and which as the only
criterion for differentiating the destinations has
the different size of the lots, wider for industrial
locations, smaller for residential ones. In the areas
adjacent to the more densely built ones, the road
network is rather dense, in particular to the east
and north-east where the buildings have now
reached the boundary of the previous plan, while
further outside, along the railway and along the arch
southern and western, the road network is large
mesh. The new element contained in the plan is the
railway. The old railway belt constitutes a barrier
and therefore a new and wider one is planned,
in the shape of an inverted C, which is based on
the transformation of the Central from a transit
station to a head station, placing it more externally.
In summary, the Pavia-Masera Plan takes up the
second Beruto Plan in its general lines and gives
complete form to the transformations to which the
Beruto Plan had been subjected: the build-ability of
many land is guaranteed while public destinations
are almost completely forgotten. The First World
War marks a setback in the implementation of the

new plan.
O8  HISTORICAL ANALYSIS

The stagnation due to the conflict (19141918) was
followed by a huge building recovery, mainly
towards the north and north-east. Thus it happens
that in 1926 the Prefectural Commissioner of
the Municipality of Milan announces a national
competition for the preliminary project for the
Town Plan for the expansion of the city of Milan.
In reality, the Pavia-Masera plan had not yet been
completed. The competition notice requires precise
indications for the inner city area for public services
and green spaces, highlighting the need for free
areas in relation to the built, and raises awareness
of the need to conceive Milan and the surrounding
municipalities through separate regulatory plans.
that do not accentuate monocentrism. He also
mentions, albeit briefly, the concept of zoning, ie the
distinction between the intended uses (residential,
commercial, industrial). The winning plan bears
the signature of the architect Portaluppi and the
engineer Semenza. Immediately after, a municipal
planning office was created headed by the engineer
Albertini, for the final draft, with the declared aim
of collecting the best proposals among those
presented in the competition. Albertini, who takes
six years to draft the new plan, does not take into
account the information from the 1926 call.

The Albertini palan (1934)

It should be remembered that the period following
the First World War marks a very difficult moment
for the history of ltaly. The strong inflation is felt
above all for the workers and for the middle class.
The workers, after having fought in the trenches,
find themselves with poor wages and few rights.
Not everyone has a job, as industrial productivity
comes to a halt. Meanwhile in Russia, from 1917,
Lenin gave way to the Revolution. From 1919 to
1920, Italy was crossed by the so-called “red two-
year period”: workers went down to fight against
the high cost of living, to raise wages, for an eight-
hour working day and to have more rights inside the
factories. Between August and September 1920 the
factories are occupied. Meanwhile, in 1919 the Fasci
di Combattimento were born in Milan, founded by
Benito Mussolini and a group of ex-combatants.
Industrialists are turning to these armed groups to
try to quell the riots. The Fasci quickly became the
National Fascist Party and, in the climate of general
disorder, gathered thousands of support, especially
from the middle classes and the industrialists. On 2
August 1922, the fascists occupied Palazzo Marino,
the seat of the municipality, and violently dissolved
the socialist municipal administration.



At the beginning of the century Milan had
incorporatedthe towns of Turroand Greco Milanese.
But after the war, given the strong development of
the industrial city, especially towards the north-
east, it was decided to aggregate eleven other
neighbouring municipalities (1923). Today they
are all neighbourhoods of the city. In this period
Milan reaches a territorial extension of 185 square
km, practically analogous to that of today, and a
population of about 860,000 inhabitants. In fact,
the industry is in full production: in 1927 it produces
ten times more than in 1914. The industrialists have
financial and fiscal facilities but there is still strong
inflation and a strong deficit in foreign trade. In 1926
Mussolini decides the revaluation of the lira, with the
consequence of the decline in exports and the crisis
of smallindustries. The answeris adecrease in wages
by 20% in 1927. In 1929 the world crisis produced by
the collapse of Wall Street has its consequences
also in ltaly. The Thirties were difficult years: the
very serious economic crisis produced the collapse
of the national income. Wages are still decreasing
until they are reduced in 1934 to half of those of
1926. In the country there are a million unemployed
but the censorship prevents it from being known.
To save the major industries, the fascist government
favors concentration with the foundation in 1933 of
the IRl (Institute for Industrial Reconstruction). To
stop the crisis and unemployment, the government
is carrying out numerous public works (construction
and reclamation). The war in Ethiopia sends a good
number of unemployed to Africa, turning them into
troops. It also produces excellent business for the
industry, with the mirage of a new rich land to be
exploited. The result, however, is political isolation
on the part of the League of Nations. It is forbidden
to trade with Italy. Mussolini reacts to the sanctions
with Autarchy, an extreme form of protectionism: it
forbids buying foreign products, giving incentives
to produce, consume and recycle only ltalian
products. After 1935, Milan continues to grow at
a rate of 50,000 inhabitants per year. In 1940 it
reached 1,327,000 inhabitants. The neighbouring
municipalities, such as Sesto San Giovanni and
Cesano Maderno, are also growing. This is the
period in which the so-called “recovery pickaxe”
is put into action on the city center. "Restoring” a
neighbourhood means demolishing the old houses,
considered unhealthy, and sending the inhabitants
to the suburbs: in Lorenteggio, Ortica, Baggio,
Bruzzano., Vialba, San Siro as poor were evicted.

And in the heart of the city, in the grandiose
style dear to the regime, the construction of new
neighbourhoods begins. The San Babila area
changes face. Instead of an old neighbourhood, the
Toro Insurance building (architect Piero Portaluppi),
the Teatro Nuovo and other buildings with arcades
for shops, offices and luxury homes were built. In
the same style, the buildings along Corso Matteotti,
called Corso Littorio (1934). The Galleria del Corso
with its cinemas was built from Corso Vittorio
Emanuele to Piazza Beccaria. From the evictions
south of Piazza Cordusio rises the new business
district, with the stock exchange building. Piazza
Diaz was also created with the two twin buildings
of the Arengario (architects Griffini, Magistretti,
Muzio and Portaluppi). In 1931 the Central Station
(architect Ulisse Stacchini) came into operation,
with an Assyrian-Babylonian style. In place of the
ancient station of the times of the Unification of
Italy, the current Piazza della Repubblica is opened.
The Planetarium, built by Portaluppi, is also from
this era. The publisher Ulrico Hoepli gave it to the
city. Many bourgeois houses are built along the
ramparts and along the avenues obtained from
the demolition of the ancient nineteenth-century
railway belt. The plan drawn up by the engineer
Cesare Albertini provides for all these demolitions
in the centre, ignoring the interesting indications of
the 1926 notice and tending to ensure an intense
building development of the city, from the centre to
the municipal borders. In the central area, therefore,
a network of large arteries 30 meters wide, drawn
with the intention of de congesting the Piazza del
Duomo and its immediate surroundings, produce
a gutting of various city sectors. The declared
intentions are to activate the building renovation. It
is stated that through numerous arteries converging
towards the centre it is possible to determine
centrifugal thrusts towards the periphery. In reality,
the effects that this type of approach generated
were mainly the growing outsourcing of the centre,
a process that had already begun in the decade
19211931, and the widening of the centre-periphery
gap. It should be remembered that between 1928
and 1930 the Navigli were covered, a procedure
initiated to make the centre more functional to the
needs of offices and traffic as well as for hygienic
reasons. This is an event that radically changes
the image of the city, as was the demolition of the
Spanish ramparts planned by Beruto.
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The 1945 competition and Venazi Plan

The king and the government flee to Brindisi, under
the protection of former enemies, now allies. The
Germans immediately spread to ltaly and free
Mussolini, putting him at the head of a puppet state,
the Italian Social Republic, with its capital in Salo.
But the decisive role is played by Milan, taken by
the Germans three days after the armistice. The
ltalian army was left without a guide and in a few
weeks the Germans captured and deported six
hundred thousand soldiers en mass to German and
Polish concentration camps, establishing the death
penalty for draft dodgers and their relatives. Those
who do not want to obey hides or joins the partisan
formations in the mountains and on the Oltrepd
hills. Guerrilla groups are also formed in the city to
organize attacks and sabotages (the GAPs, Patriotic
Action Groups). However, for every German dead,
many more were the ltalian convicts. In short, Milan
lives in a climate of terror, in the absence of all basic
necessities. In the spring of 1945 the Allies broke
through the German defenses on the Apennines
and the partisans descended from the mountains.
April Mussolini flees to Switzerland. On the night
of April 26, the GAPs occupy the strategic points of
the city and during the day the center is liberated,
while the partisan brigades enter the city. The Allies
arrive on April 29th. The Germans surrendered only
on 1 May, when Mussolini was already captured and
shot by the partisans. suspension of the validity of
the Albertini plan and with the competition of ideas
launched in November 1945 for the drafting of the
new master plan, also in relation to the indications
of urban planning law no. 150. The Albertini plan
had made it possible to make every single lot
immediately build-able through demolition and
demolition in the center and through a very dense
road network, from the center to the periphery.
The only attention to greenery was guaranteed
by the rows of trees along the new arteries, which
from that moment on will strongly characterize the
Milanese urban fabric. Faced with this deficiency, it
is evident that the requests of the 1945 competition
announcement for the drafting of the new plan
place particular emphasis on the use of large areas
for public services as well as the creation of new
green spaces and the conservation of existing
ones. It should be emphasized that the spirit that
animates the competition of ideas of 1945 is that of
the participation not only of technicians but also of
all citizens who want to make proposals or highlight
needs in order to achieve a real rebirth of the city

after the war.
10 HISTORICAL ANALYSIS

The result is a long public discussion in the rooms
of the Castello Sforzesco that meets for thirty
sessions in order to draw a picture of the possible
development of the new Milan. The proposals of
the AR plan (Architetti Riuniti, i.e. Albini, Bottoni,
Gardella, Mucchi, Peressutti, Pucci, Putelli, Rogers)
are the most incisive. They refuse the outsourcing of
the historic center and propose the establishment
of the new business center in the area of the former
Scalo Sempione and are already thinking of the need
for an integrated underground railway network
mainly serving the province. After the debates, the
junta that governs Milan after World War Il entrusts
the councilor Venanzi with the drafting of the new
master plan. The study of the new plan officially
began in July 1946. The Municipality decided to
prepare an articulated work program through the
collaboration of several commissions. A General
Commission is specifically appointed, with the
councilor Mario Venanzi as chairman, headed by a
Technical Office, a Commission for implementation
practices as well as a Central Commission
divided into a series of Study Commissions for
the various areas of the city and in a series of
Advisory Commissions for specific topics (traffic,
art, transport, hygiene, etc.). Operationally, a model
analysis sheet is prepared to be applied to the
various sectors of the city. The inspections take six
months of work. In addition to the specific cards for
each district, overall illustrative tables are created
that highlight the condition of the entire city, for
example with regard to the location of industries
and the hygienic condition of existing buildings.
On the basis of all this information, collected
and processed, the Central Commission, which
until now has supervised the activity of the Study
and Consultative Commissions, prepares a plan
scheme starting from three fundamental aspects:
the location of the New Headquarters, the road
and a sketch of functional subdivision between
residential and industrial areas. The Venanzi Plan
was then adopted in March 1948, starting from the
proposals of the AR plan and the awareness that
in Milan it is necessary to invest in the interest of
the community, dealing with the reality of things,
neighborhood by neighborhood. It is precisely from
this moment that the lack of public spaces begins to
be evident, in each neighborhood. In the 1948 plan,
Venanzi proposes to move the business center
from Scalo Sempione, as proposed by the AR Plan,
to the area between the Garibaldi station and the
Central Station and introduces the system of ring
roads, subways and large urban parks.
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Fig.1: Regular plan of Milan city by Engineer
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Fig.3:The New Masterplan of Milan city by the councilor Venanzi competition
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2.3. Technical sheets and specifications

A data sheet or technical specifications sheet is a
document that summarizes the performance and
other building characteristics including foundations,
plans and 3d buildings to understand the role of
the component in the overall system. Typically,
a datasheet is created by a technical committee
and begins with an introductory page describing
the rest of the document, followed by listings of
specific characteristics, with further information on
the connectivity of the buildings. In cases where
there is relevant source code to include, it is
usually attached near the end of the document or
separated into another file. Datasheets are created,
stored, and distributed via product information
management or product data management systems.

Depending on the specific purpose, a datasheet
may offer an average value, a typical value, a typical
range, engineering tolerances, or a nominal value.
The type and source of data are usually stated
on the datasheet. A datasheet is usually used for
commercial or technical communication to describe
the characteristics of an item. It can be published
by the manufacturer or responsibile municipalities.
By contrast, a technical specification is an explicit
set of requirements to be satisfied by a material,
product, or service.

In the upcoming sheets we started to define
clearly each building of our masterplan. Defining
building location and providing a brief discription
about the use of that building and the purpose of
functioning it. In addition to the last original version
of architectural plans including general information
about year of construction , built up area , total
building volume and building dimensions. As well
as the building typology and images reflecting the
current building state.Meanwhile while performing
analysis on the building we found several structural
and building systems using different types of
materials connected together in which creating
a masterpiece using building latest building
technologies at that time. under conservation
state , it was defined the current level of it and if
it's applicable to conserve or not in iddition to
architectural interest and flexibility reuse.
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MAINTENANCE WORKSHOP

BUILDING N 8

The slaughterhouse complex was made up of
mechanical structures and systems that required
constant maintenance and control, to avoid slowing
down the slaughtering cycle. For this reason, the
building is divided into several rooms with a very
variable surface and is intended for laboratories
(carpentry and blacksmith) and maintenance depots.

Fig.6: Building location
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Fig.5: Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Year of construction |1920
Surface 2277 m2
Volume 6 675 m3
Height 4,3 m

Structure

Foundations

Strip foundations in concrete

Vertical Full bricks.
Horizontal Beams: ---

Slab: hollow block
Roof Wood structure and corrugated roofing
Finishes: int and ex Plaster internally and externally, concrete floors
Windows frame Iron

Conservation

Conservation state Low
Architectural interest | Medium
Flexibility reuse Low
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OFFICES AND STORES

BUILDING N 9

The building essentially consists of a building with a
total of 3 floors, 1 of which is underground and 2 above
ground and an uncovered area intended for a common
courtyard. The basement is intended for deposits,
while the central building is intended for offices and
related services both on the ground floor and on the
first floor.

Fig.8: Building location
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Fig. 7:Ground ﬂoér and first floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Year of construction  [1920
Surface 1169 m2
Volume 4558 m3
Height 8,4 m

Structure

Foundations

Strip foundations in concrete

Vertical Full bricks
Horizontal Beams: ---
Slab: hollow block floor
Roof Wood structure and corrugated roofing

Finishes: int and ex

Plaster and grit floor internally and externally, smooth shot blasted and hammered

Windows frame

lron

Conservation

Conservation state Low
Architectural interest | Medium
Flexibility reuse Medium
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EX MEAT MARKET

BUILDING N 10-11

This building is divided into several volumes connected
by a majestic central gallery. The bodies intended for
preparation and slaughter are made up of three sheds,
with just a single floor above ground, with a structure
in reinforced concrete pillars. In these there are large
tiled rooms in which some secondary operations were
carried out, well lit by numerous windows. These parts
are located north of the tunnel, so as to connect to it
perpendicularly.

General informations

i |
Fig.9:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

2

Foundations

Year of construction  [1920
Surface 0 000 M2
Volume 90 900 M3
Height 6,4 m
Structure

Strip foundations in concret

Vertical Full bricks + steel pillars

Horizontal Beams: reinforced concrete and steel
Slab: mixed in iron and Hollow block floor

Roof Wood structure and corrugated roofing

Finishes: int and ex

Plaster internally and externally, concrete floors

Windows frame

Iron
Conservation
Conservation state High
Architectural interest | Medium
Flexibility reuse High
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VITELLO HALL

BUILDING N 12

Industrial style with 1 floor above ground and service
" tunnelsThe building has a vertical load-bearing
2 masonry structures for the perimeter walls and in steel
pillars and reinforced concrete and iron beams with
a mixed brick concrete floor. The roof is flat with iron
and glass skylights. In this building, sheep calves were
slaughtered only at certain times of the year.
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Fig.11:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Foundations

Year of construction  [1920
Surface 841 m2
Volume 9 681Mm3
Height m

Structure

Concrete bearing slab

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel

Slab: mixed in iron-ore cement
Roof Hollow block structure
Finishes: int and ex Plaster internally and externally, plaster + smooth shot blasted and hammered
Windows frame Iron

Conservation

Conservation state Low
Architectural interest | Low
Flexibility reuse Medium
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SLAUGHTERHOUSE A

BUILDING N 13

with
and
Thebuildinghasverticalload-bearingmasonrystructures
for the perimeter walls and in steel pillars and beams
in reinforced concrete and iron with mixed slab in
brick concrete. The roof is flat with iron skylights
and glasses.

Industrial floor

style
ground

one

above service tunnels.

Adult cattle were slaughtered in this building. It was
therefore the most used slaughterhouse.
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Fig.13:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Year of construction  [1920
Surface 830 m2
Volume 8 945 m3
Height 75 m

Foundations

Structure
Concrete bearing slab

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel
Slab: mixed hollow block floor

Roof Flat roof with hollow block structure
Finishes: int and ex Plaster internally and externally, smooth shot blasted and hammered
Windows frame Iron

Conservation
Conservation state Low
Architectural interest | Low
Flexibility reuse Medium
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SLAUGHTERHOUSE B

BUILDING N 14

with 1 floor above

service

style
and

Thebuildinghasverticalload-bearingmasonrystructures

Industrial

ground tunnels.

for the perimeter walls and in steel pillars and beams
in reinforced concrete and iron with mixed slab in
brick concrete. The roof is flat with iron skylights

and glasses.

other.

2

Fig.15:Ground floor and first floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Foundations

Year of construction  [1920
Surface 860 m2
Volume 9842 m3
Height 75 m

Structure
Strip foundations in concrete

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel
Slab: mixed hollow block floor

Roof Flat roof with hollow block structure
Finishes: int and ex Plaster internally and externally, smooth shot blasted and hammered
Windows frame Iron

Conservation
Conservation state Good
Architectural interest | Low
Flexibility reuse Medium

HISTORICAL ANALYSIS

In this building horses were slaughtered on the one
hand, while the skins and fats were processed on the




BOOKING BUILDING

BUILDING N 15

The building consists of a civil type building for office
use with two floors above ground and a basement.
The state of conservation is very poor even if the
load-bearing structures do not show any damage, but
the building and plant components no longer fulfill
their function including the roof covering from which
copious infiltrations occur which affect the underlying
floors. Two weighing systems are combined with the

building.
Fig.18:Building location
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Fig.17:Ground floor and first floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Foundations

Year of construction  [1920
Surface 207 M2
Volume 2 070 m3
Height 10,7 m
Structure

Strip foundations in concret

Vertical Full bricks
Horizontal Beams: reinforced concrete
Slab: Hollow block floor
Roof Wood structure and corrugated roofing

Finishes: int and ex

Plaster internally and smooth and hammered grit externally; marble floors

Windows frame

Conservation

Wood

Conservation state Low
Architectural interest | Low
Flexibility reuse Medium
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LIVESTOCK INSURANCE OFFICES

BUILDING N 16

Slaughtering is a long and delicate process, this is
why it requires the supervision of different types of
workers.

For this reason, small buildings like this one housed
the offices and the sourvailance necessary.

The basement floor is a storage area, while the
ground floor is destined to offices and survailance.

The building, although it has been abandoned for
several years, does not present major structural

DEPOSITO
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Fig.19:Ground floor and first floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Year of construction  [1920
Surface 08 m2
Volume 399 M3
Height 2.6m
Structure

Foundations

Strip foundations in concret

Vertical Full bricks
Horizontal Beams: ---
Slab: Hollow block floor
Roof Flat roof
Finishes: int and ex Plaster internally and smooth and hammered grit externally; marble floors
Windows frame Iron
Conservation
Conservation state Medium
Architectural interest | Low
Flexibility reuse Low
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General informations

PRE-SLAUGHTER STABLE

BUILDING 17

The cattle arriving by road or rail were temporarily
stopped in the stable, to be checked before slaughter.
Although the building has a modest function, it has
particular architectural features (friezes, decorations),
which are still evident, despite being abandoned.

Furthermore, it does not present serious structural
P
problems and it conserves some of the old decorations.

Fig.22:Building location
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Fig.21:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Foundations

Year of construction  [1920
Surface 1550 m2
Volume 9 572 m3
Height 5,4 m
Structure

Strip foundations in concret

Vertical Full bricks
Horizontal Beams: ---

Slab: Hollow block floor
Roof Wood structure and tiles

Finishes: int and ex

Plaster internally and hammered grit externally; concrete floors

Windows frame

lron

Conservation

Conservation state Medium
Architectural interest | High
Flexibility reuse High
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FORAGE STORAGE

BUILDING N 18

The cattle stayed a few days in the stables (the
slaughter was carried out on 10 animals at a time).
Close to the stable there were therefore special
structures  for the maintenance of the animal.
The building located near the stable has the same
architectural characteristics as the latter. like the

stable, it does not present serious structural problems.

Fig.24:Building location

General informations

]
= UFFICI UFFICI ]

UFFICH +

£

3
Fig.23:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Foundations

Year of construction  [1920
Surface 400 M2
Volume 2 000 M3
Height 7m
Structure

Strip foundations in concret

Vertical Full bricks
Horizontal Beams: ---
Slab: Hollow block floor
Roof Wood structure and tiles
Finishes: int and ex Plaster internally and hammered grit externally; concrete floors
Windows frame Iron
Conservation
Conservation state Medium
Architectural interest | Medium
Flexibility reuse High
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General informations

SLAUGHTER-HOUSE C

BUILDING N 19

For each balance that he added to the complex, a
sample was observed; the animal was selected in all
its parts and sampled to check its state of health.

The  basement is destined to storage while
the ground floor has the function of  offices.
The northernmost part of the building is in a
bad state of conservation. Sud, on the other
hand, was used until a few years ago, but does
not have a particular architectural character.

|
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Fig.25:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Foundations

Year of construction  [1920
Surface 860 m2
Volume 9 842 m3
Height 8m
Structure

Strip foundations in concret

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel
Slab: Hollow block floor
Roof Flat roof
Finishes: int and ex Plaster internally and hammered grit externally; marble floors and gres
Windows frame Iron
Conservation
Conservation state High
Architectural interest | Medium
Flexibility reuse Medium
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HORSE STABLE

BUILDING N 20

In the slaughterhouse complex there were also
workshops the and repair
of heavy vehicles such as and trucks.

for accommodation

trucks

The building, although not presenting a particular
architectural character, is in a fairly good state of
conservation, having been used until a few years
ago by a private individual as a warehouse for fish.

Fig.28:Building location

General informations
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Fig.27:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Foundations

Year of construction  [1920
Surface 1161 m2
Volume 6922 m3
Height 82m
Structure

Strip foundations in concret

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel
Slab: Hollow block floor
Roof Flat
Finishes: int and ex Plaster internally and externally, marble floors
Windows frame Iron
Conservation
Conservation state Good
Architectural interest | Medium
Flexibility rehuse Medium
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STORAGE FOR MEAT TRANSPORTATION

BUILDING N 21

The building had two functions: it was a reseption
and it was a cistern in which the waste resulting
from the disinfestation of animals was collected.

Thebuildingturnsintoastate of complete abandonment
and therefore in a poor state of conservation, both
architecturally and structurally.

e bl

Fig.29: Basement floor and ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Foundations

Year of construction  [1920
Surface 202 m2
Volume 4257 m3
Height 82m
Structure

Strip foundations in concret

Vertical Full bricks + steel pillars
Horizontal Beams: reinforced concrete and steel
Slab: Hollow block floor
Roof Flat
Finishes: int and ex Plaster internally and externally, floors in gres
Windows frame Iron
Conservation
Conservation state Low
Architectural interest | Medium
Flexibility rehuse Medium
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WASHING AND DISINFESTATION

General informations

BUILDING N 22

In this area of the slaughterhouse, road vehicles that
came from outside were disinfected because they
could often present bacteria, especially if they had
transported a garment infected with some disease.

This area turns into a state of complete abandonment.

Fig.32:Building location
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Fig.31: Gound floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Year of construction  [1920
Surface 525 m2
Volume 2730 m3
Height 5,2 m
Structure

Foundations

Strip foundations in concret

Vertical Reinforced concrete pillars
Horizontal Beams: reinforced concrete
Slab: Hollow block floor
Roof Flat
Finishes: int and ex Plaster internally and externally, concrete floors
Windows frame Iron
Conservation
Conservation state Medium
Architectural interest | Low
Flexibility reuse Low
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CENTRAL GALLERY

BUILDING N 23

In the years 20, the connecting road between the
various slaughterhouses has emerged as an important
space inside the slaughterhouse. Those on the short
sides became the symbol of the whole complex. In the
50's, as a result of hygienic-sanitary needs, and due to
the importance of the gallery within the complex, it was
decided to create a roof, defining a real covered road.
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The roof is very deteriorated due to
fact that the glass in the skylights s
completely absent and has an asbestos

2

General informations

Fig.33:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano
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Foundations

Year of construction 1930 - 1950
Surface 2 000 M2
Volume 32100 M3
Height 15,2 m
Structure

Strip foundations in concret

Vertical Reinforced concrete
Horizontal Beams:---
Slab: ---
Roof Metallic structure with asbestos shingle and reinforced glass
Finishes: int and ex Exposed reinforced concrete and flooring in asphalt
Windows frame Iron
Conservation
Conservation state Medium
Architectural interest | High
Flexibility reuse High
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TRIPE SHOP

BUILDING N 24

Ten animals at the time were brought from the
weighing department for slaughter. in this building
the slaughtering of pigs and the processing of
tripe or the internal parts of the animal took place

Thebuildingturnsintoastateofcompleteabandonment.
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Fig.35:Ground

General informations

Year of construction 1930

oor and first floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Surface 2 084 m2
Volume 21204 m3
Height 6,4 m
Structure

Foundations

Strip foundations in concret

Vertical Full bricks + steel pillars

Horizontal

Beams: reinforced concrete and steel

Slab: mixed in iron-ore cement

Roof Steel structure and corrugated roofing

Finishes: int and ex

Plaster internally and externally, concrete floors

Windows frame lron
Conservation

Conservation state Low

Architectural interest | Medium

Flexibility reuse High
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MARKET MEAT REFRIGERATOR

BUILDING N 25

The industrial-type building consists of two floors,
one underground and one above ground with vertical
masonrystructuresofsolidbricksandironandbrickfloors
aswellasanatticservicefloorforthe passage of systems.
It contained the cold rooms which had the function
of storing the unsold goods which were stored the
following days at lower prices.

Fig.38:Building location
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Fig.37:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Year of construction 1930
Surface 1518 m2
Volume 30 736 M3
Height 6,4 m

Foundations

Structure
Strip foundations in concrete

Vertical Full bricks
Horizontal Beams: ---
Slab: mixed in iron-ore cement
Roof Wood structure and corrugated roofing

Finishes: int and ex

Plaster internally and externally, smooth shot blasted and hammered

Windows frame

[ron

Conservation

Conservation state Low
Architectural interest | Low
Flexibility reuse Low
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GARAGE

BUILDING N 26

The industrial building with a single floor above ground
has load-bearing structures in reinforced concrete
consisting of pillars and beams that support a brick
concrete floor which also forms the roof. In the central
part the roof has a brick vault.

It was used as a warehouse for the machinery and
vehicles used in the complex.

Fig.40:Building

Fig.39:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

General informations

Foundations

Year of construction 1930
Surface 8680 m2
Volume 60 000 M3
Height 39 m

Structure
Concrete bearing slab

Vertical Semi-solid hollow bricks
Horizontal Beams: reinforced concrete
Slab: hollow blocks floor
Roof Flat roof with hollow block structure and a waterproof bitumen roofing felt

Finishes: int and ex

Plaster internally and externally, plaster + smooth shot blasted and hammered

Windows frame

lron

Conservation
Conservation state Low
Architectural interest | Medium
Flexibility reuse High
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General informations

LIVESTOCK MARKET

BUILDING N 27

The shed housed the market there, open to the
public on Tuesdays and Thursdays. The cattle
arrived by train stopping in the north platform.
The goods were sold by weight, with a different
value from that of the meat already processed.

Like the meat market, the building is located in
an inaccessible area and it is therefore difficult to
reach it and understand its state of conservation
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Fig.41:Ground floor plan. Source: Catasto Fabbricati Ufficio provinciale di Milano

Foundations

Year of construction 1930
Surface 8 531 m2
Volume 103 446 M3
Height 12m
Structure

Strip foundations in concret

Vertical Reinforced concrete pillars
Horizontal Beams: reinforced concrete

Slab: Hollow block floor
Roof Flat in hollow block

Finishes: int and ex

Plaster internally and externally, concrete floors

Windows frame

Conservation

Conservation state Medium
Architectural interest | High
Flexibility reuse High
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3. STATE OF AFFAIRS (GALLERY)

2.4. Introduction

The Ex Macello site is a disused area spanning
around 15 hectares, the site of the communal
slaughter house and of the poultry and rabbit
market in the real estate compendium of the Milan
wholesale market. The large covered passage, where
the gallery is defined by tables and articles found in
the archive, is part of acomplex with several volumes
intended for the preparation and slaughter of meat.
the long passage, or covered gallery, is a connecting
element between the slaughtering galleries and the
refrigeration departments. With a basilica section,
it has two double-height gabled facades, tripartite
and oriented along the east-west axis. the building
has an internal width of 15 meters and a length of
about 200 meters. along the walls, on both levels,
there are windows of different sizes. It is assumed
that many openings located at the top and facing
the outside were made following the covering of
the long passage, to facilitate ventilation. In fact,
it is unusual for the roof trusses to unload their
weight above the openings and not on the solid
wall partitions. Twenty-seven iron trusses support
the roof consisting of two decks and wooden joists.

Situated in the south-east district of the city, in the
district of Calvairate in Municipality 4, the area is
a stone's throw away from the Milan Porta Vittoria
station , which is served by the suburban lines that
link the metropolitan area to the city centre through
the railway link. This enables the business centre
of Porta Nuova and Repubblica to be reached in
a few minutes, as with the Rogoredo station, which
is served by high-speed trains, and the Forlanini
station, linked to Linate airport by the M4. The
Milan 2030 Plan identifies one of the “Piani Attuativi
Obbligatori” (obligatory implementation plans) on
site, one of the areas in which is provided a specific
town planning regulation aimed at managing the
regeneration of the areas. It provides a mix of urban
functions including social housing at accessible
prices.
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3.1

The drawings were taken from the Archives of Milan
("Cittadella degli archivi”). Reference was made to
the old documents containing designs of the former
altar of the city of Milan throughout the ages and
all the stages it went through in construction. We
were able to arrive to the current state of the new
slaughterhouse and of the buildings surrounding it;
these are considered as an interconnected whole.
Other material was collected from the technical
sheets given by the Reinventing Cities Competition,
from here it was possible to determine the
state of each part of the building: from the
structural  building materials to the finishes.
The conclusion is that the gallery building

PLANS + SECTIONS

Architectural Drawings - Municipality Archive.

in the middle was important to be kept
and not be demolished like the others.
This building has two hudge portals designed as one
piece of concrete that has a majestic appearance.
The other main feature of the gallery is the roof: It is
a metal truss structure, with on top of it two strips
of glass and the rest was covered with a laminated
sheet.
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Fig.43:Architectural plan of the main slaughterhouse and two sections showing openings and building mechanism.
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Fig.45:Technological details of the main elements that keeps identity of the slaughterhouse and milan, main gates and roof truss.
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Fig.46:Image 1

Fig.47:Image 2
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Fig.48:Image 3
Fig.49:Image 4
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3.2. Conclusion and reasoning for
demolishion based on state.

The area of interest of the project given by
Reinventing City has a very strong identity and a
big historical interest for its old function.

The importance of the area comes from the function
helded by the beginning, the neighbourhood was
born as industrial site, and as one of the biggest
suppliers of meet of ltaly.

Unfortunately with the city expansion the decline of
the slaughterhouse started around the 1970s until
2007 when the business was definitively ceased.
The architecture of the buildings is very simple,
industrial, with no decoration and no architectural
interest.

Since the buildings were abandoned they degraded
very quickly, until the actual state of complete
disaster.

From the pictures is visible the situation of the
building, the very simple and poor material used
and the state of conservation of the structure.

40 STATE OF AFFAIRS (GALLERY)

From the plans shown in the technical sheet it
is also visible how the spaces are organized to
follow exactly the previous function with a medium
flexibility to ri-organize it.

One of the concept of the Master-plan is to imagine
the area as a sponge to absorb people inside,
remove the existing huge barriers formed with
the boundary walls and the railway, by creating a
permeable space open to the surrounding. The main
point of the site is the gallery, that is going to attract
every kind of people. Unfortunately, the attached
buildings reduce enormously the permeability
reducing the visibility and creating huge barriers.
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Fig.51:The building renovation rule and relation between time and state .

The graph above shows the state of affair of a
building in relation to the time: we have three
different threshold and after the last one it's more
convenient to demolish the building instead of
refurbishing it another time because the cost of the
intervention will be too expensive. A new building
will ensure a duration of 50 years while with a
refurbishment of such deteriorated structures will
have much shorter life.

The buildings that are going to be demolished have
a huge size and can be substituted by NZeb with a
very low impact on nature and that will reduce the
heat island effect.

Deconstruction or demolishment

Another important aspect to consider is that the
demolition will happen with the less impact on
the environment as possible. One of the possible
solution is the deconstruction of the materials that
can be recycled completely.

The development of plant and equipment has
allowed for the easier segregation of demolition
waste types on site and the reuse within the
construction of the replacement building. On site

crushers allow the demolished concrete to be
reused as type 1 crushed aggregate either as a
piling mat for ground stabilization or as aggregate in
the mixing of concrete.

Timber waste can be shredded using specialist
timber shredders and composted, or used to form
manufactured timber boards, such as MDF or
chipboard.

From the graph below are visible the positive and
negative aspects of deconstruction: sustainable
because recycle the materials and sometimes it's
given to no profit organizations, and because it
reduces the landfill waste. But at the same time is
more expensive and more time consuming.

L)

NEGATIVE POSITIVE

Fig.52: Pros and Cons of deconstruction in this case.
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4. URBAN ANALYSIS AND IMM

3.3. Introduction: Relation between
Milan and site location

The Macello area is located south-east of the city of
Milan, due to its slaughtering function, the plant was
deliberately built in an area that was outside the
city at the time of its construction. Today, however,
it is fully inserted in the urban context since the city
has undergone great changes since the beginning
of 1900, the years in which the slaughterhouse
was built. The complex in Viale Molise is therefore
inserted in a particular urban conformation as it
is closed by the railway system to the east, where
the line leading to Rogoredo clearly separates the
districts of Santa Giulia and Forlanini from the rest
of the city, while of a broad gaze towards the city
center to the west where it merges with the existing
urban fabric. The main streets that surround me are
Viale Molise to the west, where the main access
is through the complex of the liberty buildings, via
Lombroso to the south, from which the service staff
can access and Via Piranesi at Nord. And the whole
complex can be divided into four large areas defined
by their function. First place the west strip of which
the Liberty buildings are part of the year, the only
buildings of the slaughterhouse visible and open to
the rest of the city; in this wing the administrative
and service functions were carried out such as the
porter’s lodge, the canteen, the stock exchange, etc.

The second area and the one to the south,
comprising the gallery and the buildings annexed
to it, housed the actual slaughtering function with
the various annexed departments. The third area
is the one to the east made up of smaller buildings.
The live cattle arrived here thanks to a railway track
that entered the complex, therefore the functions
performed were those of collecting, controlling and
maintaining the live cattle. The last part includes
the two large pavilions to the north where the Meat
Market and the Live Market were located. Most
of the buildings are currently abandoned with the
exception of the liberty buildings and some minor
buildings used as a warehouse for the sellers who
work at the fish market in the SoGeMi area. The
market area, on the other hand, is used by the
Municipality as a deposit for seized cars.
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4. Mobility and transformation

@ Metro stations e Metro Network Bus Network (ATM)
. Bike Sharing Points —— Bike Path —— Tramlines Bus Station

Fig.53:Map scale 1:20000.source : Geoportal SIT - open data source

By performing public transportation and mobility index along with GIS Mapping system using DBT files of
regione lombardia. We were able to figure out and overlap all layers expressing public transportation means,
number of stations and the ability to reflect them on a city scale in order to show connections between all
systems indicated in 113 stations for metro with more for buses and tram. Bar chart below is expressing
average percentage of users mostly commuters, With the distance people travel to get to work using public
transportation is also expressed in radar diagram showing coverage in kilometres of different systems and
networks connected to each other in which are Light Rail, Metro, Train, Bus, Shared cars and bicycles. noting
that all numbers used are average time in weekdays including exact numbers of peak times 700 am to 9.00
am and 5:00 pm to 8:00 pm.

Coverage in kilometers Milan statistics of daily users

CYCLING PATHS
200

180
160
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METRO (ATM) 50 TRAIN
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MILANO METRO LINES (ATM)
MILANO TRAM LINES (ATM)
MILANO BUS LINES (ATM)
PRIVATE VEHICLES
FERROVIA MILANO (TRAINS)
CYCLERS (BIKERS)

CAR SHARING

TRAM (ATM) BUS (ATM)

60%
55%
50%
22%
10%
03%
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Fig.54:Bar and radar charts of mobility calculations. Source: EU Commission - dept. of urban research.
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4.2. Biodiversity and vegetation

® Agricultural Areas ® Green Areas

Bosco Buildings

Fig.56:Map scale 1:20000.source : Geoportal SIT - open data source
Biodiversity is incorporated into the urban network in the same way as the constructed city and green areas

play host to a vital component of biodiversity that is often over- looked: fauna, consisting of a huge variety of
birds, small mammals, amphibians, insects and other organisms.

On the diagram is possible to see green infrastructure and biodiversity plan is a strategic instrument that sets
out the long-term actions that are needed to attain green infrastructure that can serve several environmental
and social functions, that can bring nature into the city with all the life forms it houses, that can achieve
connectivity between the city and the broader territory and, lastly, that can make the city more fertile and
resilient. In order to achieve that goal we had to highlight green diversity and categories public green parks
and green zones with areas

Public green spaces distribution Green diversity and vegetation
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Fig.55:Bar chart and histogram showing percentages of functions and diversity. Source : systematic- research department
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4.3. Hydrography

® Artificial Reservoirs —— Water Elements / Netwrok
® Water Mirror > Wet Areas - Soil Moisture

Fig.58:Map scale 1:20000.source : Geoportal SIT - open data source
Geodata is the main key-role in defining artificial reservoirs with function of controlling the rate flow of the

stream or to store water for more expedient use. They are the most useful means of controlling the natural
character of water flows, instead of depending on nature. While main piping system is the major elements
of water network in Milan following topography heading from lakes and streams towards boundaries of the
cities providing inhabitants with water then to be directed towards agricultural areas for food productivity
and harvesting. Meanwhile beside providing the city with water needs, Water mirrors have specular reflection
of reservoirs to create authentic urban nodes to attract people from city center towards the borders. Natural
reservoirs-soil based moisture acts as natural supplying point to surroundings. The charts below states
percentages of footprint for each element also showing types of uses and rate of consumption.

Water consumption Water resources

Q2% O7% O1%

Ma A

AGRICULTURAL INDUSTRIAL FOOD DOMESTIC
PRODUCTS PRODUCTION USERS

5,639 L/CAP/D 448 L/CAP/D 52 L/CAP/D

INFRASTRUCTURE OF DRAINAGE SYSTEMS
NATURAL WET AREAS - SOIL BASED

ARTIFICIAL RESERVOIRS

I

40%
35%
25%

Fig.57:Bar chart and histogram showing percentages of consumption and resources. Source : systematic- research department
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4.4. Population

® High Population Density @  Relevant Population Density

® Moderate Pop. Density Low Population Density

Fig.60:Map scale 1:20000.source : Geoportal SIT - open data source
The map shows the detailed processing of the results obtained through the isochronal analysis. The analytical

process starts with the areas of high density going towards boundaries in which has low population density
due to increment of agricultural lands in which led to low number of inhabitants and services. Then, information
about the residing population is analysed. The methodology allows us to obtain a synthesized reading of
the municipal area that compares the population density with the availability of recreational areas within 15
minutes from each census cell. The chromatic scale identifies the total amount of recreational areas available
to each resident
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Fig.59:Bar chart and Distribution chart for served people. Source : world population review.
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4.5. Integrated Modification Methodology

The main concept of integrated modification methodology is to transform existing urban contexts seen as
complex systems into more sustainable, energy efficient forms. It's also a methodology in which analysing
complex system and solving wicked problems on different scales whether it's local , intermediate or global
scale. We have defined and performed all catalyzers by performing two investigations, horizontal and vertical
investigations in which made us highlight the problems of our area when it comes not just to urban problems
and running urban morphology but also how to do sustainable design and what exactly we need to develop
in order to get key elements of problem solving. We focused on two problems which are permeability and
voids that caused us lack of integration, misuse of land areas,distribution of people and heat island effect.
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Fig.61:Performed design for the area after solving permeability problem

VERTICAL INVESTIGATION :

We chose permeability based on determining the ability to access or moving to the site considering some
important factors and values in order to assure we meet the final results and it would have an effect for it as
Street area, Link length, Directness topography and contour and also studying how many people flowing into
this part of the city and points of attractions. number of public transportation means and number of users.

48 URBAN ANALYSIS AND IMM



HORIZONTAL : - =
y 4 p oM
< oL |x
CATALYZER > geg |3
a w2 o [a)
L Enz L y 4
5 “Zn |9 w |<
A ZI—(D(_)' x . Vo
Z < <5I<ztn: gg "z ﬁz 90
S48 9239 25 wo &3 ok
<< |[>xou 5> és wg %3
e —— - T === 1; 7 . :\ - o 1 \F'#U_”: ‘ ;n@ﬂg = =l a o
s e RED B e 2R B 3 du 22
g = PR | e om ; =
g 7 TR g TR
N ! : i i O e B BEr 4 —{(®)
5 § ! g = (il o g Zm
Gioee MEIO TR R A

'

|l

Sy

ok Ak

dilly =

e — ==

i o i) —_

Qo (

Y\iﬂ {

Sl L

HORIZONTAL INVESTIGATION :

We chose voids based on the percentage of land areas and hierarchy degrees of abundance from low use to
high use. also number of volumes in contrast to these spaces. as we discovered that there are some land and
sites resulting from change in urban fabric,Abandoned land areas and underused urban voids,narrow streets
beside railways, Inactive roads and city isolation and focusing on integrating our site to the surroundings.
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Variety of public transportation nearby: bus-
line, tram-line, underground

Porta Vittoria train station at 20 m (S1 Lodi-
Saronno/S2/S5/S6/S13)

Well maintained cycling paths

Central Station is well connected by the
train nearby

Good accessibility for disabled people
Proximity to Politecnico di Milano
Proximity to the ATM storage infrastructure

Variety of green areas

Histroical identity of the neighbourhood
(Volumes Map)

Viale Molise is important connection to
Milan keyplaces

Historical importance of the Liberty
buildings

Rich History
High level of social integration
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Lack of bike sharing station

Absence of electric recharge stations

High traffic area

Disconnected cycling paths

Corvetto (Metro Station) 2 km VYellow line
(San Donato- Comasina) FAR

Low commercial level, just for the locals
Presence of low-quality industrial building:

ATM

Uncultivated and abandoned greenery
Noise Pollution on main streets

Concentration of industrial structures in
the area
Lack of parking lots in our area

Unused Building Stock

Inadequate spaces for small production/
activities, ex: workshops, warehouses, labs
Not a touristic neighbourhood

Lack of cultural and physical activities in
the open spaces

Poor safety for pedestrians in some places
Distribution of commercial shops
Crowded Housing
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4.6. Vision and Strategies.

Recently the role of strategic visioning and systems of controls gets a special importance as tool for strategic
planning. The primary aim of the present research is examining the relation between strategic vision and
sustainability base on the case of the city. At the global level, the city of Milan is a member of C40, a network
of cities committed to address climate change. we had succeeded in reducing carbon emissions and reducing
heat island effect plus providing a meaningful global impact by reducing greenhouse gas and transforming the
abandoned and concrete area to a green paradise that directly affect people health and playing important
role in food sector.

Fig.63:Performed design for the area after implementing strategies.

IMPLEMENTED STRATEGIES :

(1) Defining inclusive programmes and polices (2) Encouraging engagement and participation
(3) Enabling social infrastructure (4) Promoting proximity

(5) Generate pleasant and functional open public spaces  (6) Designing affordable and adaptable housing
(7) Improving walk-ability and cycling (8) Developing public transportation

(9) Providing seamless mobility (10) Increasing connectivity

(1) Increasing biodiversity (12) Improving food production

(13) Digitalizing the zone
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Fig.64:External view
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5.1. Introduction: Designing master
plan and context approach.

A Master Plan deals primarily with the physical
development of a municipality, taking into account
a wide range of social and economic factors.
generally comprises a report or statement and land
use and development proposals, with maps, charts,
diagrams, and text. Essential to the preparation
of a Master Plan are extensive studies of present
conditions, development trends, regional factors,
and prospects for future growth. These background
studies form the basis for establishing a set of
policies, standards, and objectives which guide the
future physical development of the entire township
which, in turn, forms the basis for a general physical
design of the community. A Master plan must be
comprehensive, including proposals for all major
physical elements affecting both public and private
property. It must also process a plan regarding land
use, circulation, housing , what city need:s.

The adoption of an official map more specifically
sets forth, engineering terms, those facilities and
utilities of a more specific and imminent nature. as
we can notice these aspects has to be reflected on
functions that serve the goals and vision.

5. MASTERPLAN

Energy efficiency and low-carbon energy

LCA and sustainable materials
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Fig.65:C40 challenges linked to IMM design ordering principles.

MASTERPLAN

55



5.2. Functions

As preliminary procedure we had to highlight the
city approach , municipality regulations , going
through realistic sustainable plans that are targeting
people needs without city expansions towards the
nature and playing an opposite role in integrating the
nature with the city instead .In addition to fulfilling
the living needs of the people who are going to be
moved to our area as it's planned to move almost
60,000 inhabitants to the area and to provide FOOD
_ _ _ _ _ INTERACTIV

them with all possible services without creating an GALLERY |
isolated neighbourhood from the city fabric and
infrastructure, as this part has to be integrated
with all transportation networks and also provide
new functions that are not only serving inhabitants
of the area but also serving the neighborhood on
local scale basis , city in intermediate scale and to
participate in change if it's designed according new
goals and vision of sustainability that directly results
on global scale basis.

Fig.66:Interconnected circles of design interest
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Fig.67:Subdomains following main domain interconnections.
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5.3. Residential Focus

Plans

We started to adjust the initial shape taken from the

master-plan using a grid of pillars with a distance of 5.6 v B) oo

m each. In this way it was easier to design and think . i

about the disposition of the spaces. L3 m\ &) ronsecia e
h ‘COMMON AREAS

OF SOCIAL HOUSING

Moreover, we thought about different modules and = o g D ERCEEbons
minimum surface in relation to the request about the

type of the apartments that could fit the grid previously

created. Because the building is a social house, we also e

2% BUILD.UP AREA 274 PEOPLE OF SOCIAL HOUSING

added some common spaces as study rooms, relax __ oo
454° THEBUILDING 72 WORKERS IN COMMERCE
(GROUND FLOOR)

living rooms dose to the main corridors. After a solar

'ws, TOTAL FLOOR SURFACE 4.5 m HEIGHT OF GROUND FLOOR

>

and radiation analysis that we performed, we decided .. o .. o oresmorco
to add some continuous balconies on the southern o pemme
facades, to give to the people a common open air Py

space. Moreover, we thought about the right number
of the vertical connections (stairs and elevators) that
could easily bring the people to their home, in respect
to the ltalian fire rules. Fig.68:Functional distribution and areas.
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Fig.69: Architectural design for commercial and social housing plans.

MASTERPLAN 57



Elevations

Sections

The facade of the building follows a grid that is
based on the structural grid of the plan: starting from
the 5.6 m, we divided it in four, having a distance of
1.4 m. This measure was used to place the metal
cables all along the height of the building to sustain
and let the vegetation grow on it to create e natural
solar screen to reduce the solar radiation inside the
apartments.
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The section is important to understand the vertical
connections of the building that allow the people
to reach the rooftop that is designed as a green
terrace for the residences. It is also visible that each
slab sticks out from the perimeter of 40 cm. This
space is used to host small vegetation that grow all
around the perimeter of the building, to reduce the
heat island problem.
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Southern Elevation - scale 1:200

Eastern Elevation - scale 1:200

Fig.70:Residential blocks southern and eastern facades. scale 1:200

Fig.71:Residential blocks longitudinal section. scale 1:200
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rain water and reuse it in the building. In the end
we added solar panels on the roof to increase the
In the schematic design we thought about all the energy efficiency of the building.

improvements related to the energy consumption

such as a good insulated envelope, mechanical

ventilation to improve the comfort and the energy

efficiency of the building, helped also by the natural

screens on the balconies to reduce heat gain. Than

we focused on the renewable aspect adding a waste

management system, a water management system,

connected to the green rooftop able to collect the

Schematic section

Mechanical Ventilation

with air handling units
«and with an efficiency of 75%
Iperinsulated envelope
Green Roof to reduce
the water load Photovoltaic panels
area; 2397 m*
- N’ Panels: 47

Plant power: 310 Wp

Green Terraces in South Facades
The terraces reduce the radiation
and the greenery reduces the Heat
Island problems

Iperinsulated envelope
Uwall- 0106 W/m?K

Uroof= 0.095 W/m?K g =
Uwin= 1.4 W/m’K

i Inverter and storage
Water recovery Waste management
O) For greenery irrigation and sanitory equipments. -Building-based separating in source: combustible
Water storage of: was d wi

R =S (m2) x Vp (litri/m2) x Vi=
650 (m2) x 1013 (litri/m2) x O4=263.380 |

s: all other waste
te collection point: dan-

gerous waste

Fig.72:Schematic design section for energy use.

Fig.73: Unreal Engine render representing and evolving the concept of Milans patios / SMDP

MASTERPLAN 59



5.4. Final masterplan

Fig.74:Masterplan final competition design concluding ex slaughterhouse building , residential blc
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cks for inhabitants , public spaces and parks , commercials and cultivation farms. SCALE 1:1000
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5.5. Conclusion

The dimensioning analysis made us understand
the regulations to follow, gives us some rules that
can help us to define the master-plan. We studied
the numbers at first, from the PGT of Milan and
then we understood also some more qualitative
focuses that we MUST follow in the design, the
main aspects we must consider, according to
Reinventing Cities, in parallel with the functional,
spatial and quantitative aspects. According to
previous investigations , linking and understanding
DOPs plus Re-inventing city rules , hand to
hand with regulations and guidelines regarding
commune of Milan. We decided to implement and
consider important factors as strategic location ,
surrounding functions and current user categories.
According to the latest global trends, researches
and the way that Milan has chosen to develop
and support the production of food in the city, the
implementation of such an important aspect as the
production of food is an integral part of the project.
It is the new gate of the oppressed side of Milan,
A starting point of performing a sustainable district
that impact and result to a huge transformation of
the city, the district affects surroundings as it will
strengthen the connection to the isolated southern
agricultural part, spreading green colour into
the massive concrete city in which balancing the
concrete blocks expansion of city outwards and to
perform a strategic, solid vision of the new Milano
city.
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5.6. Architecture and pandemics

During pandemic conditions it's difficult not to pay
attention to our physical realm with giving the fact
that many people are using residential , commercial
Jbusiness complexes that contain huge amount of
workers and employees that cast the most high
percentage of users combined at one place. The
first perception or imagination in design community
is how to provide social distancing in architecture
and led to think about increasing or at least doubling
design standards which is something incorrect
according to architecture design principles that
cause a huge waste of spaces but it's correct to
precautions and pandemic protocol and regulations.
However, the rapid spread of COVID-19 has caused
to re-evaluate design standards, and competitions
were run and initiated to perform a large platform
of worldwide brainstorming to solve the problem
globally. It might mean to design for a world that
will never be the same, especially when it comes to
how we gather in and use large public spaces, like
airports, hotels, hospitals, gyms, and offices.

While social distancing would seem to be a
necessary, it temporary, action, it's reasonable to
think that concerns about future viruses might
encourage architects to design with an eye toward
open spaces that enable and encourage people to
spread out. but what happens to enclosures and
indoor spaces when it comes to design ? Gathering

6. COVID-19

spaces and rest room were taken out of calculations
with no equations to solve.

Nowadays,Architecture  is  going
transformation in theories and to be mixed with

towards

construction solutions using BIM softwares in terms
of designing and using technologies when it comes
to construction and finishings. Almost everyone
predicts that indoor spaces will move toward more
automation to mitigate contagion, with COVID-19
speeding up development of all types of touch-
less technology—automatic doors, voice-activated
elevators, cellphone-controlled hotel room entry,
hands-free light switches and temperature controls,
automated luggage bag tags, and advanced airport
check-in and security is a way to prove that yes we
are going in the right way. Although we can't predict
how the future would be like when it comes to
looking constructively to the COVID-19 pandemic,
many architects have turned to what they know best:
design and innovation. The new restrictions placed
on society have been a catalyst to rethink much of
what we take for granted in the built environment.
By this we can perform analytical solutions based
on studies and statistics of user circulation

atmospheres , distances , how do people interact
when it comes to spatial experience and how
architecture would achieve such goal and not to
lose one of the most aspects that shows importance
of design. Finally all designers agreed on common
solutions and provided us with some answers and

measurements to be taken in consideration.
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6.1. Measures to be applied during
project phasing.
Shifting from verticality to horizontality

Worldwide, people are working from home due
pandemic lock-down measures. In central business
districts, large office buildings and skyscrapers
have been deserted. Now that work is being done
remotely, some are re-evaluating the need for such
spacious and expensive spaces. In our project we
wanted to merge two concepts as back in time
horizontal expansion of building and not going
vertically was due to lack of building technologies
before skyscrapers and high-rise building , thus
during pandemic conditions it showed that it's
not the solution to go vertically although it might
be good for land-use but it's a disaster in terms of
social distancing and construction cost. as no one
would think building such marvellous or highrise
construction if they cannot occupy 50% out of total
area as it will not be feasible. Psychological wise this
pandemic period proved that people need to go
out of homes and to social interact instead of using
media and technology , hence we shifted from
vertical to horizontal expansion in order to maximize
the efficiency of spaces used and also considering
technologies that allows us to use common places
and rest rooms instead of cancelling them from
functional diagrams. Remote working would cut
costs and instead of working in one place , families
can work while taking care of their children.

Increase in modular construction

The need to design and build fast in emergency
conditions taking healthcare industry as a
reference continues to be overwhelmed , there
is a big change nowadays in terms of supply
and demand. Same applies to any project type
whether it's educational , scientific , public space
or indoor buildings for events. Temporary lodging
and modular construction was one of the previous
design applications working on modules , but now
the modular construction is going to be designed
based on a grid and also it goes towards flexibility
and design free for the space. Maybe sometimes in
renovation projects it's more challenging to design
but prefabricated materials and modules are the
current global goals for fast construction to cope
with large number of population in parallel to safety
and limiting economical and lives losses when
it comes to community. As people are the most
important key the need to design and build fast
in emergency situations has become increasingly

common.

Fig.76:Conceptual Sketch showing horizontal expansion
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Fig.77:Conceptual sketch: modular construction with flexibility



Concept of Adaptive reuse.

Additional design approach that has been popular
during the pandemic is adaptive reuse, the process
of using existing structures to serve new purposes.
Adaptive reuse is an efficient and sustainable
approach to creating new spaces, especially for
aging cities or mega cities that suffers from high
urban density and has lots of ancient buildings
that remained abandoned and with no use , some
of them needs to be renovated while the others
has more prior historical value that they are listed
and cannot be touched . Side by side with modular
construction, It's proven to be very effective in
creating emergency facilities, multifunctional
spaces serving multifunctional purposes with an
idea of keeping important elements that reminds
community with the past while using the space for
current or new functions. For instance the previous
ex Macello is having a special structural element
shape that we prefer to keep and then to add to
it in terms of preserving the past and cost wise
according to the current condition. This means that
we can reach the ultimate benefit of the building
without eliminating it from past.

Fig.78:Sketch showing building reuse and transformation

Lightweight Architecture and combating COVID

TheFoodand Agriculture Organization (FAO,2020a)
states that COVID-2019 is affecting agriculture in
two significant aspects: the supply and demand for
food. These two aspects are directly related to food
security, so food security is also at risk. Speaking
about Milan and food problem in urban and IMM
design labs , one of the most important factors that
have been into consideration whenitcomesto urban
design. While agricultural labs and greenhouses are
considered as main functions in our projects we
want to insure that economic allocation equivalent
to the cost of food rations of basic necessity and
research labs are playing the administrative role in
possessing it during pandemic. Architectural wise
the idea of lightweight architecture such as new
innovations of tent structures , shipping containers
converted into bio-containment pods and modular
critical care units that can be easily transported
from our laboratories to lands that affected by
lack of labour , also it could take place in outdoor
areas surrounding the sites as portability and ease
of assemblage is perfect for disaster and crisis
response.

Fig.79:Conceptual figure of sanitized lightweight construction
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Fig.80:Eastern facade
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71. Introduction

Doing a case study and documenting information
is providing various ideas and lets us peek into the
minds of various architects who used their years
of experience and dedicated their time to creating
such fine structures. The case study helps us study
the design philosophy of the architect and do a
detailed analysis. By doing so we get a clear picture
of the pros and cons of the design that might have
an effect on our design as well. We may like or
dislike the design but it doesn’t go unnoticed. a case
study is essentially research or an investigation,
essentially giving one a better understanding
of examples of executed solutions for a project
similar to that one is about to Professional/
Executive Summary, Outline the purpose of the
case study, findings. Identify the problems found
in the case by: discussion, summarise the major
problems,conclusion, Recommendations,
Implementation or references. Case studies also
allow a lot of detail to be collected that would
not normally be easily obtained by other research
designs and tend to be conducted on rare cases
where large samples of similar participants are not
available.

7. CASE STUDIES

We found that in order to get the maximum benefit
of studying previous cases, we have to understand
the value of the building and reasons that made
it subjected to renovation projects. Also using
regional and local examples would help us to
most probably understand the suitable materials
to be used during renovation process and best
matching building techniques to be applied.
as first example we chose a similar case study
of Roman slaughterhouse exposing the history
of that building , reasons of renovation works ,
architectural features were studied and the main
architectural language of the design. but also we
chose another case study of Dutch slaughterhouse
as ltalian slaughterhouses design were influenced
by German and Netherlands engineers back in
time when construction technology was depending
on steel structures including roofs , Inner columns
steel beams and also cables/holders of meat
transportation into and outside the slaughterhouse.
with all German catalogues designing modern
slaughterhouses with spaces and aisles, distribution
chambers and how circulation happens inside
the building , While ltalians were using traditional
slaughterhouses coming out as historical or ancient
buildings expressing identity then shifted to new
slaughterhouses across city borders and following
the new European trend of design and technology.
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Fig.81:Plan and picture of the site before the Renovation. Source: “CUPELLONI, Luciano. Il mattatoio di Testaccio a Roma. Gangemi Editore, 2001.”

7.2. Ex Slaughter-house Testaccio,
Rome

« Location: Rome, ltaly

« Year of construction: 1992-2013

Architects: LucianoCupelloni, Insula, S.Cordeschi.
« Investors: Universita degli Studi Roma 3 - DiPSA
« Area: 111.8 m2

Old

The slaughterhouse, designed between 1888 and
1891, was built to replace the existing structures,
built under the pontificate of Pope Leo XllI, and
describes the transition from papal Rome to
Rome capital. The project was included in the
Rome master plan of 1893, which determined
the industrial nature of the Testaccio area, a
neighborhood that was supposed to host workers’
residences and important production complexes.
Located in Testaccio neighbour, the slaughterhouse
is the most advanced product of the time: it
represents the identity of an era of great changes.
70 CASE STUDIES
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Architectural features

While the composition of the fronts is based on
nineteenth-century and neoclassical rules, the
interior of the pavilions marks the turning point
towards modernity. Ersoch reveals an innovative
approach to design: by organizing spaces in a
rational and functional way and proposing a new
architecture of work, he demonstrates an ordering
and social intention; he uses prefabricated
structures in iron and cast iron, dedicating a lot
of attention to the choice of materials, selected
on the basis of their availability, processing,
their duration and mechanical characteristics.
The monumental entrance to the slaughterhouse,
located on via Galvani, is characterized by three
arches on columns: the symmetrical side bodies
are open, while the central one houses the keeper's
rooms. The main parts are organized in the central
spine: four identical slaughterhouses define the
long sides of the square while the short sides are
occupied by the tripe and the goat slaughterhouse
on the right, and the pig pelanda and tanks on the
left. The activities most connected to the city, in
order to be reached more easily from the outside,
are arranged along the perimeter.
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Fig.82:Elaborates slaughterhouse before the Renovation. Source: “CUPELLONI, Luciano. Il mattatoio di Testaccio a Roma. Gangemi Editore, 2001.”

Project

The slaughterhouse has not been in operation since
1975. In 2000, the renovation project of the entire
complex was approved, resulting in a functional
subdivision: the MACRO Future, acronym for the
Museum of Contemporary Art in Rome, university
activities for the Academy of Art and for the Faculty
of Architecture in Rome Three, while the shelters of
the Foro Boario, the spaces for the scales and the
sheds host the City of the Other Economy. The first
intervention (in 2002) concerned pavilions number
6 (toilets and thermal power station) and 7, a large
covered area (85 x 15 x 10 meters) illuminated by
four large skylights. With the aim of creating three
laboratory classrooms and a 260-seat lecture hall,
Insula’s design choice enhances the industrial body
and creates separate and acoustically isolated
areas, through the insertion of three dividing
walls with a steel structure: transverse diaphragms
partially  transparent, linearlight (made with
materials such as iron, wood, glass) and essential
colours (white, gray and blue). The large geometric
veils and the long hanging perimeter tables re-
establish the human scale and accentuate the
volume of the building, reaffirming the university

use of the place. School and the library. As in the
previous intervention, Insula decided to preserve
the volume and articulate the large internal space
-840 square meters- through mobile partitions,
tracing the The project of Pavilion 2B (visible in the
scheme in the right) foresaw the recovery of the
building to guarantee flexible locations for classes
and workshops, together with a collective space as
a link between the architecture original division in 7
stables (demolished in 1932).

Flg.83.Elaborates bul/dmg dlstr:butlon and type of uses.
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Fig.88: Structual beauty as main component.source:ldib

7.3. Lochall library, Tilburg

« Location: Tilburg, The Netherlands

« Year of construction: 2018

« Architect: Braaksma & Roos architectenbureau,
CIVIC architects, Mecanoo

- Investors: Universita degli Studi Roma 3 - DiIPSA

« Area: 11 200 m2

Old

The building is an instant classic with the people of
Tilburg. All of this, in what used to be a locomotive
hall in the up-and-coming ‘Spoorzone area. At the
beginning of the 21st-century locomotives were built
and repaired here. The municipal monument dating
back to 1932, has been converted into a modernist
epicentre of design filled with glass, stunning
wooden staircases and the grand old skeleton from
its industrial days.

The construction of the Local catalyses the
redevelopment of 75ha railway area in Tilburg. The
building will unite and activate public routes and

Fig.87: The extension, reflecting percentage of innovative renovation using modern materials in execution.source:ldib

R

Fig.89: Post-renovation and adaptive reuse.source:ldib

places all around. lts location in the middle of a
public transport node and the transparency of its
construction will turn the building into an attractive
hub for sharing knowledge and information for the
entire region.

Architectural features

The main goal of the architects was to refurbish this
huge building of 9ox60m with a hight of 15m, keeping
in consideration the old function. The recovery of
memory and history becomes the common thread
to imagine a new life for the area.

The building remind a cathedral in steel and glass
and was very important in the memory of the locals..
This is why the process followed was to bring back
the site to the city , maintain the original structure,
the imperfection of the old materials and their
maintenance contribute to re-bring the authentic
atmosphere.

To lighten the huge steel structure, it has been
decided to use a chromatic register with warm
shades (red and orange), stairs in wood and soft
mobile textile screens to create private and intimate
spaces.
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Fig.90: Post-renovation gathering space.source:ldib

The project

The building located in Tilburg, was renovated after
acompetition that made possible the transformation
from an industrial deposit built on 1932 into a public
library.

The LocHal houses the Midden-Brabant Library, the
cultural institutions Kunstloc and Brabant C and the
co-working spaces of Seats2meet. The LocHal is a
space for both young and old to read, learn, study,
meet and gather. It is a place for testing, creating,
exhibiting and presenting the latest innovations.
Mecanoo's playful and innovative interior design
forms striking contrasts by combining characteristic
historical elements with new oak and steel additions.
There is a diversity of settings for meeting,
collaboration, and concentrated work. The building
is locally and adaptively conditioned for mixed use.
The open city hall has a climate concept tailored to
its role of a roofed forum. Seating on the landscape
of stairs will be heated and cooled and offices will
have their own sub-climate. This creates a flexible
and comfortable climate while preserving the
monumental shell.

74 CASE STUDIES
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Fig.91: Halls after being redesigned,elevated approach.source:ldib

Fig.92: In and Qut, terraces and corridors.source:ldib

The halls have been “redesigned”, placed in a
firmly different perspective with the elevated
stepped landscape and the monumental textiles. A
harmonious contrast in which the play of incident
and filtered light emphasizes and enhances the
spherical perspective, the steam of yesteryear, and
allows the whole to be admired again. It is a place
where the Tilburger can connect with the past, but
where he should above all feel at home.

Fig.93: Axonometric redesigned halls and added functions,source:ldib.
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8. FUNCTIONAL ANALYSIS

7.4. Introduction

In relation to the built environment, the term
‘function’ refers to the purpose of a building or
structure. It can also relate to the proper operation,
process or performance of something and how it
works, such as plant, tools, lift, building services.
Buildings may have a range of different functions,
Products, materials, components and systems, can
be assessed in terms of their functionality, that is,
the suitability and capability with which they serve
a particular purpose or practicality for which they
were intended. A Functional Architecture is an
architectural model that identifies system function
and their interactions. It defines how the functions
will operate together to perform the system. There
is normally more than one architecture that can
satisfy the requirements. Usually, each architecture
and its set of associated allocated requirements
have different cost, schedule, performance, and risk
implications. The two most common architectures
a system will have are: functional or physical
architecture. As form follows function, this would
be another way of stating this position. Architecture
is the reflection of the program and the spaces it
creates and serves. These elements begin to give
the project its form. This faction believes in the
notion of form follows function. The functions of the
spaces are the priority in the design process.

They represent the primary elements to drive the
design and the Form itself. We would go so far as
to even state the idea that the programmed spaces
are what give this Architecture its meaning. In
psychology the term ‘function’ is defined as ‘ability’
or ‘power’. The dictionary amplifies this definition by
adding ‘special kind of activity’ or ‘mode of action’.
Various authors have devoted their considerations
to the functions of a building. As also we had to
respect the economic value of the functions , A
building requires investment. It gives added value
to raw materials. Maintenance and management
form part of the exploitation cost, and must be set
against income from rental or sale. It follows that a
building, whether property or an investment object,
has economic value and so an economic function.
On the other hand it's very important to specify
type of users and scope of work if we want to ensure
people efficiency in their working environment is
going fine when it comes to ergonomics when it's
well designed.
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8.1. Laboratories function and users

Description

The primary users of this facility will be researchers
and employees those who provide services to keep
the function working as independent private sector.
These users will require laboratory spaces , offices
and high-tech equipment. There is an assumption
that these individuals would work from 9:00 to 17:00
basis with possibility of late nights. This department
also used to inform the general public, We are
introducing defined categories also for labs like Food
and nutrition in which training and dissemination
on food is playing a role in quality and its role in
maintaining health and preventing the risk of food-
related diseases.

Genomics and Bioinformatics: The research aims
to understand how small variations in the DNA
sequence and / or proteins determine important
crop traits and apply this knowledge to genetic
improvement, crop sustainability, traceability of
production processes and food safety.

Fig.95: image showing expermental laboratory and users
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mm 13:00
g 14:00
s 15:00
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Timeline for users

According to several aspects including relationship
matrix we decided to choose a specific timeline to
organize users flow and highlighting each function
and category separateley in order to have deep
understanding and to provide the best functional
allocation, spatial and personal experience to them.

As shown at figure below we focused on one specific
type of users which is researchers , retrieved info
from different types of laboratories and difference
in working times. Also as per our goal and vision
for achieving sustainable design and also futuristic
vision , as per WBDG also it's very important to
follow design standards and circulation of users
according to the international system.

.

s 18:00
00:0

LABORATORIES

T

RESEARCHERS
STUDENTS
VISITORS
FAMILIES
CHILDREN

Fig.96: Chart showing timeline and working hours for users / researchers
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8.2. Educational function and users

Description

Educational facilities are considered as one of the
most challenging functions to design although it
has quite clear sub-functions but the way of design
and implementation and how to look to it as a
whole complex building and interconnected spaces
is important as it depends on number of users ,
circulation and which type of educational complex
we are targeting. In our perception and goal we
want to provide unique educational experience
by introducing families section for participation
into educational cycle not just ordinary experience
between professors and students. In this section as
our aim to provide all needs and requirements for
them as matter of involving them in space design
when it comes for shared activities , rest rooms to
practice their work in parallel using online system as
world is going towards digitalization with barrier free
spaces.

As in our concept huge space is created then we
need to start shaping its smaller and specific areas.
in order to maintain the void under the old building,
we decided to put these auxiliar spaces to the back
so they do not interfere with the main ones.

so, all the services-workshops, offices, stairs, and
bathrooms- are hidden behind bookshelves or
library breakout spaces.

Time-line for users

As we did before in functions category including
relationship matrix we assigned the functional
allocation to four types of users that are going to
use the space most probably at the same time , in
working time and interlaced activities we find out
that these 4 types of users are the key cores of
all functions if they're at indoor spaces or outdoor
spaces.

(@]
O
+— EDUCATIONAL

EMPLOYEES
STUDENTS
FAMILIES
CHILDREN

VISITORS

Fig.97:Chart showing timeline and working hours for users
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8.3. Gallery And Exhibition Spaces.

Description

The meaning of the exhibition here is not associated
with just art it's interchangeable space within a
building or boundary so it becomes typically flexible
in the way it can be used to present products, plants
and decorated showrooms to maximize the impact
of the temporary exhibition, and is usually in a prime
location within the museum proper. Galleries and
temporary exhibition spaces within the fine art world
are carefully climate controlled to protect fragile
works of art. As in our proposal we do need both
of inner and outer spaces to be used in parallel with
the idea of movable dry walls to be able to design
free spaces according to function and event with a
technology using the same idea of movable strings as
shown in historical ex Macello along ancient times,
instead of carrying meat , we carry partitions.

Food and nutrition: training and dissemination on
food, its quality and its role in maintaining health and
preventing the risk of food-related diseases.
Genomics and Bioinformatics: The research aims
to understand how small variations in the DNA
sequence and / or proteins determine important
crop traits and apply this knowledge to genetic
improvement, crop sustainability, traceability of
production processes and food safety.

Time-line for users

Mixed use of the same space is playing a big role
in this condition , not just per days and events
but it could be possible to increase level of flow
and intensity using the space for several events
working at same place and same time in parallel
by performing sound insulation techniques
and common sub mutual activities to be done
in breakout spaces. As shown at figure below
we included all type of users which are mainly
students and performers who could be part of
working visitors to perform temporary events and
also audience attending those events , meanwhile
we have to attain certain number of full time
employees just working for the gallery and also
number of children who will participate in these
performances as they are one of the most valuable
assets we target in our showroom and they have to
present what they've done in classes our their final
output / products as it will give them a chance to
deal with open market and public in a very young
ages, in which would be promising and serves the
community very well.

(@)
8 5 z 5 - 5 s— GALLERY
CEEEEE—— I EMPLOYEES
I STUDENTS
S VISITORS
S FAMILIES
S CHILDREN

Fig.102:Chart showing time-line and working hours for gallery users and visitors

80 FUNCTIONAL ANALYSIS



8.4. Conclusion

Atthe end of all analytical data accordingtoresources
and projecting them to our functional diagram , we
wanted to assure that we are going into the right
path in order not to design unnecessary spaces and
to be realistic to the point of attracting people to
the project. Thus, we reached out percentage of
users to each type of users according to two factors.
the first one is to calculate percentages of people
using each zone in specific time line in working days
in which provides us the real percentage according
to time aspect , then for spaces and it's importance
according to bubble diagram or relationship matrix
and how they intersect so they can work for more
than several functions and not to cause repetitive
calculations leads to extra percentage that we will
lead us to get deserted or abandoned spaces and
more project cost. For example, if we are looking for
some specific architectural structure or an architect
in relation to spatial experience, more questions
might pop up in mind. This could pave the way for
the final question you might want to find answers
to and based on research and calculations. Also |
these percentages are accurate when it comes to
express daily users and of course whenever we have

flexible design and multifunctional spaces we have
almost 20% more or less for each multifunctional
zone depending on the event type , how many
people will occupy the space in collaboration
with event organizers , tools and agreements with
administration department that would take place
in our functional diagram.

PERCETANGE OF USERS

31%

20%

14%

23%

11%

EMPLOYERS STUDENTS TOURISTS FAMILIES CHILDREN

Fig.103: Bar chart expressing percentage of users in all functions according to time-line and occupancy
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9. BUILDING RENOVATION

9.1. Strategies

The ten interrelated renovation strategies :

We believe that renovation of buildings to high
energy performance standards could be one of the
most cost effective investments a nation can make,
given the benefits in terms of job creation, quality
of life, economic stimulus, climate change mitigation
and energy security that such investments deliver
the target as we spoke about the importance of
renovation as feasibility study plays big role in it
whether it's in construction materials or the way
that we renovate. Simplifying the process, we
decided to go by continuous steps and working on
a logical path of renovation in both engineering and
architectural ways. Throughout technical sheets we
highlighted buildings to be renovated and by going
in details we went for a further look to identify parts
of demolition and parts to add as a first step , as
for second step we defined the functions needed
that matches goals and vision either a renovation or
relocation of spaces. then considering whether to
build up in or out.

Fourth strategy is to analyse the best use of
existing space before renovation takes place, then
to consider the building as one major element and
how all these functions combined start to integrate
with surroundings and masterplan.

Because structural elements are unique and
different so we have decided to avoid altering
or replacing them as much as possible. When
considering the addition of a new space, thought
should be given to the existing roof and roof drainage
to avoid extensive re-framing of a traditional
pitched roof. Where possible, the structure of the
roof should be left untouched and the existing
roof drainage preserved to avoid expensive work
which can often have minimal benefits compared
to a more thoughtful approach. Increasing comfort
at spaces with ceiling insulation in some functions
and involving daylight to play a big role in it, It saved
us lots of cost through insulating the ceiling space
of existing space. This provides greatly improved
thermal comfort and reduces the costs of heating
and cooling. After the major decisions have been
made about what is to be altered and what is to be
added, the final stage is choosing interior finishes
and a new colour scheme and brighten up home
with larger windows, glass doors and better views.
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9.2. Wall Demolition

Dismantling buildings piece by piece to preserve
the reusable parts withinkeeps materials out of
landfills and creates more jobs. In a relatively new
concept known as deconstruction, dismantling
gallery piece by piece to preserve the abundant
reusable components within. So partial demolition
are taking place in order to be able to renovate
properly. Demolitions are taking part in some
construction elements as for an old bearing wall
in order to place. New beams strengthen the
existing wall by distributing horizontal loads of
slabs and transferring them through columns so
the connection and the relation between new - old
attachments when it comes to structure it is showing
that implemented designed structure is supporting
old determined structure without affecting it.

9.3. Wall Reinforcements

After demolishing the parts mentioned in digital
sketches below in yellow , it was necessary to start
reinforcing the old wall with two beams outer and
inner and vertical columns for load transfer until
completing column and beam steel structure in
order to shift load transfer from bearing wall to
this structural system. The outer beam attached
parallel to bearing wall would be for just fixation
time , meanwhile the horizontal one with same
wall direction would remain permanently and
connected to both columns and secondary beams
of the structure. Creating a system support as
a whole that allows us to add boxes and slabs of
the new building functions and reinforcing the old
wall to be able to support multiple loads more than
previous condition

Fig.105: At the figure, yellow parts are highlighting demolished parts and red ones are highlighting added primary beams of support.
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Fig.106:Cantilever intersection with bearing wall to carry the boxes , while on right figure boxes are exact size of openings and carried on both cantilever
and secondary beams , thus skylights are opened throughout the slab for visual continuity and daylight.

Fig.107: New structure steel columns holding the first floor slab and beam system
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9.4. Roof structure and refurbishment

A roof truss serves to help hold up the roof of a
building. If they are installed well, roof trusses
require minimal truss repair and maintenance.
However, it is important to watch roof trusses
closely for signs of damage or decline, as broken
roof trusses may cause serious problems, including
the potential collapse of the roof of the building.
Because of this, one of the primary causes of
damage to roof trusses is exposure damage. If the
roof itself is not completely secure, or if there are
leaks in the mortar joints or gutters, moisture may
enter the building and collect in and around the
roof trusses. Similarly, this exposes the trusses to
insect infestation and temperature damage, among
other things. Maintaining a properly waterproof and
sealed roof is one of the best ways of preventing
damage to your roof trusses over time. The loads
on the truss were obtained on the basis of initial
hypothesized data and from the use of the new
stratigraphy. The weights of hedging elements have
been calculated and distributed in point loads on
the trusses and on the UPN profiles placed at the
upper nodes of the truss, to then go to distribute to
be unloaded on the ground at the side walls.

Forall the structure, just two profiles are not verified,
both of them are located in the lower chord and
next to the support, it is possible to see the bars
in the picture on the left. The aim of the project is
to maintain the structure of the roof since it is still
in good conditions and because it is an important
piece of history.

The solution is to keep the existing structure but at
the same time reinforce them was to unload them

by inserting pre stressed cables hidden between
the profiles, preliminarily reinforcing the support
areas and the struts affected by the compression
action. While we speak about truss restoration
we have decided to add coatings to protect it from
corrosion. Metal plate connected and steel trusses
will not perform adequately in most construction
environments provided that after permanent
installation they are protected with the traditional
materials and roofing practices. However, special
protection measures may be required when metal
plate connected wood trusses are used in adverse
conditions. These conditions include exposure to
high humidity. Metal connector plates are galvanized
for standard use conditions but no exposure to
corrosive substances. If the salt storage facility you
are designing has free-flowing air throughout the
building, it should be fine with no additional steps. If
this is not the case, additional steps should be taken
in order to resist plate corrosion. For several years,
truss plate manufacturers supplied stainless steel
truss plates when special protection was required.
Stainless steel connector plates were supplied as a
substitute when specifications for projects near the
ocean or in areas that usually has continuous rainy
environment like Milan city , called for metal plates
that were “double dip” galvanized. The coating,
such as Two-Coat Polyaspartic Urethane , coats
the edges of the exposed steel, and provides a
tight membrane protection for the plate. Its use has
been tested on steel structures subjected to direct
salt contact at ocean-front locations on rolled steel
members, or exposed metal connector plate joints.

Fig.108: Renovated steel roof structure with connection to bearing walls and holded up by metal plates and bolts.
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9.5. Foundations

Most ancient buildings were founded on shallow
foundations. Usually they were constructed of stone
or brick, and various types of mortar. After medieval
period the construction system was changed to be
based on bearing soils was to drop rubble or debris
into an excavation, equal to or slightly wider than
the underground

part of the building, and pour poor mortar onto
it. Foundation size usually depended more on
the available space than on the active loading
and bearing capacity. Walls and above ground
foundations are among the most important
character-defining elements of historic buildings.
The design of walls and foundations is influenced
by the types of materials used, the location,
proportions and scale of openings for doors and
windows, massing and rhythm of features such as
bays and porches, and details and ornamentation.
The exterior walls of most free-standing buildings
are also structural, that is they carry the weight
of the floors and roof to the foundation. Above
ground foundation walls are often visually
distinguished from the main wall by a change of
plane. For example, brick and stone foundation
walls are often visually separated from the wall
above by a belt course of molded brick or shaped
stone. In other cases, foundation walls are visually
distinguished from walls by a change of material.

Fig.109:0riginal designed concrete foundation and bearing wall , with
two meters depth ,Source: Archivi di municipo di Milano.

The material used for an exposed foundation wall,
how it is finished and how it connects to the wall
above, are all distinguishing characteristics. Most
historic buildings in Milan have a primary wall and
foundation that face a public street. Typically they
significantly contribute

to the character of the building. The primary walls
usually contains the front entrance identified as a
gate is formally composed and uses high quality
materials as we have it in a unique shape made of
reinforced concrete. While longitudinal walls are
also considered as primary walls because secondary
ones where connected to it not carrying the live
and dead loads. Thus , we can elaborate that the
system acts as one when we identified that only the
roof was made from different material rather than
reinforced concrete as per walls and foundation.

|
l

l
|

=[]

e

|-

I

I T L T e T e e
Sl e B L RS ERI E SE e i

1| | |

=TT T T T TR T =T =
Fig.110: Foundation and bearing wall treatment in post renovation
phase considering landfill and level difference.
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9.6. Windows

New windows will be many times more energy
efficient than the existing windows. And even the
efficiency of existing windows can be diminished if
we decide to return them to an operating condition.
People who repair historic windows are more like
artisans than carpenters and there’s just not as many
of them out there as in years past, not only to get the
job done right but also to perform the repairs safely.
If you live in a larger community, there may be an
organization near you that provides a list of qualified
contractors and consultants like Heritage workers
especially in mega and historical cities like Milan that
they have to understand the value of the building
to the community before establishing works. With
proper glazing and insulation materials that they
were not subjected to energy efficiency concept
and it's time to use new building technologies and
insulation techniques, notin all spaces we have but in
the areas of highlights that require indoor air quality

Fig.111:Basic scheme showing window frame shape while looking from
exterior .
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with mechanical ventilation and thermal insulation
as studying areas , offices and laboratories in which
is different from double height spaces as galleries
that it wouldn't require such treatment in order to
reduce energy consumption level based on our
performed energetic analysis. the frames would
be aluminium attached from inside as it would
be visible for visitors during indoor circulation
or indoor experience , preserving the window
opening from outside to keep same language and

visual rhythm of fagades,

| T
—

Fig.112:Sketch showing how low E-glazing would perform in attached
boxes to main wall.

Fig.113: similar example showing windows attached internally during
renovation, Source: Archdaily.
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Fig.114:Ground floor entrance
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10.ARCHITECTURAL DESIGN

10.1. Concept: Reviving Macello

Architectural renovation is the reflection of the past,
passage through sense of belonging and direction

towards future sustainability. Our concept is to \-\*"‘\
preserve the history as building memory, altering R
functions for adaptive reuse with technological and

educational facility that helps the city to achieve \
sustainable goals by three divisions:

[1] Permanent - Past.
[2] Interactive Hub - Present.
[3] Innovation and technology - Future.

02 PRESENT

01 PAST

o3 FUTURE
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10.2. Architecture conceptual diagrams

1. SELECTION of building mass and main attraction point of the
surrounding project area

2. SUBTRACTION from building envelop and define prime gallery

entrance

3. ALLOWANCE of sunlight permeability to pass through the
existing roof structure

Fig.115: Architecture mass development showing mass transformation following architectural concept.
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4. EXPANSION and propagation of functions by integrating them
with the surrounding with the greenery

5. CREATION of unique elements and spaces attached to the
existing building. Making visible the distinction between old and
new

6. INVITATION for passage and social interaction. Creating also
two important axis for the masterplan

Fig.116: Architecture mass development showing mass transformation following architectural concept.
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10.3. Zoning - bubble diagram for functions distribution

CAFFERTE
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. BATHROOMS

RELAXIATION
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STORAGE
ROOMS

INTERAC
HUE

ENTRANCE
HALLS

TECHNICAL
ROOMS

Fig.117:Functional diagram, Main zoning elements and sub functional spaces , with connections and relations between spaces.
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10.4. Architectural plans
Ground floor plan Scale 1:500. Level + 3.0 m
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Fig.118:Ground floor plan Scale 1:500. Level +3.0 m
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First floor plan Scale 1:500. Level + 5.7 m

Fig.119:First floor plan Scale 1:500. Level + 5.7 m
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Ground floor plan Scale 1:500. Level +3.0m
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Fig.120: Ground floor plan focus on the commercial zone. Scale 1:200
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Ground floor plan Scale 1:500. Level +3.0m

+0.0

Fig.121: Ground floor plan focus on the entrance. Scale 1:200
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First floor plan Scale 1:500. Level +5.7 m
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Fig.123: First floor plan focus on the study area. Scale 1:200
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1. Outdoor terrace

2. Toilets

3, Vertical core

4. Study area

5. First floor with
ground floor view

6. Green roof 7

@
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First floor plan Scale 1:500. Level +5.7 m

Fig.124: First floor plan focus on the upepr floor entrance end the green expositions. Scale 1:200
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First floor plan Scale 1:500. Level +5.7 m
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1. First floor, private area
2. Green gallery exibition
3, Laboratories

4. Vertical core

5. Toilets

6. Green house

7. Green roof

Fig.125: First floor plan focus on the slaboratories. Scale 1:200
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Section A-A’
Commercial

Section B-B’
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Fig.126:Points where the transveral sections were done
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10.5. Transversal sections
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Fig.127:Transversal section. Scale 1:200
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10.6. Longitudinal sections
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Fig.128:Longitudinal section in the middle of the building. Scale 1:500
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Longitudinal section: Commercial area. Scale 1:200.
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Fig.129:Longitudinal section, focus on the Commercial part. Scale 1:200
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Longitudinal section: Central entrance. Scale 1:200.

Fig.130:Longitudinal section, focus on the entrances. Scale 1:200
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Longitudinal section: Laboratoriesl area. Scale 1:200.

Fig.131:Longitudinal section, focus on the laboratories part. Scale 1:200
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10.7. Elevations

Fig.132:Eastern and West elevations. Scale 1:200
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Fig.133:Northern and south elevation. Scale 1:200
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Fig.134:Northern elevation Scale 1:200
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Fig.135:Northern elevation Scale 1:200
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Fig.136:Northern elevation Scale 1:200
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11. CONSTRUCTION TECHNOLOGIES

1.1. Introduction

The term ‘construction technology’ refers to the
technical processes and methods used in the
constructing buildings. Buildings have moved from
being evolutions of standard types to becoming one-
off prototypes, building performance requirements
have become more demanding, and the number of
products and specialist suppliers has increased.

The project uses different types of materials
and technologies, both for the diversity of study
that allowed us to study different materials and
technologies, and because of the size of the building
that has very different functions and spaces, so
to require different solutions. Starting from the
existing building we find, as previously described
in the technical data sheets, a 1920s masonry and
foundations in reinforced concrete, and steel
trusses. These two elements have been maintained
as they are still in good condition and due to their
historical importance.

The boxes added with the intervention are made
of wood, with the construction technique of the
timber-frame construction. This choice is given by
the flexibility of the spaces we wanted to create, to
allow the quick removal, reduction or enlargement
of these. In fact, this type of construction made
possible to have boxes with prefabricated walls to
be mounted on site, as dry systems.

1. The wall structure is made by many vertical studs
close together and they are prefabricated

2. Always in the prefabrication moment, the osb
panels are inserted, they have bracing function.

| =
(0000

3. The single fagades are then transported in site
4. Finally the box is assembled in site and inserted
in the existing wall.
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1.2. Ceiling stratigraphy
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Partial vapour pressure Vapour saturation pressure

1. FINISH: Pre-patinated zinc sheet with double angular crimping, th. ©8 mm, Zintec type
Conductivity A [W / mK]109

2. SUPPORT: Wooden plank as a structure for finishing, th. 10 mm

3. IVENTILATION: Ventilation layer. Th. 50 mm

4. MEMEBRANE: Breathable membranes ROOF TRASPIR Rothoblaas. Th. 0.4 mm

5. INSULATION: Insulated material XPS. Th. 50 mm. Thermal transmittance equal to Y = 0.034 W
/mK

6. INFILL: infill panels in OSB panels, Th. 15 mm

7. STRUCTURE: Platform frame in lamellar wood beams. Inside there are 2 layers of Rockwool
insulation. Density 40 Kg/mc. Th. 80 + 100 mm

8. FINISH LAYER: Double plasterboard coated with vapor barrier, type "Knauf GKB + Kasa"

Climate informations o \

The municipality of Milan /

Climate Zone: E, Degrees Day 2404 / N7 '
Indoor T (¢ C). 200 7 Nl

Outdoor T (¢ C). -5.0
Internal U (%): 52.0
External U (%): 287

Surface mass (Kg / m2): 42
Thermal resistance (m2K / W). 6854
Total thickness {mm): 264

Transmittance: 0.146 W / m2K
Law value 0.3 W / m2K
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11.3. Slab stratigraphy
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Partial vapour pressure Vapour saturation pressure

1. FINISH: resin for interiors, light gray "Resinfloor" type. Composition: 200 m2 transparent, opaque
protective paint layer, 1500 m gray epoxy self-leveling resin layer, 350 m epoxy resin smoothing layer
2. DRY LAYING LAYER: gypsum-fiber slab with rabbeted edge for continuous laying, size 1200 x
600 mm, thickness 18 mm, type "F145 Knauf"

3. INSULATION: Insulated material XPS. Th. 50 mm. Thermal transmittance equal to Y = 0.034 W
/mK

4, VAPOR RESISTANT: polyethylene impermeable to water vapor, thickness 2 mm, Ro8 series.
Specific for the "Giacomini Dry" package

5. INFILL: infill panels in OSB panels, Th. 15 mm

6. STRUCTURE: Platform frame in lamellar wood beams. Inside there are 2 layers of Rockwool
insulation. Density

7. INFILL: infill panels in OSB panels, Th. 15 mm

8. FINISH LAYER: Wood cladding, weather board larch. 25 mm

Climate informations /;/”_'__-_—’-. \ / |
== VA ~ \/

The municipality of Milan =0 N ~
Climate Zone: E, Degrees Day 2404 < ik 3 '
Indoor T (¢ C). 20.0 4_
Outdoor T (¢ C). -5.0 T
Internal U (%): 52.0

External U (%). 387

Surface mass (Kg / m2): 49
Thermal resistance (m2K / W): 5.856 a
Total thickness {(mm): 258

Transmittance: 0.171 W / m2K
Law value 0.3 W / m2K
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11.4. Wall stratigraphy
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Partial vapour pressure Vapour saturation pressure

1. FINISH: double plasterboard coated with vapor barrier, type "Knauf GKB + Kasa'

2. STRUCTURE: load-bearing structure consisting of a frame made of wooden uprights (8x20cm)
with a center distance of 62.5 cm. With two layers of thermal-acoustic panel insulation Rockwool
panels (density 40 kg / mc)

3. INFILL: infill panels in OSB panels, Th.15 mm

4. SUPPORT LAYER: Wood support structure 2,5 x 2,5 cm every 30 cm

5. FINISH LAYER: Wood cladding, weather board larch. 25 mm
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Climate informations

The municipality of Milan

Climate Zone: E, Degrees Day 2404
Indoor T (¢ C). 20.0

Outdoor T (¢ C): -50

Internal U (%): 52.0

External U (%): 38.7

Surface mass (Kg / m2): 33
Thermal resistance (m2K / W). 6.08
Total thickness (mm): 227.5

Transmittance: 0164 W / m2K
Law value 0.3 W / m2K
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11.5. Do1- Roof and bearing wall

INSULATION: Insulation layer made with rigid panels in
STIFERITE FIRE B

Pre-patinated insulated gutter of Elcom
System coated in aluminum

FINISH:Diathonite Acoustix sound-absorbing
and acoustic insulating plaster. Thermal
conductivity: 0.083 W / mK. Thermal
resistance: 0.12 m2K / W. Breathability: p =
4. Density: 470 (+ 30) kg / m®.

STRUCTURE:Exsisting reinforced concrete
wall 1920
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FINISH: ISOFACTOR® Acciaio zincato
preverniciato th. 0.5 mm

SANDWICH PANEL: Self-supporting,
consisting of a core high density
polyurethane foam insulation

FINISH: to the application on the inside of
a fiberglass sheet, allows it to be washed
and cleaned, thus obviating the problems
of deterioration

STRUCTURAL LAYER: secondary
structure. Two UPN 140
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11.6. Do2 - Lab ceiling box

7 —
FINISH:Diathonite Acoustix sound-absorbing “’.""‘

and acoustic insulating plaster. Thermal ,’ ”"
conductivity: 0.083 W / mK. Thermal "‘.

resistance: 0.12 m2K / W. Breathability: u = 4. "“‘
Density: 470 (+ 30) kg / m®. ‘.""" p INS

poly

EXTERNAL FINISH: Pre-patinated
zinc sheet with double angular ’.“‘"
| crimping, th. 0.8 mm, Zintec type Pre-patinated “ ‘ ‘ FINI
Conductivity A [W / mK]:109. gutter of ” N -
| zintec type :.:.:.:.:.:.:.:.‘- .:. 0.1:
CHCILIEIECH 0
- Itetelee%0%e%e %% 2a!?
e oo s RPN JecoocSessassatsccce:
| L} @ it 'a82020a0a0s0a050020, ——————-=

P ANV AR A Y Y Y YWYANBAVIAAIAIAAMAALATANARA

T T T T D T P T 7 A T P P PO T B T B T F o AT 7 A T T o 7 T 7 7 7 7

= e =T

1
L

SUPPORT: wooden plank as a MEMEBRANE: Breathable INFILL: Infill layer in
structure for finishing, th. 10 mm, membranes ROOF TRASPIR panel. Th 15 mr
Rothoblaas. Th. 0.4 mm

INSULATION: Insulated material XPS.
Th. 50 mm. Thermal transmittance equal
tow =0.034 W /mK

VENTILATION: Ventilation layer.
Th. 50 mm

STRUCTURE: Platform fre
Rockwool insulation. Dens
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ULATION :Alpac monobloc in XPS extruded expanded
styrene. Thermal transmittance equal to w = 0.044 W /mK

SH: external cladding in larch strips on
ntilated cavity. Conductivity A [W / mK]:
. Density p: 475 Kg\im3. Th. 15 mm
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STRUCTURAL LAYER: 16 X 56 cm
laminated wood beam

FINISH LAYER: Wood cladding,
weatherboard larch. 25 mm

A= Y
OO =

@

SUPPORT LAYER: Wood support
structure 2,5 x 2,5 cm every 30 cm

STRUCTURAL LAYER: 16 X 56 cm

AN

r_‘~:4 laminated wood beam
0SB >.‘4
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FINISH LAYER: double plasterboard coated with vapor
barrier, type "Knauf GKB + Kasa"

ame in lamellar wood beams. Inside there are 2 layers of
ity 40 Kg/mc. Th. 80 + 100 mm
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11.7. Do3 - Transparent glass and box

— =

SUPPORT: wooden plank. #‘—J—“ e
th. 8 mm T —_|
PROTECTION:Tape Bird ¢
Ventilation Grating Anti Bird. it
UV stabilized high quality
polypropylene

Wooden support for insulation g

N K R kK

Counter frame in fir wood for the assembly of the window 7 ’

vy

\/

INSULATION: Elimination of the thermal bridge. Insulation layer made N
with rigid panels in STIFERITE FIRE B

|

oy &% QD ¢

FRAME:External windows with aluminum profiles with thermal break ALUK
77IW (frame dimensions: depth of 77 mm and sash of 87 mm with 10 mm |
overlap on the fixed frame), average transmittance equalto U =1.187 W/ mgKk ————@

GLASS:triple glass con U=0,5 W/mgK. ——— ' ‘

GLASS:triple glass con U=0,5W/mgK. — | g

FRAME:External windows with aluminum profiles with thermal break ALUK ‘
77IW (frame dimensions: depth of 77 mm and sash of 87 mm with 10 mm ]
overlap on the fixed frame), average transmittance equal to U = 1.187 W/ mgK

FLASHING FOR THE REMOVAL OF RAINWATER: sealing of the
lower frame of the window with silicone for exteriors and flashing in
pre-painted sheet metal (th. 8)

Counter frame in fir wood for the assembly of the window

INSULATION: Elimination of the thermal bridge. Insulation layer made
with rigid panels in STIFERITE FIRE B

Wooden support for insulation

SUPPORT LAYER: Wood support structure 2,5 x 2,5 cm every 30 cm — | K
P’I T AR o fl T,

FINISH LAYER: Wood cladding, weatherboard larch. 25 mm—|
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EXTERNAL FINISH: Pre-patinated zinc sheet with double angular
crimping, th. 0.8 mm, Zintec type Conductivity A [W / mK]:109.

SUPPORT: wooden plank as a structure for finishing, th. 10 mm,

VENTILATION: Ventilation layer. Th. 50 mm

..._....._.._\_a

MEMEBRANE: Breathable membranes ROOF TRASPIR Rothoblaas.
Th. 0.4 mm
xmd ItNSULl?;;I'ION: Insullatted ria{;e&ﬂ )\;I,?{S I’(Th. 50 mm. Thermal
(XXX) ransmittance equal to y = 0. m
(X 5o Cele) INFILL: infill panels in OSB panels, Th. 15 mm

STRUCTURE: Platform frame in lamellar wood beams. Inside there
are 2 layers of Rockwool insulation. Density 40 Kg/mc. Th. 80 + 100
mm

FINISH LAYER: double plasterboard coated with vapor barrier, type
"Knauf GKB + Kasa"

FINISH: resin for interiors, light gray "Resinfloor" type. Composition: 200 m2
transparent, opaque protective paint layer, 1500 m gray epoxy self-leveling
resin layer, 350 m epoxy resin smoothing layer.

DRY LAYING LAYER: gypsum-fiber slab with rabbeted edge for continuous

l laying, size 1200 x 600 mm, thickness 18 mm, type "F145 Knauf"

VAPOR RESISTANT: polyethylene impermeable to water vapor,
thickness 2 mm, R98 series. Specific for the "Giacomini Dry" package

= INFILL: infill panels in OSB panels, Th. 15 mm

STRUCTURE: Platform frame in lamellar wood beams. Inside there are 2
/ layers of Rockwool insulation. Density

? MEMBRANE: Breathable membranes ROOF TRASPIR Rothoblaas.
} ; ' : ; Th. 0.4 mm

INFILL: infill panels in OSB panels, Th. 15 mm
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11.8. Do4 - Lab flooring box

STRUCTURE: load-bearing stru
(8x20cm) with a center distance
insulation Rockwool panels (den

FINISH LAYER: double plasterboard coated with va
barrier, type "Knauf GKB + Ka

Wooden support for insulat

Wooden pli
VAPOR RESISTANT: DRY LAYING LAYER: FINISH: resin for interiors, light g
polyethylene impermeable to gypsum-fiber slab with rabbeted "Resinfloor" type. Composition: 200

water vapor, thickness 2 mm, edge for continuous laying, size  transparent, opaque protective paint |a
R98 series. Specific for the 1200 x 600 mm, thickness 18 1500 m gray epoxy self-leveling resin la
| "Giacomini Dry" package mm, type "F145 Knauf" 350 m epoxy resin smoothing la:
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cture consisting of a frame made of wooden uprights
of 62.5 cm. With two layers of thermal-acoustic panel
sity 40 kg / mc)

STRUCTURAL LAYER: 16 X 56 cm laminated wood beam

7
Dor e
1on {&Q INFILL: infill panels in OSB panels, Th. 15 mm
nth —— ‘{Qé
s 2
ray onjé
m2 <7
jer, ‘g‘:g SUPPORT LAYER: Wood support structure 2,5 x 2,5 cm every 30 cm
yer, =<7
(>
er. <1
< %
;j% % FINISH LAYER: Wood cladding, weatherboard larch. 25 mm
%
g
/
¥
g
0
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MEMBRANE: Breathable membranes ROOF TRASPIR
Rothoblaas. Th. 0.4 mm

INFILL: infill panels in OSB panels, Th. 15 mm

® STRUCTURAL LAYER: Steel beam HEB 550

STRUCTURE: Platform frame in lamellar wood beams. Inside
there are 2 layers of Rockwool insulation. Density

INSULATION :Alpac monobloc in XPS extruded expanded
polystyrene. Thermal transmittance equal to w = 0.044 W /mK

FINISH:Diathonite Acoustix sound-absorbing and acoustic
insulating plaster. Thermal conductivity: 0.083 W / mK.
Thermal resistance: 0.12 m2K / W. Breathability: g = 4.
Density: 470 (+ 30) kg / m3.

STRUCTURE:Exsisting reinforced concrete wall 1920
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SH LAYER: paving in modern and natural slate stone (MASPE Cod.IS14.100), joint 8 mm,
40 x 60 cm, th: 3.7 cm. weight: 85 Kg / sqm, Frostproof, shaded, non-slip material.

L

— | :‘ - — - H I. /-_ & j.
L L LA A

SUPPORT LAYER: 4 cm thick compact sand screed (for
laying the covering).

ADJUSTMENT: and tooling layer in round granular and
crushed expanded clay, sp. 50 mm, y = 0.090 W/ nK

SUPPORT: Supporting layer in reinforced concrete with
electrowelded mesh, 6 mm diameter. Mesh 150 x 150 mn
th. 100 mm

Draining layer in compact scree stabilized with lean
concrete sp. 150, m

MEMBRANE: impermeable membrane to protect the
existing wall

Alveolar drainage membrane with octagonal reliefs with
integrated geotextile with high compressive strength (300
kN / m2)

Drainage tube protected with tnt

Reinforcement of old foundation and to attache the new
structure. In reifnorced concrete

Existing foundation and wall

Leveling layer in lean lean, sp. 100 mm

Soil

CONSTRUCTION TECHNOLOGIES
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12.STRUCTURAL DESIGN

12.1. Introduction

The structural analysis of the building has been
divided in two parts. The firs one is about the
curvilinear entrance of the gallery, chose because
of the innovative technique used to cover the 50
meters span. The other analysis were done on the
laboratory side of the building, the calculation of
the steel structure of the new slab and the timber
frame boxes on top of it.

11 Site analysis

The case study buildingislocated in Milan, therefore,
the climatic data relating to this area were used
where required. Below is a summary table of the
values taken into consideration for the design.

LOCATION Milan
PROVINCE Mi

LATITUDE 122 m s.l.m.
SNOW ZONE 7
COORDINATES 45°27 50.98 N o°11 2521 E

Tab.1:Project location

Fig.137:Map projection.

12.2. Building description

The building taken in consideration is a mixed used
building in the centre of Milan, near Porta Vittoria.
We are going to analyse three different parts of
the whole system: the timber-frame boxes with
laboratories and commercial functions; the catwalk
at level 57 m and the curvilinear beams in the
middle entrance.

The new structure is going to be entirely in wood to
have a natural environment in the building, to use a
sustainable material that is not to expensive.

AAAAAAAAAAAA

Fig.138:Building divadants according to main functional zones.
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12.3. Reference code used

This report was drawn up in relation to current
legislation, in particular:

-D.M.17/01/2018: “Update of technical standards for
construction” (Norme tecniche per le costruzioni)

- Eurocode 1 (UNI EN 1997)

- Eurocode 2 (UNI EN 1992-1-1: 2015)

The technical standards for constructions define
the principles for the design, execution and testing
of buildings, with regard to the performance
required of them in terms of essential requirements
of mechanical strength and stability, even in the
event of fire, and durability.

They therefore provide the general safety criteria,
specify the actions to be used in the project, define
the characteristics of the materials and products
and, more generally, deal with the aspects relating
to the structural safety of the works.

The Eurocode 1 was taken in consideration for the
Actions on structures, the densities, self-weight,
imposed loads. While the Eurocode 2 for the design
of concrete structures.

1.3.] Design life

The designed life of a building is the number of years
in which it is expected that the work, as long as it
is subject to the necessary maintenance, maintain
specific performance levels.

The minimum values to be adopted for the different
types of construction are shown in table 1.4. These
values can also be used to define time-dependent
actions.

The 50 year selection, as is also explained in the
EN1990 Basis of Structural Design, is chosen for the
indicative design working life of building structures
and other common structures.

The design service life should be used to determine
the time-dependent performance of the structure.
NOTE :Examples of time-dependent performance
include durability, fatigue, and deformation due to

consolidation of the ground”. It's clear that this
parameter doesn’t depend on climate factors.

1.3.2 Classes of use

Referring to the paragraph § 2.4.2 of the NTC, the
classes of use divide the construction in 4 with
reference to the consequences of an interruption
of operations or a possible collapse.

Class | Buildings  with  only occasiona
presence of people, agricultural buildings.

whose  use involves

Class I Buildings
normal crowding, without dangerous contents
for the environment and without essential public
and social functions. Industries with activities that
are not dangerous for the environment. Bridges,
infrastructural works, road networks not falling
under Class of Use Ill or Class of Use IV, railway
networks whose interruption does not cause
emergency situations. Dams whose collapse does
not cause significant consequences.

Class llI/Buildings whose use involves significant
crowding. Industries with dangerous activities for
the environment. Extra-urban road networks that
do not fall under Class of Use IV. Bridges and railway
networks whose interruption leads to emergency
situations.Dams relevant to the consequences of
their eventual collapse.

Classe IV Buildings with important public or
strategic functions, also with reference to the
management of civil protection in case of disaster.
Industries  with activities that are particularly
dangerous for the environment. Road networks of
type A or B, as per Ministerial Decree 5/11/2007,
n. 6792, “Functional and geometric rules for the
construction of roads”, and type C when belonging
to connecting routes between provincial capitals
not also served by type A or B roads. Bridges
and railway networks of critical importance for
the maintenance of routes of communication,
especially after a seismic event. Dams connected
to the operation of aqueducts and to electricity
production plants.

TYPES OF CONSTRUCTIONS Number of years
1 Temporary constructions 10
3 Construction with high performance levels 100
Tab.2:Construction types
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1.3.3 Classes of services

The structures (or parts of them) must be assigned
to one of the 3 service classes listed in Tab. 4.4.11.
The service class system has the purpose of defining
the dependence of the design resistances and the
elastic modules of the wood e materials derived
from it from environmental conditions.

Class | It is characterized by a humidity of
the material in equilibrium with the environment at
one temperature of 20 ° C and a relative humidity
of the surrounding air that does not exceed 65%, if
not for a few weeks a year.

Class Il It is characterized by the humidity of
the material in equilibrium with the environment at
a temperature of 20 ° C and a relative humidity of
the surrounding air that exceeds 85% only for a few
weeks a year.

Class I It is characterized by higher humidity
than that of service class 2.

1.3.4 Resistance of the project

The duration of the load and the humidity of the
wood affect the resistant properties of the wood.
The design values for the material properties from
the characteristic values are then assigned with
combined reference to service classes and load
duration classes.

The design value Xd of a property of the material
(or of the resistance of a connection) is calculated
using the relation:

Xd = “kmod Xk /"m"

Xk is the characteristic value of the material
property, or of the strength of the connection.
The value characteristic Xk can also be
determined by experimental tests on the basis
of tests carried out under defined conditions
the applicable European standards;

yM is the partial safety factor relating to the
material, the values of which are shown in the
Tab. 3;

kmod is a correction coefficient that takes
into account the effect, on the resistance
parameters, of both the duration of the load
and humidity of the structure. The kmod values
are given in Tab. 4.

where is it:
ULS COLUMN A COLUMN B
yM
Fundamental combinations
Solid wood 1,5 1,45
Gluelam 1,45 1,35
Xlom 1,45 1,35
Tab.3:Partial safety factors for wood

Kmod Xk M

o.7 To calculate 1.5

Tab.4:Correction coefficient value
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12.4. Load Analysis

Actions shall be classified by their variation in time
as follows:

Permanent actions (G):

Self-weight of structures, fixed equipment and road
surfacing, and indirect actions caused by shrinkage
and uneven settlements

Variable actions (Q):

Imposed loads on building floors, beams and roofs,
wind actions or snow loads

Accidental actions (AJ):

Explosions, or impact from vehicles.

12.1.1 Dead structural loads (G1)

Wood

Actions that act throughout the nominal design life
of the building, which change in intensity over time
is very slow and modest:

The weight of the structure is, in fact, the result of a
sizing carried out according to the actions exercised
on it. In this chapter these loads are only assumed.
The permanent structural load in this case is the
OSB panel on top pf the secondary beam:s.

Th WEIGHT Gl
MATERIAL | QUANTITY (j (kN/
™ (kN/m3) | m2)
OSB panel 1 0,015 6,5 0.09

12.1.2 Dead NON:-structural loads (G2)

With reference to NTC § 31.3, the loads present
on the building during its normal operation are
considered permanent non-structural loads, such
as those relating to external cladding, internal
partitions, screeds, insulation, floors and floor
coverings, plasters, false ceilings, systems and more,
although in some cases it is necessary to consider
transitory situations in which they are not present.
The permanent gravitational actions associated
with the own weights of non-structural materials
are derived from the geometric dimensions and
the weights of the volume unit of the materials with
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which the non-structural parts of the construction
are made. but with transversal distribution capacity,
the permanent non-structuralloads can be assumed,
for the overall checks, as uniformly distributed. If
not, the actual distributions must be assessed.
Partitions and light systems of residential and office
buildings can generally be assumed as equivalent
distributed loads, provided that the floors have
adequate transversal distribution capacity.



12.1.3 Box horizontal closure- External\Internal

H.C. ROOF - INSULATED

WEIGHT

MATERIAL QUANTITY | Th.(m) G2 (kN/
(kN/ m3) m2)

Bituminous impermeable membrane 1 0.0004 1.3 0l
Plywood plank 1 0.020 4,5 0.009
XPS 1 0.050 0,34 0.017
Rock-wool insulation 1 0,80 1,47 0.2646
Plasterboard sheet 1 0,030 10 0.3
TOTAL (kN/ m-) 0.6906

‘l_
|

Fig.139:Box horizontal enclosure - internal to external

MEMBRANE: Bituminous impermeable membranes
ROOF BYTUM Rothoblaas Th. 0.4 mm

FINISH: Waterproof plywood plank. Th. 20 mm
VENTILATION: Ventilation layer. Th. 50 mm
MEMBRANE: Breathable membranes
TRASPIR Rothoblaas. Th. 0.4 mm
INSULATION: Insulated material XPS. Th. 50 mm
MEMBRANE: Vapour barrier USB Elegant - Riwega.
Th. 0.4 mm

INFILL: Infill layer in OSB panel. Th 15 mm
STRUCTURE: Platform frame in lamellar wood
beams. Inside there are 2 layers of Rock-wool
insulation. Density 40 Kg/mc. Th. 80 +100 mm
FINISH: Double layer of plasterboard. Th. 15 mm
each

ROOF
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12.1.4 Box Vertical closure- External\Internal

V.C.1.01 PLATFORM FRAME CLOSURE- INSULATED
WEIGHT
MATERIAL QUANTITY Th. (m) G2 (|2()N/
(kN/ m3) m
Plasterboard sheet 1 0.0125 10 0125
Rock-wool insulation 1 0,200 1,47 0.294
OSB panel 1 0,015 6.5 0.09
Wood support 1 0.025 49 x 30% 0.036
Weatherboard larch 1 0.025 49 Ol
TOTAL (kN/ m-) 0.645
X
1
L 2
2 3
L 4
5
X
4
M E

Fig.140:Box vertical closure External to internal

1. FINISH: interior painting with MAPEI Dursilite washable water-based paint. Single plasterboard Knauf

GKF thi2.5 mm, fasten with self-drilling screws every 30 cm.
to the wooden supporting structure 5. FINISH: Wood cladding, weatherboard larch. 25
2. STRUCTURE: load-bearing structure consisting mm

of a frame made of wooden uprights (8x20cm)
with a center distance of 62.5 cm. With two layers
of thermal-acoustic panel insulation Rockwool
panels (density 40 kg / mc) + polyethylene
vapor barrier
3. INFILL: infill panels in OSB panels, Th.15 mm
4. SUPPORT: Wood support structure 2,5 x 2,5 cm
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12.1.5 Box slab- External / Internal

H.C. SLAB- EXT/INT- INSULATED
WEIGHT
MATERIAL QUANTITY Th. (m) G2 (E)N/
(kN/ m3) m

Resin-floor 1 0.01 1,25 0.0343
Gypsum-fiber 2 0.018 0.1274
Galvanized steel 1 0.001 0.0769
Polystyrene foam 1 0.028 0.32 0.0096
Rock-wool insulation 1 0,180 1,47 0.2646
OSB panel 1 0,015 6.5 0.09
Weatherboard larch 1 0.025 47 0Ol
TOTAL (kN/ m2) 0.7024
. | | :
| | |
|
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| |
| \
| |
| | 5
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i | | % 1 2
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Fig.141:Box slab illustrated relation between external to internal.

FINISH: resin for interiors, light gray “Resinfloor”
type. Composition: 200 m2 transparent,
opaque protective paint layer, 1500 m gray
epoxy self-leveling resin layer, 350 m epoxy
resin smoothing layer.

DRY LAYING LAYER: gypsum-fiber slab with
rabbeted edge for continuous laying, size 1200
x 600 mm, thickness 18 mm, type “F145 Knauf”

LOAD DISTRIBUTION LAYER: double layer
of galvanized steel plates 1 mm thick with
dimensions 600x300 mm, K805P series. The
second layer, equipped with double-sided
adhesive, K80osP-1 series, is offset from the
first one to close the joints. Specific for the
“Giacomini Dry” package.

RADIANT ELEMENT: plastic tubing, diameter
17 mm, R999 series. Fixed to the insulating panel
with fixing clips, K809 series. Specific for the
“Giacomini Dry” package.

5.

SUPPORT LAYER FOR RADIANT FLOOR:
expanded  polystyrene insulation  panel
(EPS200), R883-1 series. Dim 1200x600 mm,
density 30 kg/ m2, thermal resistance 0.65
m2K/ W. Allows the passage of pipes. Total sp.
28 mm.

PROTECTION LAYER, VAPOR RESISTANT:
polyethylene impermeable to water vapor,
thickness 2 mm, R98 series. Specific for the
“Giacomini Dry” package.

STRUCTURE: Platform frame in lamellar wood
beams. Inside there are 2 layers of Rockwool
insulation. Density 40 Kg/mc. Th. 80 +100 mm
REINFORCEMENT LAYER: OSB wood plank
with support function dimensions 25 x 50 cm
th.1,5 cm type “DATAHOLZ"

FINISH: external cladding in larch strips on a
ventilated cavity. Conductivity y [W / mK]: 013.
Density p: 475 Kg\m3. Th. 15 mm
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12.1.6 Catwalk- Internal - Internal

H.C. SLAB- EXT/INT- INSULATED
WEIGHT
MATERIAL QUANTITY Th. (m) G2 (;)N/
(kN/ m3) m
Parquet 1 0,022 706 Ol15
Natural cork 1 0.001 196 0.0002
OSB panel 2 0,015 6.5 Q.18
Galvanized steel 1 0.001 0.0769
TOTAL (kN/ m2) 0.407
N 1
5 7. 5 5 70z 5
= :
- 5
S AN == - + ; 6
\ [ LI T L | LY L | LM

Fig.142:Catwalks Internal - Internal relation

FINISH: parquet 22 mm thick, with a layer of
noble oak wood

FIXING LAYER: through glue. thickness 3 mm
SOUND INSULATION LAYER: in natural cork,
self-expanded, self-glued, th.1¢cm
REINFORCEMENT LAYER: OSB wood plank
with support function dimensions 25 x 50 cm
th. 15 cm type “DATAHOLZ”

SUPPORT: Timber joists and support battens
6x 20 cm.

REINFORCEMENT LAYER: OSB wood plank
with support function dimensions 25 x 50 cm
th. 1,5 cm type “DATAHOLZ

SUPPORT LAYER: non-cooperating corrugated
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8.

sheet in galvanized steel, height 75 cm, th. 012
cm, type “EXPAN - EPS 75/570"
STRUCTURAL LAYER: Steel structure HEB 550



12.1.7 Green roof- Ext/int

H.C. SLAB- EXT/INT- INSULATED
THICKNESS WEIGHT/UNIT VOL- G2 (kN/

MATERIAL QUANTITY (m) UME (kN/m3) m?)
Peat moss + Perlite 1 0.25 6.5 1.6
Anti-root Membrane 1 0.04 0.06
Gravel 1 0.06 15 09
JEloelypropylene Geotex- 1 0.004 004
Expanded Polystyrene |1 0.047 0.32 0.015
Double Waterproof 5 0.004 0.06
Membrane
Thermal Insulation - Cel- . o1 12 012
lular Glass
Baffle Ceiling System 20 0.35
Total 314

RO O N W W N W O W

1

L1
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U

Fig.143:Greenroof detail and layering external to internal surfaces.

FINISH: 250 mm vegetation layer, horticultural
perlite and peat moss mixture for lightweight
rooftop plating systems

ROOT BARRIER: 5 mm protection layer WSB
100-PO, by ZinCo. Excellently weldable sheet
made of flexible polyolefin (FPO), polyester
scrim reinforced, resistant to bitumen, flexible
at low temperatures.

WATER DRAINAGE LAYER: 50 mm gravel.
WATER PERMEABLE PROTECTION LAYER:
0.5 mm geotextile with needled and thermo-
stabilized polypropylene fibers, type “Daku
stabilfilter SFE”

DRAINAGE AND WATER DEPOSIT LAYER: 47
mm sintered expanded polystyrene, type “Daku

SDF 30"

WATER RESISTANCE LAYER: 4 + 4 mm two
crossed layers of bituminous self-adhesive
waterproofing sheath, “INDEX type’
THERMAL INSULATION LAYER: 100 mm PUR
waterproof cellular glass

LOAD BEARING LAYER: 55 mm corrugated
sheetingalvanized steelwithssmmcollaborating
casting in concrete, type "MARCEGAGLIA -
EGB 210"

STRUCTURE: IPE 220 steel beam

FALSE CEILING: Straight baffle ceiling system,
a lightweight floating ceiling of 50 x 100 mm
aluminium box-shaped panels.
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12.1.8 Live loads

In this case, as variable loads, we are going to
consider just the snow because we can neglect the
horizontal loads (wind).

Snow loads

With reference to NTC § 314 The load caused
by snow on the roofs will be evaluated using the
following expression:

gs=1-qgsk-CE-Ct

where is it:

1: Coefficient of the shape of the roof

gsk: is the reference characteristic value of the
snow load on the ground [kN / m2]

CE: Esposition coefficient

Ct: Thermal coefficient

In the next paragraph , the individual parameters
will be analysed and the methods of calculation and
the value in the specific case will be presented.

Roof shape coefficient (u1)

The shape coefficients of the roofs depend on
the shape of the roof itself and on the horizontal
inclination of its component parts and on the
local climatic conditions of the site where the
construction is located.

In our case we choose 0.8 because we have a flat
roof, so an angle that is less than 30°.

Reference characteristic value of the snow load

on the ground (QSK)

The snow load on the ground depends on the local
climate and exposure conditions, considering the
variability of snowfall from area to area.

In our case study we are in zone 1:

Alessandria, Ancona, Asti, Bologna, Cremona, Forli-
Cesena, Lodi, Milano, Modena, Monza Brianza,
Novara, Parma, Pavia, Pesaro e Urbino, Piacenza,
Ravenna, Reggio Emilia, Rimini, Treviso, Varese:

gsk =150 kN/m2 as - 200 m
gsk =135 [1+ (as/602) -] kN/m2 as>200 m

Exposition coefficient (Ce)

The EC exposure coefficient considers the specific
characteristics of the area in which the work stands.
Recommended values of this coefficient are given
in table 21.XII for different exposure classes. Unless
otherwise indicated, CE =1 will be assumed.

TOPOGRAPHY | DIFFERENT  VALUES [ Ce
OF Ce FOR DIFR
CLASSES

Unobstructed flat areas

SHAPE With wind e%posed on all sides, 00
0% a-30° |30°<a<60° |A-60° with no buildings or tall-
COEFFICIENT er trees.
08 - (60- Areas where there is no
H % a)/30 00 significant snow remov-

Tab.5:Roof shape coefficient

Fig.144:1X load zones of the snow.
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Nerel al on the construction o
produced by the wind, | -
due to the terrain, other

buildings, or trees.

Areas where the con-
struction considered is
significantly lower than
the surrounding land
or surrounded by taller

Repaired

buildings or trees.

Tab.6:Exposition coefficient

Thermal coefficient (Ct)

The thermal coefficient considers the reduction of
the snow load, due to the snow melting, caused
by the heat loss of the building. This coefficient
depends on the thermal insulation properties of
the material used in the roof. In the absence of a
specific and documented study, Ct =1 must be set.
The snow load results: 1.2 kN/m2



Loads due to intended use - linear horizontal loads Hk

- The nominal and / or characteristic values of gk,
- Qk and Hk are reported in the Tab7.

These values include ordinary dynamic effects, if

With reference to NTC §3.1.4, variable loads include
loads related to the intended use of the work; the
mode|s of th_ese_ actions can consist of: there is no risk of significant dynamic amplifications
- uniformly distributed vertical loads gk

: of the response of the structures.
- concentrated vertical loads Qk

CATEGORY ENVIRONMENT gk [kN/m2] [S\l‘(] Hk [kN/m]
Residential use
A Areas for domestic and residential activities 2.0 20 1.0
Common stairs, balconies, galleries 40 40 20
Offices
Cat.B1 Offices not open to the public 20 20 10
B Cat.B2 Offices open to the public 3.0 20 10
Common stairs, balconies, galleries 40 40 20

Commercial use

Cat.D1 Shops 40 40 20
D .
Cat.D2 Shopping centres, markets, department 50 50 20
stores
Common stairs, balconies, galleries category due to use served
Areas for storage and commercial use
and industrial use
E Cat. E1 Areas for accumulation of goods and
related areas access, such as libraries, archives, 700 1.0
warehouses, manufacturing workshops
Cat. E2 Environments for industrial use to be evaluated case by case
Garages and areas for vehicle traffic (excluding bridges)
F Gara f ffi ki i
ges, areas for traffic, parking and parking
of light vehicles (full load weight up to 30 kN) 25 2x10 10
Roof
H Roofs accessible for maintenance and repair
only 1.2 1.0

Tab.7:Loads due to intended use
Since our different functions, we will have 5 different values for the imposed load.

Summary of the loads

LOADS

G2 Roof 0.7806 kN/ m2
gk ( category H) 0,5 kN/ m2

G2 Slab 0.7024 kN/ m2
gk (category E1) 6 kN/ m2

G2 Vertical closure 0,645 kN/ m2

The values G1 will be calculated in the next step because they are the result of the stratigraphy and the other
loads.
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12.5. Curved truss

The most interesting part of the building is related
to the central one, where, as already shown, we
decided to create a curved green roof that simulates
a hill as the main attraction of the research centre.
That was the most challenging part of the project.
In fact, we had to face different problematic related
to the geometry, the loads of the slab and the
verification of the structural elements.

Semi - intensive roof garden

The main aim of the roof is to support a layer of
soil to host a semi-intensive green roof that allows
small bushes and vegetation to grow, creating an
attractive biodiversity of different species.

It is mainly composed by a layer of 25 cm height of
a mixture of peat moss and horticultural perlite, a
lightweight planting mix system for rooftop gardens
that helps to reduce the planter weight by at least
60% of the common soll, in fact it weighs just 6.5
kN/m3Then, we added, an anti-root membrane
on a gravel layer to avoid the penetration of the
roots through the slab, damaging the other layers,
especially the drainage system and the waterproof
membrane that keep isolated the soil humidity
from the thermal insulation and the steel structural
elements, avoiding corrosion. This all system is
supported by a collaborating corrugated steel
sheet that spans 2 m on the secondary steel beams.

First of all, we will start defining the permanent
structural loads (G1).

For the determination of the structural own weights
of the most common materials, the weight values of
the volume unit shown in the table below can be
assumed. If any materials are not specified in the
standard,reference can be made to the unit weight
indicated in the manufacturer’s technical sheet.

Fig.145:Curvilinirar truss design.
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MATERIALS

WEIGHT PER UNIT OF VOLUME (kN / m3)

Cementitious concrete and mortars

Ordinary concrete 240
Reinforced concrete (and / or prestressed) 25.0
“Light” concretes: case by case 140 - 20.0
“Heavy” concretes: case by case 28 -50.0
Lime mortar 18.0
Cement mortar 210
Lime powder 10.0
Powdered cement 14.0
Sand 17.0
Metals and alloys
Steel 78.5
Castiron 725
Aluminum 270
Stone material
Volcanic tuff 17.0
Compact limestone 26.0
Soft limestone 220
Plaster 13.0
Granite 270
Brick (solid) 18.0
Timber
Conifers and poplar 40-60
Hardwood (except poplar) 60-80
Various substances
Fresh water (clear) 9.81
Paper 10.0
Glass 25.0

Tab.8: Specific weight materials
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12.2.1 Steel characteristics

In the design phase, the following nominal values of
the properties of the material steel type S275 can
be conventionally assumed:

Elastic modulus (E): 210 000 N/mm2

Transversal modulus of elasticity (G): E / [2 (1 + V)]
Poisson coefficient (v): 0,3

Linear thermal expansion coefficient (a) (for temp.
up to 100 ° C): 12x10-6 per ° C4

Density (p): 7850 kg/m3

12.2.2 Corrugated sheet design

For the choice of the corrugated sheet which,
combined with the collaborating casting and the
beams that support it, will form the load-bearing
part of the floors, the loads on the bearing layer
were analysed. Among these loads we find:

The permanent loads carried by the horizontal partition
and by the internal vertical partition, G2, expressed in
kN / m-

The variable load due to the category of use to which
the building belongs, gk, in kN / m-.

The snow load related to the local climate and
exposure conditions, considering the variability of
snowfall from area to area, “q (snow)”, in kN /m-

Once the total overload was obtained, obtained through
the sum of the different unit weights, it was possible to
size the corrugated sheet, resting on the secondary
beams, and the height of the resulting concrete casting,
using the tables provided in the manufacturer's technical
data sheets.

We choose a corrugated sheet HI- BOND TYPE 55/
P6oO

Since the total unit weight is 9.34 kN/m- that means
952 kg/m? we are going to choose a right span
for sheet member that can carry the total load
previously calculated, using the table below. So, the
corrugated sheet will have a maximum span of 2,21
m, a hight of 11 cm and a thickness of 0.7 mm.

After the thickness of the corrugated sheet, it
is possible to calculate its weight from the table
below:

having a thickness of 1.2, the load bearing element
will weigh 16.53 kg/m?.

Regulation
Nominal thickness “t” of the element
and quality
t-40 mm 40 mm<t-80 mm
UNI EN10025-2 fyk (N/mm2) ftk (N/mm2) fyk (N/mm2) ftk (N/mm2)
$275 275 430 255 410
Tab.9:Steel characteristics

OVERLOADS UNIT WEIGHT (kN / m?)
Stratigraphy load (G2) 314
gk (roof for maintenance) 5
g (snow) 1.2
TOTAL 9.34

Tab.10:Loads on the laminated sheet
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H Spessore Sovraccarico utile uniformemente distribuito KN/m* - Useful overload evenly distribuited KN/m*
Soletta Thickness Surcharge utile uniformement repartie KN/m? - Nutzlast gleichmassig verteilt KN/m?
Slab Epaisseur &
Dalle Stirke [ I
Decke 1

mm | mm (150 200 250 300 350 400 450 500 550 600 700 800 1000
0,70 330 || 318 || 307 || 297 ||288 (|279 || 272 || 264 || 258 || 252 || 241 || 23 2.15

0 0,80 355 || 342|329 (| 318 ||308|(299 |29 ||283||276||269]||25 ||244]|]226
1,00 4,01 (] 3.85 || 3,70 ()| 3,57 (| 3,39 || 3.24 || 3.12 || 3.01 || 29 283 || 269 || 257 || 2.26
1,20 44 |1 423 |1394 1371 ||353||337||324||313|)303||295 || 280 (|268 || 226
0,70 320 || 3.0 || 301 (| 293|285 || 278 || 272 || 265 || 260 || 254 || 244 || 236 || 221

11 0,80 344 11334 (324 (| 315||306|(298 ||291 ||285||278(||273||262||252||236
1,00 389 || 376 || 364 () 354|344 |(335|]|327 || 319 || 312 ||305||293||280]|]250
1,20 429 || 414 || 401 () 389 || 378 ||367 ||353||341|]|330(|321||304])|29 |]250
0,70 3091|302 |(294(|287||281|(275]|]|270 || 264 || 259 || 255 || 246 || 238 || 224

o 0,80 333 (| 325 || 3,17 (]| 3,09 || 302 |29 || 289 || 284|278 |[273(|264]|[255(|240
1,00 3,77 (| 3,66 || 3,57 || 348 || 340 (| 333 || 325 || 319 || 3,13 || 307 || 296 || 286 || 269
1,20 4,15 1|1 4,04 || 393 || 383|374 ||365|]|357 |]|350]||343||336|(324]|]|313||272
0,70 299 || 293 || 287 (| 281 || 276 || 271 || 266 || 262 || 258 || 253 || 246 || 239 || 227

N 0,80 322 (1315|309 (] 303|291 [|291||286 |28 ||277||272(| 264 ||25 || 243
1,00 365 (| 356|349 (| 341 ||335(|328||322|)316||311|[306(| 29 ||288||272
1,20 403 )1393)|384 || 376 ||368)(361)|354||348||342||336])(325]|315])|292

Since the total unit weight is 9.34 kN / m2, we are
going to choose as a useful overload 10.00 in the
table below.

By choosing a floor solution positioned on the
secondary beams, a static scheme with several
supports is taken into account. A 07 mm thick
sheet with a collaborating casting is chosen for a

total height of 5.5 + 5.5 =11 cm (to have a concrete
casting> 5 cm) which covers a maximum span of 2.81

m.

2.81m> 2.5 m (light between the secondary ones)

VERIFIED

Caratteristiche statiche della soletta - Properties of the slab - Caracteristiques statiques de |a dalle -

Statische eingenschaften der decke

STRUCTURAL DESIGN

Peso soletta - Slab weight Spessore lamiera- Sheet thickness

H Poids de la dalle - Gewicht der Decke || Epaisseur de la tile - Blechstirke Xs Jout. Ws Wi T

cm kg/m* mm cm cm'/m cm/m || em®/m Kg/m
0,70 38 32949 1368,98 51,57
080 3n 362,35 1435,63 58,31

10 190 1ao
100 4,08 42275 || 1550,71 71,38
120 433 475,79 || 164872 ||_B3.90
0,70 392 42400 162449 59,85

o 215 0,80 411 466,42 || 170196 || 67,70 1250
1,00 444 543 66 1834,79 82,93
120 4,72 61243 || 194655 || 9781
070 420 533,98 1905,23 68,50
0,80 442 587,80 || 199533 || 7753

12 240 1360
1,00 479 68583 || 214920 || 95.08
120 5,09 77300 || 227762 || 11188
0,70 4,48 65976 || 220928 || 7743
0,80 47 72689 || 21367 || B

13 265 1460
1,00 511 84932 (| 249155 || 107,68
190 RAR acaan |1 or2a9e 11 19604

167



Extraction from the catalogue of HI-BOND design

solutions

Note the dimensions of the floor, referring to the
technical data sheet, it is possible to check the
structural weight G1, which is equal to 215 Kg / m2
or

G1: 215 KN

Secondary beam sizing

12.2.3 Secondary beam

Predimentioning

In determining the loads on the secondary beams,

Sheet metal loading with collaborating casting, Gy;
Loads that constitute the technological package of
the adjacent internal floor G2

An influence length Li equal to the sum of the two
halves of the centre distance between the analysed
secondary beam and the adjacent one;

Variable load due to the category of use to which
the building belongs, gk

The snow load since we are operating in the roof,
q (kN / m)

Ptot is the total load applied on the structure that
has to be transformed in kN/m so we multiply the

result for the influence length. Calculated in Tab. 1.
Ptot= (G1+G2+ gk) x Li

Reference was made to a support-support static
scheme, because of the constraints that bind the
secondary beams to the main ones, with uniformly

the following loads were considered in the distributed load over the entire length of the profile,
Operatiﬂg lelt State (SLS) Carried b\/ the ﬂoor.
GI1 (kN / m-) q (kN / m-) Li (m) P(tot)
G2 (kN / m-) | gk (kN / m-)
CORRUGATED SHEET SNOW interax kN/m
215 314 5 1.2 2 2298

168

Tab.11: Total load applied on the structure

Fig.146:Level 0.0m structural plan of the gallery hall highlighting secondary beam design.
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Carico uniforme su tutta la trave

From the diagram shown here it is possible to
go back to the formulations for the calculation of
the static quantities that characterize the project
situation, both in terms of actions on the section

Fig.147:Uniform distributed load diagrams with reactions calculations.

Reazioni
V= V= p_fi H, =0
2
Taglio

Tur_v—p{f'. T“:Vn:_pf

: 2 2
T. =+ p_" -pxX=p — X

2
Momenti

My=Mg=0
My,=M,, =+ L

2 8
M =+ pix _ px (parabolico)

? 2 2

Spostamenti

£ _ 5 pfdl L pl?

max ~ 384 EJ " 24EJ
f- 1 pl” ab(,  ab

24 E) P I
It is assumed that the secondary central

intermediate beam with an [PE 220 profile in hot
rolled steel S-275JR characterized by a maximum
inertia of |x = 2772 cm4, has a length of 4 m and a
centre distance of 2 m.

and in reference to the displacement components.

Uniform distributed load Reactions

The fmax value is the maximum deflection, needed

to calculate the inertia of the beam so that | can
find the correct dimensions.

The designation of steel, in accordance with UNI
EN10027/1 refers to the following properties:

S indicates that we are referring to a steel for
structural use (metal carpentry);

275 is representative of the yield stress (fyk);

JR indicates the resilience class of steel, aimed at

f= /250 fmax=5/384 “pl""'4"/"El"
Imax=5/384 (pl"4/El) = (5/384)*(22.98x(4"4)) / ((2))
x(10°8)(0.016)) = 0.00002279 M"4= 227976 cm” 4 =
0.00002279 = 2279.76

avoiding brittleness at low temperatures.

' T E p | max 250 IPE
(Pitch of sec- /250 KN/m2 KN/m cm*4 Profile
ondary beam)
4 0.016 2,1x 22.98 2935.5 220

Tab.12:Secondary beam predimentioning
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80
100
120
140
160
180
200
220
240
270
300
330
360
400
450
500
550
600

mm
46
55
64
73
82
91

100
110

120

135

150

160

170

180

120

200

210

220

mm
2,2
5.7
6.3
6,9
7.4
8.0
8.9
9.2
9.8
10,2
10,7
11,5
12,7
13,5
14,6
16,0
17.2
19,0
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mm

(= R I B+

12
15
15
15
18
18
21
21
21
24
24

Peso
kg/m

6.0
8.1
10,4
12,9
15,8
18.8
224
26,2
307
361
422
491
571
66.3
776
0.7
106
122

Sezione
cm?®

7.64

10,32
13,21
16,43
20,09
23,95
26,48
33,37
39,12
45,95
53,81
62,61
7273
84,46
98,82
112.2
134,4
156,0

Momenti di inerzia

Jx
cm?

80,14
171,0
3178
541,2
869,3
1.317
1.943
2772
3.892
5.790
8.356
11.770
16.270
23.130
33.740
438.200
67.120
92.080

Jy
cm®

8,49
15,92
27 67
4492
68,31
1009
142 4
204,9
2836
4199
603,8
7881
1043
1318
1676
2142
2,668
3387

Tab.13:IPE 220 selection

Moduli di resistenza

Wx
cm®

20,03
34,20
52,96
77,32
1087
1463
1943
232.0
3243
428.9
5571
7131
903.6
1.156
1.500
1.928
2.441
3.069

G] secondary beam |DE220= 0262 (I(N / m)

&

Fig.148:Seoncary beam dimensioning.

Wy

cm?
3,69
5,79
58,65
12,31
16,66
22,16
28,47
37,25
47,27
62,20
80,50
958,52
1228
1464
176.4
214.2
2541
3079

Raggi di inerzia

ix
cm
3.24
4,07
4,90
5,74
6,58
T.42
8.26
9.1
9.97
11,23
12,46
13.71
14,95
16.55
18.48
20,43
22,35
24,30

iy
cm
1,05
1,24
1,45
1,65
1,84
2,05
2,24
2,48
2,69
3,02
3,35
3,55
3,79
3,95
412
4,31
4,45
466



Core verification

The section of the profile is defined in class 1.
In the part subjected to bending, the relation is
required:

ct<72¢€

where € =(235/fyk)

In the case of the hypothesized profile (IPE 220),
taking into account that fyk = 275 kN / mm2, there
will be a value of € equal to 0.92. Considering the
geometric dimensions from the profile (c = 190.4
mm, t = 6.2 mm), we will have:

ct=3010"72€=66.24
The verification is therefore satisfied and the

core results in CLASS 1.

WINGS

As above it is necessary that the slenderness
does not exceed a limit value:

((b/2-a/2)/tf) 9

where € =(235/fyk)
a= 6.2 mm
b=120 mm
Tf= 0.8 mm
()= - 5.8 €=8.28

The verification is therefore satisfied, and the
wings result in CLASS 1.

[t can therefore be concluded that the entire

profile is in CLASS 1.

STRUCTURAL DESIGN
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12.2.4 Truss primary beam dimensioning

In order to have a space without the presence of
pillars inside the plant, the use of a reticular beam
covering the entire span of 50 m was envisaged, thus
keeping only the pillars on the external perimeter
and at the end of the cantilever beams.

It has been analysed the longest beam, the one
more suggested to axial stress and deformation.
Structural plan (+0.0 m)

The concentrated loads due to the two constraint
reactions of the secondary beams weigh on the
main central beam on the roof whose connection,
obtained by joining the cores of the two different
frames, allows the exchange of only share actions.
For the sizing, therefore, a static support-support
scheme loaded uniformly is used again as for
the secondary ones, but a combination of the
two schemes represented on the following page
must be considered by exploiting the principle of
superimposition of the effects, thus also considering
the distributed load due to the own weight of the
beam.

The calculation of the truss system was done
carrying out the following steps:

- Choice of the thickness of the floor in relation to
the maximum span

- Definition of structural loads

- Calculation and verification of displacements

- Sizing of the profiles

- Checks

Pre-sizing

For the pre-sizing it is considered that a truss of the
chosen type will have a minimum thickness equal
to 1/50 of the maximum span, in the case of the
project of 50 m.

hmin=1/50*50m=1m

2UPN 280

1 2[urn 280
e

2 UPN 260

5

2 UPH 260

(. T 1

-~
2 UPN 260 / //

2 UPN 260

2 UPN 260

B - Wy
2 UPH 260

2 UPN 250

o
ki

2 UPN 280

2 UPN 260

2

2 UPN 260

a

Fig.149:Seoncary beam dimensioning.
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PRIMARY BEAMS

SECONDARY BEAMS S:,«;\\

RS

PILLARS AND BEARING WALL

Fig.152:Pillars projection and main staircase along with bearing wall on sides.

ROOF ON TOP

Fig.153:Pillars projection and main staircase along with bearing wall on sides.
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Before calculating the primary beams, it is necessary
to find the constrain reaction from the secondary
beams. These loads are applied every 2 meters in
the truss and they need to be summed to the dead
load of the primary truss.

23,24 kN/m

L

\\/ 92,97 kN
[a)

o
T\/1 Vi T

\L 9297 kN
AN FaN

T 46,48 kN 4648 kNT

Fig.154:Reactions secondary beam

G1

[AY [AN

+
LULLLL | L Jsasrnin

o fa)
TV, \ T

Fig.155:Loads on the truss
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Since we are doing the pre-dimensioning, we will
use for the shear, the value obtained from the
Characteristic combination (SLS)

L= 4m we multiply the distributed load for L to
obtain a concentrated load

Dividing the value for 2 we obtain the constrain
reactions

The distributed load is given by the weight of the
primary beam analised

The concentrated load is the constrain reaction
found in the secondary beam.



The truss, as anticipated earlier, has a span of 50 meters
and the highest point 1s 57 meters from the level 0 m.
But since the arch is elevated from the floor, the rise is
just 3,9 m.

The structure is made with UPN coupled profiles for
the upper and lower beams and coupled L profiles for
the wall beams. The connections between the various
components are made by bolting. For the dimensioning
of the beam it is necessary to know the internal actions.
As already said, each component works like an unloaded
connecting rod, consequently, at the equilibrium of each
node, there will be only the positive or negative axial
actionThe model chosen is that of a beam simply resting
on the edge bearing walls, the static diagram referred to

is shown below.

In order to dimension the beams, in compliance
with the provisions of the NTC. 18 § 4.2 - STEEL
CONSTRUCTIONS, two different checks must be
met, one at the Service Limit State (SLE) and the
other at the Ultimate Limit State ( ULS).

The operating procedure is briefly divided into the
following phases:

- Predimensioning of beams and verification of the
classification of the section;

- Verification of the deformability of the beams in a
limited service state (SLS)

- Verification of the profile with maximum axial
action values for each component (ULS)

Fig.156:Truss span and height

46,48 kN

23,24 kN

46,48 kN

46,48 kN

Fig.157:Truss staticscheme
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Safety check at the serviceability limit state

To carry out this verification, the values obtained
with the SLS RARE are taken into consideration.
The total value of the orthogonal displacement to
the element axis is defined as:

Omax = 01+ 02

Stot

L

Fig.158:Displacement
Where:

Oc the initial mount of the beam;

01the elastic displacement due to permanent loads;
02 the elastic displacement due to variable loads;
Omax the displacement in the final state, without the
initial mount = otot - ¢

In the case of roofs, floors and beams of ordinary
buildings, the limit values of dmax and 82, referred
to the characteristic combinations of the actions,
are expressed as a function of the light L of the
element.

The values of these limits are to be defined
according to:
the effects on the supported elements
the quality of the comfort required for
construction
the characteristics of the structural and non-
structural elements weighing on the element
considered
the possible implications of an excessive de
formability on the value of the loads acting

In the absence of more precise indications, the
limits indicated in Tab. 14 can be adopted, where L
is the span of the element or, in the case of shelves,
double the overhang.

In our case:
l= 50
Omax= 50/250= 0.2 m

12.2.5 First dimensioning

The first analysis was done using a simply supported
arched beam high 1 m and 50 m span.

The displacement was too elevated (1096 m)
because of the strong horizontal stress given by the
arched form.

These first analysis were done with Ftool, a 2D
software that immediately showed us how to
proceed with the calculations.

STRUCTURAL ELEMENTS

LIMITS FOR THE VERTICAL DISPLACEMENTS

dmax/l 52/1

1/200 1/250

Tab.14:Max deflection
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Fig.159:Loads on the truss

Fig.160:Deflection of the truss

Ll

Fig.161:Axial forces of the truss
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12.2.5 Second dimensioning

As second step we decided to use a similar isostatic
system: three-hinged arch. Solution used usually for
very big structures, like bridges or the famous Stazione
Centrale in Milan.

As base point to star the analysis with Robot Structural
analysis some elements were defined:

Material: steel S275

Profiles: 2UPN for all members

H=125m

With a displacement of 1.8 m it still exceed the
maximum limit acceptable. It was therefore decided
to proceed with the analysis by gradually increasing
each profile until reaching a value that would verify
the maximum deflection.

Once the Ultimate Limit State deflection was
verified, the Ultimate Limit State analysis were
performed to verify the upper and lower chords,
the diagonal and vertical members.

Final dimensioning

Thanks to the help of Robot Structural Analysis we
performed simulations until the profiles were all
verified and these are the final properties of the
members defined:

Material steel S275

Profiles: 2 UPN 260 for the chords and 2 LUP 80 x
80 x 7 for the diagonal and vertical members
H=125m

Fig.162:Final dimensioning for chords.

Dimensions

UPN | ©

Weight | Area | Inertia

b G A l,
Units mm mm kg/m cm? cm*
[ upN260 260 | 90 | 379 | 483 | 4820 |

Fig.163:Final dimensioning for the diagonal and vertical members

LU p Dimensions Area | Inertia
h b G A I,
Units mm | mm | kg/m | cm? cmé

| Lsoxsox7 80 | 80 | 736 | 938 | 59 |

Fig.164:Max deflection of the truss with the second option
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After the profiles definition it was verified the whole
structure.

In order to dimension the truss ant its critical
points, to simplify the process, the research was
supported once again by Robot Structural Analysis
Professional software and in the pictures below is
visible the schematic structure designed.

— 2 LUP 80x80x7
—— 2 UPN 260
' Spo 2cm

Max=0,6
LX k

]
Condizioni: 1 (PERM1)
vista

3 | 2=000m-Base |+

Fig.165:Max deflection

Fig.166:UPN and LUP profiles
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12.2.5 Verification at serviceability limit state

12.2.5 Verification at ultimate limit state

As mentioned before, the first verification to do
was at SLS: it was carried out the verification of
deformability at the limit state of exercise, we
calculate the deflection following the static diagram
of a three-hinged arch.

Max deflection: 0.08 m

As calculated before, the max deflection has to be
max= 50/250= 0.2 m. And finally with a three hinged
structure height 1,25 m and with the correct profiles

it was reached a good result.

0=0.06 m < Omax= 0.2 m

—

=5
e

-

-

Before starting the ULS verifications, it was studied
the axial loads on the truss, so that the maximum
value of tension and compression for the chords
and for the diagonal and vertical members.

Fig.167:Max deflection and truss deformation
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|
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A | o e S PR

TETVTT AT IS ]

N ) 4 /

] ”““

—— 2 LUP 80x80x7
2 UPN 260
'S max. 50MN/m*2
Max=186,59
Min=-101,72

kG
4 kN
Condizioni: 3 (SLU) Componente 2/4

Fig.168:Axial forces truss
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TENSION NAME FX (Kn) SECTION
Chord Barra 6 2343.24 | 2 UPN 260
Diagonal and vertical | Barra_3 289.64 | 2 LUP 8ox80x7
COMPRESSION NAME FX (Kn) SECTION
Chord Barra_81 -285.63 | 2 LUP 80x80x7
Diagonal and vertical | Barra_103 -40.32 | 2 UPN 260

Elements in compression

From § 4.2.41.31 of NTC 18: the stability check of a
rod is carried out in the hypothesis that the cross
section is uniformly compressed, that is:

®=0.5[1 + a(d-0.2) + A ]

LENGTH | AREA
1.03 96.6
1.25 216

LENGTH | AREA
1.44 216

1 6.6

phy: is given by the following formula:

alfa: is the is the imperfection factor, obtained from

Tab. 4.2Vl of the D.M. 20/02/18. In the case in question

Ned < Nb, Rd or Ned = Nb, Rd

= 0.49;
Where is it:

Ned: is the maximum compressive action N LS
Nb,rd: is the resistance to instability in the compressed
shaft, given by:

Lambda: is the dimensionless slenderness equal to:

Ncr: indicates the Eulerian critical load and is expressed

Nb,rd = XAfyk / y Mo
X = 1 by the following equation:
[, .2
O+, O*-A |
N, =m?E- —
lo

x depends on the type of section and the type of steel
used; it is deduced, as a function of appropriate values
of the dimensionless slenderness, from the following

lo: is the free deflection length equal to lo=1m,

formula: l: is the moment of inertia of the profile.

Ned kN o lom Necr kN A D X Nb,rd kN Ned / Nb,rd

2 UPN260O -40.32 0.49 1 19 * Oon 0.48 1.04 2718.08 0.014

VERIFIED
Tab.15:Verification values for the more compressed elements UPN
Ned kN o lom Necr kN A o X Nb,rd kN Ned / Nb,rd
2 LUP
80X80 -285.63 0.49 1.4 1284.4 0.69 0.85 0.73 425.8 0.67

VERIFIED

Tab.16:Verification values for the more compressed elements LUP
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ELEMENTS IN TENSION

From § 4.2.41.31 of NTC 18: the stability check of a
rod is carried out in the hypothesis that the cross
section is uniformly compressed, that is:

Ned <= Nbp, Rd

Where the design tensile strength Nt, Rd of members
with sections weakened by holes for bolted connections
studded must be assumed equal to the lower of the
following values:

the design plastic resistance of the gross section, A:

N Af

ke
I,Rd = —=~
. Prio

the design resistance at break of the net section,
Anet, in correspondence with the holes for the
connections:

NU pd = 22 Ans fie
! Ppiz
Ned Nuy,Rd Npl,Rd Nt,rd Ned/ Nt,rd
2 UPN260O 2343.24 3075.01 26059 26059 0.89
VERIFIED
Tab.17:Verification values for the more compressed elements UPN
Ned Nu,Rd Npl,Rd N¢t,rd Ned/ Nt,rd
2 LUP 80X80 289.64 684.59 582.69 582.69 0.49
VERIFIED

Tab.18:Verification values for the more compressed elements LUP
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12.2.6 Column sizing

The column verification was done for a beam long
17.5 meters where the reticular beam it is interrupted
by the double height hole. Here we find the process
flow followed.

1. The correct loads were inserted.

2. Every load was multiplied for the correct area
of interest (of primary or secondary beam)

3. From the drawing we can see the selected
column.

4. We see that in the pillar are going to burden
one primary beam and two secondary

5. Adding these loads, we found the final shear
that is going to act on the column

Check the stability of the HEB 180 pillar

The stability check of the pillar was performed,
according to the NTC 2018 standard. The stability
check was carried out with respect to both the z-z

axis and the y-y axis.
The stability check of a rod is carried out in the
hypothesis that the cross section is uniformly
compressed (Ref. NTC §4.2.4.1.3). It must be:

Gl Gl second-
Gl corrugated ary P(tot)
primary G2 (kN / m2) qkn(1k2|;l /
(kN / m2) (kN / m2) kN/m
(kN / m2)
215 19 0.26 314 5 19.86
Tab.19:Loads that weigh on the column
| 1F5
) SEE—
a a g
2 UPN 260 1 /
2 UPN 260 ;\
: : : S
Fig.169:UPN load and shear acting no columns.
P (tot) P *L (tot) V1and V2 | Ned
kN/m kN
kN
19.86 337.62 168.81 18496

Tab.20:Final share acting on the column
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AXIS Z-Z AXIS YY

Ner = (r2 - ElI)/ =153497 kN Ner = (n2 - El)/ =4314.362 kN
Dove: Dove:
E=210- kN/m2 E=210- kN/m2
[=1,363-m4 [=3831- m4
l0=4,29 m [0=4,29 m
A =0,00653 m2 A=0,00653 m2
a=0,34 a=0,34

HEB 180 appears to have an instability curve ¢, | HEB 180 appears to have an instability curve c,
since we are evaluating the deflection around the | since we are evaluating the deflection around the
short axis of a profile with ratio h/b =1-1.2 with a | short axis of a profile with ratio h/b =1-1.2 with a

wing thickness - TOO mm. wing thickness - TOO mm.
A== 108 A== 0.64
©=05-(l+a-(Aa-0,2)+22)=123 ©=05-(l+a-(r-0,2)+22)=0.78
x=0.546 x=0.814
Nb, Rd = x + A - = 9339908609 Nb, Rd = x - A - =1390.870118
Resistance check by standard: Resistance check by standard:
Ned / Nb, Rd = 0.19 <1 Ned / Nb, Rd==013 <1

VERIFIED VERIFIED

In conclusion, it was decided to use HEB 180 pillars on the entire structure.
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Structural plan (+0.0 m)
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Fig.171:UPN load and shear acting no columns.
BEAMS
IPE 220 Secondary beam roof
| E—|

2 UPN260 | w
Primary beam roof
2LUP 80X80 ‘

COLUMN

Steel profile
HEB 180
Vertical element

Tab.21:Beam profiles
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12.6. Box pre-dimentioning standard, reference can be made to the unit weight
indicated in the manufacturer’s technical sheet.

First of all, we will start defining the permanent

structural loads (G).

For the determination of the structural own weights

of the most common materials, the weight values of

the volume unit shown in the table below can be

assumed. If any materials are not specified in the

MATERIALS WEIGHT PER UNIT OF VOLUME (kN / m3)
Cementitious concrete and mortars
Ordinary concrete 240
Reinforced concrete (and / or prestressed) 25.0
“Light” concretes: case by case 14.0-20.0
“Heavy” concretes: case by case 28 -50.0
Lime mortar 18.0
Cement mortar 210
Lime powder 10.0
Powdered cement 14.0
Sand 170

Metals and alloys

Steel 785
Cast iron 725
Aluminum 270

Stone material

Volcanic tuff 170
Compact limestone 26.0
Soft limestone 220
Plaster 13.0
Granite 270
Brick (solid) 18.0
Timber
Conifers and poplar 40-60
Hardwood (except poplar) 60-80

Various substcmces

Fresh water (clear) 9.81
Paper 10.0
Glass 25.0

Tab.22:Specific weight for different materials
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12.3.1 Platform frame construction

The “box” is one of the key concepts of the project,
these are entirely prefabricated, brought on site,
assembled and inserted directly inside the existing
windows.

The system used it the Platform frame, quick to
assemble and that can create a flexible architecture,
necessary for the new conception of spaces after

Covidio.

The platform frame method of building timber
frame structures is suited to both low-rise and
medium-rise buildings. Many buildings up to six and
seven storeys in height have been constructed over
recent years typically for residential, institutional
and hotel uses.

The term ‘platform frame derives from the method
of construction where floor structures bear onto
load-bearing wall panels, thereby creating a
‘platform’ for construction of the next level of wall
There are anumber of different conditions that need
to be satisfied by the structural engineer during the
engineering of a multi-storey timber frame building,
including:

» The adequacy of vertical load paths

- The strength and stiffness of the individual framing
members

-« Overall building stability and stability of the
individual elements

- Robustness of the framing and connections

- Disproportionate collapse design
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12.3.2 Glue-lam wood characteristics

According to EN 1194 expressing nominal value of laminated wood

Strength classes for homogeneous and combined softwood glulam (EN1194)

Characteristic values GL24c | GL28h | GL28c | GL32h | GL32c | GL36h | GL36¢
of strength and elastic
modulus
Resistances (MPa)
flexion fm,g,k 24 28 32 36
tension parallel to grain ft,0,g,k | 165 14.0 19.5 16.5 225 195 26 225
traction perpendicular to ft, 90, 0.40 0.35 0.45 0.40 050 045 0.60 050
the grain g, k ’ ' ’ ’ ’ ’ ) ’
compression parallelto | fe, 0.9k | 545 | 910 | 265 | 240 | 290 | 265 | 30 | 200
grain
compression perpendicular | fc, 90, 07 o4 30 27 33 30 36 33
to the grain g, k ) ’ ’ ' ) ' ’ ’
Elastic modulus (GPa)

mean elastic modulus par- | EO, g | o | e | 126 | 126 | 137 | 137 | 147 | 147
allel to the fibers mean ' ' ' ’ ) ) ’ ’
characteristic elastic mod- EO, g,
olus parallel to the fibers 05 94 94 10.2 10.2 1.1 1.1 19 ne

E90, g,
mean elastic modulus per- mean

pendicular to the fibers 039 | 0.32 0.42 0.39 0.46 0.42 0.49 0.46

Gg,

mean

072 | 0.59 0.78 0.72 0.85 0.78 091 0.85

mean shear modulus

Density (kg / m3)
Characteristic density ogk | 380 | 250 | 410 | 380 | 430 | 410 | 450 | 430
Tab.23:Characteristics of different types of Gluelam

The choice of the material was very important to us, it was important to have a strong but sustainable material
that could be assembled. Secondary beam roof sizing.

The process that is going to be followed now is to dimension the beams of the roof and of the slab, to
understand the thickness of the elements. Important aspect to understand if the height of the boxes is
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enough to permit the easy positioning through the
existing wall of the gallery.

12.3.3 Secondary beam roof sizing

Pre-dimentioning

In determining the loads on the secondary beams,
the following loads were considered in the
Operating Limit State (SLS):

OSB loading, G;

Loads that constitute the technological package
of the adjacent internal floor G2

An influence length Li equal to the sum of the
two halves of the centre distance between the
analysed secondary beam and the adjacent
one;

Variable load due to the category of use to
which the building belongs, gk

The snow load since we are operating in the
roof, g (kN / m-)

Ptot is the total load applied on the structure

that has to be transformed in kN/m so we
multiply the result for the influence length.
Ptot= (G1+ G2+ gk) x Li

The structural plan is shown below in which the
secondary beam analysed is highlighted.
Reference was made to a support-support static
scheme, because of the constraints that bind the
secondary beams to the main ones, with uniformly
distributed load over the entire length of the profile,
carried by the floor.
From the diagram shown here it is possible to
go back to the formulations for the calculation of
the static quantities that characterize the project
situation, both in terms of actions on the section
and in reference to the displacement components.
Structural plan (+5.7 m)

Pitch =8 m
oo o o O 0O O D O O DO O
Fig.172:Secondary beam roof selection for the analysis
q (kN / m2) Li (m) P(tot)
Gl (kN /m2) | G2 (kN / m2) | gk (kN/ m2)
SNOW infuence kN/m
0.09 0.6906 0.5 1.2 0.57 1.41

Tab.24:Loads weights on the secondary beam
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To choose an approximate dimension for the

secondary beams we are going to use the table

below that compares the weight per unit length and o [doN/m]
the pitch of the beam.

L fm]

.
-

Carico q (kN/m)
10 15|20 25 30 40|50 60 70 80 90 [100| 120 150 180
30 | 812 | 812 | 812 | 816 | 816 | 816 | 819 | 819 | 1019 | 1019 10722 | 10/22 | 10/26 | 10729 | 12/29

3,5 | anz2 | 8ns : 8146 | BM& | 8BNS SI’I‘?EIOJI‘? 10419 1022 | 10022 10«"26!‘10.-"26 124"26: 12/29 | 12/32

4,0 | 812 | 816 | 816 | 819 | 10M19 [ 1019 | 10/22 | 1022 | 10026 | 1029 | 1029 | 12/29 | 12/32 | 12/39 | 12/39
4,5 | 8M& | 819 | 819 | 10/22 | 10v/22 [ 10/22 | 10/26 | 10/26 | 10/29 | 12/29 | 12/29 | 12/32 [ 12/36 | 12/39 | 14/39
5,0 | 816 1019 | 1019 | 10422 | 10422 | 10/26 | 10729 | 12/29 | 12/29 | 1232 | 12/32 | 12/36 | 12/39 | 14742 | 14/46

5,5 | 8%  10/22 | 10/22 | 10/26 | 1026 | 10/29 | 12/29 | 1232 12432 | 12/36 | 12/39 | 12/3% | 14/3% | 14746 | 14749

6,0 | 1019 !0!26:10.1’26 10/29 | 10429 | 12/29 [ 12/32 | 12/36  12/36 | 12/39 | 14/39 | 14/39 | 14/49 | 14/49 | 16/55

6,5 | 10/22 10726 | 10426 | 12/29 | 12/29 12/32 | 12/36 | 12/36 | 12439 | 14/39 14;'42514\?42'14\;"4? 16/49 | 16/55

7.0 | 10/22 | 10/29 | 1226 | 12432 | 12/32 | 12/36 | 12/39 | 14/39 | 14/39 | 14742 | 14746 | 14/86 | 14/52 | 16/55 | 18/59
7.5 | 1026 0o a2029 | 12/32 | 12/32 | 12/42 | 14/39 | 14/42 | 14142 | 14746 | 14149 | 14/49 | 16/52 | 16/59 | 16/65

Luce di calcolo (m)

8,0 |10/26 12/32 | 2/32 | 12/36 | 12/36 | 14/35 | 14746 | 14/42 | 14046 | 14749 | 14/52 | 16/49 | 16/56 | 16/52 | 18/65

9,0 | 1229 o V236 12/39 | 14/39 | 14/42 | 14/46 | 14/49 | 16/49 | 146/52 16!5"-"16!55 16/62 | 18/65 | 18/72

10,0 12/32 12/39 | 14742 | 1442 | 14742 | 14749 | 14/52 | 16/52 | 16/55 | 16/59 | 16/59 | 16/62 | 18/65 | 18/72 | 18/82

11,0 | 12/36 | 14739 | 14/42 | 14736 | 14/49 | 16/49 | 16/55 | 16/59 | 16/62 | 16/69 | 18/69 | 18/65 | 18/72 | 18/82 | 20/85
12,0 | 12/39 | 14/42 | 14/46 | 14/52 | 16/49 | 16/55 | 16/59 | 16/62 | 18165 | 18/72 | 18/69 | 18/72 | 18/78 | 20085 | 20/92
15,0 | 14745 | 14/52 | 16/55 | 16/59 | 16/62 | 18/55 | 18/72 | 18/75 18/82 20/82 | 20/85 | 20/88 | 20/88 | 201105 | 20/115

Tab.25:Pre-dimentioning of a gluelam beam

On top of the table the tot load applied is listed; on
the left there is the max pitch of the beam, and all
the rest of the table is the size of the glue-laminated
beam to use according to the given data. 32 cm

Now that we found the dimension of the secondary
beams of the roof, we can calculate his permanent

load Gu:

Gi=(b x hxgk/l)=012 x 032 x 4.5 /057 = 0.303 12 cm
kN/m2

Where:

+  bis the thickness of the beam
«  histhe height of the beam

« is the characteristic density

- listhe influence length
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12.3.4 Primary beam roof sizing

The primary beam of these boxes is just in the
borders, in the parts where we find the vertical
elements and were the secondary beams apply their
load. This are also called Headbinders or ‘header
plates’ which connect together adjacent wall panels
to enable them to function as a continuous wall
diagram and, in combination with the top wall panel
rails, act as ‘spreader’ beams to distribute floor joist
loads to the wall studs where the joists are not
aligned (noded) with the studs. Head-binders are
usually site-fitted.

The primary beam of the roof has 15 pointed loads that
can be considered distributed, taking in consideration
the small wheelbase between the loads of the secondary
beams.

The load analysis is the same as the secondary beams

but adding their G1.

Also in this case, to find the load on 1 linear meter of
beam, | multiply the distributed load by the area of
influence of the beam (s):

P(tot) = (G1+ G1+ G2 + gk + gk) x Li [kN/m]

Structural plan (+5.7 m)

46|57 |57 |57 |57 |57 |57 |57 |57 |57 |57 |57 |57 46
I A

oo 0o 0 0o 0o 0 0o 0 i} 0o 0 0o o o '\Q —
Pitch I= 8 m : =
oo o o o o o oD 0O 0D 0D O O G -1 —
Fig.173:Primary beam roof selection for the analysis
fa fal
Fig.174:Static scheme for the primary beam
GI1 (kN/ m2) G1 (kN/ m2) q (kN/ m2) Li (m) P(tot)
G2 (kN/ m2) | gk (kN/ m2)
OSB Secondary SNOW infuence kN/m
0.09 0.303 0.6906 0.5 1.2 4 113

Tab.26:Loads weights on the primary beam
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As before, from the table we can extrapolate the of safety. After finding the latter | also choose the

beam dimension having the given load and the value of the beam span and at the point where they
pitch of the beam in consideration. meet it is possible to choose the correct beam for
The load found in the previous table is 11.5 so we so the case in question.

we round up and choose 12 kn / m to be in favour

_ : : : : ~ Carico q (kN/m) . _ : : :
1,0 1.5 2,0 2.5 3,0 4,0 5,0 6,0 7.0 8.0 ¢0 (100 120 150 180
3,0 8/12 | 812 | 812 | BNé 8nMé a8M&6 | 8/19% | 819 1019 | 1019 | 10422 | 10422 | 10426 | 10/29 | 12/29

3,5 | 812 | 8Mé | 816 | BNE | BMS | BM9 | 1019 | 1019 | 10722 | 10v22 | 10426 | 10426 | 12/26 | 12/29 | 12/32

4,0 | 812 | 8N4 | 814 | B9 | 10M19 | 1019 | 10/22 | 10/22 | 10726 | 10429 . 10¥29 | 12/29 | 12/32 | 12/39 | 12/39

4,5 - 816 [ ane ‘ 819 . 022 I 10022 . 10.;"22. 10!26I 10/26 - 10/29 . 12/29 12/29 . 124’32I 12!36. 12/39 I 14/39 .
5,0 . 8/16 | 1019 I 10419 I 10022 I 10422 10.:’26‘ 10}2‘?‘ 12729 | 1229 I 12432 I 12/32 . 12;’36‘ 121"39‘ 14/42 I 14/46 I
55 [ 819 [ 10/22 ‘ 10422 ‘ 10426 I 10026 . 10!29I 12/29 | 12/32 - 12/32 - 12/36 | 12/39 . 12.-’39I 14!3‘?I 14/46 I 14/49 .
6,0 [ 10/19 [ 10/26 - 10426 - 1029 . 10029 - 12.-'2‘?. 12/32 | 12/36 - 12/36 - 12139 I 14/3%9 - ‘|d,-f39. 141\-"4‘?. 14/49 . 16/55 .
6,5 [ 10/22 [ 10/26 - 10426 . 12/29 . ‘12!’2‘?- 12!32. 12/36 | 12/36 - 12/39 - 14/39 . 1442 - 14.-’42. 14-"4?. 16149 . 16/55 .
?,6 [ 10/22 [ 10/29 ‘ 12426 - 12/32 I 12/32 . 12/36 | 12/39 [ 14/39 - 14439 - 14/42 I 14/46 . 14/46 | 14\-’52I 16/55 ' 16/59 |

Luce di calcolo (m)

7.5 | 10/26 12729 12429 | 12/32 | 12/32 | 12/42 | 14/39 | 14/42 | 14/42 14448 | 14/49 | 14/49  © 7 T&6/59 | 148/65
8,0 [ 10/26 [ 12/32 ‘ 12432 - 12/36 I 12/36 . ‘Id!3?l 14/46 | 14/42 - 14746 ‘ 14/49 14/52 . 16/49 ‘IMSQI 6/52 I 18/65 I
2,0 | 12729 [ 12/36 [ 12/36 . 12/39 . 14/3% - 1-1.-"42. 14/4é6 | 14/49 [ 16749 [ 14/52 I 16/59 - 16/55 | oroe : 1BIES . 18/72 .
10,0 [ 12/32 [ 12/39 - 14442 . 14142 . 14/42 - 14;"49. 14/52 | 16/52 - 16/55 - 16/59 . 16/59 - 16!62. 18;"65. 18/72 . 18/82 .
.11,(] -.12;"36 [ 14/39 - 14/42 - 14/46 I 14«"49.. 16/49 | 16/55 | 16/59 - 16162 - 16/69 I 18/6%9 . 18/65 | 18/72 | 18/82 I 20/85 |
12,0 l 12}'39. 14/42 I 14/44 I 14/52 I 16/49 l 1&!55‘ 16-"59‘ 16!62. 18/65 I 18172 ! 18/69 l 184’?2‘ 'I&-"?&I 20/85 I 20/92 .

15,0 | 14745  14/52 | 16/55 | 16/59 | 16/62 | 18/55 | 18/72 | 18/75  18/82 | 20v82 | 20/85 | 20/88 | 20/88 | 200105 | 200115

Tab.27:Pre-dimentioning of a gluelam beam

Now that we found the dimension of the secondary

beams of the roof, we can calculate his permanent

load G
Gi=(b x h x gk /1) = 016x 0.56x 4.5 /4 = 01008 kN/m2

56 cm
Where:

+  bis the thickness of the beam
«  histhe height of the beam

« is the characteristic density

« listhe influence length

16 cm
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12.3.5 Secondary beam roof sizing

Pre-dimentioning

In determining the loads on the secondary beams,
the following loads were considered in the
Operating Limit State (SLS):

OSB loading, Gy;

Loads that constitute the technological package
of the adjacent internal floor G2

An influence length Li equal to the sum of the
two halves of the centre distance between the
analysed secondary beam and the adjacent
one;

Variable load due to the category of use to
which the building belongs, gk

Ptot is the total load applied on the structure
that has to be transformed in kN/m so we
multiply the result for the influence length.

Ptot= (G1+ G2+ gk) x Li

The structural plan is shown below in which the
secondary beam analysed is highlighted.
Reference was made to a support-support static
scheme, because of the constraints that bind the
secondary beams to the main ones, with uniformly
distributed load over the entire length of the profile,
carried by the floor. From the diagram shown here
it is possible to go back to the formulations for the
calculation of the static quantities that characterize
the project situation, both in terms of actions on
the section and in reference to the displacement
components.

Structural plan (+5.7 m)

Fig.175:Secondary beam sl selection for the analysis

Li (m) P(tot)

Gl (kN /m2) | G2 (kN / m2) | gk (kN/m2)
influence kN/m
0.09 0.7024 0.57 3.87

Tab.28:Loads weights on the secondary beam
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As before, from the table we can estrapolate the of safety. After finding the latter | also choose the

beam dimension having the given load and the value of the beam span and at the point where they
pitch of the beam in consideration. meet it is possible to choose the correct beam for
The load found in the previous table is 11.5 so we so the case in question.

we round up and choose 12 kn / m to be in favour

_ : : : : ~ Carico q (kN/m) . _ : : :
1,0 1.5 2,0 2.5 3,0 4,0 5,0 6,0 7.0 8.0 ¢0 (100 120 150 180
3,0 8/12 | 812 | 812 | BNé 8nMé a8M&6 | 8/19% | 819 1019 | 1019 | 10422 | 10422 | 10426 | 10/29 | 12/29

3,5 | 812 | 8Mé | 816 | BNE | BMS | BM9 | 1019 | 1019 | 10722 | 10v22 | 10426 | 10426 | 12/26 | 12/29 | 12/32

4,0 | 812 | 8N4 | 814 | B9 | 10M19 | 1019 | 10/22 | 10/22 | 10726 | 10429 . 10¥29 | 12/29 | 12/32 | 12/39 | 12/39

4,5 - 816 [ ane ‘ 819 . 022 I 10022 . 10.;"22. 10!26I 10/26 - 10/29 . 12/29 12/29 . 124’32I 12!36. 12/39 I 14/39 .
5,0 . 8/16 | 1019 I 10419 I 10022 I 10422 10.:’26‘ 10}2‘?‘ 12729 | 1229 I 12432 I 12/32 . 12;’36‘ 121"39‘ 14/42 I 14/46 I
55 [ 819 [ 10/22 ‘ 10422 ‘ 10426 I 10026 . 10!29I 12/29 | 12/32 - 12/32 - 12/36 | 12/39 . 12.-’39I 14!3‘?I 14/46 I 14/49 .
6,0 [ 10/19 [ 10/26 - 10426 - 1029 . 10029 - 12.-'2‘?. 12/32 | 12/36 - 12/36 - 12139 I 14/3%9 - ‘|d,-f39. 141\-"4‘?. 14/49 . 16/55 .
6,5 [ 10/22 [ 10/26 - 10426 . 12/29 . ‘12!’2‘?- 12!32. 12/36 | 12/36 - 12/39 - 14/39 . 1442 - 14.-’42. 14-"4?. 16149 . 16/55 .
?,6 [ 10/22 [ 10/29 ‘ 12426 - 12/32 I 12/32 . 12/36 | 12/39 [ 14/39 - 14439 - 14/42 I 14/46 . 14/46 | 14\-’52I 16/55 ' 16/59 |

Luce di calcolo (m)

7.5 | 10/26 12729 12429 | 12/32 | 12/32 | 12/42 | 14/39 | 14/42 | 14/42 14448 | 14/49 | 14/49  © 7 T&6/59 | 148/65
8,0 [ 10/26 [ 12/32 ‘ 12432 - 12/36 I 12/36 . ‘Id!3?l 14/46 | 14/42 - 14746 ‘ 14/49 14/52 . 16/49 ‘IMSQI 6/52 I 18/65 I
2,0 | 12729 [ 12/36 [ 12/36 . 12/39 . 14/3% - 1-1.-"42. 14/4é6 | 14/49 [ 16749 [ 14/52 I 16/59 - 16/55 | oroe : 1BIES . 18/72 .
10,0 [ 12/32 [ 12/39 - 14442 . 14142 . 14/42 - 14;"49. 14/52 | 16/52 - 16/55 - 16/59 . 16/59 - 16!62. 18;"65. 18/72 . 18/82 .
.11,(] -.12;"36 [ 14/39 - 14/42 - 14/46 I 14«"49.. 16/49 | 16/55 | 16/59 - 16162 - 16/69 I 18/6%9 . 18/65 | 18/72 | 18/82 I 20/85 |
12,0 l 12}'39. 14/42 I 14/44 I 14/52 I 16/49 l 1&!55‘ 16-"59‘ 16!62. 18/65 I 18172 ! 18/69 l 184’?2‘ 'I&-"?&I 20/85 I 20/92 .

15,0 | 14745  14/52 | 16/55 | 16/59 | 16/62 | 18/55 | 18/72 | 18/75  18/82 | 20v82 | 20/85 | 20/88 | 20/88 | 200105 | 200115

Tab.29:Predimentioning of a gluelam beam

Now that we found the dimension of the secondary
beams of the roof, we can calculate his permanent

load G

Gi=(b x h x gk /1) = 016x 0.56x 4.5 /4= 01008 kN/m2

Where: 39.cm
+  bis the thickness of the beam
+  his the height of the beam

-+ is the characteristic density

+ listhe influence length

14 cm
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12.3.6 Primary beam roof sizing

Predimentioning

In determining the loads on the secondary beams,

the following loads were considered in the
Operating Limit State (SLS):

OSB loading, Gy;
Loads that technological
package of the adjacent internal floor G2

constitute the

An influence length Li equal to the sum of the
two halves of the centre distance between the
analysed secondary beam and the adjacent
one;

Variable load due to the category of use to
which the building belongs, gk

Ptot is the total load applied on the structure
that has to be transformed in kN/m so we
multiply the result for the influence length.

Ptot= (G1+ G2+ gk) x Li

The structural plan is shown below in which the
secondary beam analysed is highlighted.

Reference was made to a support-support static
scheme, because of the constraints that bind the
secondary beams to the main ones, with uniformly
distributed load over the entire length of the profile,
carried by the floor. From the diagram shown here
it is possible to go back to the formulations for the
calculation of the static quantities that characterize
the project situation, both in terms of actions on
the section and in reference to the displacement
components.

Structural plan (+5.7 m)

46|67 |57 |57 |57 |57 |B7 |67 |67 |57 |57 |57 |67 46
A O O

o o 0o 0 0o 0o 0 0o 0 o 0o 0 0 o 0 I‘-A —
Pitch =8 m . S|
oo o o o o o0 o o0 o0 o b o ooBb — —
Fig.176:Primary beam roof selection for the analysis
fa fa
Fig.177:Static scheme for the primary beam
GI1 (kN/ m2) GI1 (kN/ m2) Li (m) P(tot)
G2 (kN/ m2) | gk (kN/ m2)
0SB Secondary influence kN/m
0.09 0.431 0.7024 6 4 28.89

Tab.30:Loads weights on the primary beam
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Also in this case, to find the load on 1 linear meter
of beam, | multiply the distributed load by the area
of influence of the beam (s):

P(tot) = (G1+ G1+ G2 + gk + gk) x Li [kN/m]

Car_ico q (kN/m)

Luce di calcolo (m)

load Gu:

Gi== = 01008 kN/m2

Where:

b is the thickness of the beam

his the height of the beam

is the characteristic density

lis the interaxis 56 cm

10 15 20 25 30|40 50 60 70 80 90 100|120 150 180
3,0 - 812 [ BNz - B2 . 816 I 816 . 816 . 819 | 8n1e [ 1019 . 1019 I 10422 . 10.-"22‘10.-"26‘ 10029 I 1229 .
3,5 - 812 [ 8M1é - B/14 . 816 . 816 - anMe - IO.;"I‘?- l{l-"i‘?- 1022 - vzz I 10‘."'26-10."'26- 12.-’26. 12/29 . 12/32 .
4,0 | 812 | 8/16 | 8146 | B9 [ 10M9 | 1019 | 10/22 | 10/22 | 10/26 | 10/29 . 10v29 | 12/29 | 12/32 | 12/39 | 12/39
4,5 - aM1é [ 819 ‘ 819 . 122 I 1v22 . 104"22- 10}26‘ 10/26 - 10729 . 12429 12/29 . 12/32 . 12!36. 12/39 I 14/3% .
5,0 . aMé 1019 I 10419 I 10422 I 10422 10/26 . 10.1"29‘ 12/29  12/29 I 12/32 I 12/32 . 12/36 . 12}’39‘ 14/42 I 14/46 I
5.5 [ 819 [ 10/22 ‘ 10422 ‘ 10/26 I 10726 . 10.1"2‘?. 12/29 | 12/32 - 12732 - 12."3-6“ 12/39 . 12/39 . 14!39‘ 14746 I 14/49 .
6,0 [ 1019 [ 10/26 - 10/26 - 1vze . 1vae - 12."2‘?- 12/32 | 12/36 - 1236 - 12/3% I 14/39 - 'Iﬂ."'3‘?- 14\;"4‘?. 14/49 . 16/55 .
6,5 [ 10/22 [ 10/26 - 10/26 . 12/29 . 12.-"29- 12.1’32- 12/36 | 12/36 - 12/39 - 14/39 . 14/42 - 14.-’42- 14;"4?. 14/49 . 16/55 .
?,6 [ 10722 [ 10/29 ‘ 12426 - 12432 I 12/32 . 12/36 [ 12/39 [ 14/39 - 14739 - 14/42 [ 14/46 . 14/46 [ 14;"52‘ 16/55 ' 16/5% |
7.5 . 10.1"26. 12/29 I 12429 I 12/32 I 12/32 12!42. 14.:’39" 14"42. 14742 I 14/464 14/49 . 14/49 . 161"52‘ 16/59 I 16/65 I
8,0 [ 10/26 [ 12/32 ‘ 12/32 - 12/36 I 12/36 . 141"39. 14/46 | 14/42 [ 14744 ‘ 14749 14/52 . 16/49 . 161"56‘ 16/52 I 18/65 I
2,0 | 12729 [ 12736 [ 12/36 . 12/3%9 . 14/39 - 'Id.l"d-Z- 14/44 | 14/49 [ 16749 [ 146/52 I 16/5% - 16/55 - 16.-"62. 18/65 . 18/72 .
10,0 [ 12/32 [ 12/39 - 14/42 . 14/42 . 14/42 - 14;"4?- 14/52 | 16/52 - 16/55 - 16/59 . 16/59 - 16/62 - 18\;"65. 18/72 . 18/82 .
.11,(] -.121"36 [ 14/39 - 14742 - 14/46 I 14.’49.. 16/4% [ 16/55 [ 16/59 - 1662 - 16/69 [ 18/69 . 18/65 [ 18/72 | 18/82 I 20/85 |
12,0 . 12}'39. 14/42 I 14/44 I 14/52 I 16/49 . 1&1"55. 16}'59‘ 16162. 18/65 I 18/72 : 18/69 . 18/72 . 13}'?3‘ 20/85 I 20092 .
15,0 . 14745 [ 14/52 I 16/55 I 16/59 I 16062 . 151"55. 13:"?2‘ 18/75 - 18/82 .20."52 IZ‘D-I'BS . 20/88 . 20/88 IED!‘IDEI:ZDH 15.
Tab.31:Predimentioning of a gluelam beam
Now that we found the dimension of the secondary
beams of the slab we can calculate his permanent
56 cm
16 cm
Now, the box structure is completed, and as a next
step it will be shown where the laboratories are 16 cm

going to be inserted in the building and how they
will be hold by the Steel structure.
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12.7. Cantilever beam dimensioning

Analysed beam

“HE H =

Fig.178:Analysed cantilever beam

Proceeding to analyse the cantilever beam holding
the wood box. This decision was made in order to
have a new structure that will totally hold the new
elements.

Next to the wall we find a steel beam that
reinforces the existing concrete masonry through
the many connections between the two. These
create a sort of chain around the building,
internally, avoiding the formation of
and detachments in case of horizontal forces.

cracks

This is necessary because in the period of
construction of the old building (1920),

there was no regulation that added the
horizontal loads given by seismic actions.
_HEB 550

1 5 - |

| e |

| — > |

i |

| |

! o o o o |

| |

i o o o o |

| |

! |

! um— ), ~—

I P |

HEB 550 /

Fig.179:Elevation: connection between two primary beams

This steel jacket that runs through the entire
building is also interrupted every 50 meters due
to possible thermal expansion and supports most
of the loads on the first floor of the building.
in fact, the edge steel beams not only support the
secondary beams of the floor but also the primary
cantilever beams that support the wooden boxes.
This choice was made to have a more flexible
building, so that the boxes can be added and
removed with great ease.

Fig.180:3D view: connection between two primary beams
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1. The existing wall in concrete is strengthened
by the steel beams and the connection every 40
cm to create a unique structure that could work
simultaneously.

2. To the primary beams along the wall, the
cantilever beams going out the building are hold.
Every eight meters there are two adjacent beams
and a pillar below to hold the whole

3. On top of the steel new structure, the platform
frame boxes are positioned. To have a more
flexible building, it was decided to use two
different materials that work perfectly together.
It also gives us the opportunity to study more
topics.

4. At the same level of the boxes we have the non
insulated slab. This is just a passage between the
closed laboratories.

Fig.181:Box structure and first floor slabs - laboratories illustration.
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The primary steel beams are going all along the
gallery both for reinforce the existing concrete
wall by bearing the horizontal loads, and works as
primary beam for the first floor.

This beam that was more complicated to calculate was
the cantilever one holding the boxes: will be a primary
beam attached to another primary as shown in the detail
below.

The load is given by the load transferred do the primary
beam of the bearing box in wood, plus the G1 of the
wood beam.

Li (m) P(tot)
interax kN/m
4 28.89

Tab.33:Interax and Load on wood beam

The fmax value is the maximum deflection, needed
to calculate the inertia of the beam so that | can
find the correct dimensions.

f= fmax
f=1/250 frax=pl"4/8El

Imax = 0.001351777= 1351776857

m -9C
D
Voo =4I
qr’
= +§
_ar
‘" 8El

Fig.182:Diagrams table , axial , shear and moment diagrams.

fmax E p | max 250 HEB

(Pitch of second- .
ary beam) /250 kN/m2 kN/m Profile
6.8 0.0272 2,1 x 28.89 1351777 550

Tab.32:Predimentioning of the steel beam from the deflection
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12.8. First floor dimensioning

Corrugated sheet design

For the choice of the corrugated sheet which,
combined with the beams that support it, will form
the load-bearing part of the floors, the loads on the
bearing layer were analysed. Among these loads we
Hﬂd:

The permanent loads carried by the horizontal partition
and by the internal vertical partition, G2, expressed in
kN / m-

The variable load due to the category of use to which
the building belongs, gk, in kN / m-.

OVERLOADS UNIT WEIGHT (kN / m?)
Stratigraphy load (G2) | 0.407

gk (Offices) 4

TOTAL 4.4

Tab.35:Total weight on corrugated sheet

Once the total overload was obtained through the sum
of the different unit weights, it was possible to size the
corrugated sheet, resting on the secondary beams, and
the height of the resulting concrete casting, using the
tables provided in the manufacturer's technical data
sheets.

We choose a corrugated sheet non-cooperating in

galvanized steel, type EXPAN - EPS 75/570

Since the total unit weight is 4.4 kN/m- that means
400 kg/m? we are going to choose a right span
for sheet member that can carry the total load

previously calculated, using the table below.
Since the total unit weight is 4.4 kN / m2, we are going
to choose as a useful overload 4. 95 in the table above.

CARATTERISTICHE STATICHE GEOMETRICHE

Spessore 0,6 0,7 0,8 1 1,2
Peso Kg/m* 8,26 964 | 11,02 | 13,77 | 16,53
Peso Kg/m 4,71 5.5 6,28 7,85 9,42

J cm?/m 85,87 | 100,18 | 1145 | 143,12 171,75

W cmi/m 18 21 24 30 36

Tab.34:Geometric characteristics of the choosen laminated sheet

Extract from the catalogue of EXPAN - EPS
75/570 the weight

Note the dimensions of the floor, referring to the
technical data sheet, it is possible to check the
structural weight G1, which is equal to 8.26 Kg/m2

G1: 0.081 KN / m2

DISTANZA FRA GLI APPOGGI IN METRI

& |15 ]175] 2 [225] 25 [275] 3 [325] 35 [375] 4 [a25] a5 [4a75] 5 [s55] 6
Shestors min. sovraccarico di esercizio utile uniformemente distribuito kN/m?
(per trasformare | KN/m? in kgf/m? si deve moltiplicare per 102)

0,6 704|517 3% (313|254 21 |1,76| 15 |129|113|099|088|078| 0,7 | 0,63 | 0,52 | 0,44
0,77 | 0,66 | 0,56 | 0,42 | 0,33
0.7 877|645 4944 39 | 316|261 | 219|187 161 | 14 |123|109|0597|088]0,79|065] 055
107| 09 |0,77| 066 | 05 | 0,38
0.8 1057]| 7,77 595/ | 47 | 381|314 | 264 | 225|194 |169| 149|132 |1,17]|1,05]0,95| 0,79 | 0,66
1,47 1,23 |1,03| 088|075 | 0,57 | 0,44
1 1425|1047} 801}/ 6,33 | 513|424 [ 356 | 303|262 |228| 2 |1,77|(158|142]1,28|1,06| 0,89
223(184|153(129( 1,1 |094 (0,71 | 0,54
1,2 17,87|13,13//1008]| 794 | 6,43 | 532 | 447 | 381 | 328|286 | 251|223 (199178161 |1,33]|]1,2
268|221)|184|155|132|1,13|0,85| 0,65

Frecciacm. | 0,25 | 0,34 | 0,45 | 0,5 08510111191 1,37|158]| 18 |203|225]|238] 25 | 2,75 3

A A A A

0.6 | 88 [ 647 495 391 [317[262] 22 | 1,88 162] 1,41 [1,2a] 1,1 | 098 0,88 0,79 | 0,65 | 0,55
0,7 1097|806 | 6,17 487 | 395|326 | 274234201 |1,75|154)137]122]|1,09]099 | 082|069
0,8 13,211 971 | 743 1587|476 |393| 33 |281]1243|211|186)]|165|147]132]1,19|098| 083

1 17,81|13,08|10,02] 7,91 | 6,41 93 | 445|379 1327|285 25 |222 198|178 16 |1,32] 1,11
1,05

1,2 22,341164111257) 993 | 804 | 665 | 5591 476 | 4.1 35713141278 | 248|223 ]201 | 1,66 1.4
1,63 1,26
Freccia cm. 16| 0 0291037046 ] 055|066 |07 0891031117132 | 148 1865]| 182|221 | 2,63
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12.5.1 Secondary beam sizing

Pre-dimentioning

In determining the loads on the secondary beams,
the following loads were considered in the
Operating Limit State (SLS):

Sheet metal loading Gy;

Loads that constitute the technological package of
the adjacent internal floor G2

An influence length Li equal to the sum of the two
halves of the centre distance between the analysed
secondary beam and the adjacent one;

Variable load due to the category of use to which
the building belongs, gk

Ptot is the total load applied on the structure that
has to be transformed in kN/m so we multiply the
result for the influence length.

Ptot= (G1+G2+ gk) x Li

The structural plan next shows the highlighted
secondary beam analysed.

Reference was made to a support-support static
scheme, because of the constraints that bind the
secondary beams to the main ones, with uniformly
distributed load over the entire length of the profile,
carried by the floor. From the diagram shown in the
next page itis possible to go back to the formulations
for the calculation of the static quantities that
characterize the project situation, both in terms
of actions on the section and in reference to the
displacement components.

G1 (kN / m2)
G2 (kN / m2)
CORRUGATED SHEET
0.082 0.407
Li (m) P(tot)
gk (kN / m2)
interax kN/m
4 2 8978

Tab.37:Total weight on the secondary beam

Analysed beam

Structural plan of

H

the slab (+5.7

A

H

=
__|
Im
=
| |
T
alum:
=1
=

Fig.183:Structure showing secondary beams highlighted.
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Carico uniforme su tutta la trave
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Fig.184:Diagrams table, axial , shear and moment diagrams.

The fmax value is the maximum deflection, needed
to calculate the inertia of the beam so that | can
find the correct dimensions.

f= fmax
f=1/250 fmax= 5/384 (p)(I"4)/El

Imax = 0.00002279 = 7-4.92

ltisassumed thatthe secondary centralintermediate
beam with an [PE 220 profile in hot rolled steel
S-275JR characterized by a maximum inertia of Ix =
2772 cm4, has a length of 4 m and a centre distance
of 2m.

The designation of steel, in accordance with UNI
EN 10027/1 refers to the following properties:

S indicates that we are referring to a steel for
structural use (metal carpentry);

275 is representative of the yield stress (fyk);

JR indicates the resilience class of steel, aimed at
avoiding brittleness at low temperatures.

G1 secondary beam |DE 160= 0154 (kN / m)
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fmax E
L sl /250 kN/m2
3.7 0.0148 2.1x
P | max 250 IPE
kN/m Profile
8.978 704.92 160

Tab.38:Pre-dimentioning of the steel profile from the Inertia

160 cm

82 cm




12.5.2 Primary beam catwalk sizing

The primary beam of the roof has 7 pointed loads
that can be considered distributed, taking in
consideration the small wheelbase between the
loads of the secondary beams.

Gl (kN/ m2) Gl (kN/ m2)
G2 (kN/ m2)
Laminated sheet Secondary
0.4 0.154 0.082
Li (m) P(tot)
gk (kN/ m2)
influence kN/m
4 4 18.544

Tab.39:Total weight on the primary beam

Also in this case, to find the load on 1 linear meter
of beam, | multiply the distributed load by the area
of influence of the beam (s):

P(tot) = (G1+ G1+ G2 + gk ) x Li [kN/m]

The fmax value is the maximum deflection, needed
to calculate the inertia of the beam so that | can
find the correct dimensions.

f= fmax

f=1/250 fmax= 5/384 (p)(1"4)/El

[max= 97160.99

fmax E
(p‘t;t‘;g:;‘;”d' 1/250 kN/m2
37 0.06 21 x
P | max 250 IPE
kN/m Profile
18.572 9716099 500

Tab.40:Pre-dimentioning of the steel profile from the Inertia
ltisassumed thatthe secondary centralintermediate

beam with an HEB 500 profile in hot rolled steel
S-275JR characterized by a maximum inertia of Ix =
1072 cm4.

GW primary beam HEB SOO: ]8\7) (kN / m)

Analysed beam

Pitch I=15 m

i S
BN = |
o ]

H
.
L.

I: I

Fig.185:Structure showing secondary beams highlighted.
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13. ENERGY ANALYSIS

13.1. Introduction

Energy analysis is always one of the most important
part of an architectural project, especially nowadays
where the main attention is shifted on the climate
changing and to find sustainable solution to reduce
the impact of the human activities.

13.2. Climate Analysis

Using climate files we handle values for every
8760 hour of the year, obtaining a huge amount
of output. We decided to start analysing three
main index and the relationship between them: air
temperature; relative humidity; solar radiation. We
analysed the annual hourly trend of external air
temperature finding that the climate in which we
are going to develop our project. Furthermore we
had to understand the current state of affair and
the environmental effect throughout several broken
down analysis as a start of implementing energy
effeciency solutions and optioneering.
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Wind rose

3.00

2.50

2.00

1.50

1.00

0.50

<0.00

Spring wind rose: 21.03- 21.06

m/s

5.00<

4.00
3.50
3.00
2.50
2.00
1.50
1.00

0.50

<0.00

136

Summer wind rose: 2/‘1}‘106-21.09

In this period of time we have the highest number
of hours of wind coming from all the directions. It's
also the period in which the speed close to zero is
minimum.

At the same time the maximum values coming from
the north direction, arrive to 10 m\s.

1.00
% 0.50
196

<0.00

028

Autumn wind rose: 21.09- 2112

The wind in summer has as maximum frequency in
the North direction with 26,4 hours of wind. But the
maximum velocity of the wind is around 5 m/s and
just for a very small period of time.

The second part from where the wind blows is from
the south but with 4,60 hours in three months.

m/s

5.00<

3.50
3.00
2.50
2.00
1.50
1.00

0.50

142

122 S 142 <0.00

Winter wind rose: 21.]“27- 21.03

In this months there is a great amount of days
without wind or with very low velocity, distributed
uniformly from every direction. But from the north
direction the wind arrives for 15 h along the period
and with picks of velocity that arrives to 15 m\s.

206

Here the values are similar to the winter ones, but
the values with velocity close to zero are much less;
the average speed is higher.

Here the maximum value reaches more or less 12
m\s always from the North direction.



Dry bulb temperature
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Global horizontal radiation
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Global Horizontal Radiation (Wh/m2) - Hourly
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The graph shows the temperature trend: shades
of blue are associated with low temperatures, vice
versa red refers to high temperatures. There is an
insistence of red in the summer months, where
temperatures rise with peaks of up to 35 ° C. The
graph is asymmetrical as autumn temperatures are
higher than spring temperatures.

Wh/m2
952.00<

856.80
761.60
666.40

571.20

476.00

380.80
- 285.60
190.40
95.20

<0.00
Aug Sep Oct Nov Dec

The greater the total daily irradiation, the greater
the carpet is in favor of red. Global irradiation
occurs predominantly in the central hours of the
day, with a slight difference in the summer months,
in which the most consistent irradiations also
occupy the late morning and early afternoon. From
the analysis of the graphs, an initial analysis can be
developed on the need for shading systems both in
summer and in winter; in the summer, the need for
solar shading is greater. It will be useful to design
and develop a shading system suited to the needs
and requests for comfort related to the visual task
and the intended use of the premises.
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Relative humidity
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13.3. Comparisons

RAINING AVERAGE mm FREQUENCY day/month
200 o
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o

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ETOTAL FREQUENcy day/month

It is noted that the rains are more frequent in
mid-seasons and in summer, correlated with
thunderstorms and hail falls, especially in the
afternoon and evening hours, due to the contrast of
different types of air masses. It can be seen that in
winter the mm of rain are less due to the snow fall.
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The lowest humidity is associated with red, while the
days with higher humidity are highlighted in blue. It
is noted that the hours with the highest humidity
are morning and evening, while the afternoon hours
have a drier climate. The annual average relative
humidity records the value of 75.5% with a minimum
of 70% in March and July and a minimum of 84%
in December; on average there are 93 days a year
with foggyepisodes. In summer, however, the values
on average are quite high and due to the poor
ventilation the heat is sultry.
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The graph shows the trend of the two curves
concerning temperature and relative humidity. The
temperature has a sweet and bell-shaped graph,
regular with respect to the trend of the months. The
humidity is irregular and follows an autonomous
trend; temperature and relative humidity are not
correlated.



13.4. Shadows Analysis

Spring equinox 03.21

In the intermediate seasons the results are similar.
... The maximum value reached is 10 hours of sun and
=0 the area has a good amount of sun all day long.
no - Another important feature is that no shadows arrive

" to the Gallery of our interest.
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Summer solstice 06.21

16.00<

0 On summer the hours of sun arrive to 16 and the
“* area is not well shaded so this is one of the factors
"™ that increase the heat island problem, bringing the
wo temperature to 40 degrees. In the plaza and next
©® to the Galley there are no shadows nearly all day.

9.00




Autumn equinox 09.21

Here we have similar values as spring with very few
shadows more next to the highest buildings.

< Also if the sun is a bit lower than in spring, the
maximum value reached is 12 hours of sun along the
day, having so a good amount of sun all day long.
Next to the gallery there are shadows just in the
northern facade.

Winter solstice 12.21

In winter the hours of sun decrease enormously
arriving to maximum value of 8 hours per day. The
problem increase in the south part of the project
where the buildings are higher, but fortunately
decrease in the centre, where the plaza is located.




13.5. Schematic section design

As the first step of the energy analysis, we thought
about a schematic design of the laboratory area,
the part of the building in which we were more
interested in to analyse. This step is foundametal
in each project path because it allows the designer
to think about the building as an element that has
to blend in the place where it is rising. The view is
mostly related to the possible energy behaviours of
the building and the strategies that could be used
to reduce the negative impact of the building to the
eco-system such as the the increasing of the heat
island effect, the CO, production and the too high
energy consumption.

In the picture below we can see different strategies
for the Green Hill Research Centre such as:

the re-use of the rain through a collective
system that absorbs water from the green roof
and the soil around the building and it allows
the water to recirculate to be used expecially
for the activities of the labs, the irrigation of the
greenhouse and the public bathrooms.

the greenhouse on the South facade acts as a
natural green shading system that reduce the
radiation energy avoiding it to go inside the
building, keeping under control the rise of the

temperatures and saving energy for cooling
purposes.

an horizontal shading system for the laboratories
that reduce the radiation on the facade and
keep a good amount of daylight factor for the
working space, increasing the comfort of the
space in terms of temperature and visibility
(glare reduction).

a good choice of the construction materials for
the building envelope that reduce the U value
of the wall, the floor, the roof and the windows
of the laboratories.

a system of photovoltaic panels that is able to
produce energy to be used in the system to
safe a great amount of energy, expecially for the
light system and the technical equipment of the
laboratories, thanks to the southern orientation
of the building.

a use of natural ventilation through various
openings at the ground floor to favor the passage
of outdoor air in the building, expecially during
Spring and Autumn, seasons with good outdoor
temperatures for the climate of Milan.

HVAC System - Package VAV Reheat
Maximum useful area: 75 m?*
Heating Fuel: Electricity

:holovollaic panels o 'ﬁ' Heating Consumption ® ogo ) T —
rea: 140 m* x 12 panels = 1680 m* 2 " 2
10 kWh : 3 13 kWh
Plant power: 848070 kWh “““ i H {:6;} H 3 fr
N Caalng Corsanoton: 8V A ee Conmtion
- \-\ 43 kWh/m? o 15 kWh/m?
[ Horizontal shading system
Iperinsulated lop: | M | reduce the total radiation from South and
Uwall= 0164 W/m?K T ‘ ‘ w keep a good value of Daylight Factor
2 2 i) 1 I
Uroof= 0146 W/m*K = Greenhouse Irrigation
Uslab= 0.3 W/mK | ~ System
Uwin= 1.4 W/m3K I ! ~ o
|—|:'_| — /XX
o I':'I W Greenery and Trees on South Facades
Natural ventilation + reduce the radiation, the Heat Island problems
D for passive strategies : 4 s b and collect water for internal system
Mo ; : L BE P

D
-----------------------------------------------------------------------------------

Fig.187:Schematic design section - Energetic strategies

_ Water Recovery
;» For green irrigation and sanitary equipments.
| Water storage of:
— R=S(m?)x Vp (liters/m?) x Vit -
~ Area:10.500 m* x 1000 |/m? x 0,4 = 4.200.000 |

21



13.6. Outdoor Comfort Analysis

We decided to start performing an analysis on
the project site with a focus on the creation
of a comfortable microclimate that mitigates
especially the hot summer climate. The evaluation
of thermal comfort is complex as it involves many
parameters: air temperature, radiant temperature
from surrounding objects, relative humidity, wind
speed, clothing level and activity level. The material
choice can impact the thermal sensation in areas
with a high direct sunlight exposure. The amount
of solar radiation (heat) that is reflected by the
material is higher with lighter materials. Trees are
used to reduce the direct sunlight radiation on the
surfaces, having a significant impact in pedestrian
thermal sensation. These values are translated
in an “apparent temperature’, which is the “felt”
temperature and it is measured according to

the Universal Thermal Climate Index (UTCI) that

c CLOTHING o
|3
ACTVITY ‘:‘\I'-i TEMPERATURE

P HURSIDITY

Fig.188:0utdoor Thermal comfort variables

takes in consideration different parameters such
as air temperature, Mean Radiant Temperature
(MRT), relative humidity, air velocity, clothing level
or metabolic rate (activity level). According to
ASHRAE, the “thermal comfort” is the condition
of mind that expresses satisfaction with the
thermal environment and is assessed by subjective
evaluation. Good outdoor thermal comfort is
encourage people to spend time outdoors in urban
environments, which is beneficial for both physical
and social well-being and the local economy. A
wholistic methodology to evaluate outdoor thermal
comfort is needed to inform urban planners and
urban designers on the best way to make the best
design choices. The impact of urban design on
outdoor thermal comfort hasn't been completely
understood yet, due to the lack of wholistic tools.
There is a lack of human perspective focused on
the microclimate of outdoor spaces.

UTCI (°C) Stress category
UTCI> 46
38 <UTCI <46
32<UTCI<38 strong heat stress
26 <UTCI<32 | moderate heat stress
9<UTCI<26 no thermal stress
0<UTCI<9 slight cold stress
-13 <UTCI<0 | moderate cold stress
-27<UTCI<-13
-40 <UTCI <-27
UTCI < -40

Fig.190: UTCI comfort index scale

To perform the energy analysis we decided to
use a component of Grasshopper that is called
“Ladybug”, that allowed us, through a Wheater Data
file (epw), of the city of Milan downloaded from the
EnergyPlus website, to study the weather condition
of the site, all over the year.

ASSNOPE

Fig.189: Softwares used for the energetic analysis, Grasshopper, Ladybug and Honeybee
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Moreover, we had to recreate a simpler version of
the 3D model of the real one, using just surfaces
without a thickness to reduce the time of the
analysis.

The Outdoor Comfort Analysis is divided in two

parts:

1. Theanalysis with an empty surroundings around
the old Macello Gallery, that was our starting
point for the project

2. The analysis with the renovated building and
the presence of the surroundings: greenery,
shading elements and trees.

Trees as natural heating mitigator

To improve the pedestrian comfort we used green
areas and trees as shading elements that can reduce
the impact of the solar radiation on the surfaces.
Trees and other plants help cool the environment,
making vegetation a simple and effective way to
reduce urban heat islands.
Trees and vegetation lower surface and air
temperatures by providing shade and through
evapotranspiration. Shaded surfaces, for example,
1-25°C cooler than the peak temperatures of
unshaded materials. Evapotranspiration, alone or
in combination with shading, can help reduce peak
summer temperatures by 1-5°C.
Trees and vegetation are most useful as a mitigation
strategy when planted in strategic locations around
buildings or to shade pavement in parking lots and
on streets. Researchers have found that planting
deciduous trees or vines to the west is typically
most effective for cooling a building, especially if
they shade windows and part of the building’s roof.
The use of trees and vegetation in the urban
environment brings benefits beyond mitigating
urban heat islands including:
Reduced energy use: Trees and vegetation that
directly shade buildings decrease demand for
air conditioning.
Improved air quality and lower greenhouse
gas emissions: By reducing energy demand,
trees and vegetation decrease the production
of associated air pollution and greenhouse gas
emissions. They also remove air pollutants and
store and sequester carbon dioxide.
Enhanced stormwater management and water
quality: Vegetation reduces runoff and improves
water quality by absorbing and filtering
rainwater.
Reduced pavement maintenance: Tree shade
can slow deterioration of street pavement,
decreasing the amount of maintenance needed.

Improved quality of life: Trees and vegetation
provide aesthetic value, habitat for many
species, and can reduce noise.

From the image we can easily see the differences of
the perception of the thermal comfort thanks the
presence of the trees

Because of this fact, we decided to design our
landscape using mostly green natural elements
and then, we analysed the whole surrounding with
two scenarios, that represent the worst weeks of
the year in Milan: the Extreme Hot Week and the
Extreme Cold Week that go respectively from the 6
to 12 of July and from 13 to 19 of January.
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13.7. Sunlight hours analysis.

As we already shown in the schematic design
section, the longer parts of our building are oriented
on South and North, because of that, we have to
understand how to the sunlight and the amount of
hours that, during a certain period, hit the building
surface because it could be one of the first most
important aspects to start with for an energy
analysis.

We set two different analysis periods to simplify
the calculations: June, the month with the higher
number of sun hours and December, the month
with the lower number of sun hours.

y

Fig.191: Axonometric view of sunlight hours study

June sunlight hours

State of affairs

Using the color gradient from the legend, we can
easily observe the most exposed surfaces of the
building such as the roof and the southern walls
while the entrance on the western side is low
exposed. In particular the problem is related mostly
to the surrounding, that receive the highest amount
of sunlight, increaseasing the level of discomort for
the people living the space outside.

Hours
500<
444
389
333
278
222
167
111
56
<0

Fig.192: Top view of sunlight hours study
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State after the project

After the initial analysis we decided to reduce the
sunlight hours hitting the surfaces, adding shading
elements such as the trees, the curved green roof
of the gallery and the small buildings around. In fact
we can observe how the gradient colors change
in proximity of the added elements having a less
number of hours and improving the microclimate
condition. Trees as a natural shading system, are
really important in the design process of a project
but sometimes they are not used so frequently.

Hours
500<
444
389
333
278
222
167
111
56
<0

Fig.193: Axonometric view of sunlight hours study

-

Fig.194: Top view of sunlight hours study
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December sunlight hours

State of affairs

During the shortest month of the year we can
observe, from the monthly analysis, how the site
was affected by the sunlight in the previous state
with an empty surroundings. We can clearly see
that the building itself is the only shading element
of the site in fact only the part on the back and the
western facade have just few hours of sun during
the month of December. Anyway this situation

Fig.195: Axonometric view of sunlight hours study

isn't problematic during winter but will give some
problems expecially in summer, as we already
seen. Using the color gradient from the legend,
we can easily observe the most exposed surfaces
of the building such as the roof and the southern
walls while the entrance on the western side is low
exposed.

Hours
500<
444
389
333
278
222
167
111
56
<0

Fig.197: Top view of sunlight hours study
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State after the project that we are speaking about an external part.

The winter analysis is interesting just in the
comparison to understand the amount of hours
that the surfaces receive. We can easely observe
that the shadowed areas that in June receive
about 400 hours of sun, in December just
receive about 60 hours and this will obviously
affect the outdoor thermal perception but
anyway, this result is negligible due to the fact

Zz

Hours
500<
444
389
333
278
222
167
111

<0

Fig.198: Axonometric view of sunlight hours study

Fig.200: Top view of sunlight hours study
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Thermal Comfort Analysis - Hottest week of the year

State of affairs UTCI index.
In fact we can see that quite all the area has

no shadows and the red color shows an UTCI
index value close to 32 that means “strong
heat stress”.

The outdoor comfort during the hottest week
ofthe yearreachescritical levels on our project
site expecially because of the amount of the
sunlight hours and the absence of shading
element that are necessary to decrease the

UTCI
30.90<
30.29
29.68
29.07
28.46
27.85
27.24
26.63
26.02
25.41

<24.80
Fig.201: Axonometric view of sunlight hours study

Fig.202: Top view of sunlight hours study
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State of project

The outdoor design choices are mostly related
to the improvement of the outdoor comfort.
The natural elements are used reduce the
UTCI index locally with the help of the green
areas thanks to the evaportranspiration of
the soil.

s

[

Fig.204: Top view of sunlight hours study

UTCI
30.90<
30.29
29.68
29.07
28.46
27.85
27.24
26.63
26.02
25.41
<24.80
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Thermal Comfort Analysis - Coldest week of the year

State of affairs

In coldest week of the year we can observe a
drastical reduction of the UTCI index due to the
outdoor temperatures. Expecially the part on the
northern side of the building that is overshadowed
has a value of -5.38, while the highest one is 392
that is spread all over the surrounding.

uTCI
-3.92<
-4.08
-4.24

-4.41
-4.57
-4.73
-4.89
. -5.05
=5.22
-5.38

<-5.54
Fig.205: Axonometric view of sunlight hours study

Fig.206: Top view of sunlight hours study
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State of project

The addition of the shading elements, such
as trees, the curved green roof, the parts of
the building itself and the greenery are not
so effective during winter time because it
reduces the UTCI index. Anyway this change
is negligible because it is mostly related to
winter climate conditions.

This image is just for comparison purposes.

UTCI
-3.92<
-4.08
-4.24
-4.41
-4.57
-4.73
-4.89
-5.05
-5.22
-5.38

<-5.54
Fig.207: Axonometric view of sunlight hours study
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Fig.208: Top view of sunlight hours study
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Designing with light

One of the fundamental aspects for the design of
quality environments is certainly the light. In fact,
it well designed, it guarantees visual comfort and
the “pleasantness of being in a place”. Light is
one of the main tools to facilitate orientation and
to define interior spaces based on the functions
that will take place there, defining the importance
of one environment over another. In a research
center also designed to accommodate other
functions, such as study rooms and commercial
activities, designing the light according to functional
needs helps to characterize the environments.
Furthermore, the quality of light is a fundamental
factor in guaranteeing the psychophysical well-
being of those who use the space, especially in
the case of reading or study environments, careful
management of light increases concentration and
comfort and encourages users to stop by.

Preliminary architectural choices

Natural light plays an essential role in the project.
Starting from the entrance, the large full-height
windows constitute an extension of the external
spaces, both physical and visual, and make the
gallery on the ground floor, a real public square
inside the building, a so-called “ urban interior *
Visual contact with the outside is also allowed
on the entire perimeter of the building and on
the roof, thanks to the large percentage of glazed
surface, shielded by the presence of light horizontal
sunshades in correspondence with the south boxes
and shading strips on the roof. This choice also
derives from the fact that the variability of natural
light over time, a quality that distinguishes it from
artificial light, allows the stimulus to persist over
time, an important requirement for keeping the
perceptual system efficient and reducing visual
fatigue. The lighting and distribution themes are
two closely related aspects, they are responsible
for the main architectural choices regarding the
internal layout of the furniture and functional areas.
After carrying out some preliminary lighting analysis
evaluating the daylight factor and the illuminance
in the worst moments of the year and considering
a totally transparent casing, it was clear to us how
222

to make the most of the areas of the building that
benefit most of the entry of natural light.



13.8. Daylight factor comparison between three options.

From the plans it is visible the excessive amount of
daylight hours especially on the upper floor where

glazed to facilitate the entry of natural light for the
all the has Daylight factor is all above the treshold.

The first attempt was done on a roof complitely
greenery.

Complitely glazed roof

+3.0m

— 8%
— 7%
6%
5%
— 4%
3%
2%

1%

223



Shading strips on the roof

Since the values were to high, some shading strips
were added all along the roof to reduce the glare.
Here we can see a big reduction of Daylight factor,
reaching accettable values, exept for some areas.

+30m
7%

6%
5%
— 4%
_— 3%
—_— 2%

1%

D
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Addition of opaque panels

=

Q

n

%
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— 8%
— 7%
— A%

This was done in the

areas where, due to the function, it was necessary

The last step was to replace some glass panels with
to reduce eaven more the value.

opaque, sandwich panels.
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Natural light: illuminance and Daylight factor

The daylighting project must allow the achievement
of illuminance values adequate to the visual
performance required for the performance of the
activities characteristic of the various environments.
After carrying out the firstindicative lighting analyzes
to support the functional organization of the plants,
the same analyzes were carried out which then led
to the determination of the final building envelope.
The analyzes were carried out on the illuminance by
choosing the worst times of the year in terms of the
incidence of sunlight, evaluating them at 9:00, 12:00
and 15:00. In the summer months, the solar angle
is very high, while in the winter months there is a
lower inclination of the sun's rays. For this reason,
arguments have been made that lead to solar gainsin
the cold periods of the year and to screen correctly
in the hot months to avoid internal overheating,
since we know that the lighting aspects are closely
related to those of energy and internal comfort. The
benchmark used to define the availability of natural
light in the environment was the daylight factor.
The effectiveness of this indicator depends mainly
on the transparent parts and specifically on their
sizing, positioning and optical characteristics of the
glazed surface.
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13.9. llluminance on March with shadings

500 lux
438 lux
376 lux
313 lux
250 lux
188 lux
126 lux
63 lux

[lluminance (Lux) - 21 March h. 09.00
Clear Sky

500 lux
438 lux
376 lux
313 lux
250 lux
188 lux
126 lux
63 lux

llluminance (Lux) - 21 March h.12.00
Clear Sky
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500 lux
438 lux
376 lux
313 lux
250 lux

I
]
]
[ ] 188 lux
I
[

llluminance (Lux) - 21 March h.15.00
Clear Sky

126 lux
63 lux

Strips on the roof

Strips on the roof, serve to homogeneously
shield the internal environments from direct
radiation, while still guaranteeing excellent light entry
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13.10. llluminance on june with shadings

_‘O’_ B 500 lux
o 438 lux

[lfluminance (Lux) - 21 June h. 09.00 376 lux
Clear Sky 313 lux

[ 2501ux
1 188 lux
[ 126 lux
- 63 lux

B 500 lux

[ 438lux
376 lux

313 lux
[ 2501ux
— 188 lux
[ ] 126 lux
.‘O’. B
4 N

[lluminance (Lux) - 21 June h. 12.00
Clear Sky
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500 lux
438 lux
376 lux
313 lux
250 lux
188 lux
126 lux
63 lux

llluminance (Lux) - 21 June h. 15.00
Clear Sky

N AN N~~~

Strips on the roof

Strips on the roof, serve to homogeneously
| shield the internal environments from direct
- radiation, while still guaranteeing excellent light entry

A AN N~ AN~ o~
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13.11. llluminance on December with shadings

[lluminance (Lux) - 21 December h. 09.00
Clear Sky

D

llluminance (Lux) - 21 December h.12.00
Clear Sky

500 lux
438 lux
376 lux
313 lux
250 lux
188 lux
126 lux
63 lux

N

500 lux
438 lux
376 lux
313 lux
250 lux
188 lux
126 lux
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_O_ B 500 lux

1 438 lux

llluminance (Lux) - 21 December h. 15.00 376 lux
Clear Sky 313 lux

250 lux

] 188 lux

126 lux

- 63 lux

Strips on the roof

Strips on the roof, serve to homogeneously
shield the internal environments from direct
radiation, while still guaranteeing excellent light entry
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13.12. Conclusions

From the lighting simulations, it can be seen that the
elevation of the floor that is being analyzed has a
strong impact on the results obtained. The ground
floor presents some problems in terms of insufficient
lightin the winter period; this could involve the use of
artificial lighting. These unfavorable areas, however,
are limited to spaces where study activity is not
the main one; these are areas in correspondence
with passages or elevators, where users do not stay
for a long time. It is noted that in all the perimeter
portions of the various floors the value of the FD
clearly exceeds 3%, a threshold suitable for study
and reading spaces. The upper floor has FDs that
are highly superior to those required by law, thanks
to the fully glazed roof. In the points where there
were excessive values, opaque panels were placed
alternating with glazed ones to obtain values within
the standard. As regards the analyzes carried out
on the illuminance, during the summer months, the
minimum average lux values required are respected
in all areas.
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13.13. Laboratories - Daylight analysis and shading optimization

Going more in deep with the analysis, we decided
to study and optimize the shading system of the
laboratories on the southern facade that is the
most critical one because of the orientation and
the amount of total radiation.For the fact that the
orientation of the shading system is on South, we
decided to use horizontal shading elements that are
suggested for this orientation. The purpose of this
analysis is the optimization of the Daylight factor to
keep it at 2% on the 80% of the surface at least,
as it is written in the BREEAM certification, the
world's leading sustainability assessment method
for masterplanning projects, infrastructure and
buildings.

Fig.209: Softwares used for the design optioneering study

We plotted 1842 different solutions mixing all
these parameters and we explored the different
possibilities with Design Explorer 2 trying to find
the best coupling. Starting from the step 0, where
we have just the box without a shading element

NleMBER THICKNESS

Fig.210: Design explorer Optioneering Graphic

Fig.211: Initial step: no shading elements
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The shading system of the laboratory boxes on the
southern facade was designed through an operation
of optimization based on the annual dayligth factor
(DF).

We printed 1842 different solution combining the
number of the elements, the thickness, the depth and
the degree of the rotation.

The purpose was to find a DF close to 2% for more
than the 80% of the surface of the lab.

Here are reported just some example that synthetize
the process until the perfect solution suitable for our
needs.

L aDesignExplorer

to the final step where we have 6 elements, with a
thickness of 10 cm,a depth of 30 cm and a rotation
of 10°.

ROTATION

AVERAGE DF

18.50<

16.81

15.12

13.43
11.74
10.05

8.35
6.66
4.97
3.28

<1.59

Fig.212: Axonometric view of the laboratory box
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17.18<
15.62
14.05
12.49
10.92
9.36
7.80
6.23
4.67
3.10

<1.54

Fig.213: Elements Number 2 - Thickness 5 cm - Depth 20 cm - Rotation O°

%
13.09<
11.92
10.76
9.59
8.42
7.26
6.09
4.92
3.75
2.59

<1.42

Fig.214: Elements Number 4 - Thickness 5 cm - Depth 20 cm - Rotation O°
%

I 6.51<

5.97
5.43

4.90
4.36
3.82
3.28
2.74
2.21
1.67

<1.13

Fig.215: Elements Number 6 - Thickness 10 cm - Depth 30 cm - Rotation O°

% P
5.00< i
5
4.20

3.80
3.40
3.00
2.60
2.20
1.80
1.40

<1.00

Fig.216: Elements Number 6 - Thickness 10 cm - Depth 40 cm - Rotation O°
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4.43< N
4.08

3.73 i
3.37
3.02
2.67
2.32
1.97
1.61
1.26

<0.91

Fig.217: Elements Number 6 - Thickness 10 cm - Depth 40 cm - Rotation 5°

3.96< N
3.65

3.33 i
3.02
2.71
2.40
2.08
1.77
1.46
1.14

<0.83

Fig.218: Elements Number 8 - Thickness 10 cm - Depth 30 cm - Rotation 10°

Final Solution



13.14. Building Energy Potential

The second step was to translate the total amount of
sunlight hours in radiation potential to be converted
in useful energy by a system of photovoltaics (PV)
panels installed on the roof to reduce the total
energy consumption of the building. A solar panel, or
photo-voltaic (PV) module, is an assembly of photo-
voltaic cells mounted in a framework for installation.
Solar panels use sunlight as a source of energy to
generate direct current electricity. A collection of
PV modules is called a PV panel, and a system of
panels is an array. Arrays of a photovoltaic system
supply solar electricity to electrical equipment.

We decided to use a shading elements integrated

12 AM
6 PM
12 PM
6 AM

12 AM

Jan Feb Mar Apr May Jun

AC power output (kWh) - Hourly
MILAN_ITA
1 JAN 1:00 - 31 DEC 24:00

with pv cells with a 22% of efficiency that could
produce 848080 kWh per year.

Photovoltaic shading system

Theinstallation of shading system with an integration
of photovoltaics cells allalong the roof of the building
allow us to produce a huge amount of green energy
to use for heating and cooling purposes, as well as,
reducing the amount of electric consumes due to
the artificial ligths and expecially the technological
equipment of the laboratories.

Aug Sep Oct Nov Dec

Annual System Potential = 848070

Fig.220: Graphical rapresentation of the annual solar energy production
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13.15. Laboratory Energy Consumption kWh/m? to recirculate air.
The higher consumption amounts are related to

At the end we analysed the amount of energy the light system and to the technical machines that

consumption related to the laboratory boxes are quite constant all over the year because of the
that we chose because of the fact that they have function of the space, consuming respectively 47
different energetic needs despite of the whole KkWh/m? and 185 kWh/m?.

building.

We produced a graph that shows the energy
consumptions related to the HVAC system, using a
packed vav reheated system powered by electricity.
This system is suggested for small buildings of 80
m?as maximum, so it fits perfectly the area of the
laboratories that it is of 64 m?

Through this system the boxes consume yearly: 10
kWh/m? for heating, 43 kWh/m?for cooling and 113

All these energy consumption will be reduced in
the end, with the energy produced by the solar
systems on the roof.
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Conclusions

The study carried out in this thesis allowed us to
learn several topics not previously addressed, it
concluded our university education in the best way
allowing us to work in a group despite the distance
given by this difficult year of Covid.

An integrated modification was carried out with
the project to transform existing urban contexts
seen as complex systems into more sustainable
and energy-efficient forms. A methodology was
used that analyzed complex systems, and solved
problems on different scales: local, intermediate,
and global. It began by studying the state of affairs
and understanding the historical transformation of
the building from the initial construction phase to its
use as the most important slaughterhouse in Milan,
up to its abandonment. From these analyses it was
concluded which parts needed to be renovated
and which were demolished to keep the iconicity of
the gallery and its historical importance intact.
Together with the historical and urban planning
analysis, the study of the structure was deepened,
implementing the existing bearing wallsin reinforced
concrete with a structural steel mesh, chosen to
recreate that industrial context that existed during
the period of use of the slaughterhouse. This was in
fact left totally exposed and coupled with the wood
finishes that create warmer environments instead.
With the structural analysis, our design approach
was innovative and reckless but at the same time
tried to work according to the existing structure,
reinforcing it to preserve and maintain it in the long
term.

Atthe end of this process, construction technologies
have been determined that will help achieve the
objectives of the C40 challenge and integrate more
sustainable construction materials. Thanks to the
technological and energy study, the building has
achieved the set goal of reducing CO2 production
and heat island thanks to the large amount of
greenery both in the building and in the Masterplan.
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DARIO

Eccoci qua, finalmente arrivati al fatidico e tanto atteso momento che segna la fine
di un capitolo enorme per la mia vita, che chiude per sempre un periodo di gioia e
sofferenza.

Durante questi ultimi due anni ho vissuto a Lecco e, per quanto mi & stato possibile, tra
Covid e lockdown vari, ho affrontato la mia prima esperienza fuori casa che & andata
meglio di quanto potessi pensare.

All'inizio & stato impegnativo: mi ricordo ancora le prime settimane in cui ho dovuto
ambientarmi tra lezioni, mezzi di trasporto, pranzi, cene e studio rimbalzando da una

’ . PN . Y . /
parte all'altra ma poi, andando avanti, & diventato tutto ancora pit complicato perché
si sa, la vita universitaria di noi architetti/ingegneri non € mai semplice. Le notti insonni
e i periodi di lavoro senza sosta, magari da rifare da capo ogni settimana, i problemi
con alcuni compagni di gruppo che non ti facilitano la vita ma anzi te la complicano e
il modus operandi di professori a volte fuori dagli schemi.

Dall'altra parte, la piccola realta del polo di Lecco, ha saputo alle

viare queste sofferenze. Eventi, feste in residenza a dir poCo sconvo|genti, in tutti i
sensi, il giovedi universitario allOrsa, i banchetti di Svoltastudenti con focacce e
sangria per tutti, il PROM, tornei di beach volley con annesse grigliate per un esercito
di 200 persone e molto altro, mi hanno permesso di conoscere persone uniche con
cui ho condiviso questo incredibile percorso.

Laureato due volte, architetto e ingegnere e chi l'avrebbe mai detto? Non di certo i
miei ex professori del Liceo a cui, in parte dedico questo traguardo a cui chiederei di
modificare la frase da “& bravo ma non si applica” a “& bravo” e basta.
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e i weekend a studiare, dovendo rinunciare ai nostri momenti insieme. Grazie per
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Grazie al mio coinquilino Edoardo, con cui ho convissuto due anni grandiosi. Abbiamo
passatodituttoinsieme, da coinquiline fuoriditesta, condizioni sanitarie critiche, viaggi
a piedi verso le feste in residenza accompagnati da gin tonic in contenitori di dubbia
grandezza che purtroppo non sono riusciti a tornare a casa sani e salvi al contrario
nostro, anche se non & ancora chiaro come. Potrei stare qui a raccontarne per ore. In
te ho trovato un grande amico e il miglior compagno di mangiate: nellappartamento
Kandinsky si narrera per sempre dei nostri hamburger da 2000 cal. farciti con mezzo
frigorifero, degni di “Man vs Food”.

Grazie ai miei amici di Lecco: Ste, Martha, Giusy, Nico, Ludo, Boban, Marco, Chiara,
Laura con cui ho passato i momenti pit belli a Lecco e mi hanno fatto conoscere
altrettante persone.

Grazie ai miei amici di Casalmaiocco: Delo, Erik, Gero, Ale, Nami, Roby, Fappi, Alessia,
Albi, Christian, Dennis.
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viverne altrettanti e di riuscire ad essere pil presente per tutti. Vi voglio bene

Grazie ai miei compagni d'armi, i “Pezzi di fango” con cui ho superato la quarantena
res dopo res, kill dopo kill, win dopo win (altre mille quarantene cosi).

Grazie a tutta la mia famiglia: a mia nonna Antonia che si & sempre preoccupata per
me e che non voleva pit vedermi studiare, tranquilla ho smesso; a mia zia Annarita
che tra i mille pensieri che ha sempre in testa, ce n'e sempre uno per me; a mia zia
Veronica e a mio zio Pier con cui non vedo l'ora di tornare in Puglia ed abbuffarmi
di gnummareddi, cozze, ricci di mare solo dopo aver fatto aperitivo ad Otranto; a
mio cugino Edo, da cui aspetto un invito al Parlamento Europeo il prima possibile; a
mio cugino Thomas, che mi dovra sicuramente aggiustare dopo tutto questo tempo
passato su una sedia; a mia cugina Linda che non vedo da un po di tempo, a cui ho
promesso di andare a trovare in Australia e che ha gia un posto pronto ad accogliermi,
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Infine, vorrei usare le parole di un mio conoscente per 'ultimo ringraziamento:
Last but not least, | wanna thank me
| wanna thank me for believing in me

| wanna thank me for doing all this hard work

| wanna thank me for having no days off

| wanna thank me for never quitting

| wanna thank me for always being a giver

And tryna give more than | recieve

| wanna thank me for tryna do more right than wrong
| wanna thank me for just being me at all times

Ultimo ma non meno importante, voglio ringraziare me stesso

Voglio ringraziarmi per aver creduto in me

Voglio ringraziarmi per aver fatto tutto questo duro lavoro

Voglio ringraziarmi per non aver avuto giorni liberi

Voglio ringraziarmi per non essermi mai arreso

Voglio ringraziarmi per essere sempre una persona che da,

cercando di dare piu di quanto ricevo

Voglio ringraziarmi per aver provato a fare piu cose giuste che sbagliate
Voglio ringraziarmi per essere me stesso in ogni momento
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