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PROLOGUE

This report is the final outcome of a master thesis in ar-
chitecture, developed at Architecture & Design, Aalborg
University. The project takes its point of departure in the
design of a visitor center for the monument of Crome-
leque dos Almendres and the focus lies on a tectonic
approach through and integrated design process. The
project is developed by group MA4-ARK36 and spanned
the period from 03.02.16 to 25.05.16.



ABSTRACT

This report concerns the design of a visitor center at the
ancient monument of Cromeleque dos Almendres, situat-
ed in the Alentejo province of Portugal, well known for its
‘landscape’ of cork oak forests and prehistoric, monolith-
ic monuments. The visitor center addresses the topic of
creating a humble architecture that conveys and explains
the unique astrological phenomenon that have shrouded
the monument in mystery and religious worship through
several millennia. The design aims to inform, intrigue and
pace the visitors to explore the many functions of the
center, reachable by foot. The humble expression of the
facade culminates in an expressive interior, providing a
multitude of functions, including an auditorium, a gallery
and a wine bar.

The simplicity of the exterior expression of the visitor
center improves the surroundings by contrasting it. The
smooth transition from the terrain onto the fifth facade of
the building provides the visitors a panoramic view of the
valley. Below the visitors are invited into the darker sub-
terranean exhibition to explore the multifaceted nature of
the monument.
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METHODOLOGY

THE INTEGRATED DESIGN PROCESS

To ensure a comprehensive and thorough process
of design the method of the Integrated Design Pro-
cess is applied to the project. It is an iterative ap-
proach combining critical, analytical and theoretical
methods to achieve an interdisciplinary approach to
holistic architecture. The method is based on five it-
erative phases that merges general intuition with sci-
entific research and results, constantly optimizing a
project based on technical, aesthetical and functional
qualities and considerations. As such it is a great tool
to create architecture that is the result of a synthe-
sis between aesthetical and technical parameters.
[Hansen+Knudstrup]

In the problem phase the problem is described and
clarified through a hermeneutic study of literature to
form a basis for the design. The framework for the
project is defined through an examination of the no-
tions of Tectonics in Architecture and Sustainable
Materials, and the competition brief is analyzed to
assess the extent of the program.

In the analysis phase the conditions of the site and its
surroundings is analyzed in various aspects. The ma-
jority of the studies involve empiric observations and
documentation of climate conditions, historical con-
text and general characteristics of the site such as to-
pography. In order to build upon general conceptions
of the functional requirements in public buildings,
phenomenological field studies have been included.
The results of the analyses provide an overview of
the qualities and problems associated with the site. It
forms the design criteria and the vision for the project
and shapes the initial design concept.

In the sketching phase different proposals are
sketched and investigated by applying many con-
secutive iterative loops. In this phase the project is
optimized through technical, functional and aestheti-
cal con siderations based on the results of the previ-
ous phases. It is an empiric and analytical approach,
where the early stages consists of quick iterations,

mainly visualized by hand sketches or quick ana-
logue models. As the project gradually develops, and
the concept becomes more refined, the analogue
visualization technique is being supplemented by
digital visualization techniques, utilizing 3D software
to model and generate digital visualizations. A de-
veloped subjective and intuitive approach is used to
base choices on immediate impressions. The result
of the sketching phase is a more complete, coherent
and informed design concept.

In the synthesis phase the iterative loops are con-
tinued till the final design emerges, integrating the
technical and functional aspects with the aestheti-
cal aspects. Subjective and intuitive considerations
are balanced with empiric scientific data, creating a
poetic synthesis and evoking a multifaceted design
that expresses and encompasses the vision for the
project.

In the presentation phase the final design is present-
ed through various means of visualization techniques,
appropriate for conveying the atmosphere and narra-
tive of the architecture. [Hansen+Knudstrup].



A great building must begin with the unmeasurable,
must go through measurable means when it is being
designed and in the end must be unmeasurable”

Louis Kahn, Architect [Kahn]
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INTRODUCTION

A VISITOR CENTER

This thesis takes its point of departure in a preliminary
program made specifically for students of architec-
ture. The competition was announced in the autumn
of 2015 and involved the design of a visitor center
to the prehistoric monument of Cromeleque dos Al-
mendres. The center should provide and communi-
cate information about the more than 8000-year-old
Monument as well as facilitate secondary functions,
unrelated to the monument, such as an art gallery
and a wine bar.

In the montado landscape of the Alentejo region of
Portugal 92 stones have been erected in a concentric
ovoid shape, forming the monument of Cromeleque
dos Almendres. The purpose and history of the mon-
ument is magnificent, but visitors are currently left
with nothing to communicate this information to them.
Visiting a prehistoric place like this is sure to raise
questions, and one of the most important objectives
for a visitor center is to answer them.

The Cromeleque dos Almendres is in many ways a
piece of ancestral architecture. It was designed by
our predecessors to provide a sense of space at
a very specific geographical location. Our ances-
tors created this space by encircling a location with
crudely shaped rocks of different sizes, much like
modern construction practices can essentially be
boiled down to creating confinements that separate
the indoors from the outdoors. Designing a building
that relates to said monument is a complex task and a
task that requires a great deal of respect and under-
standing of the distinctive atmosphere of the place;
the Genius Loci.

“The collision or interaction between topography and
built, stacked interventions (buildings) have a very
basic influence on the landscape ... The landscape
is the foundation. But an architectural feature might
make it more sensual to consume and read the natu-
ral, or cultivated, attraction.”

Allan de Waal, Architect [de Waal]
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1.0 FRAMING THE PROJECT

1.0.1 TECTONICS IN ARCHITECTURE

The tectonic framework of this project is based upon
Kenneth Frampton’'s ‘Studies in Tectonic Culture’,
Anne Beim’s ‘Tectonic Visions in Architecture’ and
Marco Frascari’'s ‘The Tell-The-Tale Detail’.

The term ‘tectonic’ has its origin from the ancient
Greek noun - tekton which was the common term for
an artisan/craftsman or a builder, or from the ancient
Greek term - techné referring to the art of craftsman-
ship or creating [Frampton].

However in present day the term of tectonic is signif-
icantly more complex to describe and it is not some-
thing that can be pinned down to one definition. It is
a term that has been interpreted by many different
people in many different ways. It is not a specific style
in modern architecture, but rather a way of letting the
construction of a piece of architecture be expressed
to achieve different atmospheres and create experi-
ences throughout a building. Kenneth Frampton re-
fer to this as ‘the poetics of construction” and argues
that there is a developing interest in being true to the
materials by honoring both the potentials and the lim-
itations of the materials, just like Louis Kahn famously
proclaimed:

“If you think of Brick, you say to Brick, What do you
want, Brick?” And Brick says to you, ‘I like an Arch.’
And if you say to Brick, ‘Look, arches are expensive,
and | can use a concrete lintel over you. What do you
think of that, Brick?’ Brick says, ‘I like an Arch.” And
it’s important, you see, that you honor the material
that you use. [..] You can only do it if you honor the
brick and glorify the brick instead of shortchanging
it.” [Brick].

Frampton stresses that the different components of
a building should be joined meticulously and with
great thought to ensure that the structural scheme of
a building remains transparent and logic to the eye of
the beholder [Frampton].

Much like Frampton, Anne Beim stresses that building
technology and construction practices are elevated
to become tectonics when they are given thought and
handled consciously. She argues that the term of tec-
tonic is a marriage between the concept, the compo-
sition, the building technology and the construction
principles and that the structure of a building should
form a symbiosis with its functions and aesthetics
[Beim].

“Materials may be signified in accordance with their
inherent nature, and various architects have been in-
spired by their different physical qualities, e.g. sur-
face textures, structural strength, firmness or soft-
ness” [Beim, p. 60].

Like Frampton and Kahn, Anne Beim confirms the im-
portance of materials and the impact that the right
choice of material can have on architecture, whether
structurally or aesthetically.

To Marco Frascari the term of tectonic is a phenom-
enological concept. He believes that the details in a
piece of architecture should act as a common thread
and create a narrative that ‘tells the tale’ [Frascari].

“In architecture, feeling a handrail, walking up steps
or between walls, turning a corner, and noting the sit-
ting of a beam in a wall, are coordinated elements of
visual and tactile sensation.” [Frascari, p. 28].

According to Frascari the art of detailing is the art of
merging spaces and materials in an aesthetic, struc-
tural and functional manner. He describes this as a
critical field between the physical construction and
the mental construing of a space, the thought and the
furnishing that goes on in the mind when entering a
space. This dualism allows the forming of spaces that
are open for various interpretations and he speaks of
two different kinds of joints, the material joints and the
formal joints.

“Details can be ‘material joints’ ... or they can be ‘for-
mal joints’, as in the case of a porch, which is the
connection between an interior and exterior space.”
[Frascari, p. 23].

A tectonic approach enables the design to form and
convey different atmospheres and spatial experienc-
es through its choice of materials, construction and
details while simultaneously allowing for an interdisci-
plinary integration of aesthetical, technical and func-
tional qualities.



[ll. 03b, Hamar Museum,

Sverre Fehn.
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1.0.2 SUSTAINABLE MATERIALS

When looking up the word “sustainable” in the dic-
tionary it is defined as “...being a method of harvest-
ing or using a resource So that the resource is not de-
pleted or permanently damaged” [Merriam-Webster].

This notion has become increasingly important with
the contemporary focus on the climate and the sur-
vival of our planet and while there are many culprits,
one of the main contributors to the changing climate
is the depletion in the stratospheric ozone later that is
caused by an excessive emission of CQO,,.

That is why bringing down the CO, emission is of high
priority, and while there are many ways of effectively
doing so, this section will focus on the aspect of se-
lecting sustainable materials and the considerations
associated with it.

A key consideration when choosing a sustainable
material for your building is how the material is being
processed; from extraction to production, packaging
and shipping. This chain of steps is important to re-
view because each phase will have an impact on the
total calculated CO, emission of the final product.
Take a look at wood for instance. Wood is often con-
sidered one of the most sustainable materials availa-
ble due to the forests natural process of sequestering
carbon for carrying out photosynthesis. However, if
the wood chosen as the material is not being logged
in a sustainable manner, it becomes an unsustainable
material leading to deforestation and changes in the
local microclimate of the harvesting site.

This depletion of raw materials, and wood in particu-
lar, is a very serious matter and it has a direct impact
on our planet’s ability to sequester the carbon that
we emit. Luckily there are organization, such as PEFC
and FSC, dedicated to ensuring that raw materials,
and in this case timber, are not being harvested any
faster than it can reproduce, and these organizations
have supplied the sustainable manufacturers with a
label they can use to ensure the consumer that the
product has been harvested sustainably [PEFC].

When choosing a sustainable material, it is therefore
important to consider the environmental impact of
the carbon footprint produced by the manufacturing
process. As a consumer you should ask yourself how
it is being manufactured and how much energy the
manufacturing process requires, how much energy is
spent on transport from the producer to the consum-
er, how easy is it to maintain and dismantle the ma-
terial and what happens at the end of its service life.

The following section contains an in-depth analysis of
the sustainability of two materials; concrete and cork.
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1.0.3 SUSTAINABILITY OF CONCRETE

Typically concrete is made up of 41% crushed rock,
26% sand, 16% water, 11% Portland cement and 6%
entrained air. The ingredients are mixed together and
the cement reacts with the water to create a solid
mass [BuildingGreen].

Portland cement is created through mixing a variety
of materials in a rotary kiln and exposing the materi-
als to temperatures of 900°C to 1500°C. The industry
currently uses two kinds of kilns, the older and more
inefficient ‘wet’ kiln, which combines the materials
into a wet slurry before heating it, and the dry kiln
which combines the ingredients in powder form and
uses about 25% less energy. After cooling, the prod-
uct of this process is then ground into a fine powder
and gypsum is added to help with the setting time
and workability of the cement [BuildingGreen].

Concrete is one of the most readily available ma-
terials used for construction and it has many great
environmental advantages such as a high durability
and longevity as well as a capacity for storing heat;
something that can really benefit a building and help
it maintain a steady indoor temperature throughout
the day.

In buildings where passive solar strategies are being
utilized, concrete’s ability to perform as a structur-
al element while providing thermal mass makes it a
great choice of material and its ability of being ap-
plied as both structural element and finished surface
in a building is unique and can reduce the amount of
materials used in a project [BuildingGreen].

However, despite its many advantages, concrete
also suffers from substantial disadvantages when
it comes to embodied energy and CO_2 emissions.
Cement production is a very energy intensive pro-
cess due to the high temperatures that the raw ma-
terials are exposed to. But while cement has a very
high embodied energy, it is actually lower per pound
than steel and aluminum, and the embodied energy
in concrete is significantly lower than that. Further-
more, due to its production method, concrete is one
of the few building materials that can be reformulated
to improve upon its environmental footprint, and there
are numerous ways to reduce the environmental im-
pact of concrete by using it wisely [BuildingGreen].
Reduce cement used - the most common method is
to substitute some of the cement in the concrete for fly
ash or other pozzolans. Up to 40% of the cement can
be substituted for fly ash and 20% can be substitut-
ed for natural pozzolans such as rice husk ash. Rice
husk ash also have the added benefit of accelerating
early strength gain in the concrete, which solves one
of the problems with fly ash, allowing more fly ash to
be substituted for cement. While rice husk ash has
great potentials it remains a niche product however
which limits its availability [BuildingGreen].

Another way of reducing cement in the concrete is
achieved by accepting a longer setting time. If 50
days is an acceptable time to wait before the concrete
reaches its design strength is acceptable, instead of
30, it will reduce the amount of cement needed and
the long-term strength of the concrete is enhanced in
the process [BuildingGreen].

Reduce waste — the cement and concrete industries
can reduce solid waste problems by burning waste
as fuel for the kiln, but the industry is simultaneously
the largest contributor or construction and demolition
waste. Some of this waste can be recycled as high-
way substrate or fill around buildings. Using pre-cast
concrete components when possible helps reduce
the waste because the exact material quantities can
be estimated more precisely and higher strengths
can be achieved by controlling the conditions of the
manufacturing process, resulting in less material re-
quired [BuildingGreen].

The process of producing cement, and therefor also
concrete, produces significant CO, emissions, of
which half comes directly from the process of pro-
ducing cement and the other half comes from burn-
ing carbon-intensive fuels to heat the kilns. The best
way to reduce the emission is to improve the energy
efficiency of the kiln operation by using natural gas or
agricultural waste as fuel. Substituting part of the ce-
ment in the concrete also reduce the CO, emissions.
A new technology of sequestering carbon within the
concrete blocks have proven to reduce the carbon
emission while also increasing the strength of the
concrete [BuildingGreen].



CONCLUSION

While the best way of reducing the environmental
footprint of cement is to not use it at all, this is not an
option due to a lack of commercially viable alterna-
tives. That leaves the consumers with the option of
attempting to reduce the amount of cement used in
the concrete by applying some or several of the de-
scribed strategies. And while concrete may not be
considered one of the most sustainable materials, it
delivers in availability, durability and flexibility. One
can argue that applying strategies to increase the
sustainability of a material that is used as extensively
as concrete is in fact a sustainable approach. Utiliz-
ing new strategies and being a frontrunner shows the
concrete industry that there is a market for sustaina-
ble concrete.
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1.0.4 SUSTAINABILITY OF CORK

The site is located in the Portuguese region of Alente-
jo, currently the most productive cork land area
hosting more than two-thirds of the cork oak forest
landscapes of Portugal and for that, the region has
become famous for its extensive contribution to the
global cork market of which Portugal supplies rough-
ly 60% [WWEF].

The site is densely surrounded by cork oak trees,
some natural and some having been planted to es-
tablish cork plantations. The following section exam-
ines the possibilities of using cork in a building be-
cause of its importance to the region.

Quercus suber is the botanical name for the cork
oak tree. It grows in stony ground of little depth and
prefers sandy soil over calcareous soil. It ordinarily
reaches heights of 7.5 to 15.5 meters and the aver-
age tree live between 100-300 years. The branches
are generally quite wide spread and covered with
small, glossy evergreen leaves, which makes for a
relatively scattered treetop. The roots are likewise
spread widely and are often visible above ground.
During April and May the tree blossom and takes on
a yellowy appearance. The outer bark of the cork oak
consists of very thin-walled cells, each containing a
microscopic amount of air, sealed against each other
to ensure that the entrapped air will not move within
the material. This peculiar structure of the outer bark
is what makes it such an efficient nonconductor of
heat while also making sure that the bark is imperme-
able to air and water [Cork].

Only the outer bark of the cork oak is used to yield
the product referred to as corkwood. The bark is re-
moved in the summer months. When the tree is about
20 years old, measured by its circumference, the out-
er bark will be fit for harvest. Typically, this is done by
cutting the bark free at the base of the tree and at the
top of the trunk, just below the branches, and then
performing two vertical cuts in the bark, connect-
ing these two cuts makes it easy to pry off the outer
bark. The first stripping yields a product referred to
as virgin cork, which is rough, coarse and dense in
its texture. Therefore, it is most commonly used in the
production of linoleum and, when treated according-
ly, the manufacture of cork insulation. The stripping
of the outer bark is actually beneficial to the cork oak
tree, which immediately begins forming a new ‘cov-
ering’ of better quality; ready to be harvested again
after about 9 years. The second - and all subsequent
strippings of the outer bark yields the cork that is
used to manufacture commercial products such as
cork stoppers. Following the harvest, the corkwood is
boiled to remove some of the grit present in the bark
due to its long exposure to the elements. The boiling
process also removes the tannic acid and increases
the volume, elasticity and pliability of the bark.

The vast majority of the harvested commercial cork is
used for cork stoppers, representing almost 70% of
the cork market value. To produce the cork stoppers
the cork slabs are cut into strips of widths equal to
the desired length of the cork stopper and then a tu-
bular punch cuts out a single row of cork stoppers as
close to each other as possible. Despite the efforts to
minimize waste it is an industry that produces quite
a lot of it and this have led to the manufacturing of
various other products from granulated cork waste
[Cork].

When manufacturing expanded agglomerated cork
used for insulation, the cork is more roughly ground
and obtained primarily from grinding the virgin cork
and the cork from the branches, also known as falca
[Materials for Construction].

This process also produces a significant amount of
cork dust, which is stored in silos and used as bio-
mass fuel for the boiler that generates 90% of the en-
ergy used to fuel the factory. The granulate for the ag-
glomerated cork is then stored in silos that supplies
the autoclaves in which the cork granulate is injected
with superheated steam at about 350-370°C for 20
minutes. The procedure expands the cork inside the
autoclave, but since the autoclave is a closed envi-
ronment the compression binds the cork granules
together naturally, without any additives, by using
the resin present in the cork granules. After the cork
block has been pulled out of the autoclave it is cooled
down by injecting water into its core and then they are
stored for 10 days without any further treatment. This
is done to stabilize the block and allow it to maintain
its shape so that it can be cut into the desired thick-
ness, varying from 1cm to 30cm [Ecosupply].

Presently cork insulation has been widely used by
the industries for thermal, acoustic and anti-vibra-
tion insulation, but because it takes a relatively small
amount of insulation to achieve great results the
quantity of cork used to manufacture this productis a
small factor in the overall cork industry [Cork].



Ill. 05, Cork oak grove.
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CONCLUSION

Cork is a completely natural and renewable material.
The cork oak can be harvested every 9 to 12 years
in the trees lifespan of 100 to 300 years and the har-
vesting procedure is environmentally friendly and
done by hand.

The cork oak landscapes are a big contributor to
reducing greenhouse gases in the atmosphere, as
the trees are sequestering CO, as they grow. Every
time the outer bark of the cork oaks is being harvest-
ed, the tree stores CO, in order to regenerate itself.
Therefore, regularly harvested cork oak trees absorb
up to 5 times as much CO, as unharvested cork oak
trees during their life time.

Cork is a biodegradable material and it can be recy-
cled completely to produce notice boards, floor tiles
and insulation material.

The expanded agglomerated cork is a locally sourced
material that is being manufactured in a carbon neg-
ative process, storing more carbon than the carbon
footprint generated from the production, packaging
and shipping of the product. This is possible because
the cork oak trees are not cut down when obtaining
the cork, allowing the trees to act as a carbon sink
for their entire life span, and because up to 90% of
the energy fueling the manufacturing is generated by
burning cork dust, a residue of the grinding process,
in an extremely efficient boiler. Furthermore, the only
materials used in the process are the bark itself and
the steam used to expand the cork granules.

The granules are primarily sourced from the outer
bark of the branches, which is otherwise inadequate
for use in the wine industry because of the irregu-
lar shapes, and from the virgin cork of the first har-
vest, likewise inadequate for use because of its very
coarse and dense texture. The virgin cork makes for
perfect insulation due to its high resin content, mak-
ing it easier for the cork granules to stick together
when compressed by the steam. The demand for vir-
gin cork creates an economic incentive to plant more
cork oaks, thus increasing the global carbon storage
capacity [Ecosupply].

REFLECTION

Recently the cork stopper market has been steadily
declining due to the increased market share of cheap-
er alternative stoppers such as plastic stoppers and
screwtops. This is an issue because it removes the
incentive for the cork farmers to harvest and main-
tain the cork oak landscapes. One way to solve this
problem would be to greatly expand the market for
other cork products such as insulation. However, this
impose the important question of whether the cork
industry could in fact realistically supply enough cork
insulation to satiate the increase in demand, and
compete with the production of foam-plastic insula-
tion in terms of price and availability [WWF].

There is no simple answer to such a question because
there are a variety of factors in play and most impor-
tantly it always comes down to one thing; money. It
is important to remember that corkwood is an agri-
cultural product and that with an agricultural process
the price dictates the production rather than the pro-
duction dictating the price. Plainly put; an agricultural
product will only be continuously grown in volume if it
brings in a price that makes it a profitable endeavor. If
the demand grows beyond the volume being grown,
then the producers will simply increase the volume,
and if the ultimate capacity of the producing soil is
reached, more soil will be prepared. Cork insulation
offers many useful qualities and if the price were low
enough it would be used to a much greater extent
than it is presently, but unfortunately cost is usually
the determining factor in the industries [Cork].

Currently cork insulation remains a niche product,
appealing to the architects and engineers who are
truly committed to sustainable materials and envi-
ronmental protection. The producers are required to
have a good amount of foresight, and they are very
much dependent on a stable market to predict the
future demand and act accordingly - the natural pro-
cess of harvesting the bark can only take place every
9 years and they have to wait for 25 years before they
can harvest the bark of a newly planted tree.
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1.1 A STUDY OF VISITOR CENTERS

1.1.1 STONEHENGE VISITOR CENTER

The Stonehenge visitor center is chosen for a case
study to investigate how architecture can interact with
a megalithic monument.

The megalithic monument of Stonehenge is among
the most iconic and well-known archaeological sites
in the world. For many years the monument was being
severely compromised by outdated visitor facilities
and roads cutting it off from the beauty and coher-
ence of the surrounding landscape. The new project
restores a sense of greatness to the monument and
its setting and allows for about 800.000 annual visi-
tors to come and experience the monument in an al-
most unspoiled landscape [EuropaNostra].

The Stonehenge Visitor Centre is designed by the ar-
chitects Denton Corker Marshall and was erected in
2013 [ArchDaily]. The centre is situated at the west-
ern periphery of the World Heritage Site, approxi-
mately 2.4 km west of the Stone Circle - and as such
it remains invisible from the stones [The Guardian].

The new visitor center has a gross internal area of
1500 m? and consists of a grouping of three simple
enclosures that rests on top of a limestone platform,
sheltered by a perforated canopy that undulates to re-
flect the rolling landscape that surrounds the center.

The three enclosures are finished in different materi-
als and provides the centre with the principal accom-
modation for its functions. The largest enclosure is
clad in sweet chestnut timber, a locally sourced prod-
uct, and houses the actual museum displays as well

as the service facilities. The second largest is clad
in glass and houses the educational facilities of the
centre along with the café and the gift shop. The third
and smallest enclosure is clad in zinc and accommo-
dates the ticket office [ArchDaily].

The circular shape on the plan accommodates a dig-
ital laser scan of the stone circle, projected unto the
surrounding walls. This allows the visitors to experi-
ence what it is like to stand in the center of the mon-
ument during summer and winter solstice, while the
center of the actual monument is closed off to the
public [TheGuardian].
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1.1.2 BROOKLYN BOTANICAL GARDEN

The visitor center in Brooklyn Botanical Garden is
chosen for a case study to examine how a building
can integrate the natural contours of the landscape.

The visitor center for New York City’s Brooklyn Botan-
ical Garden interacts with a piece of topography that
connects the city to the botanical garden. The center
was designed by architects Weis/Manfredi and was
completed in 2012. Since then it has received several
awards including an award for excellence in design
[Weis/Manfredi].

The design of the visitor center is a seamless exten-
sion of the landscape. Nested into an existing elevat-
ing landscape, the center is a continuation of the path
system in the garden while framing a series of views
into and through the garden. Located at Washington
Avenue, the visitor center ‘wanders’ from the city and
into the garden, providing clear orientation and ac-
cess to its major areas. The visitor center includes an
orientation room, information lobby, gift shop, exhibi-
tion gallery, cafe, and an elliptically shaped space for
events [Weis/Manfredi].

The event space is ‘squeezed’ in-between two dis-
crete outdoor areas. Along the glass wall, a terrace
provides space for visitors to gather and for Brooklyn
Botanical Gardens to host outdoor events. The hill op-
posite the center can be reached with an exterior stair
that connects to the event space and provides the
visitors with a passage that cuts through the building,
eventually leading up to the Ginkgo Allée.

Weiss/Manfredi crafted two sinuous pavilions (one for
events and exhibitions and the other for a gift shop),
stitched together by a ribbon performing as a shad-
ed breezeway. The entrance is marked by an expan-
sive plaza and is paved with a local mix of concrete.
Custom made benches allows for the visitors to ex-
perience the full urban experience of the botanical
garden. [Brooklyn Botanical Garden].

From certain angles, the building seems to disappear
altogether as the glazed wall becomes shrouded be-
hind the garden’s vegetation: the mounding vegetat-
ed roof looks like just another small hill in the coun-
tryside .

The building redefines the traditional way that a gar-
den is arranged. It exhibits a higher interaction be-
tween building and landscape and through that the
visitor can better connect with the surrounding nature
of the site.



1. 08

. 09

27



28

1.1.3 ULURU CULTURAL CENTER

The cultural center next to Ayers Rock in Australia is
chosen for a case study because of the homage it
pays to its spiritual site through its architectural com-
position and choice of materials.

The center was made by Gregory Burgess Architects
and was completed in 1995. An extraordinary long
design process took place beforehand, spanning
over 4 years due to the commonwealth political agen-
da and the close involvement of the Aborigine peo-
ple. The center is visited by 400.000 visitors annually.

The composition of the building tells an important
story of the superstitious beliefs of the Aborigines
— tjukurpa, with the fundamental principle of people
and the landscape being one. The shape refers to
two snakes interacting, a very important metaphori-
cal reference to aborigine culture. The southern en-
trance to the building is represented by Kuniya, a
female python, and the northern exit building is rep-
resented by Liru, the male poisonous brown snake.
The two ‘snakes’ embrace a central courtyard where
the Anangu (Aborigines) can gather and work. The
courtyard also contains primitive dance facilities and
shelters for shade [CulturalUluru].

The building was developed through a long design
process which involved the Aborigine people and the
process paid much attention to the choice of materi-
als, all native to the vast land of Australia. Additionally
Aborigine art-groups prepared decorative, direction-
al tiles for the flooring throughout the building. These
tiles help visitors navigate the center [NationalParks].
The infrastructure of the building is derived from con-
trasting parameters such as solid/void, hidden/re-
vealed, enclosed/open or shaded/unshaded. These
variations throughout the design create a dynamic
motion when walking on the internal pathways of the
center [A. Architecture].

“This building is for us all. Our beautiful cultural
center has the Kuniya python built within its shape.
Its body is made of mud and its roof is the spine of
the python”.

Topsy Tjulyata, Traditional Owner.

Ill. 10, the two snakes interacting.
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1.2 OBSERVATIONS

1.2.1 KUNSTEN, AALBORG

The Aalborg Museum of Modern Art is located in Aal-
borg and designed by architect Alvar Aalto in coop-
eration with Jean-Jacques Baruél and his wife Elissa
Aalto. It was erected in 1972. The exhibition includes
a collection of modern art pieces from about 1900
and onwards.

The excursion to KUNSTEN revealed that different
types of exhibitions require different infrastructural
arrangements. There is no dictated infrastructural
flow in the art museum and this allows the visitors to
wander freely between the displayed art installations
and galleries. Another thing to note is that the dis-
played art only provides little information to the visitor;
such as the name of the piece and the artist, and the
year of completion. Extra information about a specific
piece of art may be retrieved at the reception or from
the integrated library.

The exhibition is displayed in two ways; the tradition-
al way of hanging paintings or placing installations
along the walls, and the more modern approach of
placing installations and pieces of art on pedestals
in demarcated areas. By doing so, some of the instal-
lations become room dividers as well as art displays.

Some of the paintings are highly sensitive to light, so
they are displayed in sections were they are only lit
indirectly. Others are lit using spotlights, fluorescent
lamps or LED lights.

The installations are lit from various sides using either
floor, walls and/or ceilings to attach the light source.
Some of the art installations also have integrated
lights as part of the installation.

Generally the adjoining galleries are very well lit by
the daylight coming through the special skylights de-
signed by Elissa and Alvar Aalto. The skylights are
designed with a curved surface to scatter the sun-
light and provide indirect daylight for the exhibited art
below.

The surfaces of the galleries are kept in white tones
entirely, with Carrara marble, painted bricks, veneer
panels and concrete. The white surfaces help distrib-
ute the light evenly inside the galleries by reflecting it.

The main function of the museum is to display the art
in a neutral setting with a lighting setting that ensures
that the main focus is on the art pieces exhibited.
Because the exhibition undergoes change regularly,
the recent expansion to the building also resulted in
a minor renovation to the original lighting in the gal-
leries, where extra spotlights were added underneath
the skylight.



Ill. 13, the light-installation at KUNSTEN.

. 14

31



32

1.2.2 LINDHOLM H@JE MUSEUM

The museum of Lindholm Hgije is located in north-
ern Jutland and designed by architects Dam & Ben-
gaard. It was erected in 1989 and it is built in relation
to Lindholm Hgje, an ancient burial mound from the
era of the Danish Vikings. The exhibition is divided
into two sections, one above ground and one below
ground, and includes a collection of artifacts, posters
and installations that displays the everyday life in the
Iron Age and the Viking Age. The subterranean exhi-
bition is approximately 500 m2.

The excursion to Lindholm Hgje Museum provided
insight into how an exhibition of historical sequential
time-periods is displayed. When entering the muse-
um the exhibition starts in a darkened room with no
windows or skylights. The only things lit are the wood-
en boardwalk and the historical artifacts placed adja-
cent to the boardwalk. The boardwalk is highlighted
by its contrasting material and provides guidance for
the visitors; by following it correctly, the visitor will be
provided with knowledge of the different time-peri-
ods in a chronological order. The path is consistent
throughout the museum, but the visitor does not have
to follow it rigidly. Along the way the boardwalk can be
left to examine some of the exhibited material further
or to interact with a specific piece of the exhibition.
The boardwalk also features ramps at specific parts
of the exhibition; this particular feature generates
a change in the flow and stages a downward view
towards excavated graves, creating an eerie atmos-
phere. The boardwalk eventually guides the visitors to
the end of the exhibition.

Throughout the exhibition three approaches towards
educating and informing the visitors are being uti-
lized. The combination of these three approaches
provides the atmosphere of the exhibition;

The auditive — visitors are exposed to sounds that
simulates specific parts of the exhibition; craftsmen
working with stone and metal or people talking to
each other, simulating the everyday life of a given
time-period.

The visual — the majority of the exhibition is displayed
visually, either through displays of excavated artifacts
or graves or through posters, maps and drawings. A
visual display of explanatory video material is also
present.

The interactive — video footage simulates and guides
the visitor through a naval journey while the visitor is
‘rowing’ using real ores provided in an installation of
a section of a traditional longship.

Since daylight is never present in the exhibition area
of the museum, the artificial lighting becomes very
important. The majority of the lighting in the exhibition
area consists of spotlights mounted on suspension
racks. These racks are barely noticeable since the
focal point is the exhibition and the artifacts, which is
being stressed further by intensifying the light on the
exhibited objects. Every spotlight is designed to cast
its light with great precision, controlled by adjustable
flaps capable of being opened or closed further, pro-
viding the ability to create either wide or narrow light
cones.

The atmosphere of the final resting place of our an-
cestors at the burial mounds of Lindholm Hgije is sa-
cred, butitis also intrigues and sparks curiosity when
visited. It is located on the periphery of the museum
and the array of monoliths marking the burial mounds
cannot be seen from the museum. The architecture of
the museum does not interact with the light nor does
it support it. The exhibition could have provided the
visitors with the same experience if it was located in a
basement somewhere else, were it not for the ancient
monument of the burial mounds outside.
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1.3 THE MONUMENT

1.3.1 HISTORICAL ANALYSIS

The Cromeleque dos Almendres is a megalithic mon-
ument which initially consisted of more than a hun-
dred monoliths. In its current state it is the result of
a long evolution, spanning several millennia from the
Early Neolithic age in the end of the sixth millennium
BC, to the beginning of the third millennium BC. The
changes reflect the economic, social and ideological
changes in the community during that time span. De-
spite it being situated in a region long known for its
vast amount of megalithic structures, the Cromele-
que dos Almendres were first discovered in 1964 by
Henrique Leonor Pina, revealing itself as the largest
collection of structurally placed menhirs in the lberi-
an Peninsula [Gomes, 1997].

The enclosure of Alimendres was erected in an area
with semi-dense soil, based on granite substrate. The
type of rock used to whittle the menhirs differ, sug-
gesting that the rock have been harvested from multi-
ple sources. The menhirs have been crudely whittled
into cylindrical or ovoid shapes, of which the majority
are cylindrical in shape, and reaches three meters in
height. The stones are engraved with various sym-
bols, some with stellar aspects and some with phallic
aspects. The cromlech is composed of two enclo-
sures, erected at different times, but both being ori-
ented towards the equinoctial directions (east-west).
The first erected enclosure of the cromlech consists
of three ranks of concentric circles, defined by small-
er monoliths. The biggest circle measures 18.8 m
in diameter and the smallest circle 11.4 m. The last
erected enclosure consists of two ranks of concen-
tric and irregular ellipses, formed by larger monoliths.
The outer ellipse measured 43.6 m and 32.0 m at the
major and minor axes respectively [Gomes, 19971].

The supporting structure of the menhirs can be clas-
sified into four main types. The first and most com-
mon one features an open pit in the bedrock, slightly
larger than the circumference of the base of the men-
hir, with stones placed around the menhir as wedg-
es to fill the remaining space, and finished off with a
‘crown’ of overlapping blocks of different dimensions,
covered by dirt and fine stones. The second type of
support structure features small cavities in the soil,
almost never reaching the actual substrate, and here
the monoliths are being supported by a ‘crown’ made

of smaller rocks. The third type offers no cavities,
having the monoliths, which are generally of smaller
dimensions, kept upright by a ‘crown” made of small
rocks, but with larger rocks on the periphery. This
solution seems to have been used when the slope
of the land was more pronounced. The fourth variant
has only a small amount of stones supporting a mon-
olith with a flattened base. Due to the general scarcity
of materials used when erecting the monoliths and,
in some cases, the absence of pits it has become im-
possible to determine the location of all the missing
menhirs [Gomes, 1997].

During the Late Neolithic age both structures of the
cromlech underwent alterations. The smaller of the
two was transformed into what can easiest be de-
scribed as an atrium, directing entry into the larger
enclosure [Gomes, 1997] . In the 4th millennium BC
the majority of the monoliths were partially flattened in
order to decorate and anthropomorphize the menhir
statues, making them resemble human figures. In the
3rd millennium BC a sun iconography was brought
into use, conforming with the cultural impact of the
first metallurgist societies of the Chalcolithic era who
worshipped a Mediterranean sun-goddess. These
thematic transformations, changes and erasures of
certain symbols or figures reflect the changes in both
ideology and behavior of the local communities, who
progressively adapted the monument to the changes
[Gomes, 2010].

The Cromeleque dos Almendres has served as a
multifunctional structure by creating and organizing
space in both its physical and psychological term,
establishing a hierarchy and providing a place for
social assembly and political and religious authority
and structure in a semi-nomadic, agro pastoral socie-
ty. The structure was also tied to both astrological ob-
servations and predictions of the spring equinox, and
to the propitiatory fertility practices in the area, which
conforms with the phallic shape and decorations of
the menhirs. The structure fell into disuse during the
Chalcolithic era and was partially ruined because of
it [Gomes, 1997].
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Ill. 17, the change of the monument.



Ill. 18, aerial view of the monument.
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Ill. 19, the excavation of a menhir.
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1.3.2 ASTROLOGY

The astrological principles have been a factor of high
importance to the people in the particular region of
the monument. Studies show that the lunar equinox
follows the longitudinal axis of the monument along
with the rising and the setting of the sun. This unique
phenomenon is very rare, as it only appears at two
very specific latitudes in the world. One is located at
the monument of Stonehenge in Great Britain, rep-
resenting the most northern position of the moon
during its orbit, and the other is at the monument of
Cromeleque dos Almendres in Portugal, representing
the most southern position of the moon during orbit.
The latitude of each monument correlate with the lu-
nar path which means that the moon rises and sets
along the latitude two time each year, at spring and
fall equinox. During this time the moon travels directly
above the monument.

People who lived in the region of the monument had
a different prime meridian, but their system of cal-
culating coordinates was essentially the same as the
system that both the Greeks and the Egyptians used
4000-6000 years ago, based on geometry, mathe-
matics and geographical alignment.

R. P T Furtado suggests that the astrological align-
ment of the monument points to a very precise un-
derstanding of mathematics. According to his calcu-
lations the monument is placed very carefully in the
zone of the lunar equinox within a rectangle of just
800 m x 1100 m [Furtado].
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1.4 LOCATION

THE REGION OF ALENTEJO

The site is located in Portugal in the Alentejo region,
12 km west of Evora and about 100 km east of Lis-
bon, the capitol of Portugal.
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THE MUNICIPALITY OF EVORA

Evora has a rich history of being an old Celtic capitol,
conquered by the Romans in 57 BC. The town func-
tions as the capitol of the Alentejo region and due
to its well-preserved old town centre, partially pre-
served medieval walls and large number of monu-
ments it has become a UNESCO World Heritage Site
[Wikipedia].

The premises for the visitor center is located to the
west of the monument. On a sloping hillside it is situ-
ated in a landscape filled with cork oak trees deeply
rooted in the characteristic reddish clay soil. Follow-
ing a road straight to the monument will get you to
the site. The monument arises above the terrain to the
east, on a hill top with an eastern slope overlooking
the valley and facing the rising sun.



Evora

Guadalupe 38°34'17.00'N
38°34'04.50'N 3 07°54'16.92"W
08°01'32.90"W Population:

Population:
1.151

4
AN

Site

38°33'27.00'N
08°03'39.99"W
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1.5 MAPPING

The municipality of Evora in the Alentejo region of
Portugal is known for its many megalithic structures.
It is often associated with being the ‘Mesopotamia’ of
the Iberian Peninsula [Ancient].

The megalithic structures in close proximity to the
Cromeleque dos Almendres:

Menhir dos Almendres

A single menhir located 1.2 km northeast from the
Cromeleque dos Almendres. Historians have tied this
lonely menhir to the monument of Cromeleque dos
Almendres, speculating that it was used to determine
winter solstice.

Anta Grande do Zambujeiro
Considered one of the biggest dolmen (gravemound)
on the Iberian Peninsula.

Anta-Capelo de Sao Brissos
A dolmen which was Christianized in the 17th century.

Gruta do Escoural
An ancient cave with signs of occupancy dating back
to 50.000 BC.

Today the site is accessed by a single road from the
small town of Guadalupe, but can also be accessed
on foot or by bike utilizing a series of bike trails in the
landscape.



" Gruta do Escoural

4

Anta-CapeIoIde Sao Brisso"s

Anta Grande do Zambujeiro
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1.6 TOPOGRAPHY

The monument is located near the top of a gentle,
eastward facing slope with an altitude of 413 m. The
site is located on the western perimeter of the monu-
ment, on a westward facing slope of 6°.
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1.7 CLIMATE

ANALYSIS OF SITE CONDITIONS

In this section the climate has been analyzed through
a review of empirically collected data.

Information supplied by the competition brief:
Latitude: 38° 33" 45” N

Longitude: 8° 03" 40" W

Altitude: 408 m

Rainfall: Total annual precipitation averages 627 mm
Winds: Predominate winds northwest. On average,
the most wind is in the Summer with an average daily
wind speed around 12 km/h [ARKXSITE].

CLIMATE

The climate is typical for that of a Mediterranean
country. The summers are hot and dry and the win-
ters have moderate temperatures. The annual aver-
age temperature is 15.7°C, measured in the city of
Evora 12 km east of the site and during the year the
temperature generally varies between 5°C to 30°C.
The hottest months are August and July with average
daytime temperatures reaching heights of 30°C and
the coldest month is January with average daytime
temperatures of 13°C [Weather+Climate]. December,
being the most humid month, has an average daily
relative humidity of 83%, while July, being the least
humid month has an average daily relative humidity
of 48% [Yr.no].

PRECIPITATION

The majority of the precipitation falls in late autumn,
through the winter and in early spring. The late spring,
early autumn, and summer months are relatively dry
in comparison [ClimatePortal].

During the warm season that lasts from June 13 to
September 11 there is an 8% chance of precipitation
and when it does occur it is generally categorized
as a light rain. During the cold season, lasting from
November 13 to March 8, there is a 30% chance of
precipitation, often categorized as light rain as well.
Due to the average temperature in the cold season
there is little to no chance of the precipitation to fall as
snow [Weatherspark]. February and December has
an average of 9 days with precipitation, while July
and August has no precipitation [Yr.no].

WIND

Annually the typical wind speeds vary from 1 m/s
to 7 m/s and rarely exceeds 9 m/s [Weatherspark].
The average daily windspeeds varies between 4 and
5 meters per second, defined as a ‘gentle breeze’
on the Beaufort Scale [Beaufort]. The predominant
wind direction changes between the seasons, from
North-Western in the months of February, June, July
and November to Eastern in the remaining months of
the year, although Western winds occur more often
than Eastern winds if North-western, Western and
South-western winds are accumulated [Weather-
spark].

SUNLIGHT

Due to the central latitude of the site, and its close
proximity to equator, the length of the day only var-
ies with about 5 hours anually. The shortest day be-
ing December 21st with 9.3 hours of daylight and
the longest day being June 20th with 14.5 hours of
daylight. The elevation of the sun varies between 30°
and 75° on the shortest and longest day respectively
[Sunearthtools]. This calls for considerations of how
to provide the visitors with cooling shade while still
retaining a sufficient amount of quality daylight in the
visitor center.
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2.0 BRIEF ANALYSIS

2.1 REVIEWING THE COMPETITION BRIEF

ARCHITECTURAL INTENT

The megalithic monument Cromeleque dos Almen-
dres is a significant landmark on a prominent land-
scape, a place of great cultural heritage and histori-
cal significance with characteristics that must be fully
preserved. The outline of a new visitor center should
emphasize, respect and celebrate the site, while pro-
viding visitors with a unique experience.

The visitor center aims to promote a unique experi-
ence within a remarkable landscape and provide a
space for visitors to become engaged with the his-
torical heritage, focusing on the significance of meg-
alithic monuments and the establishment of Neolith-
ic communities in the region. The design proposal
must be highly sensitive to the megalithic enclosure.
[ARKXSITE]

THE USERS

Everyone is welcome in the visitor center and there is
no admission fee to enter the premises of the mon-
olithic monuments. It is possible to enter the visitor
center before reaching the monument, but it is not
necessary for the visitors to walk through the center
to get there. The visitor center accommodates all age
groups and should fulfill the necessary accessibility
requirements for disabled people.

THE FUNCTIONS

The main focus of the visitor center is to facilitate and
provide visitors with an understanding of the histori-
cal heritage of the megalithic monument and the site.
These functions will be incorporated in the cultural
area of the visitor center, along with opportunities for
various exhibitions. In addition to these facilities there
will be a reception area, functioning both as a meet-
ing point and as the general public entrance. The ad-
ministrative functions are also placed in the reception
area as well as a gift shop and a café/wine bar. Ad-
ditional auxiliary functions are also required, such as
storage rooms which can facilitate and maintain oth-
er functions like the café/wine bar. The exterior func-
tions contain a parking lot situated approximately 200
meters from the visitor center and a pedestrian path
which connects the parking lot to the visitor center
[ARKXSITE].

A diagram of the functions and their relations has
been developed based on the considerations of the
brief analysis. The observations made at Lindholm
Hgje produced the idea of separating the diagram
into functions above and below ground.



51



52

2.2 ROOM PROGRAMME

The room programme for the visitor center is devel-
oped on the basis of the information provided by the
competition brief. Each function has been evaluated,
additional functions have been added and certain
functions have been merged to allow for a more flex-
ible approach to the distribution of functions in the
center.

The functions of the visitor center have been divided
into four categories; the reception area, the cultural
area, auxiliary rooms and exterior functions such as
pathways and parking. Looking at the distribution
of the area between these categories it becomes
evident that the cultural area will serve as the main
function of the visitor center, and that the remaining
functions of the other categories are established to
facilitate the cultural area.

Based on studies of similar types of exhibitions the
initial requirement for exhibition space has been
reevaluated and increases to better facilitate an exhi-
bition that covers all the interesting historical, social,
astrological and theological aspects of the monu-
ment and the region.

To create the relevant flow in the exhibition the ex-
hibition area has been split into three sections, the
first section exhibiting the early stages of the monu-
ment, the region and its people, the second section
exhibiting the astrological significance and the third
section exhibiting the later religious significance of
the monument.



RECEPTION

Entrance 40 m?
Lobby 60 m?
Gift shop 30 m?
Administration office 15 m?
Meeting room 20 m?
Winebar/café 80 m?
Wine cellar 25 m?
Total 270 m?
2. CULTURAL
Exhibition space 270 m?
Gallery space 70 m?
Auditorium 50 m?
Dark room 140 m?
Storage room (gallery) 15 m?
Storage room (exhibition) 40 m?
Total 585 m?
3. AUXILIARY ROOMS
General storage room 25 m?
Technical room 40 m?
Cleaning room 5 m?
Restrooms 35 m?
Wardrobe 10 m?
Total 115 m?
4. LANDSCAPE
Pedestrian pathway
Parking
Total net area 970 m?

1. 30
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PRESENTATION

3.0
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3.1 VISION

The visitor center will serve as a building capable of
communicating the historical, religious and astrolog-
ical nature of the monument. It should be humble in
its interaction with the monument while still provide an
architectural quality to the full experience of the mon-
ument - it is the intention to not have the addition of a
visitor center interfere with the current atmosphere of
the monument.

The visitor center will relate to its significant site by
advantageously utilizing the topography, designing a
composition that correlates with the landscape and
the surroundings. Furthermore, the building should
enhance the view of the valley to the west. To further
emphasize and enhance the natural setting of the
monument, visitors will approach the monument, and
the new visitor center, by foot, leaving behind their
cars at a distant parking lot.

The ley-lines of the monument will be emphasized
and highlighted either within the building or through
its composition.

Different types of lighting will be utilized in the build-
ing relating to our observations at Lindholm Hgje - a
combination of natural daylight and artificial lighting,
depending on the different functions of the building
and the types of exhibition areas.

The structure of the building will be addressed tec-
tonically to provide an interesting design that incor-
porates and merges the disciplines of architecture
and engineering.

57



58

3.2 CONCEPT
ARRIVE AND EXPLORE

The concept is derived from the idea of not allowing
the addition of a new visitor center to interfere with
the present atmosphere of the monument. The build-
ing is divided into three sections, each performing
key roles in the building; a section for arrival, a sec-
tion for distribution and a section for exploring.

A cutin the landscape limits the visibility between the
building and the monument while serving as an ar-
chitectural metaphor; strengthening the narrative of
archeology as the primary source of knowledge used
to map the significance and history of the monument.
The simple geometry of the composition strengthens
its surroundings through contrast and the roof of the
building is kept flush with the terrain to illustrate how
the building derives from the terrain. The roof simulta-
neously allows visitors a remarkable view of the valley
and its characteristic montado landscape of cork oak
forests.



ARRIVE

EXPLORE

FLOW

Ill. 31, the concept.
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3.3 MASTER PLAN

Visitors will arrive to the north of the new visitor center,
having parked their cars at the distant parking lot and
continuing their journey on foot. When arriving, the
visitors will be met by a split pathway, providing the
choice of either visiting the monument to the east or
the visitor center to the west.

The new visitor center is located on a downward slope
to the west of the monument, overlooking the valley to
the west. The building is placed with distance to the
monument in order to separate the two structures and
it is simultaneously placed so it intersects the central
ley-line of the monument, continuing the axis by the
entrance, the skylight and the composition of the vis-
itor center.
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3.4 ARRIVING

Before entering the premises of the ancient monu-
ment of Cromeleque dos Almendres the visitors
will find themselves partaking in a journey through
a landscape of cork oak trees, characteristic to the
region. Following a pedestrian road, the visitors are
guided towards the center, revealing itself among the
stripped trunks of the old cork trees. The center is
embedded into the westward sloping hillside, flush
with the terrain and almost invisible at a first glance.
The rooftop encourages visitors to experience the
breath-taking view of the valley below and the very
transparent entrance invites the visitors to enter and
explore the visitor center through a downward under-
ground journey, rousing the human instinct of explor-

ing.
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3.5 ABOVE GROUND

GROUND FLOOR

The ground floor is generally symmetric in its layout,
directed by the central axis which is an interpretation
and continuation of the main ley line in the monument.
The axis provides a clear direction for the visitors and
guides them to the exhibition area below or unto the
terrace next to the wine bar and gallery space. By
distributing the individual functions on either side of
the axis, the plan channels the magnificent view of
the landscape outside and through multiple glass
walls and general spaciousness, the plan appears
transparent in its layout. The axis becomes a pivotal
point for the building, not just for distribution but also
for light, streaming from the skylight, highlighting the
central axis.
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3.6 BELOW GROUND

EXHIBITION FLOOR

Walking onto the elevated walkway and down the
grand staircase the exhibition floor reveals itself and
the visitors can get a glimpse of the exhibition in the
double high room. The exhibition is divided into three
sections, each of which displays fascinating charac-
teristics of the monument and the region. Farthest
back the central part of the exhibition is concealed
from any presence of light and the visitors can enter
it by going through a corridor, taking them a few steps
further down before they arrive at the ‘Dark room’
which reveals some of the mystique of the ancient
monument outside. The room contains a replica of
the monument in scale and it incorporates a fully dig-
ital experience of the unique lunar equinoxes of the
monument within the exhibition.



01. Elevator

02. Orientation

03. Wardrobe

04. History of the region
05. Astrological aspects
06. Dark room

07. Technical room

08. Exhibition storage
09. Religious aspects

[ll. 35, exhibition floor.
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3.7 RECEPTION

Inside the visitor center an extravagant staircase re-
veals itself leading the visitors into the building in a
continuous motion before they arrive at the reception,
where guidance and information can be obtained.
The reception resides within the large lobby, cen-
tered around the main staircase that acts as a piece
structural furniture and an integrated room divider,
adding a dynamic and lively atmosphere within the
great lobby.
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3.8 THE EXHIBITION

Walking down the stairs to the main attraction of the
visitor center is an experience that provides a full view
of the extents of the exhibition while also allowing the
visitors some time to digest and plan their journey
before entering the space. The exhibition displays a
variety of information regarding the history and signif-
icance of the monument and the region. The visitors
are intrigued to visit the ‘Dark room’ and experience
the virtual representation of the unique astrological
phenomenon inside, which contains a scaled model
of the monument. The room is placed even lower yet
to provide a sense of hierarchy in the exhibition and
inform the visitors of its significance while also con-
tinuing the narrative of delving deeper down into the
history of the monument.
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1ll. 39, section.
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3.9 THE AXIS

The main infrastructure of the visitor center flows
along an unbroken central axis that intersects and
follows the main east-west ley-line of the monument.
At the ground floor it emerges at the elevator and ter-
minates at the western end of the building, framing
the view of the natural landscape of cork oak trees.
The central axis divides and distributes the functions
while creating and directing focal points to the na-
ture outside at one end and to the main staircase and
entrance at the other, guiding the visitors to explore
and continue their journey downwards into the exhi-
bition area further underground. The axis is lit up by
the large skylight, almost stretching the length of the
building.



Ill. 40
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3.10 THE WINE BAR

The cultural inherence of Portugal houses one the
world’s finest wines, which can of course be tasted
in the wine bar of the visitor center. The wine bar pro-
poses a natural stop for the visitors to go visit after
having explored the center, and as such it becomes
the final destination of the visit. It is situated opposite
the gallery space where artists can display their piec-
es of art in an exhibition. Both wine and light meals
can be brought from the small café to be enjoyed
on the outside terrace, overlooking the landscape or
within the gallery.
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Ill. 45, eastern facade.
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Ill. 46, western facade.
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3.11 MATERIALS

TACTILITY, LIGHT AND INTERACTION

The materials chosen for the visitor center comple-
ments each other and enhances the architectural ex-
pression of the design.

CONCRETE

Entering the visitor center the visitors are lead down-
ward immediately. The downward motion bears re-
semblance to the notion of entering a cave and to
further emphasize this, the material choice of the
stair naturally fell upon (a rough) concrete. In order to
achieve a more imperfect appearance the concrete
has been polished to produce a smooth, yet dirty
surface thanks to the highlighted dark sparks in the
concrete. Finally the concrete has been treated with
wax to maintain a uniform look.

WOOD

Before arriving at the monument the visitors partake
in a journey through the landscape of cork oaks and
cork plantations. The same wood has been used
throughout the visitor center, both as a structural ele-
ment and as a cladding. The structural oak columns
appear massive and raw, complementing the appear-
ance of the concrete. They are treated with an oily
finish to highlight the characteristic grain structure of
the cork oak.

Refined cork oak wood lamellae cover the walls ad-
jacent to the central axis, contrasting the massive ex-
pression of the columns. The wall behind the lamellae
has been painted white to allow the lamellae to stand
out, especially along the rounded edges of the niche
walls.

GYPSUM

Entering the visitor center the well-lit staircase leads
you down toward the lobby which is partially lit by
the skylight. To fully utilize the light coming from the
skylight, the embrasures surrounding it have been
clad with white painted gypsum. This will help reflect
the sunlight into the building and the gypsum will si-
multaneously act as a sound absorbent along with
the lamellae walls, reducing some of the reflected
sounds from the hard concrete surfaces.

THE TALE OF DETAILING

The joint of the materials relate in both colour and
transmission. Where the concrete floor meets the
walls, the wooden lamellae has been elevated, cre-
ating a recess that reveals 5 cm of the white paint-
ed gypsum wall behind the lamellae. This allows the
lamellae to stand out even further as the warmth of
the wood contrasts the plain white surface under-
neath. The wooden columns mimic this effect by
standing on a small concrete plateau, elevated above
the concrete floor. The columns relate to the ceiling
in a similar manner, displaying a plateau with the
same appearance as the white painted gypsum. This
feature of transitioning between different with a pro-
nounced recess creates a hierarchical order of the
materials and allows for a continuous interaction be-
tween the materials.



Ill. 47, polished concrete.

. 49, gypsum.

Ill. 48, cork oak wood.
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3.12 STRUCTURAL PRINCIPLE

THE STRUCTURAL NARRATIVE

The structural principle of the design is based on the
narrative of above and below ground and an interac-
tion between density and transparency. As the visi-
tors move down the building, it becomes more dense
and less transparent.

The transparent entrance is composed of glass and
steel and a structural steel core containing the ele-
vator. Steel rafters transfer the load of the roof to the
IPE profiles which are supported by slender structur-
al steel pillars nestled between the vertical window
posts of the fagade composition. Where the entrance
meets the rooftop, the load of the structure is being
transferred to the structural system that supports the
roof.

The structural principle of the floor plan is depend-
ant on an array of timber columns combined with
the loadbearing outer concrete walls. The timber col-
umns support a beam, fastened and mounted to the
columns with a concealed bracket. The beam and
the loadbearing exterior walls supports the concrete
deck elements. This principle allows for an open,
semi-transparent plan.

The structural principle of the exhibition floor is de-
pendant on the loadbearing, concrete walls encir-
cling the ‘Dark room’, combined with the loadbearing
exterior walls. This system makes for a more rigid and
less transparent plan, which helps the visitors experi-
ence the cave-like notion of being below ground.



1ll. 50, structural principle.
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DESIGN DEVELOPMENT

4.0
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4.0 DEVELOPING THE CONCEPT

4.0.1 DESIGN CRITERIA

ELEVATED VIEW

The visitors of the monument currently do not get a
very great view of the surroundings despite it being
located on top of a ridge. The view from the site is
hindered by the countless cork — and olive trees that
inhabit the landscape. To enhance the view of the val-
ley to the west of the monument the building is elevat-
ing itself above the terrain and the treetops.

RECEPTION - CULTURAL

To organize the building based on its functions the
programme provided by the competition brief has
been divided into two parts; a cultural part, accom-
modating the main exhibition space of the visitor
center, and a reception part, accommodating the re-
ception, gift shop, gallery and wine bar. This division
is carried out in the design as well to create a logical
infrastructure, both for the visitors and for the admin-
istration of the visitor center’

ARRIVAL ON FOOT

A road runs straight to the monument, disrupting the
natural atmosphere of the landscape. To enhance the
experience of the natural setting of the monument
and the visitor center, the arrival should happen by
foot.

LEY-LINES

An interesting aspect of the monument is that it high-
lights a series of ley-lines that bears astrological
significance; implying that its original creators had
knowledge of — and tracked the orbit of the moon.
The visitor center should emphasize and highlight the
orientation of these ley-lines.



Ill. 57, elevated view.

RECEPTION
RECEPTION P oy

LB

Ill. 58, separated functions - plan. Ill. 59, separated functions - section.

Ill. 60, the road running straight to the monument. Ill. 61, the road is removed and a pathway introduced.
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Ill. 62, the main ley-line of the monument.
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4.0.2 WORKSHOP

The goal of the workshop was to provide knowledge
of how a structure could be placed on the site, us-
ing the various parameters set in the design criteria.
The workshop includes both a volumetric study and
a section study. The section study provided an ex-
tra dimension to the workshop and provided a better
understanding of the depth and internal flow within
each iteration.

During the workshop two themes were of particular
interest; how to incorporate the main ley-line of the
monument into the design and how the new visitor
center should relate to the monument and the sur-
rounding terrain.

The outcome of the workshop was three proposals
that each featured various qualities. The three pro-
posals and their qualities are elaborated upon in the
following section.
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Ill. 63, workshop iterations.
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Ill. 64, section models.
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1. 65

VOLUMES AND COURTYARD

This proposal features multiple volumes embedded into the
terrain. The volumes correlate and facilitate several viewpoints
and are distributed by a central axis, relating to the main ley-line
of the monument. The volumes create and share a courtyard
among them and the shifting heights of the volumes provides
for good daylight conditions within the design by integrating
vertical windows in the transition between the rooftop of one
volume and the exterior walls of the next.
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Ill. 67, section model.
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1. 68.

CUTTING THROUGH

This proposal features a simple composition that is slanted to-
wards the monument. A transparent structure cuts through the
solid mass of the volume, following the main axis of the mon-
ument and providing a breach in the simple composition. The
western part of the ‘cut’ performs the role of entrance while the
eastern part provides an exit in the direction of the monument.
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1. 69

Ill. 70, section model.
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PLATE AND TERRACE

This proposal features a simple composition that follows the
central axis of the monument. It is embedded into the terrain
and has a characteristic roof overhang that generates an in-
tegrated sunscreen, protecting the interior from overheating.
The overhang continues to the west and becomes an extended
roof, hovering freely over a terrace featuring a panoramic view
of the landscape. A skylight is integrated in the rooftop, provid-
ing good daylight conditions for the interior space.
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Ill. 73, section model.
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4.1 DISTRIBUTION OF FUNCTIONS

The three chosen compositions from the workshop
were further investigated by accounting for the func-
tions and the infrastructure of each proposal. The
arrangement of the functions was mainly explored
through plan-drawings and axonometric sketches, to
get an understanding of how each individual compo-
sition and its accommodated functions related to the
terrain. The focus was to create an internal layout that
promoted a logic infrastructural flow and connected
the interior functions according to their relation.

Initial considerations of where the different functions
should be placed according to daylight were in-
cluded in the process and helped establish optimal
placements for the individual functions. The gallery
space would be best placed facing north to avoid
direct sunlight and promote indirect light while si-
multaneously having a view of the valley to the west
to frame the characteristic natural landscape of the
montado and provide visitors with an ever-changing
piece of art work. The administrative functions and
the auditorium would also benefit from the indirect
northern light to allow for good working conditions.
Like the gallery the wine bar should provide the vis-
itors with a great view while they enjoy their spirits.
It would be best placed towards the south and pref-
erably with access to an outdoor terrace. The main
exhibition space would be best placed on a level be-
neath these functions to create a contrasting spatial
experience while simultaneously expressing the nar-
rative of descending deeper down into the layers of
archeological history. The exhibition at Lindholm Hgje
revealed that historical exhibitions does not need any
natural daylight and would actually best be displayed
using artificial lighting to avoid damaging the exca-
vated pieces and control the light setting to create
various atmospheres.

The considerations and sketches revealed that while
all iterations provided ample space for the interior
functions, the simple ‘plate and terrace’ iteration held
greater potential in highlighting the main ley-line of
the monument in its composition and utilizing it for
directing and distributing the functions of the interior
space.
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Ill. 75, ground floor.
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Ill. 76, basement.
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Ill. 78, ground floor.
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ll. 79, basement.
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4.2 PLAN DESIGN

The process of exploring the plan design featured
considerations for how the functions should distrib-
ute themselves in accordance with one another, and
how every function could be designed and placed to
achieve a great infrastructural flow. The main flow in
the plan iterations all relate to the conceptual idea of
having an axis as a continuous line, separating the
building and distributing the functions on either side.

The different iterations shows the intent of placing
the gallery adjacent to the wine bar, as they could
be regarded as an attraction outside the traditional
openings hours of the visitor center. The iterations
also reveal how the ‘Dark room’ have consistently
been placed below ground, following the axis. This
particular room is to be almost blacked out entirely
before the visitors can experience the digital depic-
tion of the starry sky above the monument, during the
lunar equinoxes, and as such it makes perfect sense
to place it on the subterranean level of the building.
The view towards the valley to the west has also been
explored in the plan to achieve the best result.

For the final design the general distribution of func-
tions had already been decided, but had to be re-
vised to optimize the flow and the design. In the gal-
lery the transparency was an important parameter,
but due to the high amount of glass walls surround-
ing the gallery it had to be refurbished with room di-
viding walls that would simultaneously provide space
to exhibit the different pieces of art.

OFFIE

The auditorium has been developed to be elevated
into three levels with two smaller staircases at each
side of the row of chairs, consisting of three steps
each. This provides a better view for the audience to-
wards the whiteboards.

The wine bar required a wine cellar to store the copi-
ous amount of wine. At first this was proposed to be
placed at the subterranean level. That separated the
wine bar from the wine cellar, however, so the idea of
integrating the ‘wine cellar’ in the walls surrounding
the wine bar appeared, providing a way to separate
the space and expose the wine in transparent walls
facing the distribution area of the axis and advertis-
ing the wine bar to the visitors when passing by.

The lobby has also been refined in the process of
developing the plan. The grand staircase naturally
divides the lobby and by extending a part of the sep-
arated lobby into the double high room the visitors
are provided with a platform from which to admire the
spacious staircase while also better being able to uti-
lize the space.

LOBRY
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4.3 EXPRESSION OF THE COLONNADE

The idea of having a central colonnade highlighting
the axis of the building and creating a spacious and
transparent distribution area was explored in this sec-
tion, and multiple iterations were tested.

Initially the process was coloured by tectonic meas-
ures, having the columns express a structural focal
point. The process changed consistently and eventu-
ally the design evolved from its complex nature to a
very simple proposal of massive rectangular columns
placed 7.4 meters apart. This correlated well with the
existing architectural expression of the building and
allowed the columns to stand out by not having them
interact with several other structural elements.

Two separate aspects were in play while designing
the columns. One aspect was the presence of light
coming from the skylight above. The filter the light
and promote the shadows, a horizontal element was
initially added to the structure. The idea arose from a
desire to create a rhythmic and dynamic expression
of the shade created by the structure.

The other aspects involved a feature that should ex-
emplify the structural transition between concrete
and wood, illustrating the structural strength of each
material by changing the section of the column based
to the material used. The choice fell upon a singular
column of cork oak wood, standing on a small recess
elevated from the concrete floor. The detail provided
the column with its own hierarchy and made it ap-
pear as if floating above the concrete, contradicting
its function as a structural element.



Ill. 88, iterations of the colonnade.
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4.4 DAYLIGHT AND THE SKYLIGHT

The conceptual plan for the building was to have the
maijority of the light coming from a natural source.
Because the building is embedded into the terrain
the design of a skylight was explored. The skylight
should provide enough light to the plan, almost
stretching the entire length of the building, while
highlighting and emphasizing the axis of the visitor
center. Several proposals were designed and tested
using Velux Daylight Visualizer. The results showed
that the initial suggestion of a skylight spanning the
width of the main distribution area (5 m) provided far
too much light and became disharmonic in its com-
position. Iterations were made to reduce the size of
the skylight and a strategy for passive sun screening
was included to reduce overheating of the building.
The strategies involved adding internal screening
lamellas to the windows and raise the southern facing
wall of the skylight.

Scaling down the skylight still provided amble day-
light conditions in the visitor center while also provid-
ing a more subtle expression for the building.



=y

= 2490

D’—‘D©..
B &
I
[

.

o) [
|
N
D‘!EI
=l
R
[

SR I Commn
. =
|
I

o |
|
|
[
|

=
)

A

Sell e,

1. 89, 5 m wide skylight.

—O 0/,
—— 7 Y
— G %0,

5%
s 4%
— 3 /0
e 270

e 170

117



118

vl

HEHITII
st I

[m] o
1
I
I
|

.
I
I
I
Lo

o |1 a
I
Lo
| 5
|

o | | o
I
I
I
Lo

o | | o
I
I
-

i {h

o*ll e

[N

il

= |

11l. 90, 3 m wide skylight.

—— 7 Y
. 6%

5%
s 4%
—3 /0
s 270

e 170



)

HEHITII
s I

[m)
o

'

o .\/\IEZ]
ot li*a

. 91, 1.5 m wide skylight.

—— 7 Y
. 6%

5%
s 4%
—3 /0
e 270

e 170

119



120

4.5 EXTERIOR EXPRESSION

The final expression of the facade composition was
tested through multiple iterations. Two different ap-
proaches were reviewed. One featuring horizontal
ribbon windows and another featuring vertical win-
dows, cut out in the facade, with either straight or
slanted base, following the slope of the terrain.

The iterations revealed that the horizontal ribbon win-
dows had too much of a resemblance to an office
building while also taking away some of the focus
from the expression of the facade, making it appear
even longer. In the iterations with the angular cut at
the base of the windows the facade appears to have
more integrity while still allowing the it to remain sub-
tle in its expression.

1. 92, preliminary sketches.




o1

YRR IWRS XS NN AN T AN NNV A 6 B B A AR (TTC
= o TRy 3 e

Ill. 93, facade iterations.
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4.6 ARRIVAL

The entrance is of great importance to the project.
First and foremost it is the part of the building that
the visitors will be met by when arriving to the site so
it would have to clearly communicate its intent while
still being humble in its expression towards the mon-
ument.

From the beginning the arrival to the center were
meant to be a fluent transition from the exterior and
into the different levels of the interior. The rooftop
would be utilized for recreational space and provide
a view of the valley.

The process examines multiple iterations concern-
ing the shape of the entrance building. The entrance
should express a downward motion of walking down
towards the subterranean levels of the building.

The resulting shape features a sloping roof that fol-
lows the terrain, with a calm composition that still ex-
presses a dynamic and welcoming gesture.
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5.1 CONCLUSION

The new visitor center at the ancient monument of
Cromeleque dos Almendres communicates the astro-
logical aspects of the monument through its compo-
sition. The building interacts with the monument in a
humble way, being embedded into the terrain, almost
hidden from the monument. This approach limits the
visual interaction between the building and the mon-
ument and allows for the visitors to still experience the
monument undisturbed. The rooftop elevates itself
above the terrain and grants the visitors a panoramic
view of the valley below.

The layout of the building is arranged in relation to the
main ley-line of the monument. The ley-line continues
through the building in a central axis that divides and
distributes the functions and directs the visitors to-
wards the monument to the east and the view of the
landscape to the west.

The visitor center communicates the various signifi-
cant aspects of the monument through its exhibition,
separated into three sections and containing a his-
torical exhibition, a religious exhibition and an astro-
logical exhibition. The astrological exhibition features
the ‘Dark room’, a dark showroom that reproduces
the experience of the lunar equinoxes digitally in a
time lapse, allowing visitors to experience this unique
phenomenon during their visit. To maintain a natural
approach to the monument and the visitor center, the
road to the monument has been removed in favour of
a smaller pedestrian pathway, encouraging visitors to
leave their car behind and approach the site on foot

Different types of lighting have been utilized in the
visitor center. Above ground the main source of light
is the natural daylight that enters from the skylight,
highlighting the central axis and below ground the
light is primarily artificial, providing more control
when organizing the exhibited material.

The tectonic approach of the visitor center is revealed
through its attention to details and tactility, its spatial
qualities and its transparent plan.



5.2 REFLECTION

Designing a building on a location so closely related
to an ancient monument requires careful considera-
tions of the architectural approach and the expres-
sion of the architecture. This project chose a subtle
approach of toning down the exterior architectural
expression to a minimum. This choice brought forth
an interesting dilemma; the architecture of a building
is often expressed through its facades and the overall
composition because it is the first thing people lay
their eyes upon, but the design of the visitor center is
approached in a more subtle manner, almost trying to
hide the building within the landscape. Nevertheless
the choice of a subtle exterior expression opened up
for a detailed refinement of the interior composition.
The concept for the interior expression was to express
the main axis of the monument through a colonnade
of columns adjacent to the central transit area of the
center. The design should support the tectonic ap-
proach and provide spatial qualities to the main dis-
tribution area of the visitor center. During the process
of developing and designing the columns and the
structure following a tectonic approach, many itera-
tions were tested and the preliminary choice fell upon
a structure that had a very tectonic expression and
stood out architectonically. However the design did
not contribute to the simple appearance of the inte-
rior design so the strategy of designing the structure
changed from aiming for a very expressive tectonic
structure to aiming for a more simple design, despite
having put great effort into designing and solving the
initial structure. This change reflected the general
idea that ‘simple’ is sometimes better than compli-
cated and the result provided a structure that con-
tributes much more to the overall appearance of the
interior composition.

Another preliminary approach was to utilize local ma-
terials from the region to generate the architectural
language of the building. The idea originated from a
sustainable approach of using materials with a low
carbon footprint while also providing a design with a
regional expression. One material in particular was of
interest to us, the cork oak wood — which turned out
to be a very sustainable material that was also a very
characteristic part of the landscape. As the concept
of the design developed further, we realised that it
would be hard to solve an underground construction
with the material palette available and instead the
natural choice fell upon concrete due to its superior
durability in this application. That choice resulted in a

revision of the initial approach. Instead of striving to
only use low carbon emissive materials, we changed
the approach to ensure that steps had been taken
to increase the sustainability of the concrete without
damaging its durability. We found that by replacing
some of the cement, which is the biggest carbon
emitter in concrete, with fly ash, a by-product from
the coal industry, could help reduce the carbon foot-
print of the concrete. Strategies such as picking a
local producer and distributor would also reduce the
footprint, and generally limiting the amount of con-
crete used in the structural system by adding wood-
en columns and interior drywalls instead of concrete
elements.

Designing a piece of architecture on such a remote
location provides a huge degree of freedom regard-
ing the architectural expression. The architecture
would not have to relate to any surrounding buildings.
At the location of Cromeleque dos Almendres the
design is isolated, it does not have to act in accord-
ance with any municipal plan. The final design could
very well have been an iconic structure, visible from
long distances, reaching up from the hilltop to stage
itself in the surrounding landscape. In the early de-
sign development the design proposals had a more
formalistic approach of relating to the nature and the
landscape with little concern for the experience of
the monument. Reviewing this process, a different
approach could have narrowed down the amount of
ideas and produced a more productive process. Even
though the iterations generally originated from the vi-
sion, it became evident that the proposals examined
very different ways of relating to the nature and the
monument and as such the iterations became hard
to discuss in relation to each other. The approach of
designing a visitor center that would appear subtle in
its correlation with the landscape and the monument,
while at the same time being expressive, appeared
to clash and provided an irresolute design. The pro-
ject developed from this stage onwards, following the
deduction of the solution to this conflict; that simple
is often better when designing in such a unique and
historically significant context.

129



130



REFERENCES

6.0

131



132

6.0 REFERENCES

6.1 LITERATURE AND WEBSITES

A.Architecture, Liru and Kuniya | ArchitectureAU . 2016. Liru and Kuniya | ArchitectureAU. [ONLINE]
Available at: http://architectureau.com/articles/liru-and-kuniya/.
[Accessed 14 February 2016].

Ancient, Ancient Wisdom. 2015. The Evora Complex. [ONLINE]
Available at: http://www.ancient-wisdom.com/portoevora.htm.
[Accessed 26 February 2016].

ArchDaily, 2013. Stonehenge Visitor Centre / Denton Corker Marshall . [ONLINE]
Available at: http://www.archdaily.com/461242/stonehenge-visitor-centre-denton-corker-marshall.
[Accessed 26 February 2016].

ARKXSITE, 2015. sitevisitorcenter. pp. 3-5. [ONLINE]
Available at: http://www.arkxsite.com/sitevisitorcenter.
[Accessed 09 February 2016].

Beaufort, Royal Meteorological Society. 2016. Beaufort Scale. [ONLINE] Available at: https://www.rmets.org/weather-and-cli-
mate/observing/beaufort-scale.
[Accessed 20 May 2016].

Beim, A., 1999. Tectonic Visions in Architecture. Copenhagen: The Royal Danish Academy of Fine Arts.

Brick, Louis Kahn. Transcribed from the 2003 documentary ‘My Architect: A Son’s Journey by Nathaniel Kahn'. Master class
at Penn, 1971.

Brooklyn Botanical Garden, Architectmagazine, 2016. Building Brooklyn Botanic Garden Center Visitor Center [ONLINE].
Available at: http://www.architectmagazine.com/design/buildings/brooklyn-botanic-garden-visitor-center_o
[Accessed 14 February 2016]

Building Green, Inc, 2012. What You Need to Know About Concrete and Green Building. Special Report: Reducing Environ-
mental Impacts of Cement and Concrete, 2-23.

ClimatePortal, Climate Change Knowledge Portal. 2016. Average Monthly Temperature and Rainfall for Portugal 1960-1990.
[ONLINE] Available at: http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRe-
gion=Europe&ThisCCode=PRT.

[Accessed 20 May 2016].

Cork, Thomas, P E., 1928. Cork Insulation. 1st ed, pp. 7-43. Chicago: Nickerson & Collins Co.

CulturalUluru, Director of National Parks Australia, 2009. ULURU-KATA TJUTA. Knowledge for Tour Guides, [Online] p. 150.
Available at: http://learnline.cdu.edu.au/tourism/uluru/ulurureadings.pdf
[Accessed 10 February 2016].

de Wall, D. W. Allan. 2015. Stedet Teeller. [ONLINE] Available at: http://www.stedet-taeller.dk/viden-inspiration/ekspertartikler/
stort-og-smaat.aspx.
[Accessed 12 April 2016].

Ecosupply, Ecosupply Thermacork. [ONLINE]
Available at: https://www.ecosupplycenter.com/brands/thermacork.html.
[Accessed 23 February 2016].

Europa Nostra, 2016. STONEHENGE: SURROUNDING LANDSCAPE AND VISITOR CENTRE. [ONLINE]
Available at: http://www.europanostra.org/awards/165/.
[Accessed 26 February 2016].

Frampton, K., 1995. Studies in Tectonic Culture: The Poetics of Construction in Nineteenth and Twentieth Century Architec-
ture. Cambridge: The MIT Press.

Frascari, M., 1984. The Tell-The-Tale Detail. In: Behrens, P, 1984. The Building of Architecture. Cambridge: The MIT Press.

Furtado, R. P T. http://megalithicmath.com/MegalithicMathematicsTeaser.pdf. 2016. MEGALITHIC MATHEMATICS THE UN-
TOLD LEGACY OF ANCIENT EGYPT. [ONLINE] Available at: http://megalithicmath.com/MegalithicMathematicsTeaser.pdf.
[Accessed 3 April 2016].

Gomes, M. V,, 1997. Cromeleque dos Almendres - Um dos Primeiros Grandes Monumentos Publicos da Humanidade. Paisa-
gens Arqueologicas a oeste de Evora, [Online]. 1, 25-32.

Available at: http://www.bdalentejo.net/BDAObra/BDADIgital/Obra.aspx?id=598

[Accessed 06 February 2016].

Gomes, M. V., 2010. Time and Signs: Southern Portuguese Megalithic Art Diachrony. Monumental Questions: Prehistoric
Megaliths, Mounds, and Enclosures from the BAR International Series 2122, [Online]. 7, 17-24.

Available at: https://www.academia.edu/932719/Time_and_signs_southern_portuguese_megalithic_art_diachrony
[Accessed 06 February 2016].



Hansen+Knudstrup. Hansen & Knudstrup, H. Tine Ring & M. A more holistic approach to sustainable architecture. The Inte-
grated Design Process (IDP) —a more holistic approach to sustainable architecture, [Online].

Available at: http://vbn.aau.dk/files/1624830/The_Integrated_Design_Process__IDP____A_more_holistic_ approach_to_sus-
tainable_architecture

[Accessed 20 May 2016].

Kahn, Louis Kahn. Jackie Craven. 2015. About. [ONLINE]
Available at: http://architecture.about.com/od/greatarchitects/p/louiskahn.htm.
[Accessed 26 February 2016].

Materials for Construction, Gongalves, M. Clara and Margarido, F, 2015. Materials for Construction and Civil Engineering:
Science, Processing, and Design. 2015 Edition, p. 586. Switzerland: Springer.

Merriam-Webster. 2016. Sustainable. [ONLINE] Available at: http://www.merriam-webster.com/dictionary/sustainable.
[Accessed 21 May 2016].

National Parks, Director of National Parks, Australian Government, 2007. A HISTORY OF THE ULURU-KATA TJUTA CULTUR-
AL CENTRE. [Online] p. 2.

Available at: http://learnline.cdu.edu.au/tourism/uluru/downloads/A%20history%200f%20the %20UKNTP%20Cultrual%20Cen-
tre.pdf

[Accessed 11 February 2016].

PEFC, 2015. About PEFC. [ONLINE] Available at: http://www.pefc.org/about-pefc/overview.
[Accessed 23 May 2016].

Spaencom, 2016. Baereevnetabeller. [ONLINE] Available at: http://spaencom.dk/baereevnetabeller-%282%29.aspx.
[Accessed 17 May 2016].

Statik og styrkeleere, Madsen, P, 2013. Statik og styrkelaere. 2nd ed.: Nyt Teknisk Forlag.

The Guardian, 2016. New Stonehenge visitor centre finally opens . [ONLINE]

Available at: http://www.theguardian.com/culture/2013/dec/17/stonehenge-visitor-centre-opens-english-heritage.
[Accessed 26 February 2016].

Stabi, Jensen, B. C., 2011. Teknisk Stabi. 21th. ed. Valby: Nyt Teknisk Forlag.

Sunearthtools, SunEarthTools.com. 2016. Sun Position. [ONLINE] Available at:http://www.sunearthtools.com/dp/tools/pos_
sun.php?lang=en.
[Accessed 21 May 2016].

Weather+Climate, Evora, Portugal, average monthly , Rainfall (millimeter), Sunshine, Temperatures (celsius), Sunshine, Hu-
midity, Wind Speed. 2016. Weather and Climate: Evora, Portugal, average monthly , Rainfall (millimeter), Sunshine, Tempera-
tures (celsius), Sunshine, Humidity, Wind Speed. [ONLINE]

Available at: https://weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine,evora,Portugal.

[Accessed 26 February 2016].

Weatherspark, Average Weather For Beja, Portugal - WeatherSpark. 2016. Average Weather For Beja, Portugal - Weather-
Spark. [ONLINE] Available at: https://weatherspark.com/averages/32364/Beja-Portugal.
[Accessed 26 February 2016].

Weiss/Manfredi, Brooklyn Botanic Garden Visitor Center. 2016. Weiss/Manfredi: Brooklyn Botanic Garden Visitor Center.
[ONLINE]

Available at: http://www.weissmanfredi.com/project/brooklyn-botanic-garden-visitor-center.

[Accessed 12 February 2016].

Wikipedia, 2016. Evora. [ONLINE] Available at: https://en.wikipedia.org/wiki/%C3%89vora.
[Accessed 23 May 2016].

WWE, 2006. Cork screwed? Environmental and economic impacts of the cork stoppers market, [Online].
Available at: http://www.wwf.org.uk/filelibrary/pdf/corkscrewed.pdf
[Accessed 23 February 2016].

Yr.no, Weather statistics for Evora, Evora (Portugal) — yrno. 2016. Weather statistics for Evora, Evora (Portugal) — yr.no. [ON-
LINE]

Available at: http://www.yr.no/place/Portugal/%C3%89vora/Evora/statistics.html.

[Accessed 26 February 2016].

133



134

6.2 ILLUSTRATIONS

lIl. 01 - Photo taken by Pawet Stowik: https://Ih4.googleusercontent.com/-2HMDZPQIPAQ/VmC3U1naSII/AAAAAAABsz8/
CWdZhgOdxEMKvMjSpqubdk2mrrowkQu_ACLOB/w1287-h857-no/221-portugal.jpg
[Accessed 21 May 2016]

IIl. 02 — Photo taken by Pawet Stowik: https://Ih5.googleusercontent.com/-8vyFemF1EcY/VmC3U1SI9il/AAAAAAABMOg/OiWx-
tNbNeEYOM6EVrIVx5YtKQavgrTtMuwCLOB/w571-h857-no/211-portugal.jpg
[Accessed 21 May 2016]

IIl. 03 - http://architizer.com/blog/tectonic-chronic/
[Accessed 23 May 2016]

IIl. 03b - http://www.tumbnation.com/tumblr-tag/sverre%20fehn?page=1402485927
[Accessed 23 May 2016]

lIl. 04 http://www.Ibp-gabi.de/46-1-Life-Cycle-Assessment-and-Life-CycleEngineering.html
[Accessed 21 May 2016]

lIIl. 05 — Photo taken by Pawet Stowik: https://Ih5.googleusercontent.com/-Qspl1FdYsd4/VmC3U484Crl/AAAAAAABQUA/
UWp5EOCAOYASYK5j51sCrk4r92VhcAKTgCLOB/w1286-h857-no/230-portugal.jpg
[Accessed 21 May 2016]

IIl. 06 — Photo taken by Peter Cook: http://images.adsttc.com/media/images/52b3/adb2/e8e4/4e5f/0200/00a4/large_jpg/1._
Denton_Corker_Marshall_Stonehenge_Visitor_Centre_Peter_Cook.jpg?1387507102
[Accessed 21 May 2016]

IIl. 07 — http://www.metalocus.es/en/news/new-stonehenge-visitor-centre-denton-corker-marshall
[Accessed 21 May 2016]

IIl. 08 — Photo taken by Aaron Booher
http://images.adsttc.com/media/images/5278/4522/e8e4/4eb7/1800/003d/large_jpg/Living_Roof_Merges_with_Terraces_
Summerjpg?1383613719

[Accessed 21 May 2016]

IIl. 09 — http://www.weissmanfredi.com/project/brooklyn-botanic-garden-visitor-center
[Accessed 21 May 2016]

IIl. 10 — http://www.environment.gov.au/resource/cultural-centre-uluru-kata-tjuta-national-park
[Accessed 21 May 2016]

IIl. 11 — http://healinggardenproject.blogspot.dk/2011/10/architecture-by-greg-burgess.html
[Accessed 21 May 2016]

IIl. 12 — http://www.parksaustralia.gov.au/uluru/do/cultural-centre.html
[Accessed 21 May 2016]

IIl. 13 - https://dk.pinterest.com. 2016. Pinterest. [ONLINE] Available at: https://dk.pinterest.com/pin/475270566901421417/.
[Accessed 17 March 2016]

IIl. 15 — Available at http://www.nord-as.dk/media/36257/01_0436_lindholmhoje_udvidelse.jpg
[Accesed 13 April 2016]

IIl. 17 — Mario Verla Gomes, (1997), [ONLINE]. Available at: https://Ih3.googleusercontent.com/BVO0Ipji-257xgrWW7ORx-s8u-
voli03bPysUXmeoVzn4xl__JIY7z8NgiyvO1UeQSgl9nBDbl=s85
[Accessed 21 May 2016]

IIl. 18 — Mario Verla Gomes, (1997), [ONLINE]. Available at: https://Ih3.googleusercontent.com/BVO0Ipji-257xgrW7ORx-s8u-
voli03bPysUXmeoVzn4xl__JIY7z8NgiyvO1UeQSgl9nBDbl=s85
[Accessed 21 May 2016]

IIl. 19 — Mario Verla Gomes, (1997), [ONLINE]. Available at: https://Ih3.googleusercontent.com/BVO0Ipji-257xgrWW7ORx-s8u-
voli03bPysUXmeoVzn4xl__JIY7z8NgiyvO1UeQSgl9nBDbl=s85
[Accessed 21 May 2016]

IIl. 47 — Available at: https://s-media-cache-ak0.pinimg.com/736x/8b/1f/dc/8b1fdcd3f886693f2a05e818f131fd47.jpg
[Accessed 19 April 2016]

IIl. 48 — Available at: http://ups1.dk/image/products/20130406-51602c021ffe8_2585417.jpg?maxheight=75
[Accessed 12 April 2016]

IIl. 49 —http://img.edilportale.com/products/prodotti-128220vrela45cd
[Accessed 13 April 2016].

Any illustrations that are not mentioned is the authors own.



135



136



APPENDIX

7.0

137



7.0 APPENDIX A
7.1 LOADS
PERMANENT LOADS

The permanent loads affecting the structure consists of two different sources; the load of the structure itself and the
load of the roof construction.

The load of the roof construction is calculated by adding the load of the concrete deck to the load of the concrete tiles
covering the roof.

The load of the concrete deck is found to be 3.71 kN /m?, in a table of carrying capacity for the product Xstrumax
provided by Spaencom, a Danish supplier of concrete construction elements [Spaencom)].

The load of the concrete tiles is calculated for a 1200x1600x50mm tile, with a concrete density of 1800 kg/m3.
1800 kg/m3 % 0.00981 = 17.66 kN /m?3
And:

17.66 kN /m3  0.05m = 0.88 kN /m?

This gives us a total load of 4.59 kN /m?

VARIABLE LOADS
WIND LOAD

The wind load depends on the location — and shape of the building. The expressions found in Eurocode 1.4 have been
used to calculate the wind load.

BASIC WIND VELOCITY

Up = Cdir * Cseason * Vb,0

Where:

Cair is the directional factor =1
Cseason is the seasonal factor =1

Vpo is the fundamental value of the basic wind velocity =24m/s

read from the map on fig. 1

Vp=1%x1%24m/s =24m/s
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WIND LOAD ON THE BUILDING
MEAN WIND VELOCITY

The mean wind velocity is calculated from the basic wind velocity, a terrain factor (orography) and a roughness factor.

1]m(z) = Cr(z) * Co(z) *v

Where:

v (2) is the mean wind velocity at a height z above the terrain

z is the height of the building =5m
¢ (2) is the roughness factor

co(2) is the orography factor =1

The roughness factor accounts for variability in the mean wind velocity at the site due to the height above ground level
and the roughness of the terrain (upwind of the structure in the considered wind direction).

¢ (z2) =k, *In (zi)

0

Where:
z is the height of the building =5m
Z is the roughness length, defined by the terrain category, =03m

chosen to be category |l
Category llI: area with regular cover of vegetation or buildings or with isolated obstacles with separations of maximum
20 obstacle heights (such as villages, suburban terrain, permanent forest).

k, is the terrain factor, dependant on the roughness length

and calculated using:
0.07
Zo
k, =0.19 *< )
20,11

Where:
Zog1 (terrain category Il) =0.05m
Z is the roughness length, defined by the terrain category, =03m

chosen to be category |l

0.07

m) =0.2154 = 0.22
0.05m e e

k, = 0.19*<

5m
¢ (2) =0.22%In (0 3 m) = 0.6190 = 0.62

So the mean wind velocity is:

Vp(2) =0.62 %124 m/s = 14.88 m/s
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TURBULENCE
The turbulence intensity I,(2) at height z is defined as the standard deviation of the turbulence g, divided by the mean
wind velocity vy, (z).

Oy

Iv(z) = v (Z)

The standard deviation of the turbulence g, is determined by the expression:

o, =k, xvp x ki

Where:

k, is the terrain factor =0.22
vy is the basic wind velocity =24m/s
k; is the turbulence factor =1

0, =022%24m/s x1=528m/s

So the turbulence intensity is:

5.28m/s

L& = T3 8gmys

=0.35m/s

PEAK VELOCITY PRESSURE
The peak velocity pressure q,(z) at height z, includes both mean and short-term velocity fluctuations and should be
determined using the expression:

1
4 (D) = (147« L,@] x5 p * VA ()

Where:

1,(z) is the turbulence intensity =0.35m/s

p is the air density = 1.25 kg/m?
v (2) is the mean wind velocity =14.88m/s

So the peak velocity pressure is:

1
qp(2) =[1+7%0.35m/s] 2* 1.25kg/m? = 14.882 m/s = 387.47 Pa

387.47 Pa

— 2
1500 0.39 kN/m



WIND PRESSURE ON SURFACES - ROOF
The wind pressure acting on the external surfaces is obtained from the expression:

We = qp(Ze) * Cpe

Where:

q,(2ze) is the peak velocity pressure = 0.39 kN/m?
Ze is the reference height

Cpe is the pressure coefficient

The roof is considered flat (a slope a of =5° < a < 5°) with 1.10 m high parapets.

25m F-1.2 | [
+ F---4 |
. I |
wind * 15 m G-0.8 | H-0.7 | | 0.2
I |
T - |
25m F-1.2 | [
S 1m 4m ' 55m i

EN 1991-1-4:2005 (E)

Table 7.2 — External pressure coefficients for flat roofs

Zone
Roof type F G H 1
cp-e.m cpe.l Cpe.m Cp-e.1 l---'pe_l[l cpe.1 Cpe.m cpe.1
+0.2
Sharp eaves -1,8 -2,5 -1,2 -2,0 -0.7 -1,2
-0,2
+0,2
ho/h=0,025 -1,6 =22 -1,1 -1,8 -0,7 -1,2
-0,2
With +0,2
he/h=0,05 -1.4 -2,0 -0,9 -16 -0,7 -1,2
Parapets -0.2
+0,2
ho/h=0,10 -1,2 -1.8 -0.8 -1.4 -0.7 -1,2
-0,2
hyJh = 022
p/h = 5m

141



ROOF

Zone:

Area:

Wind pressure:

G
15 m?

w, = 0.39 kN/m?  (—0.8) = —0.312 kN /m?

Load: —0.312 kN/m? * 15m? = —4.68 kN
Zone: F
Area: 2.5 m?

Wind pressure:

w, = 0.39 kN/m? * (—1.2) = —0.468 kN /m?

Load: —0.468 kN /m? * 2.5 m? = —1.17 kN
Zone: H
Area: 80 m?

Wind pressure:

We = 0.39 kN/m? = (—0.7) = —0.273 kN/m?

Load: —0.273 kN/m? » 80 m® = —21.84 kN
Zone: I
Area: 1100 m?

Wind pressure:

Load:

w, = 0.39 kN/m? * (+0.2) = +0.078 kN /m?

+0.078 kN/m? » 1100 m? = +85.8 kN

NOTE 3 In Zone |, where positive and negative values are given, both values shall be considered.

Total wind pressure for the roof:
(—0.312 kN/m?) + (—0.468 kN /m?) + (—0.273 kN/m?) + (+£0.078 kN /m?) =

—1.131 kN/m? or — 0.975 kN /m?

Total loads for the roof:

(—4.68 kN) + (—1.17 kN) + (—21.84 kN) + (+85.8 kN) =

—113.49 kN or 58.11 kN
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CONCLUSION

Looking at the calculated values for the wind loads it becomes evident that the wind load on most of the zones acts
favorably, meaning that the wind is affecting the zone with suction rather than pressure. However zone | can be
affected by either suction or pressure. In the zones where only suction is affecting the surface the permanent load of
the roof (pressure) must be higher than the wind load (suction):

Permanent load:
4.59 kN /m?
Wind load:
—1.131 kN/m? or — 0.975 kN /m?
This means that the pressure of the permanent loads will counteract the suction of the wind load.

Because zone I can be affected by either suction of pressure the pressure load will have to be further accounted for
when calculating the dominating load combination.

Beside the wind load, a people load of 3 kN/m? corresponding to approximately 300 kg/m? have also been accounted
for. This value is found in Eurocode 1, table 6.2 - ‘payload on floors, balconies and stairs’ for category A4 (stairs).

CALCULATING THE DOMINATING LOAD COMBINATION
Because the person load of 3 kN/m? is much higher than the worst case scenario wind load of 0.078 kN /m? it is safe to
assume that the people load will be the dominating variable load in the equation:

Kep * Y * G+ Kpp * Yo, * Q1+ Kpp *yg, * o * Q;
Where:
Kg; is 1 for Consequence class CC2 — normal
y¢ is 1 for category C (larger assembly areas)
G is our permanent loads, in this case 4.59 kN /m?
Yo, is 1.5
Q, is our dominant variable load, in this case our people load of 3 kN /m?
Yo,i8 1.5
P is 0.8
Q; is the remaining variable loads, in this case our wind load of 0.078 kN /m?
This gives us:

1%4.59 kN/m? + 1.5 # 3 kN/m? + 1.5 * 0.8 * 0.078 kN/m? = 9.18 kN /m?
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7.2 REINFORCED CONCRETE BEAM, ULS

The following calculation will prove the structural integrity of the building by calculating on a beam with one of the
longest span and highest load.

CHARACTERISTICS:

Width w = 300 mm
Height h = 600 mm
Length l = 10500 mm

Efficient height d = 468.33 mm

Area of reinforcement

4, = (% 0 * My = (% *25mm?) * 6 = 2945.24 mm?

The cover layer and distances between the reinforcement in the cross section have been designed according to fig. 5.8
in Teknisk Stabi [Stabi] and the width of the beam has been decided in relation to the amount of reinforcement bars in
one layer, according to table 5.7 in Teknisk Stabi [Stabi].

The cross section has 6 bars of 25 mm steel liners in the bottom and 3 bars in the top.

Concrete C45

Compressive strength fex = 45 MPa
Max strain Eu = 0,35%
Density p = 2400 kg/m3

Steel liner 256mm
Tensile strength fyk = 550 MPa

Modulus of Elasticity Eg. = 210000 MPa

Control class

Normal y3 =1

Design factors
Concrete Y. =145% y3 =145%1 =145

Steel Ys =12%y; =12%x1=1.2



Design values

Concrete
_ foe _45MPa
fea = V. = 145 - 31.03 MPa
Steel
fyk 550 MPa
fya = Vo1 - 458.33 MPa
LOADS

ULS load combination, dominating people load with variable wind load:
9.18 kN /m?

A presumption has been made regarding the loaded area of the beam:
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The design lineload p, is calculated:

m
9.18 kN /m? = (10.5m* ) =361.46 kN
361.46 kN

Tog = 3442 kN/m

We find x, where pressure becomes tension in the cross section of the beam with the equation:

As * fyd

x = 1.25 %
b*fcd

2945.24 mm? * 458.33 MPa
300 mm = 31.03 MPa

x =1.25=* < > = 181.24 mm

We find the maximum moment occurring in the beam:
1
Minax =§* Pa * [

1
3" 3442 kN/m * (10.5m)? = 47435 kN *m

We find the moment carrying capacity of the beam:
M = Fypeer * 2
Where:

z is the inner moment arm given by the equation d — 0.4 * x
Fyeeer is the force in the reinforcement - Fypeep = fyq * As = 458.33 MPa * 2945.24 mm?* = 1349891.85 N

M = 1349891.85 N * (468.33 mm — 0.4 * 181.24 mm) = 534333091 N * mm = 534.33 kN *m
M = My

53433 kN *m > 47435 kN *m

Since M > M,,,, it can be concluded that the reinforced concrete beam can take the largest moment present without
reaching its yield moment.

Itis presumed that the beam is normal-reinforced which is proven by:
&y < &q <10%

d—x) 035, 1683318124
= 0. * ——— = ().
181.24 0

Ssz‘gcu*(

_ fyk _ 550 MPa — 021%
& T E. 210000 MPa 7"

Since 0.21% < 0.55% < 10% is fulfilled the beam is normal-reinforced.



7.3 REINFORCED CONCRETE BEAM, ULS

The following calculation will prove the structural integrity of the building by calculating one of the 12 timber column that
plays a vital part in the structural scheme of the building.

CHARACTERISTICS:

Width w = 350 mm
Height h = 350mm
Length l = 3800 mm
Area of cross section A = 122500 mm?

Construction timber C30

Values found in ‘Statik og styrkeleere’ [Statik og styrkelzere]

Compressive strength fi = 23 MPa
kmod = 06
Ym = 1.3

Design value for compressive strength

_ Jre*kmoa 23 MPax0.6

F,
d Yim 1.3

=10.6 MPa

The carrying capacity of the column is calculated following the example in ‘Statik og styrkelaere’, page 282.

The column must abide by the following definition, which will be proven through calculation:

Ed
Ocod = 2 S ke*ka* feor

Where:
004 1S the design value for the compressive stress in the column
Ngq is the design value for the loads affecting the column
A is the area of the cross section
k. is a column factor, found in table 6.08 in ‘Statik og styrkelaere’
k4 is a conversion factor, found in table 6.2 in ‘Statik og styrkelaere’
kq = 0.444 for indoor permanent loads
feo0k 18 the characteristic compression strength, found in table 6.1 in ‘Statik og styrkelaere’

feox = 23 MPa for compression along the grain
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To find k. in table 6.08 we first have to know the relative slenderness ratio 4,,; which is calculated with the equation:

krer * L
h

Arel =

Where:

ke is a factor found in table 6.3 in ‘Statik og styrkeleere’
C30

I is the efficient length of the column, corresponding to 2 = [ for our scheme

h is the height of the cross section

That gives us:

_0.059 * (2 * 3.8m)

rel = 0.35m =1.28

And from that we find k. to be 0.48

ke = 0.059 for Construction timber

The design value for the loads affecting the column Ng4 is calculated following a presumption made regarding the

loaded area of the column:




ULS load combination, dominating people load with variable wind load:
9.18 kN /m?
Load of the reinforced concrete beam:

((0.3m* 0.6 m * 7.4 m) » 2400 kg/m3) * 0.00981 = 31.36 kN

The design load Ng4 is calculated:

kN 7.5
9.18W * (7.4 m* (7) + 1.75 m) = 270.81 kN = 270810 N

270.81 kN +31.36 kN = 302.17 kN = 302170 N

The strength parameter is then examined:

Nga 302170 N

T = m =246 MPa < kc * kd *fc,O,k =0.48 *0.444 x 23 MPa = 490 MPa

Since 2.46 MPa < 4.90 MPa it can be concluded that the timber column can withstand the affecting loads.
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8.0 APPENDIX B

8.1 ACOUSTICS

An estimation of the reverberation times in the auditorium have been calculated using Sabine’s equation.

Where:

RTg, is the reverberation time in seconds
V is the total volume of the room, 4.8m * 10m * 5.2m = 249.6 m®

A is the absorption of the room in m2,,;,, is given by S = a, where:

0.16 xV

RTgp = ———

S is the total surface area of the given material in the room

a is the absorbance coefficients of the given materials surface

Absorbance coefficients for the different frequencies are found for the different materials in the room.

Building component Material Area 125 Hz 250 Hz 500 Hz 1000 Hz | 2000 Hz | 4000 Hz
Ceiling Plasterboard 51.5 0.02 0.03 0.04 0.05 0.04 0.03
Walls Plasterboard 123.7 0.02 0.03 0.04 0.05 0.04 0.03
Floor Cork 52.3 0.02 0.02 0.04 0.05 0.05 0.10
Doors and windows Glass 17.5 0.35 0.25 0.18 0.12 0.07 0.04
Auditorium seat, Wood, skin, 21.4 0.37 0.48 0.68 0.73 0.77 0.74
occupied clothing

0.16 xV 2.15 1.91 1.49 1.37 1.46 1.48

RTgg =*
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The auditorium is deemed the most acoustically critical room in the building due to its function as an educational space.
The estimated average reverberation time in the auditorium is RTgy = 1.64 seconds which is just above the
recommended level of somewhere between 1.5 and 2 seconds. While it is in the lower end of the spectrum it is deemed
appropriate since the auditorium will primarily serve educational purposes. Lower reverberation times are
recommended for speech while higher reverberation times are recommended for music and concerts.




9.0 APPENDIX C

9.1 VENTILATION STRATEGY

The ventilation system has been accounted for by providing substantial space in the suspended ceiling. The
general room height of the building allows for us to use the displacement strategy for the mechanical ventila-
tion, avoiding the need for changing all the air in the room and only focusing on providing fresh, clean air in the
occupied zone and by that lowering the amount of air supply required.

The overall strategy is to have a centralized mechanical ventilation system with a low SEL-value and a high heat
recovery to utilize when needed. The ventilation system will be located in the technical room in the subterrane-
an part of the building, providing fresh air supplied from grill inlets in the floor and having the polluted air blown
out via outlets in the ceiling. A technical shaft located in the staff section of the building will connect the ground
floor to the technical room on the parterre floor.

The large double high space of the entrance area and the changing room height in the skylight provides the
potential for using thermal buoyancy. By providing adjustable openings in the skylight and in the entrance
building, the stack effect can be utilized for natural ventilation both in the subterranean and superterranean
parts of the building.
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