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Abstract

The following report presents and illustrates a de-
sign proposal for a socially and environmentally sus-
tainable transformation of the existing buildings at
Frederiksberg Hospital - from hospital to a new open
and welcoming neighborhood. The proposal serves
as the Thesis Project, written in relation to the mas-
ters programme in Architecture, MSc in Engineer-
ing at the Department of Architecture, Design and
Media Technology at Aalborg University. The thesis
investigates through theoretical studies, site anal-
ysis and other studies, how to transform buildings
with respect for history, qualities and atmosphere.
The thesis is developed with the Integrated Design
Process (IDP) (Knudstrup. 2004) and Transformation
of Architecture - Five Methods (Andersen. 2015) as
the design approach and underlying structure of the
thesis. The methods are approached simultaneously
where IDP contributes to that the project has pro-
gressed through an iterative process, where research
has been conducted through interdisciplinary in-
vestigations and design solutions have been devel-
oped and evaluated due to functional, technical and
aesthetical aspects. Along the iterative process the
methodology of Transformation of Architecture has
been used to collect and develop knowledge on the
site of Frederiksberg Hospital as well as the build-
ings to transform and further which disciplines to
use hereof.

The aim with the thesis is to discover a framework
for restoration and energy-optimization of existing
structures with an extended intention of preserving
existing values. The design proposal thereby consists
of a general master plan of the hospital site and a de-
tailed transformation of three selected buildings and
the surrounding area.

Den fglgende specialerapport preesenterer og illus-
trerer et designforslag til en social og miljemaessig
baeredygtig transformation af eksisterende byg-
ninger ved Frederiksberg Hospital - fra hospital til en
ny, aben og imedekommende bydel. Designforslaget
er et specialeprojekt, skrevet i forbindelse med kan-
didatuddannelsen i Arkitektur, civilingenier ved In-
stitut for Arkitektur og Medieteknologi pa Aalborg
Universitet. Gennem teoretiske studier, site anal-
yser og andre studier, undersgger rapporten, hvor-
dan bygninger transformeres med respekt for deres
historie, kvaliteter og atmosfeere. Designforslaget er
udviklet med Den Integrerede Design Proces (IDP)
(Knudstrup. 2004) og Arkitekturens transformation -
fem metoder (Andersen. 2015) som fremgangsmade
og underliggende struktur for projektet. Metoderne
er bearbejdet samtidigt, hvor IDP bidrager til at
projektet har udviklet sig iterativt, hvor analyser er
udfert gennem interdisciplinere underseggelser, og
hvor designlgsninger er udviklet og evalueret pa bag-
grund af funktionelle, tekniske og estetiske aspek-
ter. I forleengelse af den iterative proces er metoden
Arkitekturens transformation - fem metoder brugt
til at samle og benytte data om hospitalsgrunden og
bygningerne som skal transformeres, og yderligere
hvilke discipliner der skal bruges herunder.

Forméalet med specialet er at finde en ramme for
restaurering og energioptimering af eksisterende
strukturer med en udvidet intention om at bevare de
eksisterende verdier. Designforslaget preesenterer
derfor en overordnet situationsplan over hospitals-
grunden samt en detaljeret transformation af tre ud-
valgte bygninger og det omkringliggende omrade.
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Reading guide

The following master thesis report is a collection and presentation
of conducted methods, theoretical studies, analysis, and appurte-
nant studies which together shape the framework of the project
and constraints its focus. Selected material from the underlying
process of design is presented lastly to give an understanding of
the development of the project from initial ideas towards a final
design.

The project has taken its point of departure in tender material
from Frederiksberg municipality. The following link will guide
the reader to the webpage, where all material given for the com-
petition is uploaded:
https;//www.frederiksberg.dk/frederiksberghospital

The report is divided into eight chapters; Prologue, Theoretical
Studies, Analysis and Studies, Delimitation, Presentation, Process,
Epilogue and Appendix. All the chapters are presented with meta-
texts, so the reader gets an idea of what’s to come and is reflected
upon in the end of the report. In addition to the report, a drawing
folder is made with additional illustrations on a bigger scale.

All literature and illustrations not created by the group is quoted
and referenced due to the Harvard reference method. The sourc-
es used are collected and divided into reference-, literature-, and
illustration lists and can be found in the Epilogue, where illustra-
tions produced by the group are not mentioned here. Maps and
illustrations with north arrow will have an arrow next to the illus-
tration number and text.

The following scales, interventions, and keywords are presented
to give the reader an intentional understanding of the report. The
scales describe the scales used and developed throughout the proj-
ect to create a broader understanding of the prepared material,
where the key words give an indication of important key subjects
used throughout the project. The interventions are connected to
the optimization of the selected buildings where different ranges
of interventions is used to develop the design

IV Introduction



Scales

Big scale
Medium scale
Small scale

Interventions
Original
Careful
Medium
Radical

Keywords
Original buildings
Existing buildings

The city of Frederiksberg and masterplan of the hospital ground
The project site and the buildings nearby
The buildings to transform

Original elements are used as they are without changes

Few elements are optimized with the same aesthetics as the existing
Elements are optimized more with the same aesthetics as the existing
The section is optimized with less or no focus on the existing aesthetics

The building is described as it was when it was built without changes
The buildings as they are used and look today
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01. CHAPTER

This chapter serves as an introduction for the rapport as it pres-
ents and specifies the focus. Furthermore, it presents the general
aspects of the project, such as location and stakeholders. More-
over, the methodologies and project approach is identified.

PROLOGUE

Motivation
Methodology

The New Neighborhood
Problem & Vision

Chapter01 1
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Motivation

The past is more accessible than ever before. Knowledge with-
in historical research, scientific analysis, object collections, and
pictures are put together in large ‘memory machines’ as muse-
ums, books, in cities and landscapes. Today, not only the indi-
vidual buildings are preserved, but even parts of cities, historical
town centers, and cultural landscapes as the criteria for preser-
vation-worthy buildings increase and include a longer list of de-
velopments (Braae & Hansen. 2007). Prognoses predicts that 70%
of architectural assignments in the future will have to do with
transforming existing facilities. Therefore, instead of creating
new buildings the focus will be on converting or adding to build-
ings that others have put in this world (Harlang. 2011). This raises
the need for a system or a way of working with transformation
of buildings to ensure the qualities, the historic and unique de-
tails and the general feeling and atmosphere of the places are pre-
served. The thesis therefore investigates this issue and proposes
a system, a method for transforming buildings while preserving
the unique qualities of the atmosphere. The increased demand
and wish for preservering older buildings might be a response to
the present architecture, where individuality, richness in details
and character in many ways is missing. A lot of the architecture
built today and in the later years all look the same, they all use
the same varied materials, look-alike windows and similar shapes
and forms. The architecture today is missing some of the qualities
that are so prominent in older buildings; tactility, rhythm and hi-
erarchy. Though, preservation of old buildings should not just be
for preservation-sake because the buildings are part of history but
because the buildings, in their architecture, their character still
brings something unique to the built environment. Old historic
buildings are not only beautiful but also filled with atmosphere
and memories as well as being embedded in the local understand-
ing of an area. Cultural recycling is a term explaining the reuse of
the cultural heritage when transforming buildings into new func-
tions and uses. The term focuses on continuity, appreciation for
history and acknowledgement of its value (Braae & Hansen. 2007).
Cultural recycling is everywhere today, from closed down industri-
al-architecture turned into culture centers to old courtyard farms
transformed into dwellings. It operates with a dialog between new
and old and ensures a continued appreciation for the former life
and functions of the buildings and other developments.

Chapter 01
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Methodology

Arkitekturens transformation handler om at foretage indgreb i en
eksisterende fysisk situation. [Transformation in architecture is
about making architectural interventions in an existing physical
situation.]
Nicolai Bo Andersen (Andersen. 2015. p. 82)

This thesis builds its methodological basis on a combination of
two methods that respectively describe different working meth-
ods as well as an overall work structure. This is used to relate the
project to a definitive goal of developing a transformation matrix
where technical, functional and aesthetic values are processed
equally, and shows which position this thesis takes when work-
ing with transformation. The methods are The Integrated Design
Process and Transformation of Architecture - Five Methods and
together the two will be used as an underlying structure of the
thesis and be approached simultaneously.

Mary-Ann Knudstrups’ design method The Integrated Design
Process (IDP) is used as a design approach to develop the trans-
formation of the buildings at Frederiksberg Hospital. The method
helps ensure a balance between both architectural and engineer-
ing elements throughout a process which leads to a final design.
The phases, divided into five, overlap throughout the process and
can be implemented in different stages of the thesis as a tool to
enhance the iterative work (Knudstrup. 2004). This method overall
describes the work structure of the thesis whereas the following
is an in depth method working with all the facets of transforma-
tion. The methodology of Transformation of Architecture - Five
Methods by Nicolai Bo Andersen describes the work with trans-
formation and cultural heritage by using five individual methods
to collect and develop knowledge on buildings to transform. With
the use of the method, studies of materiality, existing buildings
structure, and history of the architecture will cover important ar-
chitectural characteristics and by that ensure that the cities and
buildings qualities of preservation are preserved and not demol-
ished (Andersen. 2015). The work structure and phases of IDP
ensure the possibility of working iteratively with the methods of
transformation. Furthermore, will a holistic design be achieved
with this approach and result in a design with a clear connection
between technical, aesthetical, and functional elements.



The methods combined:

Problem: The problem for the thesis is stated

Technique: Registration, analysis, and setting the technical value of the existing conditions
History: Description of the existing and its connection to the architectural and cultural history
Phenomenon: Registration, analysis, and valuation of the buildings qualities

Analysis: Analysis of buildings, site and context and other information is conducted
Technique - History - Phenomenon

Landscape: The relationship between the near and distant - scale 1:500

Still Life: The connection in-between the buildings relations to each other - scale 1:50

Portrait: Specific characteristics and details described as tactility, tectonic, and joint elements- scale 1:5

Sketching: The problem and conducted knowledge is converted into initial design ideas
Landscape - Still Life - Portrait

Skin: Separates in- and outdoors and is the first part of a building the human react to - elevation
Meat: The volume and organization of the rooms / spaces - plan

Bone: The construction, structure, and framework of the building - section

Synthesis: Combines all information from earlier phases and evaluate
Look: See and analyze the building

Throw: The knowledge gained is put away while other aspects are developed
Project: Knowledge from the ‘look’ and ‘throw’ is used to design the project

Presentation: Combine the design and process to a presentation of the final outcome

Disciplines of Transformation: These leads to the position and concept of the thesis
Subtraction - Reconstruction - Reparation - Rephrasing - Addition

Chapter 01



The New Neighborhood

Pi hospitalsomradet skaber vi et dbent, imodekommende, gront
og blandet byomride, hvor liv og ro forenes i et bykvarter med
bzredygtige fremtidslosninger og sin egen identitet.

[On the hospital site, we will create an open, welcoming, green
and diverse urban area, where life and tranquility are unified in
a neighborhood with sustainable solutions and its own identity.
Frederiksberg Kommune. 2019 a. s. 2

Since June 2018, the citizens of Frederiksberg and other stake-
holders have participated in workshops, thematic tours around
the hospital site, and public meetings, where ideas, comments and
other relevant data have been collected (Frederiksberg Kommune.
n. d. a). The questions asked were ‘What will happen when the
hospital moves out?’, ‘What is important to take care of?’, and
‘What will be good to add?" The general feedback was that the
area should develop into a diverse and inviting neighborhood, ‘a
city within the city’ with an assortment of functions, activities
and meetings between different people. Moreover, many consid-
er the atmosphere of the place to be unique and an asset to the
rest of Frederiksberg and therefore important to preserve as much
as possible when transforming the hospital site. Therefore, when
creating the new area and designing new developments, the his-
toric and preservation-worthy buildings should be the point of
departure and as the center for the different extensions and trans-
formations (Frederiksberg Kommune. 2019 b). In addition to the
knowledge collected by Frederiksberg municipality from work-
shops and public meetings, this thesis strives to direct the new
functions of the area to the citizens of Frederiksberg and people
who on a daily basis use the functions offered at Frederiksberg.
The added functions should help tie the new neighborhood and
the surrounding context together where missing elements in the
context will be considered a part of the transformed area.

Furthermore, the answers and other information gathered from
the citizens and stakeholder has been converted into a joint vi-
sion for the transformation of Frederiksberg Hospital, that takes
everyones comments and ideas into consideration (Frederiksberg
Kommune. n. d. a). The vision should be seen as a guide for trans-
forming the unique area of Frederiksberg Hospital to an area with
a new identity. The vision consists of an overall vision for the area
and eight sub-visions that cover the different relevant themes
(Frederiksberg Kommune. 2019 a). Sub-visions with relevance for
the thesis are conducted to help delimit the most important as-
pects of a future design.

6 Prologue

Location

The project site is located in Frederiksberg,
located in Greater Copenhagen, Denmark.
The project takes inspiration from a tender
invitation by the Frederiksberg Municipal-
ity to transform Frederiksberg Hospital. As
part of the extension and opening of Ny Bis-
pebjerg Hospital, the Hospital of Frederiks-
berg is planned to close by the end of 2026.
The transformation from hospital to a new
neighborhood is desired by the citizens to
make the area become an integrated part
of the City of Frederiksberg (Frederiksberg
Kommune. n. d. a). The thesis focuses on
transforming three selected buildings and as
well design an overall idea of what the area
should become.

Adress

Nordre Fasanvej 59
2000 Frederiksberg
Denmark

Sub-visions

Based on the history of the hospital, the
historic buildings and green features are
preserved and space is made for new devel-
opments in a accomodating scale, activities
and climate-adapted urban spaces.

Varied types of housing and ownership,
close health and leisure facilities, culture en-
vironments with small businesses, including
creative entrepreneurship should become
accessible to every citizen and create life in
the area.

The traffic should be arranged on the prem-
ises of cyclists and pedestrians in a predom-
inantly car-free area, though with limited
necessary access for cars that should primar-
ily be parked underground.

New developments and preserved buildings,
trees and green areas should in interaction
with the choice of materials and architecture
create a varied and eventful expression in in-
teraction.
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Problem

Through the past couple of years the building industry has had
a focus upon sustainability in terms of technical and measurable
parameters, in order to secure fundamental economical and envi-
ronmental frameworks. This development has influenced how we
design new buildings, and how we restore existing structures, but
not about how we preserve existing values of significant buildings
and spaces. In order to maintain a high quality of social sustain-
ability where the provision of spatio-temporal values are applaud-
ed to initiate wellbeing among humans. This thesis aims to dis-
cover a framework for restoration of existing structures where the
framework will pivot on developing methods with the purpose of
energy-optimizing existing buildings with an extended intention
of preserving and manifesting existing values of social and histor-
ical means.

Vision

The city of Frederiksberg is known for its green structures, his-
torically significant buildings, and calm ambiences - the diverse
ground of the old Frederiksberg Hospital is a big part of this exact
identity. The following thesis’ intention is to develop upon values
of the existing structures of particular buildings and the cohesive
urban area. The thesis delves into the purpose of restoring and
transforming the existing buildings into optimized functionalities,
with a program that secures social values for the citizens in the
city of Frederiksberg as well as for future residents of the hospi-
tal ground. New additions, both attached and detached structures,
are to be developed in order of maintaining the spatio-temporal
values and at the same time evolve the area with a new narrative
added to the existing ones. The final transformation and design
of the chosen buildings and urban area, therefore both pivot the
integration between creating sustainable and optimized solutions
that secures both the historical and new narrative, and at the same
time acts as a frontrunner for future architectural developments
which includes existing structures.



Keywords;

Transformation
Spatio-temporal values
Cultural heritage

Impact on people’s wellbeing

Theme;

Socially

and environmentally
sustainable transformation
of existing buildings
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by PRI TR AT TORE

02. CHAPTER  Arllnedy ..

This chapter introduces the themes and theoretical approach of
the project. The chapter is divided into three parts and identifies
the aesthetics, technical and functional topics important for the
project.

THEORETICAL STUDIES

Transform or Demolish?

The Method of Preserving, Transforming, and Develop
Energy Optimization of Existing Buildings

Demands and Buildings Codes
How to Develop New Neighborhoods

Chapter 02 11
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Transform or Demolish?

“Historic places connect us to the striving and strug-
gles of earlier generations and of generations to come.
They tell us who we are . And they help us under-
stand that, though we ourselves may be mortal, our
actions will echo on after we are gone, just as those of
previous generations inform our world today”
Stephanie Meeks, CEO of National Trust for historic
Preservation Mayes. 2018. p. xvii

The quote states that the ethics of preserving ex-
isting architectural structures, art, monuments, and
books are that they are the witness of the story that
we as humans left behind. It is difficult to measure
why old places matter, and furthermore how they
influence people’s wellbeing. The following will go
in depth with the theorem of preservation and try to
build the case of why we as architects and engineers
should support the movement of preservation of ex-
isting and historic structures. It is fundamental in a
world where sustainability is important, to remember
the importance in that sustainability is not only envi-
ronmental, which most in the profession are familiar
with, but also socially defined, where physical and
psychological needs of humans are featured.

One man’s work published in 1943 which is still rele-
vant to today is important in order to build arguments
whether or not old buildings influence people’s well-
being - psychologist Abraham Maslow’s hierarchy of
human needs. The hierarchy is a pyramid that diverg-
es between basic needs, psychological needs, and
self-fulfillment needs (Mayes. 2018. p. xvii). The psy-
chological needs are especially interesting in the so-
cial sustainability subject since it contains the need
of belonging - which nevertheless can be related to
the relationship between humans and buildings, and
therefore how buildings can affect one’s well-being.

Belongingness, noun. “the human state of being an
essential part of something”
Collins dictionary. n.d.

We humans have a need to be a part of something

greater, one’ life has to have a purpose, and one has a
need to identify oneself with matter in the surround-

Theoretical studies

[1l. 7.Koldinghus restoration, Kolding, Denmark

ings. Existing buildings, especially old or historic
buildings are influenced by its many layers of history
and by the century it was built or renovated in. New
buildings are in contrast a part of one’s own century,
in the near continuum which one has experienced.
By comparing the two spectrum of building catego-
ries one’s connection to the two could be highlight-
ed. When experiencing new buildings in the everyday
one usually takes their characteristics for granted,
but the moment we move away and get deattached
we find the sense of belonging when visiting the
place again. When this happens one begins to dis-
cover nostalgic feelings and familiarity in the context
which is influenced by the collected and construct-
ed memories and stories experienced in the specific
place. The sense of belonging and the argument for
preservation followed by this is explained in the book
“Why OId Places Matter - How Historic Places Af-
fect Our Identity and Well-Being” by Thompson M.
Mayes, Vice President and Senior Counsel, National
Trust for Historic Preservation. The theorem of the
book is based on various interviews, experiences, and
extensive research which Mayes have reflected upon
in order to figure out why old places matter.

As Mayer, Frank Peter Jager in “Old and new - De-
sign manual for revitalizing existing buildings” de-
scribes that old buildings have a tendency to relate to
humans because of sociopolitical backgrounds that
are preserved in their fabrics, whereas new buildings
express the cultural development and re-cultivation
of obsolete structures (Jager. 2010. p. 10). The social
and political factors are results of developments over
time controlled by political fluctuations and chang-
ing social needs which buildings in parallel change
with. Because of the changing needs and legislations
in politics, buildings are restored, transformed, and



rehabilitated in order to follow the development,
and to ensure that a building’s purpose can last in
decades and not become obsolete. Because of these
changes old buildings consist in a continuum of lay-
ered spatiality, expressed in the structures and fabric
of a building (Jager. 2010. p. 10).

To ensure that the continuity of belonging utilized
by buildings is not fragmented by restoration it is
important to develop a design which juxtaposes to
the existing in a manner that prevails and somehow
stands in contrast. Charles Bloszies describes, in his
book “Old Buildings, New Designs : Architectur-
al Transformations”, different ways of developing
solutions and designs that facilitates preservation
and framing of existing which contributes to the
understanding of the continuum (Bloszies. 2011).
When adding, transforming, or developing solutions
of buildings in a historical context, new attributions
should be designed with a careful approach to the
connectedness between new and old which in the
architectural manner can be utilized by implement-
ing solutions of prevailing materials, proportions,
and styles, in a balance with contrasting elements
which highlights both the existing and the new. An
example of the use of contrasting elements is vivid
in the restoration of the castle Koldinghus made by
the architects Inger and Johannes Exner. Here the re-
maining ruin was preserved as it was while new and
modern materials were added in the restored parts to
emphasize the contrast between old and new (Dansk
Arkitektur Center. 2022).

When we as architects consider to restore existing
structures it can therefore be concluded that a vital
part of developing a concept of restoring is to consid-
er the story that concerns the specific building, the
adjacent structure, and lastly the surrounding con-
text. Thoughtfulness, clarity of purpose, and identi-
ty should guide the design process as the building’s
fabric should guide the people around it with finding
their sense of purpose and contributing to the devel-
opment of one’s identity.

When developing an understanding of the original
purpose of an existing building interesting issues
are considered. One issue as an example is that old
buildings are usually not built to meet the needs and
legislations of today - which in the end can have an
influence upon the scope of preservation. Howev-
er, as it is stated earlier, it is important to preserve
existing structures because of belongingness. So,
which criteria is weighted the highest in the case of
preservation. Continuous changing legislations or
the historic layers, which both help secure people’s
wellbeing?

Both ways are vital for the experience of architecture.
Nevertheless, during the design process there should
be executed different studies and developed a series
of conclusions on different parameters in order to
find the perfect mid-way solution which fits both

sides of the spectrum. It can be discussed whether
we should be locked on the current legislations - as
an example, the buildings energy performance are a
constant changing factor that is influenced by local
climate conditions, and when considering the cur-
rent progression of outdoor mean temperature af-
fected by global warming the energy consumption
will be affected over time, because the warmer the
climate the higher amount of ventilation is needed
and thereby more energy is used. The same question
can be asked when considering the other part of the
spectrum. This part can be outdated when compared
to the needs of today, and therefore not contribute
to the surrounding environment. Numerous contra-
dicting examples can be highlighted in order to find
the climax in the discussion. Nevertheless, we as ar-
chitects should assess a given existing building and
its conditions in both technical, social, and aesthetic
terms. Pros and cons which can influence a conclu-
sion before the actual design process are listed as an
example below.

It is difficult to wrap up a conclusion on the discus-
sion, but it can be concluded that there are numerous
theories that suggest that the preservation of existing
structures is a vital part of preserving our history and
our identity. As a successor to the written section,
it will be suggested that every architectural project
before the design process and a possible demolition
should be assessed in a matrix considering both soft
and measurable values wrapped up in an assessment
of its conditions. Such a matrix could be inspired by
other certification matrices, such as DGNB (Deut-
sche Gesellschaft fiir Nachhaltiges Bauen) and LCA
(Life Cycle Assessment), where the focus instead
should concern the assessment of whether or not to
preserve existing structures.

Cons for preserving existing structures

«  Technical limitations; ventilation systems and con-
struction

« Ineffective location of structures, in terms of flow and
views

«  Fire security limitations

«  Energy inefficiency; inefficient building envelope

« Inefficient strength of existing load bearing structures

«  Accessibility limitations

«  The structure no longer serves its intended purpose

«  Economical forces

Pros for preserving existing structures

«  Desirable attributes, hereas high ceilings, operable
windows, natural light, distinctive facades

«  Financial feasibility, whether the tenants invest up-
grades and maintaining

«  Efficient structural load bearing system, which en-
ables repurpose

«  Historical value

«  Social forces

(Bloszies. 2011)
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Preservation of buildings, from the per-
spective of the cheapest overall economy

Preserve original materials, the time’s pati-

na, characteristics and execution.

+  Execute assessment of the building’s
condition and performance and develop
strategies of the need for repair, where
repair signals are not read as replace-
ment needs.

+  Execute building-historical examina-
tions of original framework and trans-
formation concepts utilized in the
course of years.

Develop and modernize the purpose and use
of the building and secure a connection to
historic qualities.

«  Evaluation of the functional program-
ming, and whether the new purpose can
be implemented in the existent.

«  Execute assessment of original plan
solutions etc. for reconstruction and
whether these can be used again and
at the same time gain some historicism
and identity.

Secure consistency in the quality of materi-

als, construction and craft

+  Define materials and construction
types, and how they should be processes
in order of possible conservation.

+  Execute repair and preventative main-
tenance with historic defined materi-
als and craftsmanship, where quality is
applaud instead of quantity, and lastly
the design of the whole is consistent in
both the whole and in the detail.

Vadstrup. 2004. p. 41-42+129
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The Method of Preserving, Transforming, and
Develop

Designing solutions for transformation projects is different from
designing solutions for new buildings. When considering the
integrated design process there will be additional and different
analysis needed in the initial analysis- and sketching phases, in
order of implementing transformational variables. These vari-
ables, when identified, can be defined as early delimitations of
the design process, which is important to consider from the start
to interpret and find solutions which can lead to a grant of ex-
pectations defined by legislation. Potential grant is given to en-
sure the qualification of renovation and conservation of existing
substances’ special features (Jager. 2010. p. 185). Before defining
the method of preservation it is important to state, as Jager also
describes it, that successful developments usually are based on a
recognition of existing attributes and a heightening of these. A
renovation or transformation project should not compromise the
existing but juxtapose to it in different scales which nevertheless
fits the relevant substance (Jager. 2010. p. 183).

The method of developing existing structures is based on an un-
derstanding of the existing attributes, its history and therefore
purpose of use, and thorough assessment of the existing substance
and structure. It should furthermore be a process of careful con-
sideration where one should contemplate about the scale of in-
terference, the possibilities of the existing, and the execution of
the development. When developing the suitable method of trans-
formation or renovation the attributions of the existing original
materials, construction and craft is to be defined (Jiger. 2010). To
fulfill transformation projects that consist of the mentioned qual-
ities, the considerations on the right should be explored in the
design process. It is important to state that every transformation
project utilizes different scales of focal points of the method.

Det bor veere méilet med enhver ombygning og nyindretning at 14
huset til at fremtraede i harmoni med sin alder, historie og arkitek-
tur - bade overordnet, i detaljen og i byggeskikken.

[It should be the goal of every alteration and refurbishing to get
the house to appear in harmony with its age, history, and architec-
ture - both overall, in the detail, and in the architectural tradition./
Vadstrup. 2004. p. 341

This master thesis will therefore in relation to building the case
regarding preservation, investigate a conceptual construction of
an assessment matrix which should discover a working method
of renovation and optimization of existing buildings, and further-
more attempt to execute it as part of the thesis’ design process of
the given structures of the Frederiksberg Hospital.



Energy Optimization of Existing
Buildings

A present problem in the building industry is that
many constructions have reached the end of their
service life and no longer reach the high demands
for energy standards that are seen these days. There-
fore, it is necessary to optimize these buildings and
constructions, so they live up to today’s requirements
for indoor comfort and remove all materials that are
no longer acceptable to use in the building industry
(Rexroth. 2010). The society has high demands for the
future environment and plans on how to decrease the
climate impact. In 2030 it is required that the CO2
emission is reduced with 70 pct. which means that
the consumption will be downgraded with 20 million
ton of the emission (Klima-, Energi- og Forsyning-
sministeriet. 2021). At present the energy consump-
tion in buildings constitute almost 40 pct. of Den-
mark’s total energy consumption where the energy is
used primarily on heating, ventilation, and lighting
(Energistyrelsen. 2022).

With an increased focus on climate in all its facets
and with knowledge of the total energy consumption
from buildings, it testifies that new trends in recy-
cling, reusing, and optimization of existing construc-
tion have come to stay. Not only do old buildings get
new life by incorporation of new functions or other
use, but it is also required that the buildings live up
to the present standards according to energy and in-
door climate. By reusing the building’s materials, the
materials embodied energy is maintained and thus
remains part of the circular system. However, one
must investigate how best to upgrade and transform
the buildings to the new conditions and still preserve
the original architectural expression as it has envi-
ronmental, technical, and cultural historical qualities
(Vadstrup. 2014). What initiatives are needed to op-
timize the energy of old buildings will here be dis-
cussed and developed through various principles and
strategies.

The dramatic, non rectilinear forms designed for

the most conspicuous consumers were inefficient by

many yardsticks of sustainability, while the most ef-

ficient buildings tended to be architecturally timid.
Bloszies. 2011. p. 39

1. Insulation of heat pipes

2. Proofing of doors, windows etc.
3. Cavity wall insulation

4. Double window

5. Insulation of roof and twig

6. Insulation of window parapet

7. Insulation of floor against terrain
8. New, effective boiler

9. Heat recovery
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on selected buildings at the site of Frederiksberg
Hospital with different preservation, the optimiza-
tion concerns the building envelope and windows to
be able to live up to the current building standards of
indoor climate, air quality, and daylight. It is for that
reason relevant to develop several concepts for an op-
timization of the building envelope which strives to
retain facade components as a part of the energy con-
servation while improving the use of the buildings.

In Tempered Transparency - Renovating Modern
Movement Facades in Line with Landmark Pres-
ervation Principles by Pottgiesser, U. and Kirch, J.,
different possibilities in terms of revitalization strat-
egies according to today’s many preserved buildings
are described and how it is needed to distinguish
between historical buildings with landmarks pres-
ervations and those without and further different
functions and states of repair. From the description
four fundamental refurbishment strategies are to be
approached when optimizing preserved buildings re-
taining the existing facade construction; Preserving
and repairing profiles, Reconstructing the original
profiles, Replacing the original glazing with insulat-
ing glazing. Replacing or improving sealing profiles
(Kirch & Pottgiesser. 2010).

Using these principles, the overall energy consump-
tion can to a certain level be reduced by supporting
ventilation systems whereas the improvement in the
thermal insulation is minor. Kirch and Pottgiesser
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further describe another common approach in preservation of
landmarks as a supplement to the existing facade construction
where current standards to thermal insulation and indoor com-
fort are achieved, though no reduction in the energy consumption
is achieved; Installing an additional interior glazing or insulation
layer to fenestration or walls, Installing an additional exterior
glazing or insulation layer to fenestration or walls, or as facade or
fenestration bands which have a significant impact on the exterior
design of the building (Kirch & Pottgiesser. 2010).

However, technical and architectural limitations indicate that it
can be difficult to make energy improvements in old buildings
which follow the given standards. In preserved buildings and
others with conservation values there are several additional fac-
tors to consider, including the architectural expression, technical
conditions in increasing the wall thickness, the indoor climate in
relation to daylight and air exchange and considerations about
passive energy. Although the process does not seem easier the old
buildings have advantages according to climate and CO2 emission
compared to new constructions, which is seen in the materials’
durability and good climate properties, the use of natural ventila-
tion, and the division of individual rooms. to some rooms in the
winter, while others can be unheated.

In Byhuset, by Sgren Vadstrup, three principles describe which
are important to adhere to if an energy optimization is to be suc-
cessful without the building losing value.

The dimension of time is an important indicator in the process of
transformation - it is important to be thorough and sensitive to
the existing to be able to implement new functions with thoughts
on sustainability (Vinterakadami. 2016). Therefore, it is import-
ant to follow the mentioned strategies, categories, and princi-
ples when preserved buildings go through energy optimizations.
Furthermore, it is necessary to understand and contemplate the
buildings from a historical, architectural, and construction tech-
nology holistic perspective. Strategies and principles can hierati-
cally be composed and developed due to the function and by that
strive to reach a goal that fulfills the present standards for energy
demands and indoor climate. It is a necessity to decrease the cli-
mate impact from the building industry combined with the several
unused square meters, a growing need of housing, and the possi-
bility to decrease the production of new construction materials.
Together with this, enhancement of the social and architectural
qualities will make it possible to develop how transformation, and
hereof energy optimization of preserved buildings, can contribute
to transition of a sustainable low emission society (Noldus. 2014).

Theoretical studies

Principles of energy improvement

Keep the buildings values | Preserve the
original architectural expression as it has
environmental, cultural-historical, and tech-
nical values and by that do not change the
old windows of wood or cast iron.

Change form of heating | Combined heat-
ing and ventilation systems which fit the old
buildings.

Create energy and indoor climate improve-
ment | The buildings preservation values, en-
ergy improvements with respect to the pres-
ervation values, the buildings indoor climate
before and after re-insulation, construction
technical knowledge about moisture in
re-insulation buildings and the economic
consequences of the interventions.

The improvements can furthermore be di-

vided into three overall categories according

to the architectural expression whereas the

third will make unacceptable changes.

«  Category 1| interventions that does not
influence the preservation values

«  Category 2 | visible interventions, but
architectural acceptable

«  Category 3 | interventions which in
terms of architectural and preservation
is unacceptable.

(Vadstrup. 2014)



Demands and Building Codes

The renovation and optimization of the selected builfings will
strive to meet the following demands in the Danish Building Code.

§ 274 - § 279 Energy demand in relation to conversions and re-
placement of building parts

§ 274 In conversions, energy savings must be carried out to the
extent that they are financially viable and do not involve a risk of
moisture damage. The energy demands in conversions may either
be observed by fulfilling the requirements for all building parts af-
fected in § 279 or by observing the renovation classes for existing
buildings in § 280 - § 282.

$ 278 (3) Buildings worthy of preservation which are included in
a local preservation planning regulation or a registered preserva-
tion declaration or buildings appointed in the municipal plan as
being worthy of preservation und er s. 19(1) of the Danish Act on
Listed Buildings are also exempt from the provisions in § 274 - §
282 if observation of the requirement would be contrary to the
plan or appointment in question.

§ 279 Conversion or other changes to the building must be in ac-
cordance with the requirements for U values and linear thermal
transmittance stated in Appendix 2, Table 3. Windows, glass outer
walls, glass roofs and skylights must fulfil the requirements stated
in § 257 - § 258.

§ 280 - § 282 Renovation class for exsisting buildings

$ 280 The following provisions apply for the use of renovation

classes for existing buildings:

«  The need for energy supply must be reduced by minimum 30.0
kWh/sq. metre per year.

+ Evidence must be provided in accordance with the instruc-
tions of the Danish Building Research Institute 213 Energy
demand in buildings.

«  The total energy supply to buildings must be composed party
by renewable energy.

§ 281 Residential units, halls of residence, hotels, etc. may be clas-
sified as: Renovation class 2, when the total need for supplied en-
ergy for heating, ventilation, cooling and domestic hot water per.
m” heated floor area does not exceed 70.0 kWh / m” per. year added
2,200 kWh per. years divided by the heated floor area.
§ 282 Offices, schools, institutions and other buildings not sub-
ject to § 281 may be classified as: Renovation class 2, when the
total need for supplied energy for heating, ventilation, cooling,
domestic hot water and lighting per. m* heated floor area does not
exceed 95 kWh / m” per. year added 2,200 kWh per. years divided
by the heated floor area.

Table 3

Minimum requirements for climate screen
for conversions and other changes in the

building.

Thermal transmittance

Exterior walls and basement
walls against the ground

Floor partitions and partition
walls towards rooms where
the temperature difference
between the rooms is 5 ° C or
more

Terrain deck, basement floors
to the ground and floor separa-
tions above the open or venti-
lated crawl space

Ceiling and roof constructions,
including skunk walls, flat
roofs and sloping walls directly
against the roof

Linear thermal transmittance

0.18 W/m’K

0.40 W/m’K

0.10 W/m’K

0.12 W/m’K

Foundations

Joint between exterior wall,
windows or exterior doors,
gates and hatches

Joint between roof structure
and skylights or skylight domes

0.12 W/m’K
0.03 W/m’K

0.10 W/m’K

(§ 274 - § 279. Bolig- og Planstyrelsen. 2022a)
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I11. 9. Rooftop community space, Jstergro, Copenhagen.
Photo: Seren Rud/Life Exhibitions
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How to develop new
neighborhoods?

Cities expand and change constantly. Some districts
change character, new areas develop, and others are
demolished. When planning new areas or changing
existing areas it depends on the existing conditions,
former and future functions as well as the surround-
ing context. Therefore, the planning of cities and
neighborhoods needs to differ and adjust to the spe-
cific type and identity of the place. The planning of
new areas or changes of others cannot just be system-
atic and standardized, as no area is the same (Palsson.
2016). Cities and neighborhoods are more than just
the physical elements and the spatial character but
also the social character and coherence between res-
idents, visitors, and other users. So, how are all these
elements considered and how are well-functioning
neighborhoods and cities created?

The tendency in urban planning today is the con-
cept of mixed neighborhoods. The concept is seen as
the solution to create lively and functional spaces. It
is a notion that emerged as a response to previous
tendencies of a geographical division of dwellings,
trade, and other urban functions, an increased mo-
notony of the physical expression of the city and in-
creased segregation of different population groups.
The concept of mixed neighborhoods solves this, by
blending different functions within a city and using
multifunctional buildings with active ground floors.
This activates the buildings, the streets and thereby
the neighborhood and city making them functional
(Andersen & Moller. 2021).

This idea by mixing functions and having active
ground floors is not new, as Jane Jacobs prosed this in
1961 in ‘The Life and Death of Great American Cit-
ies! To have successful cities and nice atmospheres
it is important that people use the area at different
times throughout the day. Jacobs highlights that it is
not just about mixing different functions, but the im-
portance of the functions complimenting each other.
This is in order to ensure the flow through the site is
fluent and the mixture and amount of people are rea-
sonably proportionate to people there at other times
(Jacobs. 1961).

When cities develop, new pieces are added to the ex-

isting cities. It is not only a physical development of
buildings and urban spaces but also of existing com-
munities and the formation of new ones (Andersen
& Mpgller. 2021). Therefore, it calls for a holistic ap-
proach when planning cities and neighborhoods.

It is not enough just to mix different functions there
is also a need for ensuring space and places for the
community to meet and prosper. Community is a val-
ue that is in demand, even in the big cities, though
numerous new cities do not take this into account
when designing new neighborhoods, meaning a
shortage of rooms and other settings for people to
meet and gather. As communities exist on multiple
levels, a building is part of the different networks of
the city which needs to be considered in the planning
phase. This ensures the formation and coherence of
the small and big communities as no can exist with-
out the other (Andersen. 2019).

To create coherence between functions, the spaces
in-between, and the activities across the different
user groups, a strategic approach to organization,
design, and planning is needed. If multiple activities
are gathered under one roof or in one area of a neigh-
borhood, it entails different user groups and places
where kids, grown-ups, elderly etc. can meet on equal
terms. These areas will be the nodes that generate
life, meeting places and coherence (Andersen. 2019).

This thesis will consider these aspects when design-
ing and planning the new neighborhood of Frederiks-
berg Hospital as it is important to create a neighbor-
hood which ties to the rest of the city. Itis important
not just to focus on the buildings and their functions
but also on the area in-between and the possibility
for activities and an active city life.
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03. CHAPTER

This chapter introduces and analyzes the project site and its con-
text. The chapter is divided into three; Big Scale, Medium Scale,
and Small Scale in order to understand the project site and context
on different levels. Moreover, simple studies have been carried
out to connect the analysis with possible design solutions. These
serve as guidelines for the further design process and develop-
ment of the final project.

ANALYSIS & STUDIES

Big Scale
Introducing the Context - The City of Frederiksberg
Green Structures
Characteristics in Architecture
Culture and Education
Accessibility
Medium Scale
Introducing the Context - Frederiksberg Hospital
Connections
Buildings and Spaces
Level of Details
Ornaments
Small Scale
Introducing the Project Site - The Selected Buildings
The Building Plot
Building 20, 21 & 22
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Big Scale

The Big Scale analysis focuses on the
City of Frederiksberg. These are carried
out in order to understand the bigger
context, the project site is a part of but
does not have a direct share in the de-
sign. The analysis consists of thematic
mappings of aspects important to the
site and Frederiksberg.

22 Analytical studies Big scale



Greater Copenhagen

Frederiksberg Hospital

Introducing the Context
- The City of Frederiksberg

Frederiksberg islocated in the Capital Region of Den-
mark and with 8.7 square kilometers it is the smallest
municipality in Denmark (Danmarks Statistik. n.d. a).
However, with just under 104.000 inhabitants (Dan-
mark Statistik. n.d. b) it is also the most populated
one per square meter. Frederiksberg is placed in be-
tween the areas of Vanlgse, Norrebro, the Inner city
and Vesterbro. Therefore, extensions and further de-
velopment of the municipality rely on urban conver-
sion, conversion of functions and transformation of
individual buildings, infill buildings, and utilization
of attics (Frederiksberg Kommune. 2021 a).
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Green structures

The municipality of Frederiksberg is seen as the green
heart of Copenhagen, with trees, green boltholes,
and parks intertwined between the buildings, roads
and squares. Throughout Frederiksberg, the green
structures are connected through avenue trees, green
front- and courtyards. In addition, the many cemeter-
ies are parklike, making them an addition to the oth-
er parks and recreation areas (Frederiksberg Kom-
mune. 2021 b). The mix of green structures ensures
great conditions for animals and insects as well as
being important qualities for city and human life.

The knowledge conducted can be utilized in the fur-
ther work where the green structures from the city
of Frederiksberg will be implemented on the site.
This to create an extension and continuum which is
known for the citizens and the new neighborhood
will be a more integrated part of the city.

Cemeteries
Parks Il
Sports facilities Il
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111. 13.
Characteristics in Architecture

Frederiksberg is divided into seven main districts,
and the architectural character differs from district
to district which shows the development from village
to city. The mix of typologies, detached houses, patri-
cian villas, multistory buildings, and big institutions
from the eighteenth to the twentieth century tells of
the architectural heritage (Frederiksberg Kommune.
2017). The architectural identity of Frederiksberg
is highly valued, therefore when building new and
transforming existing buildings, the developments
should consider the architectural heritage and tradi-
tion of Frederiksberg.

Frederiksberg Hospital is located in district four; an
area that is characterized by neighborhoods of villas
and row-houses from the beginning of the twentieth
century and multistory buildings along the big roads.

When transforming the site of Frederiksberg Hospi-
tal and the associated selected buildings, emphasis
will be placed in the design on preserving the archi-
tectural and cultural, as well as new initiatives for
the changed functions of the buildings. The existing
architecture of Frederiksberg invites mixed urban
spaces and typologies whereas this should be devel-
oped for the new neighborhood.

1945/1950 -
1914 - 1945/1950
1890 - 1914
1850 - 1890
Before 1850

Big scale
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Culture and Education

The culture- and leisure life of Frederiksberg is a
broad list that includes museums, theaters, histor-
ic buildings etc. and it is based on a strong local
presence and engagement. The cultural as well as
the educational institutions are placed throughout
Frederiksberg and ensures a diverse city with dif-
ferent cultural destination points that draws people
to the area each day (Frederiksberg Kommune. 2021
b). Frederiksberg Hospital is placed in an area with
less cultural institutions making the area suitable
for different culture and leisure activities and ensure
Frederiksberg as a cultural destination point.

As the area, where the site of Frederiksberg Hospital
is located, does not have predominantly cultural of-
ferings, this function will be developed throughout
the transformation of the selected buildings, thereby
creating more cultural coherence in the city.

Train M
Metro Il

Accessibility

Even though Frederiksberg is its own area, the con-
nection to the city of Copenhagen is strong, as multi-
ple train- and metro stations connect the cities. The
infrastructure enables fast and easy transportation
within Frederiksberg as well as to and from the mu-
nicipality. In addition, the size of Frederiksberg en-
sures the possibility of getting around on a bike from
one place to another within fifthteen minutes.

Frederiksberg Hospital is located with access to both
metro lines in walking distance of ten minutes and
a train station with walking distance of fifteen min-
utes. Therefore, Frederiksberg Hospital connects
easily with the whole city of Copenhagen.

4km. L.t
Education H
Culture W
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Medium Scale

The Medium Scale analysis focuses on
the site of Frederiksberg Hospital, here-
of the characteristics of the buildings
and urban spaces. These are carried out
in order to understand the structures
and organization of the area. Analysis
and studies further develop knowledge
upon the identity of the area, varying
typologies and characteristics, as well
as atmosphere.
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Introducing the Context
- Frederiksberg Hospital

The official inauguration of Frederiksberg Hospital
was present in 1903, but had its beginning around
1850, and through time it became the size seen to-
day (Hansen. 2003). The hospital is located in the
northern part of Frederiksberg on the border of Nor-
dre Fasanvej and Godthéabsvej. Today the hospital
ground has an area of 141.000 square meters which
contains approximately 37 different buildings with
functions from dialysis and aids center to heart and
blood test outpatient departments. Frederiksberg
Hospital was built over different decades and this is
also seen in the architecture, which is characterized
by the needs of the time and thoughts on how a new
hospital should contribute to society.

Jm -

T The project site

1L 16.
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Medium scale
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Connections

The hospital site is analyzed according to different connections
in order to understand how the site connects within and to its
surroundings as well as how the buildings connect to each other.
The site has seven connections towards the surroundings, where
five is for cars, bikes, and the bus line that goes through the area.
Furthermore two connections are accessible by bike or as pedes-
trians. From the outgoing connections roads overlap and cross
within the boundaries. The routes within the site tell the history
of the hospital where the names of these are known to the citizens
of Frederiksberg should be preserved in a new master plan in or-
der to preserve the identity and wayfinding of the site.

Today, the workings of the hospital ensures flow from building
to building and connects the different buildings and functions
together. The flow of road users share the same routes which
indicate that the outside spaces seem safe as people are moving
through the area. Connections such as these should be consid-
ered and somewhat preserved when transforming the area. New
connections between the site and the city as well as between the
buildings will be developed.

Study

Connections within the area, towards the
city, and between the selected buildings are
conducted. Development of green avenues
for soft road users and less possibilities for
cars to use the area is arranged. Furthermore,
new openings towards the city gives the area
a sense of the desired neighborhood. Anoth-
er study shows the flow between the selected
buildings as well connecting to the overall
flow on site - here the future functions of the
buildings will direct the flow in the area.
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Buildings and Spaces

The analysis is directed to what is interesting in the area and
the outcome of the analysis will thereby become an alternative
mapped itinerary where a subjective representation of the every-
day life describes the area drifted. Both spaces in between build-
ings and buildings themselves represent interesting elements
of the site of Frederiksberg Hospital. Some of the drifted routes
overlap each other - either because of interest or the necessity to
pass by experienced areas or buildings to get to others and get the
experience from other angles. The site of Frederiksberg Hospital
has a lot to offer for new initiatives in all its different buildings
and spaces. The place exudes history that provides a special atmo-
sphere to the area.

It can be concluded that the site varies a lot in expressions of
building shapes, heights, typologies, and level of details. Further-
more, the buildings help ensure different layers of spatialities in
between them by having many corners and indentations. The site
is not characterized by a grid structure or any other tight structure
and therefore it is concluded that the thesis will develop the exist-
ing structure in the further work as it already creates interesting
views. In addition to the structure the diversity in typologies will
be developed in the design as new and old elements easier com-
plement each other within the area which range widely in a field
of different scales and wealth of detail.
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Selected Spaces

A phenomenological study of different urban spaces at Frederiks-
berg Hospital has been conducted. The purpose is to experience
the different atmospheres and understand how it is influenced
by the buildings and other surrounding elements. The analysis is
conducted in two defined urban areas with different characteris-
tics; one which functions as a garden and one used for transit. The
atmosphere is illustrated through pictures and highlighted words.
The analysis serves as a momentary and subjective impression of
the two spaces. It is meant as an example of the experienced at-
mosphere and not as a holistic picture of Frederiksberg Hospital.
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Study

The atmosphere of the project site should
have; the feeling of being surrounded by
nature, birds singing and leaves on trees
swaying in the subtle wind. A mix of peo-
ple walking past, using the area as transit or
for a small break, activating the space and
creating a lively urban area. There are kids
playing on the grass, an old man sitting on
a bench enjoying the sun, a pair of friends
meeting up for a coffee. All understanding
the history of the buildings.
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Level of Details

To get an understanding of the timeline of the existing structure
both building’s origin year, SAVE factor and characteristics are
analyzed. The buildings span in origin from the year of 1770 to
2002, whereas most buildings are built between the early 1900’s
till early 2000’s. The building cluster, consisting three buildings,
which the design process will focus upon, were built between 1899
and 1908 and have the SAVE-rate from 3 to 4. In relation to the
years of origin the site is divided into areas which have the same
characteristics in the architecture. It can be concluded that the
exterior mainly consists of red or yellow brickwork in different
qualities.

The site of Frederiksberg Hospital is therefore an area with great
diversity in architectural characteristics, which overall is rooted
in the anchored historicism of the place. To ensure restoration,
concepts which respect historicism are therefore important to in-
tegrate so the values are preserved or heightened.
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Signs on facades

Ornaments

The ornaments of the buildings and other historical elements of
Frederiksberg Hospital have been investigated and categorized in
order to gain an understanding of their historic relation to the
architecture. Ornamental detailing and guiding elements can be
found throughout the buildings enhancing the atmosphere and
unique feeling of the site. When one notices one of the small de-
tails one experiences the variety of details and other small ele-
ments scattered all round.

One of the main categories are the pediments on the gables of the
buildings. These are rarely left untouched but instead decorated
with various patterns of blooming wine branches, coat-of-arms,
historic scripts etc. The pediments create a transition between the
facade and the roof, finishing off the gable and thereby enhancing
the ends of the building. In addition, the pediments enhance the
history of the buildings and illustrate the period of the buildings.
Another main category is the guiding elements that are rooted in
the use and history of the hospital. These elements not only guide
patients, employees and visitors but also indicate a certain way
of displaying signs on historic buildings. The signs adapt to the
character of the facades and submit to the other elements and the
symmetry of the facade.

The way ornaments and other historic elements are used through-
out Frederiksberg Hospital indicates a specific method for en-
hancing certain elements. Therefore, the transformation of the
area should be rooted in this to ensure the historic atmosphere
and maintain the unique qualities the site offers.
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Study

Different concepts on how to respect the
characteristics of the buildings are devel-
oped throughout simple studies. This gives
an initial idea of how it is possible to work
further with the selected buildings. Accord-
ing to the given SAVE-rate changes in the
facade are possible within different catego-
ries. These describe changes as facade color,
windows and doors, roof surface, and shop
fronts, which will be investigated.

It is concluded that if changes of different
elements must happen in the facade it is im-
portant to differ between the types of details
according to where these are placed in the
exterior. Thereby details and elements of the
selected buildings should be seen as valuable
to preserve or gently replaced with new and
similar elements.

Medium scale
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Small Scale

The following section will present
the Small Scale analysis of the project
site with a focus on a selected cluster
of buildings and intermediary urban
spaces. The architecture of the build-
ings are in the following section ana-
lyzed with a focus on their former use,
potential and limitations for transfor-
mation and which characteristics de-
fine them.
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Introducing the Project Site
- The Selected Buildings

The project site consists of three buildings which
encircle a green courtyard. The three buildings are
defined as Building 20, 21 and 22. Building 20 and
22 are low pavilions from 1908. They have similar
aesthetics and compliment each other in volume,
details and materials. They are built in a small scale
to relate to the human scale and the greenery in be-
tween to ensure the connection from inside to out-
side. These buildings are former bedwards for pay-
ing patients and children (Frederiksberg Kommune.
n.d. b) and today they are outpatient departments for
patients with heart diseases (Region Hovedstaden &
Frederiksberg Hospital. n.d.). Building 21 is a bigger
pavilion from 1899 and has a more scattered vol-
ume and scale. Therefore the building is diverse and

seems like multiple buildings in one. Building 21 is a
former surgical unit with bigger and smaller patient
wards. The different functionalities and departments
were built in separate annexes to ensure a high stan-
dard of hygiene (Frederiksberg Kommune. n.d. b). To-
day, the building is geriatric outpatient department
for patients that have suffered a fall or experienced
memory loss (Region Hovedstaden and Frederiks-
berg Hospital. n.d.).
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Building 20

Hovedvejen 12 (Vej 4 number 2)
Nordre Fasanvej 59

2000 Frederiksberg

Denmark

Gross area: 693 square meters
Net area: 647 square meters
Basement: 647 square meters

L] lDl e L] ?ﬁ'
— — H = -
L= E— = ]

L]

]

42 Analytical studies

10
]
N |

Small scale



Historical Changes

Since the building’s original framework, different
small adjustments have changed the expression and
plan organization seen today. The small changes
have been reorganization of the non-load-bearing
structures of the interior to create smaller or bigger
open spaces. In addition, some adjustments in the
load-bearing structure have been made with an over-
laying beam instead of load-bearing columns. This is
interpreted from different historical plan drawings.

Architectural Characteristics

Building 20 is built after the architectural style His-
toricism which has its references to the historical
styles of Classicism and Neo-Baroque.

The building’s fabric entails a high quality of de-
tailing, from the window’s joints to small details ap-
plied and integrated on various building elements.
Nevertheless, it is characterized by its very orange
plaster facade and its low relief framed by a triangu-
lar-shaped frontispiece.

The building is inspired by classicisme blended with
historical architectural style. The classicisme mea-
surements are identified in the symmetrical frame-
work of the building’s upright projection and overall
plan distribution.
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Structural System

Load-bearing timber-frame and brickwork system.
The structural system is defined by a truss system
placed with 1 meter distance. The truss system is
divided in three elements with the middle over the
hallway and the two others on either side.

Potentials

The building’s load bearing system, which entitles
repetitive placed columns that allows free spans of
varying lengths from 2.5 to 6.4 meters, allows func-
tionalities which both need strict structural divi-
sion or open plan solutions.

The fabric of the building has a high potential for
preservation. The many high quality details, the or-
ange facade expression, and the historic low reliefs
are statements of the past and therefore brings the
users attention to former building styles and past
history.

Limitations

Building 20 is centrally located near the main en-
trance to Frederiksberg Hospital. Potential func-
tionalities could therefore be limited from sensi-
tive functionalities, as private one-plan residential
units with direct connection to the public sur-
roundings.
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Building 21

Vej 2, number 1
Nordre Fasanvej 59
2000 Frederiksberg
Denmark

Gross area: 1804 square meters
Net area: 3413 square meters
Basement: 1619 square meters
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Historical Changes

When analyzing different historic plan- and facade
drawings, bigger changes have happened through
time in the organization, when considering flow pat-
terns and entrances. Two former main entrances on
both sides of the south-east facade’s middle-ressaut
have been removed and integrated into the center of
the ressaut as one main entrance. This symmetrical
concept of entrances have been implemented on the
north-western facade - shaping the framework of a
hall-like atmosphere joining the east and west urban
scape of the building.

Nevertheless, by connecting the building’s historical
typology, facade drawings and by a careful on-site
investigation concerning the condition of the differ-
ent building parts, it has been made clear that the
whole middle section, which historically only con-
sisted of cross-over bridges dividing the building
in three parts, have undergone a significant change.
The change concerns a pronounced expansion of
the building in this area by an increase in size to the
north-west. The expansion somehow rests in the his-
torical building, and by first eyesight this is not no-
ticed. Furthermore, fire exits have been reorganized
from having direct exit to the outdoor to only having
outdoor access through a number of intermediary
rooms. Other smaller changes in the inside organiza-
tion have happened as well with the biggest change
being an open plan bed ward transformed into small-
er examination rooms. Though, all the interior reor-
ganizations have been fitted to the original structural
system.

Architectural Characteristics

Building 21 is also built after the architectural
style Historicism with references to Classicism and
Neo-Baroque. Especially the use of architectural ref-
erences to the baroque style characterizes the volu-
minous building. Details such as cornices, forward
drawn pilasters in the facade, and the before men-
tioned middle-ressaut especially gives a clear refer-
ence to baroque architecture. The building therefore
states a theatrical front piece of the historic hospital.
When considering the composition of the two main
facades they are very different but still alike in its
symmetry. The south-east facade is mounting equally
to two storeys high whereas the north-eastern facade
is divided into multiple heights, and therefore meets
the human scale of the corresponding buildings and
intermediary urban space.

Considering the characteristics of the indoor envi-
ronment it is to mention that the house is built with
high ceiling heights with complimenting high win-
dows, which allows natural daylight and ventilation
to happen. Different patterns in the ceiling are uti-
lized by different structural frameworks, which cre-
ates architecturally shaped artworks.

I1l. 47 Existing conditions

mm——
SRS
I

@ [
FR R
0
(na |y

_@%\i

0

] e

I1l. 48.0riginal conditions

2 m. 6 m. 12 m.
e 1

Chapter 03 47



0
B @E
00k E .
Iy
] : 5
B o [*]
I
; I .
) :
] - ol
0 = i
g
]
T

48 Analysis & Studies Small scale



Structural System

Load-bearing beam and brickwork system. The
structural system of the building is diverse in the
use of different systems - defining variating at-
mospheric qualities. One system which has been
used in many areas of the building is arches in the
111. 53. ceiling structure with complimenting beam struc-
tures, to ensure the capability of open-plan areas.
The different arches vary from one room to anoth-
er, and are considered to be defined by the specific
rooms’ dimensions.
In addition to the use of curved ceilings divided by
beams, flat ceilings with beams are integrated in
jﬂ some areas. These two systems are somehow in-
: terconnected in the center of the building, at all
floors, where a small ceiling area consists of a cof-
fered ceiling.

|

|

| 1

: Potentials

L
The symmetry, the clear use of simple tectonic
instruments, and the transition over time shapes

. great potentials for discovery and transformation

or re-purpose. The greatest potential of them all is
how careful new extensions have been added to the
existing historical buildings - so careful that it is
not noticed, but read as a natural and original part
of the exitsing.

The building’s shape creates potential in matters of
mixed use transformation, whereas smaller apart-
ment units, bigger common areas, and recreational
spaces can be integrated under one collected roof -
utilizing a framework of a social house, with green
areas right in front of one’s window.

gl

Limitations

— e = =

The building acts as a wall against the city towards

the east, and therefore has a negative influence on
O | the flow in the area. It should be discussed wheth-
er it is a potential or a limitation to open into the
courtyard surrounded by the three selected build-
ings, to ensure that the atmosphere of this space is
not lost.
The greatest limitation of the building is its many
architectural qualities, both the building’s fabric
and the organization. Additions, extensions, and
such must be considered with careful thought to
the existing qualities, to ensure that a neglect of
the existing does not happen in the final proposal
of transformation. A preservation and careful ap-
proach to scale, hierarchy, symmetry, and connec-
tion are a vital part to ensure to keep up with the
limitations.
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Building 22

Vej 4 number 14
Nordre Fasanvej 59
2000 Frederiksberg
Denmark

Gross area: 907 square meters
Net area: 844 square meters
Basement: 637 square meters
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Historical Changes

Not much has happened with the building’s orig-
inal framework. The biggest change is the closure
of the historic entrance at the building’s northern
facade’s middle-ressaut which is replaced with an
added building that connects to Building 21. The
new addition acts as the new entrance of Building
22 and seems as an unnatural addition to the two
buildings.

Architectural Characteristics

Building 22 is likewise built after the architectural
style Historicism which references the historical
styles of Classicism and Neo-Baroque. The build-
ing has similar details as Building 20, though the
outer fabric seems more neglected.

Ill. 57.Existing conditions
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Structural System

It is assumed that the building has a similar
structural system as Building 20, consisting of a
load-bearing timber-frame and brickwork system.

Potentials

This building has a great potential for restoration
of neglected qualities. The qualities are similar to
Building 20 and should be the first to be restored.

Moreover, it should be considered whether the
added building and its function as a connecting el-
ement between Building 21 and 22 is needed and
fits the architectural expression of the area. As
it is designed now, it can be concluded to have a
negative effect on the surrounding architectural
scape because of its shed-like expression which is
not seen elsewhere at the site. There is therefore a
hidden potential of exploring what this tiny space
should be in the future, whether it should still be
a connecting part but designed differently, or de-
molished to secure better flow patterns in the area.

Limitations

Building 22 is located near the buildings main-
tained for healthcare functions and placed in a very
public space. Therefore it has similar limitations
as Building 20, which is limited from sensitive and
more private functions.
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04. CHAPTER

In this chapter, the theory and analysis are summed up and con-
cluded upon. The thesis’ position on transformation is presented
as well as the design criteria which clarify the focus of the project
and are acting as a guide throughout the design process.

DELIMITATIONS

The Position
Design Criteria

Chapter 04
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Delimitations

The Position

The position of the thesis is to work with and not
against the heritage and the existing structures of
the buildings to be transformed. To be in dialogue
with the present situation of the buildings and let
them evolve around their own logic and valuation
is the essence of the design. Therefore, the ques-
tion arises; What does the building prefer?, which
asked for the processed buildings to promote the
development and supply of new functions without
imposing the buildings to become something that
was not meant for it.

The stated question acts as the guideline and con-
cept of the thesis. The position’s approach is like-
wise to combine the architectural and engineering
field. This has evolved into a Renovation Matrix
(see page 96), which balances the two. Neverthe-
less, the thesis’ position leads to two general disci-
plines within transformation in general, which can
be described as;

Subtraction | The original shape is valuable and
additions will be considered

Rephrasing | Rooms and building parts should be
transformed and rephrased due to new functions
and energy optimization

The concept and the two above mentioned disci-
plines have formed the basis of this thesis and the
transformation of Frederiksberg Hospital.



Design Criteria
Masterplan

The historic buildings, green areas, and trees of
Frederiksberg Hospital should predominantly be
preserved, as new developments are adapted to the
existing structures.

The aesthetics of Frederiksberg Hospital, hereof the
architecture, green features, and materials, should
articulate a varied appearance by interplay between
existing and new elements.

The transformed neighborhood should enable activ-
ity and be inviting to all kinds of citizens by having
varied types of housing, cultural environments, lei-
sure facilities, and diverse urban areas.

The green structures of the surrounding city should
be reinforced in the transformed neighborhood by
the implementation of avenues that establish spati-
ality and smaller paths, as urban spaces ensure recre-
ational areas in-between buildings.

Project Site

The buildings should ensure an accommodating
scale and utilize climate-adapted urban spaces, that
consider the sun, wind and shadows.

Cultural and residential coherence should be ensured
by an implementation of diverse functionalities when
transforming and reorganizing the buildings.

The relation between the buildings should encourage
flow and coherence between the buildings and users.

Buildings

Details and ornamentation of the buildings should be
preserved to uphold the identity of the area.

New added architecture must relate to the existing
buildings by implementation of elements from the
existing architecture, such as similar volumes, di-
mensions and scales, windows, details on facades etc.

The transformation of existing buildings should con-
sider the original thoughts and ideas of the buildings
and its functionality by reinventing them into a new
design.

The existing load-bearing structures should be uti-
lized and reinvented when transforming and reorga-
nizing the buildings, in order to highlight the histor-
icism of the place.

The existing buildings should undergo an optimi-
zation of the building envelope in order to meet the
energy requirements of Renovation Class 2 and to en-
sure thermal comfort throughout the year.

Chapter 04 7
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05. CHAPTER

This chapter presents the final design proposal through a variety
of different illustrations and diagrams. The aesthetic, technical
and functional intent and solutions are presented throughout the
chapter. The Small Scale is presented first, and is then followed by
the Medium Scale and then the Big Scale. This order is reversed
compared to the Program and the Design Process.

PRESENTATION

Building 20, 21 & 22
General Presentation
Technical Interventions
The Fabric of the Buildings
The Interior Organization of the Buildings
The Interior Spatiality of the Buildings
Relations Between Buildings
Relations to Frederiksberg Hospital Area
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Building 20 & 22

General Presentation

At first glance, the two smaller pavilions appear as a reflection
of each other. Building 20 and 22 are similar in structure and
details, yet they differ from each other. Elements such as col-
umns in the facade and different use of cover for the division
between outside and inside to appear invisible. The trees that
have grown tall over time cast shadows on the small buildings
and tell the story of a long life - the story before the new trans-
formation. The low building heights ensure a human scale in the
area and embrace the outdoor area with their horizontal building
bodies. This creates life between the buildings in the area’s and
the buildings’ niches.

Technical Interventions

As a part of the optimization of the building’s technical inter-
vention of Building 20 and 22 is made to optimize the energy
consumption and indoor climate to the new functions of the
buildings. The intervention is made with the building’s preser-
vation and historical values as the main design drivers. The Ren-
ovation Matrix has been used to compare careful, medium, and
radical intervention with the original architectural aesthetics.
The buildings therefore have remained the same exterior expres-
sion to keep their recognizability in the area which predict the
interventions to be in the interior - here especially the insulation
of the external walls, as this contributed to preserve the exter-
nal fabric of the buildings. The buildings are insulated from the
inside both in the floor against the basement, the ground deck,
roof, and windows, where the windows are replaced with new
and better to keep the aesthetics in the exterior. As the roof is
insulated from the inside the ceiling is removed to expose the
construction of the roof and by that tell the story of how con-
structions were made in 1908. The basement in Building 20 is
made usable for the future functions with the insulation of the
ground deck and the external insulation of the walls which pre-
vent humidity of the basement.

60  presentation

Ceiling beneath rear-ventilated attic roof,
from the inside

12 mm wooden boards

60 mm rockwool between 60x45 mm battens
Vapour barrier

160 mm rockwool between 160x60 mm bat-
tens

120 mm rockwool + 20 mm rear ventilated
space between 140x120 mm trusses

45 mm rear ventilated space between 45x45
mm battens

12 mm wooden planks

Roofing felt

Exterior wall construction, from the inside
10 mm render

35 mm vacupor NT-B2-S insulation

10 mm mortar

360 mm solid brick

10 mm render

Windows

3 layer energy glass

Basement floor where no terrain deck is con-
structed, from the top

32 mm wooden flooring

120 mm concrete and steel beam

50 mm polystyrene

1.5 radon and moisture protection foil

275 mm polystyrene

133 mm sand

Basement footing / wall, from the outside
1 mm covering

100 mm porous panel S80

0,2 mm Moisture barrier

5 mm basement wall cover

Footing mortar

470 mm brick wall

Floor deck, from the top

32 mm wooden flooring

45 mm air layer with transverse beam
20 mm wooden boards

45 mm air layer with transverse beam
20 mm wooden boards

Building 20 & 22
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[1l. 62.Building fabric interventions
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[1l. 63.Vizualisation of Building 20 and concept of new added building,
in relation to the urban park area in-between buildings o

Chapter 05 63



The Fabric of the Buildings

The two small pavilions from 1908 stand with their original facade
expression to ensure the identity and recognizability of the area.
All details and ornaments on the facades and roof constructions
are preserved and kept as is. The level of original detail gives a
depth and an extra layer to the buildings that tell they were built in
another time. The facades towards the courtyard are opened up, so
the main entrances are defined and lead the way inside. Moreover,
it gives shade from the sun and rain when needed. Even though
the facades are opened up, the tactility and rhythm of the facade
is kept as the original.

The wooden extension on Building 22, that connected to Building
21 is removed and replaced with an entrance that visualizes the
connection between the two buildings.

L

I1l. 64.North-east elevation of Building 20 showing the opening of the
facade which create a sheltered space on both sides of the middle-axis

I1l. 65.South-west elevation of Building
20 where the original fabric is preserved
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I11. 66.South-west elevation of Building 22 illus-
trating the re-opening of the middle frontispiece

I1l. 67.South-east elevation of Building 22 which
shows the extension of a glass entrance pavillion
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The Interior Organization of the Buildings

To create a lively courtyard and area, Building 20 and 22 is divided
into different functions. Building 20 consists of small local shops
and Building 22 is a creative space.

Building 20 is organized with four shops with individual entranc-
es. Every store is equipped with a staircase to the basement with
space for storage.

Building 22 is organized with one main entrance that contains toi-
lets and a wardrobe with space for bags and jackets. The space is
then divided into two directions. On one side there is room with
space for different workshops, this can be divided into two seper-
ate if needed. On the other side there is a library space for chil-

I11. 69.Ground floor plan of Building 20
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I1l. 70.Basement floor plan of Building 20
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dren. The door at the gable connects to the rest of the library in
Building 21.

The interior is organized with respect for the load bearing con-
struction which is kept as is. However, it is assumed that the ceil-
ing plan for Building 22 is similar to the one shown for Building
20. Moreover, The basement under Building 22 has not been uti-
lized and therefore, it is not presented.

O

I1l. 71.Ground floor plan of Building 22
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The Interior Spatiality of the Buildings

The ceiling of Building 20 and 22 are opened up to enhance the
interior space and create light and airy rooms. The initiative ex-
hibits the extensive roof construction of beams placed every me-
ter. Even though it is a vaulted ceiling, the dense roof construction
brings down the ceiling height.

In both buildings a skylight guides the light into the middle of the
building. The skylights are original elements, designed to get light
inside the hospital hallways. Today, the interior rooms are placed
across the buildings as seen in illustration 72, this allows the visi-
tor to experience the spatiality of the building in its entirety.

o—o n . oo
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11I. 72.Cross section of Building 20
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I1l. 73.Longitude section of Building 22
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Building 21

General Presentation

As a magnificent monument to the former Frederiksberg Hos-
pital, Building 21 appears as the entrance portal to a new area
within the city, where diversity in users and functions creates a
synergy for the area. The building, with its continuous opening
from the city towards the park, shows new connections for the
area’s other buildings. With its luminous eyes looking down on
the park’s wild areas, the building in synergy with the park cre-
ates an idyllic oasis in the middle of the busy city. The building
is accompanied by a luminous public conservatory by breaking
with an otherwise tight rhythm and building structure. The cen-
ter of the building meets the human scale and thereby addresses
the surrounding buildings towards the rest of the old hospital
ground. The building does not violate its history but has been
transformed to house new functions that complement the exist-
ing building structure.

Technical Interventions

The technical intervention of the building is somewhat a copy
of the interventions made in Building 20, but some elements are
changed specifically according to the building construction -
hereof the floor structure and ceiling towards the roof. In Build-
ing 20 the roof is insulated, and the ceiling is removed to increase
the room height and expose the load-bearing system of the roof.
This is not possible to do in Building 21 as all the ceilings are
detailed with arches in the interior. The insulation of the floor
structure is therefore made on top of the floor - this takes a few
centimeters of the room height but preserves the details which
the building is enriched with. Furthermore, the building has in-
tegrated ducts for exhaust in the load-bearing walls. Illustration
74 shows the existing duct and how they are used for exhaust and
heated air. All ducts are connected to the ground and first floor
by small grids which are placed high in the external walls. It is
presumed that these can be reused for the new functions of the
building as it is known that the sizes of the duct can extract the
air.

70 Ppresentation
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I1l. 74.Technical potentials in the ex-
itsing strusture of Building 21

. Heated air ducts

. Exhaust ducts
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The Fabric of the Building

The old hospital building, originally from 1899, stands with its
original facade expression with the main material - yellow bricks.
The details and ornaments of the old facade are preserved and
divide the facade horizontally and thereby indicate the height of
the building. The level of details and structure also state that the
building once was meant for other purposes and the history of the
building is kept. The big, white mullioned windows as well gives
the facade a majestic expression as it rises towards the street and
rest of Frederiksberg. Openings around the middle of the building
invites visitors to go through and thereby use the green areas be-
hind. From the street the building seems as one complete unit, but
by entering the park behind the expression shows the functions
of the inside. Balconies on the first floor show that the building is
divided into several functions - divided horizontally as the details
in brick insinuated. The middle part of the building meets the
outdoor space in a scale aimed at humans by its different shapes
and heights.

74 Ppresentation
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[11. 76.South-west elevation showing the gable of the build-
ing

1

1

1

1 I1l. 77.North-east elevation of Building 21, showing the
intervention of opening up the facade as a maingate to the
urban space behind the building, and the new entrances

T to appartments units on first floor

1

1

1

[1l. 78.North-west elevation of Building 21, showing the
intervention of extending some windows into glass doors,
the pavillion extending th glass extention to indicate the
entrance between library functionalities
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The Interior Organization of the Building

The building contains different functions and is as the facade di-
vided between the ground and first floor. The ground floor invites
visitors of the city by having a landscape office, a library, primarily
for students, and a restaurant. All functions are accessible from
the middle of the building, which also acts as the entrance to the
park. Furthermore, an entrance in the gables ensures direct access
to the office and library. Besides the entrance from the northeast-
ern gable the library connects to Building 22.

The separate entrances seen on the ground floor leads to the first
floor which contains 10 apartments in different sizes - five on
each side of the middle as the building in its structure is mirrored
around the center. Existing and new stairs lead the flow to the first
floor. The apartment ranges in sizes from 58 to 89 square meters.
The organization of rooms is controlled by the existing structure
of windows, load-bearing walls, ceiling arches and exhaust chan-
nels.
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I1l. 79.First floor of Building 21, illustrating the different
appartment units, what is especially important to noticeis
the mirrored plan distribution of the middle axis
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\ I11. 80.Ground floor of Building 21, showing the interme-
diary connection between functionalities in the entrance
area in the middle
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[1l. 81.Vizualisation inside Building 21 which tells the conncetion be-

tween indoor and outdoor as a result of the extented window into a
palcony door
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The Interior Spatiality of the Building

By cutting through the building, the originally designed spaces are
seen on the two floors, where the building’s interior details com-
municate the former history. The ceiling is designed with arches
and thus makes the space experience more interesting. In the time
when the building was constructed, large windows and high floor
heights were a design factor for the good spaciousness. The large
windows also help to create a visual connection to both sides of
the building and allow for the use of naturally ventilated spaces.
The circulation in and around the building is furthermore ensured
by the stair towers that connect the building across the floors.
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I1l. 82.First floor of Building 21, illustrating the different
appartment units, what is especially important to noticeis
the mirrored plan distribution of the middle axis
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I1l. 83.Ground floor of Building 21, showing the interme-
diary connection between functionalities in the entrance
area in the middle
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84.Flow pattern concepts

M Residential
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111. 85.Functions

Building 21
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Relations Between Buildings

The transformed buildings are laying on the edge of the old hos-
pital ground and act as the main entrance to the new neighbor-
hood of Frederiksberg. The history of the former use is seen in
the symmetry of the buildings placement that with new func-
tions encircle a park with connections to the rest of the hospital
ground and the city of Frederiksberg. By the opening of Building
21 the construction invites all its residents and visitors to the
area and connect the park structure to the preserved greenery.
The openings between and in the buildings indicate a natural
flow through the area where both bigger avenues and smaller
pathways ensure diversity in the flows. Furthermore, the diversi-
ty in function activates the site and buildings at different hours
of the day and encourages users of all ages to the site.

1 Direction to new metro station

2 Health building

3 Sun park area

4 Blue spot park area

5 Creative space building

6 Intermediary connection between library functionalities

7 Library on groundfloor, appartments on first floor

8 Intermediary connection between thesis site and the rest of the historic hospital area
9 Open park area

10 Indoor and outdoor restaurant

11 Main entrance

12 Wild greenery area

13 Office on ground floor, appartments on first floor

14 Entrance to trade building

15 Trade building

16 Main green street

17 Landmark funtion of the gate to the historic hospital ground
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Different functionalities are present at the project site where
three buildings are transformed. Illustration 92 shows the new
functions which primarily consist of residence, trade, and cul-
ture. The functions are divided into the transformed buildings
and are thereby placed in relation to each other to create coher-
ence between the building cluster. Furthermore, pathways be-
tween and through the buildings are illustrated in illustration 91.
These indicate the flow in the park and further where to entrance
the buildings.

[1l. 89.Longitude section

I11. 90.Cross section

10 m. 30 m. 70 m.
1
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Relations to Frederiksberg Hospital Area

The new neighborhood of Frederiksberg Hospital is developed at
a conceptual level to create cohesion between existing and new
buildings, building height and scales, functions, and green struc-
tures. The development plan is designed to provide an insight
into what the area can be used for in the future. Over time, new
functions and buildings will come to the area and, together with
the existing buildings, will create a synergy in the area that indi-
cates the area’s previous history.

Ilustration 99, on the next page, shows the relation between ex-
isting and new buildings. The new buildings are added between
the preservation worthy buildings which stand as the existing
foundation of the history of the area. The future neighborhood
should appear as an area where the primary traffic consists of
pedestrians and cyclists. Different access roads and pathways
around the hospital ground thus guide visitors and residents’
movement.

In continuation of the mix between new and existing buildings
illustration 102 shows the varying building height on the ground.
The added buildings attempt to follow the near surroundings,
whereas a plot ratio at 100% is reached. Furthermore, illustration
100 shows the future functions of the buildings which create a
balance between residence, trade, and cultural institutions.

Between the buildings it is possible to enjoy green courtyards
and parks which gives the area a sense of belonging to the rest of
the green structures of Frederiksberg. Illustration 101 presents
the new neighborhood with its green areas which also function
as green avenues between the buildings.
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Frederiksberg hospital ground

I11. 96.Existing
can not be

the municipality of establishment of

different functions

I1l. 98.Re-establishment of buildings

which together fit the demand of the

municipality

Chapter 05 91



I1l. 99.Buildings and access roads

. New buildings

. Preserved buildings

11l. 100.Functionalities

Relations to Frederiksberg hospital area
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I11. 101.Green structures

. Other greenery

. Site

. Wild greenery

. Park and residential area

111. 102.Building heights

One storey

Three storeys

. Two storeys

. Five storeys

Four storeys
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111. 103.

06. CHAPTER

This chapter presents the design process through themes. The
themes represent the important aspects of the process in a sys-
tematic way, though as the project is developed through an it-
erative process, the different themes overlap and are dependent
on each other. Firstly, the Technical Discoverings is presented,
where The Renovation Matrix is introduced and outlines its
use and importance. Secondly Big Scale Discoverings, Medium
Scale Discoverings and lastly Small Scale Discoverings.

DESIGN PROCESS

Technical Discoverings
Renovation and Optimization
The Renovation Matrix
Optimization of Building 20
The Process of Selection
Ventilation
Indoor Environment
Big Scale Discoverings
The Masterplan
Creating a Public but Intimate Area
Creating Intermediary Public Spaces
Medium Scale Discoverings
The Functions of the Buildings
Creating New Buildings with Care to Existing
Creating Diverse Outdoor Experiences
Small Scale Discoverings
Organization and Strategies
Obligated to Existing Potentials
Development of Cultural Functions and Trade
Development of Residential Units
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Technical Discoverings

Renovation and Optimization

As this thesis strives to discover a method for renovation and op-
timization of existing buildings, it is essential to approach the
design process in a structured manner. This is in order to assess
qualitative and quantitative measures and make well-argued de-
cisions.

Previous projects throughout the bachelor’s and master’s pro-
gramme have only considered the development of new buildings
and have mainly been influenced by the Integrated Design Process
(IDP). Unlike the previous projects, this thesis works with existing
buildings. Therefore, the framework of the buildings are given in
advance, why the design process will take its point of departure
in the existing framework and develop design solutions from this.
This thesis presents the idea of an Extended Integrated Design
Process method (EIDP), which is developed with the intention to
accommodate the method of optimizing existing building struc-
tures. IDP acts as the framework for EIDP, utilizing the scattered
loops between its five phases. In EIDP, which considers the devel-
opment of existing buildings, initial design studies consider exist-
ing qualities and issues in terms of both qualitative and quantita-
tive parameters to ensure the best possible solution.

EIDP is made legible in the so-called “The Renovation Matrix”
which is further explained and explored in the following section.

96 Design proces

The Renovation Matrix

EIDP is facilitated through a structured
approach where both careful, medium,
and radical interventions are consid-
ered. The importance of exploring the
different interventions is made clear in
the ‘Position section’, where different
architectural stand-points and opinions
of intervention are explained.

This thesis does not consider an opin-
ion on the type of intervention. The
process of the design is therefore not
influenced by a certain standpoint to
the scale of intervention in order to fa-
cilitate an argument based approach,
where only quantitative and qualitative
qualities count.

The steps of EIDP

1. Discovering issues and potentials in
building components.

2. Discovering plausible and implau-
sible interventions in the building
structure.

3. Asaresult of the discoveries in step
one and two, optimizing solutions
are developed.

4. The optimizing solutions are com-
bined in three initial concepts of
interventions where the aesthetical
qualities of the building interven-
tion framework are assessed.

5. The final intervention concept is
assembled from appointed optimiz-
ing solutions with consideration to
both qualitative and quantitative
measures.

The final design solution of the opti-
mization will in the subsequent design
process be implemented in the exist-
ing building framework, which will be
presented in this thesis. Nevertheless,
the design process conducted with the
EIDP Renovation Matrix Method will
be presented in the following section.

Technical discoverings
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Optimization of Building 20

The renovation and energy optimization of the three selected
buildings will be based on Building 20, and then transferred to the
other two buildings.

The initial studies of the next presented part of the design process
concerned a derivation of the existing building’s envelope and its
different structural compositions. These studies were conducted
with the assessment of drawing material and pictures from differ-
ent decades in the building’s lifespan, review of historical building
codes, and architectural styles whereas descriptions and the ten-
der material were evaluated in order to conclude which elements
from the history was part of the existing architectural style and
therefore the composition of the different structural elements.

The Building Envelope

The optimization of building envelope optimization is divided
into separate subjects concerning the exterior wall, roof, ceiling,
and basement. In each section different solutions are presented
where different parameters are assessed and evaluated. The pre-
sented solutions are based on underlying initial discoverings de-
veloped in the intermediary work with transmission loss calcula-
tions in relation to different building materials. The underlying
process strived to facilitate material compositions, which through
manual calculations did not indicate an accumulation of moisture
in the affected envelope element. Furthermore, to meet the de-
mands of the building regulation described earlier in ‘Demands
and Building Codes’, with regard to the maximum transmission
coefficient of each building envelope structure.

98 Design proces

Composition of Building Envelope

Ceiling beneath rear-ventilated attic roof

12 mm wooden boards

45 mm air layer with transverse beam

12 mm wooden boards

45 mm air layer with transverse beam

12 mm wooden boards

Structural timber beams in rear-ventilated attic

Exterior wall construction

White spackled mortar

360 mm solid brick (1+0.5 brick system)
Orange spackled mortar

Windows

2 layer glass

Floor deck, from the top

32 mm wooden flooring

45 mm air layer with transverse beam
20 mm wooden boards

45 mm layer with transverse beam

Basement floor, from the top

32 mm wooden flooring

45 mm air layer with transverse beam

130 mm concrete slab with transverse steel beam
770 mm high columns of brick between un-venti-
lated and un-heated air

Basement wall
470 mm solid brick (1+1 brick system)

The renovation studies and solutions strive to
meet the energy demands in section 274-279, ‘En-
ergy Demands by Modification and Replacement
of Building Elements’ (§ 274 - § 279 Bolig- og
Planstyrelsen. 2022) in the Danish Building Code
which is stated in the program of the thesis, ‘De-
mands and Building Codes’
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Outer Wall

The building component of exterior walls, especially solid brick
walls, is crucial when it comes to the potential of damaging mois-
ture accumulation which in severe cases can result in frost damage
in the bricks or dry rot in wooden structures and organic materials
(Jensen & Bjarlgv. 2019). There are multiple sources which outline
the problem of implementing interior insulation in renovation
methods and therefore prescribes the values of exterior imple-
mented insulation - nevertheless a wave of researchers exploring
and optimizing the method of interior insulation in renovation
concepts have been developed in the previous years. Studies to
mention, which have been carefully read and analyzed for the ex-
ecution of the thesis’ wall study, are (Nickolaj Feldt Jensen et al.
2021; N. F. Jensen, Rode, & Mgller. 2021) and (Johansson 2014; Jo-
hansson et al. 2014).

To understand the issues and potentials by either renovation
method preliminary values are to be mentioned, which is elemen-
tary in the contradicting discussion. Environmental, physical bal-
ance, and economical measures are what researchers determine
their results and arguments from. These measures will therefore
be highlighted in the different solutions in this thesis to facilitate
an augmented discussion of the final choice of intervention.

100 Design process

The Physical Balance

The measure of a wall structure’s physi-
cal balance, especially the boundaries of
an exterior wall, should be considered
with extended attention. It is vital to
ensure that the exterior wall’s physical
balance makes it possible to intervene
with a new layer of insulation (Realda-
nia By & Byg A/S & Bendtsen 2021), if
the case, it is important to ensure that
moisture accumulation is not a risk as
a result of colder and more fluctuating
temperature gradients in the wall struc-
ture (Jensen et al. 2021).

Preservation Values

One parameter which can influence the
choice of insulation method is the pres-
ervation value of a given existing build-
ing. The buildings detailed in this the-
sis are influenced by such value which
makes the renovation of such exterior
walls especially difficult, which is ex-
plained in ‘Level of Details’.

In order to counterbalance the poten-
tials of the existing buildings, studies of
the building fabric have been executed.
Outer- and inner- fabrics are in these
studies divided.

When exploring the inner fabric, only
a few elements are worthy to men-
tion, which have value to preserve the
building’s architectural history. Doors,
windows, and roof window coffers are
footprints of architectural history. They
are marked by previous optimization in-
terventions but are kept in their origi-
nal appearance. The fabric of the inner
walls are cleaned for architectural qual-
ities, why an inner implementation of
insulation is suitable.

When looking at the exterior fabric of
the building one is met by the opposite.
The exterior fabric’s appearance is an
eye-catcher in its environment because
of the use of orange colored plaster, de-
tailed low relief framed by a triangu-
lar-shaped frontispiece, pillars, and cor-
nices. The exterior fabric has therefore
many qualities to preserve, which would
be negatively influenced if a new layer
of insulation has to be implemented on
the cold side of the wall. If such a mea-
sure is necessary a careful approach to
preserving the mentioned elements is
indispensable.

Technical discoverings



Wall Intervention

Therefore different wall intervention proposals are utilized with
care to the above mentioned preservation problem. The concepts
are as following:

Careful intervention: The outer fabric is kept as it is. On the
warm side a 10 millimeter mortar layer is added as a middle-lay-
er between brick and insulation. 20 millimeter Vacupor-NT-B2-S
insulation is placed hereafter which is furthermore protected by
the next and last layer of wood panels. No vapor barrier is needed.

Medium intervention: The outer fabric is kept as it is. On the
warm side a 30 millimeter rear ventilated layer acts as a ventilated
layer between the solid brick layer and the insulation. Hereafter
a cellulose insulation layer is built up by first 130 millimeters and
then 100 millimeter. To ensure moisture- and air-tightness against
the indoor climate a vapor barrier is placed as the second last lay-
er, with a layer of mortar as the last.

Radical intervention: The inner fabric is kept as it is. On the cold
side a new layer of 180 and 45 millimeter stone wool insulation
is implemented, whereafter a 50 milimeter rear ventilated level
secures against moisture accumulation on the insulation. The last
layer is a 60 millimeter new solid mortar layer.
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Basement

The following section describes the basement floor optimization.
Furthermore, a conceptual framework for the joining basement
wall is composed. Calculations are therefore only executed for the
basement floor optimization.

Basement Wall

In order to utilize the preconditions for the interventions of opti-
mizing the basement floor it is vital to secure the insulation meth-
od of the basement wall (Baltzer & Videncentret Bolius. 2021).

In relation to the basement wall, the study of the external wall is
transferred. Nevertheless, there will be different moisture accu-
mulation risks because of changed boundary conditions of both
different moisture and temperature margins inside- and outdoor
which is to the ground. When considering this in the process of
finding interventions for the basement wall, the transferred wall
systems need to be fitted to the new boundary conditions.

There have been detected existing moisture damages in the base-
ment wall construction joint with the upper external walls. Before
implementing insulation a fully dry basement should be secured
in order to decrease the risk of moisture accumulation from the
inside. The indoor climate should therefore be heated to 20 de-
grees all summer and all organic materials should be removed
(Baltzer and Videncentret Bolius. 2021). Because of the existing
moisture damage a perimeter drain is needed to secure a dry base-
ment. In continuation to the implementation of a perimeter drain
it is prescribed that the basement wall should be insulated on the
cold side of the wall (Baltzer and Videncentret Bolius. 2021.;En-
ergistyrelsen and Videnscenter for Energibesparelser i Bygninger
2015).

Different guides have been read in order to utilize the best con-
ceptual construction of the basement wall. The best placement of
insulation is on the cold side in order to utilize a warm construc-
tion (Videnscenter for Energibesparelser i Bygninger. 2021). A rule
of thumb in this case is %3 of insulation on the outside of the wall,
and % on the inside with inorganic and diffusion open insulation
materials (BYGGE.DK n.d.; Baltzer & Videncentret Bolius. 2021).

Basement Floor

There are multiple methods to optimize the division between
heated and unheated areas - in relation to this it is to be consid-
ered whether the existing basement is to be optimized for nor-
mal use with room temperature of approximately 20 degrees or
non-heated, which decreases the potential of free use.

Noteworthy methods to mention are implementation of insulation
in the existing tier of beams in the basement floor above crawl
space, executed from below or above. The existing tier of beam
layer of the basement floor can be transformed to a new terrain
deck, which abolishes the crawl space. Lastly, the floor division
between ground floor and basement can be insulated with a new
tier layer of beams; .
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Basement Floor Intervention

The concept of the optimization of the basement floor is as fol-
lowing:

Careful intervention: The deck between the ground floor and
basement is insulated, making the basement an unheated space
(Vadstrup. 2014)

Medium intervention: The basement floor is insulated above the
existing structure, making the basement a heated space. Though
by doing this it decreases the height of the basement. (Videncen-
ter for Energibesparelser i Bygninger. 2021 a)

Radical intervention: The existing basement floor is removed,
the crawl space is demolished and a new terrain deck is built up,
making the basement a heated space (PAROC DANMARK. 2013).

Later discovery showed that the basement floor rested on a con-
crete beam instead of a wooden beam, as the calculations shown
here are made on. This change causes the buildup of moisture in
the medium intervention.
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Roof

The roof and ceiling is original in the layout and materials and is
as mentioned non-insulated. The renovation will therefore consist
of adding insulation to either the roof or the ceiling.

The recommendations from the Energimerkerapport (Energi-
styrelsen. 2016) is to add 300 millimeter insulation to the top of
the ceiling to eliminate the thermal bridges through the roof con-
struction. This is the most typical and easiest choice when re-in-
sulating a roof. Though, a re-insulation of the trusses will instead
entail the possibility of opening the ceiling construction allowing
for a higher ceiling height within the rooms.

Therefore, it is investigated how different constructions of the

roof and ceiling act when the minimum u-value is reached. 1
08
Careful intervention: The construction of the roof and ceiling is 06
kept as is. The ceiling is insulated with 310 millimeter cellulose, 04
that is blown-in between the beams. As cellulose absorb and re- 0’2
lease moisture, the construction is without a vapor barrier. Instead ’
a space between the insulation and roof-construction ensures 0
. . Original Careful Medium Radical
ventilation of the roof.
Medium intervention: The construction of the roof is kept as it is 111. 117.U-value [W/m>K]
and insulated with 320 millimeter rockwool between the trusses
and inbetween new battens. A distance between the outer roof
and insulation is kept to ensure ventilation of the roof. The ceiling
is opened with visible beams to enhance the interior space. 100
Radical intervention: The roof and ceiling is built up as the medi- 300
um intervention. The only change is the outer roof material, that is 200
changed to zinc as it has a longer durability than roofing felt and 100
needs no maintenance.
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Window

As part of the renovation and energy optimization of Building 20,
the windows need to be optimized to ensure better indoor climate
and energy consumption. As stated in the previous section con-
cerning the wall, ‘Outer Wall’, the windows have footprints of ar-
chitectural history.

By further investigation it is figured that the windows are not
original from when the building was built but have been changed
to a sealed double pane. The aesthetics of the windows have been
kept from the original and as part of the exterior of the buildings
they are deemed preservation worthy. Therefore, in a renovation
or replacement of the windows the aesthetics needs to be in line
with the existing.

The recommendations from the Energimerkerapport (Energi-
styrelsen. 2016) is to change out the old windows to a three-layer
energy window. Though historical, old windows are often reno-
vated or optimized by adding a storm window on the interior or
by changing the glass to better ones as this is deemed the prefera-
ble choice, both energy-wise and in terms of heat recovery (Raad-
vad-centret. 2002). Though, this has a considerable impact on the
daylight in the interior rooms.

Therefore, it is investigated how different window compositions
act in terms of daylight and heat loss through the windows.

Careful intervention: The original windows are preserved and a
storm window is added on the interior. This intervention requires
the storm window to be tightly sealed to prevent the warm air from
the interior to create moisture in the gap between the windows.

Medium intervention: The original window is replaced with a
new three-layer energy-window in the same aesthetics as the orig-
inal dannebrog window.

3

Radical intervention: The window hole is extended to the floor >

00
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The Process of Selection

From the abovementioned iterations of the different types of
interventions, four different renovation concepts have been ex-
amined and compared with the original structures of walls, win-
dows, roof and ceiling, and basement. Furthermore, all concepts
are compared in their total energy consumption. Besides the
development of concepts pros and cons is conducted to choose
which concept to design upon, these can be seen in Appendix 10.

The Process of Selection

The two concepts look alike, only with a difference between the
choice of windows and walls. As it was decided that it made most
sense to replace the basement floor with a new terrain deck in
order to utilize the basement for storage. Moreover, it was de-
cided to open up the ceiling to the visible beam structure (see
for further process in ‘Development of Cultural Functions and
Trade’). The choice of concept ended on concept 4 to utilize the
building’s full potential of an extended area and spatialities. The
wall here is thin and prevents damage from humidity - if the de-
mand from the building regulation should be met, humidity in
the construction would have been a problem as the thickness of
the insulation was not profitable. The wall was further picked
because of the temperature of the surfaces. Instead of having
only 10 degrees on the walls it was seen as profitable to insulate
the walls and thereby have 18 degrees because of a better indoor
climate.

By the use of the The Renovation Matrix, the final design solu-
tion of the optimization is a combination of different scales of
interventions from careful to radical. The final solution ensures
a better indoor climate and a decreased heat loss through the
building elements.

The Intervention Concepts

Concept 1

Windows: Medium intervention
Wall: Careful intervention
Roof: Careful intervention
Basement: Careful intervention

Concept 2

Windows: Radical intervention
Wall: Original

Roof: Medium intervention
Basement: Radical intervention

Concept 3

Windows: Medium intervention
Wall: Original

Roof: Careful intervention
Basement: Radical

Concept 4

Windows: Medium intervention
Wall: Careful intervention
Roof: Medium intervention
Basement: Radical intervention
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The Renovation Concepts

Concept 2 Concept 4
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Ventilation

As a part of the optimization of the indoor climate of Building
20, the ventilation needs to be optimized according to the future
functions. Today the selected buildings are primarily ventilated by
natural ventilation with mechanical ventilation exhausts in toilets
and bathrooms. Historical sources and plan drawings of Building
21 show that the hospital’s bedrooms in the past were ventilat-
ed by hidden ducts in the walls where in- and outlet grids were
placed in the walls. As the ducts are already installed in the ex-
ternal walls; it is estimated that they can be used for natural or
mechanical ventilation in the building where trade, cultural and
residential functions are placed.

As mentioned above, the thesis strives to have different function-
alities in the buildings. Therefore, the initial calculations of the
ventilation handle the three functions: trade, culture, and residen-
tial housing. The ventilation is calculated according to the atmo-
spheric comfort where the building is considered as category II,
which has a maximum percentage of dissatisfied of 20% (Dansk
Standard. 2013). Further the room’s dimensions are calculated to
check if natural ventilation is a possibility.

Therefore, different kinds of ventilation strategies are investigat-
ed to meet the requirements for the indoor environment from the
Building Regulations (BR18).

Careful intervention: The use of natural ventilation is kept and
optimized to fit the new functions of the building. Bigger spaces
will be ventilated by cross ventilation and thermal buoyancy as the
building’s existing chimney stacks and ‘light boxes’ on the roof
can be opened as outlets.

Medium intervention: The ventilation strategy is a hybrid venti-
lation system. Both natural and mechanical ventilation is used in
the building. Rooms with higher demands to the air change and
need for mechanical ventilation should be arranged close to each
other to minimize the pipe work.

Radical intervention: The building is ventilated by mechanical
ventilation. All rooms will be installed with in- and outlets and the
ventilation will be fully automatic.

Based on the investigation of the ventilation of the different func-
tionalities, none are overloaded seen in the percentages of dis-
satisfied. It is concluded that one of the functions will be taken
to further investigations and development of the optimization of
energy and indoor environment.
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Natural Ventilation

Building 20 is today designed with hospital functions. Therefore,
the building has a long hallway in the middle connecting to small-
er rooms facing the external walls to get in daylight. As the build-
ing is naturally ventilated it is estimated that the smaller rooms
are ventilated by ‘single-sided’ ventilation.

Iterations of different room sizes are set to check if the natural ven-
tilation still is usable when the functions and room sizes change
for the future needs. As the abovementioned values on ventila-
tion of residential housing, trade, and culture, natural ventilation
is calculated by different rules of thumb for these functionalities.

Based on the calculations it is estimated that the buildings can
be ventilated by natural ventilation. The values will in further it-
erations be used to simulate the indoor climate of Building 20.
As well thermal buoyancy is calculated, though the calculations
showed that it is not possible to theoretically use it as a part of
the ventilation (Appendix 04). Nevertheless, thermal buoyancy is
seen as possible to use on a practical level as the windows have the
possibility to open the top part.

Existing Ducts

A further part of the ventilation is development of the existing
ducts seen in Building 21. The ducts run from the basement to-
wards the first floor and end as smaller chimneys in the roof. The
ducts are seen as useful as they already exist and it is therefore
possible to investigate if the amount of existing ducts are enough
to help ventilate the building or if new ducts should be added. The
renovation can be done by ‘strempeforing’, where a soft impreg-
nated polyester sock is led through the pipes. The sock, which
hardens in a very short time, lies as a new lining in the old ven-
tilation duct and the renovated ducts now have a lifespan of 100
years. Furthermore, the renovation ensures unnecessary energy
consumption due to leaky pipes which draw in false air (Aarsleff.
2022).

To prove that the ducts can handle the necessary flow rate from
the different functionalities a cross section of the existing ducts
is made to measure the diameter, which is measured to be 24 cen-
timeters. The duct size is compared to the needed sizes for the
different functionalities as the design wants to utilize the existing.

As the existing ducts have a diameter of 24 centimeters one duct is
not enough to handle the flow rate needed to ventilate the rooms.
Therefore it is necessary to have more than two ducts per room, if
the case is a culture or office situation. An example could be that
each apartment needs two outlets to handle the flow rate from the
used air and will be a design guide when the plan is developed.

90
80
70
60
50
40
30
20
10

Ill. 137. Bigger rooms as living rooms, study
hall, library, and shop can be ventilated by
cross ventilation whereas smaller rooms as
bedrooms, bathrooms, and individual group
rooms can be ventilated by single-sided ven-
tilation

Residential ~ Trade Culture Office
housing

I1l. 135.Duct size [diameter, cm
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110 Design process

Indoor Environment

In order to ensure a satisfactory thermal indoor climate, the max-
imum and minimum indoor temperatures are investigated due to
adaptive comfort. The idea with adaptive comfort is that the com-
fort temperatures differ from person to person as well as the type
of buildings. Therefore, there is an interval between the lowest
and highest temperatures that are recommended depending on
the outdoor temperature. Moreover, the adaptive comfort tem-
peratures fits better with the use of natural ventilation as lower
temperatures than 21 degrees are acceptable in the winter.

As the ventilation and atmospheric comfort is calculated due to
building category II, this investigation takes the point of depar-
ture in the same category. The running mean outdoor temperature
and its related lower and upper limit temperatures is calculated
for each month in illustration 138 (see calculations in Appendix
08).

By comparing the original with the renovated building (see illus-
tration 139), it is clear that the renovated building is better than
the original when looking at the minimum temperatures. Though,
as the construction is better sealed, it does not work better with
the maksimum temperatures as warm hot air can not escape as
easily as before the renovation.

As there is no problem with sub-temperatures, the further inves-
tigation will focus on decreasing the maximum temperatures with
solar shading.

The addition of solar shading on its own is not enough to decrease
the maximum temperatures to acceptable values. Therefore the
natural ventilation is increased to 5 h™' to allow for a higher ven-
tilation rate in the summer. The idea is, that if it is warm inside
you open the windows wide and accept the little wind that might
appear in order to decrease the temperature. Moreover, the people
load is detailed for a more realistic input (see Appendix 07) than
having 20 people in the room at all times.

Illustration 140 shows the maximum values for three different
types of solar shading.

1. A retractable awning: This relates to the awnings that are al-
ready in use today on the buildings.

2. An external curtain: This is not as visible on the facade when
not in use.

3. Box around window: This creates shade while enhancing the
windows.

As illustrated, none of the solutions are under the upper limit of
category II, though both solution 1 and 2 are under the upper limit
of category III. Where category II is for new buildings and reno-
vations, category III is for existing buildings (DS/EN 16798-1:2019
DK NA:2021). Therefore, it can be argued that this is the category
to follow instead.

This allows us to choose between sun shading solution 1 and 2. As
the sun shading in solution 1 is one seen on the buildings today,
it is the one chosen.

Technical discoverings
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111. 138. Category II of adaptive comfort

Upper limit
Lower limit
Running mean outdoor temperature

I11. 139. Original versus renovated building

Solution 3, maksimum temperature
Solution 2, maksimum temperature
Solution 1, maksimum temperature

Upper limit, cat. I1I
Upper limit, cat. II

I11. 140. Test of solar shading intervention

Renovated, maks. temperature
Renovated, min. temperature
Original, maks. temperature
Original, min. temperature
Upper limit

Lower limit
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Big Scale Discoverings

The Masterplan

This thesis’ process of design embraces all architectural scales
of a building project in a development area. Since the area is in
the state of a future planned revitalization, as presented by the
municipality in ‘The New Neighborhood’, it has been vital to per-
form a conceptual master’s plan of Frederiksberg Hospital which
the defined buildings, as presented in ‘Relation to Frederiksberg
Hospital Area’, are located in. The thesis therefore stresses the
importance of the entity of the large scale urban plan, the medi-
um scaled area plan, and the small scale on building level.

The development of the conceptual framework of the master’s
plan of the area was developed with point of departure from the
sub-visions presented by the municipality, and the municipality’s
architectural and urban possibility study which was handed in
the tender material. An extract of the entitled is given in Appen-
dix 09.

Low or High Plot Ratio?

When developing a master’s plan of an area many drivers are im-
portant to consider. Nevertheless, the process has had a broad-
ened focus upon building ratio in relation to the manifestation
of larger and therefore open green structures. The discussion of
building plot ratio and its economical, social, and environmental
factors has therefore been explored in terms of different scenar-
ios.

Regarding the discussion of the contradicting arguments for
demolishing or preserving existing build structures in terms of
environmental and social factors, as presented in ‘Transform or
Demolish?, one instance is where the existing structures and
footprints are favored and expanded upwards. Another instance
is of keeping preservation worthy structures only and adding new
buildings on the building plot in order to meet the building ratio
demands. In the presented scenarios the area of green structures
has been an additional layer to explore in terms of securing high
quality urban green scapes, in the middle of a great city.

The initiary concept as presented in illustration 141-145 is a mix-
ture of above mentioned but with the focus of ordering the build-
ing volumes in terms of developing large green areas in between
buildings, which the residents of Frederiksberg wished for in the
future development of the area, described in ‘The New Neigh-

borhood’.

Design process

The Development of the Master’s Plan

The process gave rise to reflecting upon
the actual evolution of the large scale
building plot concept, and as present-
ed it has been boiled down to the fol-
lowing process of design. The first in-
tervention dealt with the development
of knowledge upon the plot’s buildings
to facilitate the selection process. The
second phase selected which buildings
to preserve and which to not. The final
two steps constitute the implementa-
tion of new building volumes and the
functionalities of these.

Big scale discoverings
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Medium Scale Discoverings

The Functions of the Buildings

Caused by the development of the conceptual master’s plan, and
with point of departure in the neighboring functionalities in the
conceptual buildings manifested by this, different solutions of
functionality locations have been tested in the chosen buildings
of this thesis.

Because of the building’s very characteristic and magnificent
architecture, as described in ‘Small Scale’, there was an initial
idea of these buildings becoming some kind of a cultural shared
hub, where visitors would be introduced to the history and at-
mosphere of the area. This was an outcome of the discoverings
of the analysis’ ‘Culture and Education’ and ‘Green Structures’,
where it was discovered that Frederiksberg city is lacking a place
where culture and green urban areas are connected as a unity.
The analysis highlighting education structures in the area of
Frederiksberg city concludes as well a large number of education
structures that could facilitate the need for a public library tar-
geting students.

In relation to the municipality’s tender material, they also man-
ifest a percentile division of housing, trade, culture and health
which should be accommodated on the overall Frederiksberg
Hospital plot, which also the thesis’ building plot should corre-
spond with.

Creating a Public but Intimate Area

The building plot of the thesis acts, because of its pavilion struc-
ture, presented in illustration 146-151, as a quiet and slow pocket
in the city. The buildings are located around a large flat green
structure which acts as the pocket. Furthermore, the buildings
face the open green space with an accommodating human scale.
This corresponds with the above mentioned need for cultural
functionalities, that invites visitors for a stay. This pocket in the
city therefore utilizes an intimate area, which should be designed
to be and perceived as publicly available.

As seen on the illustrations given in this section, it was clear from
the start that a kind of main entrance should be implemented in
the middle of Building 21 in order to relate to the flow surround-
ing the building plot, whereas one is from a future metro station
and the other from the gateway path of Frederiksberg Hospital.

114 Design process

The Development of the Funtional
Organization

With care to the parallel process of the
development of the master’s plan, the
presented different proposals of the
functional organization were explored.

[lustration 149 facilitates the idea of a
public community center accommodat-
ing all age groups, here only the ground
floor is considered.

[llustration 147 is a mixture where the
culture institution is accommodated by
functionalities which correspond with
the health area to the right and the city
to the left.

In the scenarios presented in illustra-
tion 149-151 the first floor is imple-
mented in the solutions to explore both
vertical and horizontal connections.

Medium scale discoverings
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Organization of Multifunctional Area
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Creating Intermediary
Public Spaces

As stated above, the need for a main
entrance in the structure of Building 21
is vital to utilize the perceived public
available area. The following illustra-
tions therefore accompany the design
process and development of such prin-
ciples. This process encircles the con-
cept of having a fully transparent en-
trance hall, with iterations with care to
room dimensions, inviting architecture,
and use of the entrance hall.

[lustration 152-159 presents the iter-
ations of such divided on the scale de-
fined by careful to radical interventions.

I1. 155. 1. 159.

Inviting Main Entrance
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As a result of the evolution of the func-
tional organization, presented in 'Pre-
sentation, the corresponding library
functionalities located in Building 21
and 22 give rise to a need for an inter-
mediary connection. This to utilize the
perception among visitors that the func-
tionalities, in the separated buildings,
are interconnected. This area of the
design process accumulated questions
regarding the relevance of the addition.
Would a flow between the buildings ac-
tually occur, when the user groups are
different and therefore not in relation
to each other? Is the argument for en-
hancing the corresponding functional-
ities in the architecture strong enough
to facilitate a sculptural new structure?
These questions were raised many times
in the process of design. Nevertheless, a
small opening in the facade to fascilitate
a connection between the two buildings
was needed.

Framing Interconnections
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Creating New Buildings
with Care to Existing

To thoroughly investigate the new vol-
ume’s features in relation to existing
building volume’s | the following process
takes its point of departure in the devel-
opment of the conceptual masterplan
presented in ‘Relations to Frederiksberg
Hospital Area’. This part of the process
is on the contrary from the medium
scale perspective, where the transition
between building volumes heights are
in focus. The studies explore both an
intermediary division of the building
volume (see illustration 166-168), which
neighbors the urban area, and different
proportions in the facade in order to
gain harmony (see illustration 169 and

170).
1. 166.
11l 167.
111, 168.
1. 169.
I ' 1 g
1L, 170.
New Building Volume in a Historic Context
118
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In relation to the volume study of add-
ed buildings in historic contexts, it is
vital to explore how the outer fabric
of such new buildings should respond
to the existing architecture. Through
readings explaining how to relate new
architecture to existing, it is concluded
that a chosen number of stylistic devices
should be translated from the existing
to the new.

The presented part of the design pro-
cess, which has been conducted simul-
taneously with the interventions on
the existing structures, illustrates the
method of extracting different stylistic
devices and compounding it in a new
building’s facade concept. The studies
are kept very conceptual to enhance the
conceptual design process regarding
the added new building.

1L 171.

1. 174.

BT

1L 172.

1. 173.

1. 175.
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1. 176.

Materials in Relation to Existing
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It was concluded that the implementa-
tion of brickworks as a stylistic device
on new buildings created a clear link to
the existing buildings. A study regard-
ing different brick bonds was therefore
conducted to explore different solutions
to also ensure that it was clear that these
buildings would be from a more recent
time than the existing.

1. 177. 111. 180.

1. 178. 111 181.

—

1. 179. I1. 182.

Brickwork Bonds
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Creating Diverse Outdoor
Experiences

As stated in the ‘Green Structures’
Frederiksberg city is known for its man-
ifold and rich green structures, which
characterizes the overall area. The the-
sis has had an overall desire to maintain
and promote this exact city strategy,
which is also described in ‘Characteris-
tics in Architecture’.

The process of the urban greenery plan
is developed with focus to flow patterns
and functional division between build-
ings, this is exemplified in illustration
183 and 184. Furthermore, framing
natural happening blue spot, sun- and
shadow spots as illustrated on the next
page (see Appendix 11).

I1. 184.

Green Structures

Il. 185.
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In continuation to the above described,
some of the urban spaces have under-
gone a more thorough process. Espe-
cially existing recreational and green
structures have been explored and
transformed in order to develop the area
but with care to the historic stylistic de-
vices. The presented design process on
these pages show the method of careful
to radical interventions translated to
urban sceneries. The solutions are de-
veloped with focus to creating an area,
with care to existing urban structures,
which naturally accumulates rainwater
in heavy rain squall.

111. 186.

111.187.

1. 188.

Il. 189.
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Chapter 06 123



Small Scale Discoverings

Organization and Strategies

Parallel with the development and final decision regarding the
functional division in between the thesis’ buildings, organiza-
tional principles on building scale have been executed. This lev-
el of detailing is with care to the history of the building, more
precisely the building’s original and existing use and enclosed
organization, which should generate the concept of future use
and organization. The brief extract of such analysis conducted
throughout the design process described in ‘Levels of Details’,
gives clarification of historic changes in the built structure, and
furthermore possibilities of revivision of former organizations.

Obligated to Existing Potentials

In the development of strategies for the inner organization of
the buildings the point of departure facilitated a study of the
buildings structural properties and the extraction of important
performance related components in the structure, as described
in ‘Building 21 - Technical Interventions’. The findings generat-
ed possibilities and limitations of the existing structures, which
have been implemented in the process from an early stage - this
to ensure that the inner organizational revitalization obliged vi-
tal structures of the existing buildings.

In phases in the design process dealing with small scale discov-
erings, a careful approach to existing qualities and detailing have
been vital in terms of upholding a strategy of maintaining and
furthermore framing the existing architectural qualities. Find-
ings of the analysis presented in ‘Level of Details’, the historical
knowledge of the building’s use, and the technical iterations pre-
sented in ‘Small Scale’, have therefore been the superior catalysts
in the development of the following small scale discoverings.

The following section will illustrate a variety of considerations
regarding the different typologies of functions in the different
buildings, which takes its point of departure in the final decision
of the functional organization in the medium scale section. The
section is divided into the different typologies in order to give a
clear understanding to the reader of the individual area’s devel-
opment. Nevertheless, in order to understand the process, it is
important to state that the process has not been linear but paral-
lel to each other - wherefore each typology has had an influence
on one another.

124 Design proces

Initiary Concepts

In the early design stage of figuring
out which type of architectural inter-
ventions that was needed in order to
revitalize the buildings used in the fu-
ture, different initial concepts were ex-
plored. The presented initiary concepts
are conducted parallel with the evolu-
tion of the functional division between
this thesis focussed buildings, for
which reason a widened range of pos-
sible internal strategies of organization
is presented in order to introduce the
reader to underlying design potentials
which dictated the subsequent process
of small scale design explorations.

The underlying design potentials which
have been presented covers different
ways of internal division between func-
tionalities, flow patterns, and extension
of existing structures. These potentials
in some ways oblige the existing struc-
ture and at the same time develop the
existing matter.

Small scale discoverings
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Development of Cultural
Functions and Trade

Qualities of the existing structures were
from the start considered to be framed
in the public areas of the buildings. The
development of such have therefore
been with a focus upon how the orga-
nization of volumes could be an instru-
ment to raise the visitors’ awareness of
the qualities of such historic architec-
ture.

Qualities which have been catalysts in
the small-scale design process are the
building’s characteristic high ceiling
heights, transverse ceiling vaults, large
vaulted windows, and octagon shapes
which are repeated numerous times in

the fabric of the building.

11 199. 1. 202.

111. 200. 111. 203.

Manifesting the High Ceiling Height
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The development of different organiza-
tion strategies regarding the different
functional typologies have been execut-
ed with the use of scenarios in order to
methodologically consider different pa-
rameters which are related to potential
user’s needs.

Transparency and the embodiment of
creating spaces that give rise to a per-
ceived public space have as well been
considered in the development of the
presented public spaces, this to ensure
that one will be met by an inviting struc-
ture and organization, which again re-
fers back to the wished outcome of the
publicly available functions.

1. 211.

1. 212.

Manifesting the Octagon

Design proces

1. 213.
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Another catalyzation of the small scale
design process, is the potential of re-
vitalizing and framing the different
building’s load-bearing and stabilizing
structures. This to facilitate a varying
experience of the built environment and
the utilization of a general acknowl-
edgement and appreciation of former
building techniques.

1. 217. 1L 221.

1. 218. 1. 222.

1. 219.

I11. 220. 111. 223.

The Experience of Building Structures
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1. 224.

I 225.

111 227.

Creative & Multifunctional Spaces
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Development of
Residential Units

Parallel with the discoveries in the tech-
nical section of the design process, ex-
plained in ’Optimization of Building 20’,
and with different degrees to the above
mentioned catalyzts different propos-
als of plan organization of residential
apartment units have been developed.
The different proposals take their point
of departure in a variety of residential
and therefore user-types wherefore the
process again has been executed meth-

odologically.
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Development
Intermediary Spaces

In continuum to the study of ‘mani-
festing the octagon’ and the study of
‘creating intermediary public spaces’,
different proposals to revitalization of
intermediary outdoor spaces were ex-
plored. On the contrary, this study ex-
plores the smaller scale intermediary
space between the inside and outside,
and how such openings should be de-
signed in order to oblige to the existing
architecture.

i i il ) T

11. 235. 1. 238.

1. 236. 111. 239.

111. 237. I11. 240.
Opening of Facade
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11. 244.

Integration of Intermediary Outdoor Space
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07. CHAPTER

This chapter concludes on the project with a conclusion and a
reflection.

EPILOGUE

Conclusion
Reflective Discussion
References
Illustrations
Litterature
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Conclusion

The aim of the thesis was to discover a framework
for restoration and energy-optimization of existing
structures with an extended intention of preserving
and manifesting existing values of social and histor-
ical means, as the architectural profession will soon
be at a point where an extensive percentage of all
projects will be connected to transformation and/or
preservation of existing buildings and structures.

The thesis proposes a framework; The Renovation
Matrix, in which technical and aesthetic values and
qualities are combined and balanced in functional
buildings and urban developments - transformation
of buildings are more than the beautiful spaces and
historic atmosphere, it is also about creating a great
indoor climate and a decreased energy consumption
to optimize the past for the future.

The developed framework is based on a principle of
an iterative process and method, divided into five
steps, that combine potentials and challenges into
possible technical solutions that are assessed aes-
thetically and functionally. The framework divides
the technical solutions into three categories; care-
ful, medium, and radical interventions with consid-
eration for the historical values and memories. This
division ensures a systematic understanding and as-
sessment of the positive and negative consequences
of the different solutions. Hereby, it is possible to
choose the better solution for the particular build-
ing element and building.

The framework is exemplified by a project site at
Frederiksberg Hospital, where The Renovation Ma-
trix is used to energy optimize the buildings with
respect for the historical values and identity.

The thesis has been developed through empirical
studies of theory, documents from others’ expe-
rience of renovations and optimization, and re-
search papers on building materials. Throughout
the project, it was intricate to find comprehensive
cases that considered both the technical, aestheti-
cal, and functional needs and demands. The cases
either focus on selected building elements, selected
materials or on the preservation of selected historic
elements, though with scarce consideration for the
functional aspects. However, there is an increased
focus on research on technical and functional as-
pects of materials and selected building elements, it
has simply not developed into the building industry
yet. Though, this will happen over the next couple of
years as the building industry evolves.

Epilogue

With the framework, the thesis proposes an ap-
proach to combine the beautiful transformation of
existing buildings into functional buildings with
consideration for the indoor climate and the en-
ergy consumption. By combining the knowledge
from both perspectives it is possible to create well
functioning buildings with respect for the historical
identity. This ensures a transformation of old build-
ings that will be operable in the future as well. With
the framework, the thesis proposes a method for fu-
ture transformations projects as well as further de-
velopment of cities and other urban areas.



Reflection

Our Position

This thesis has dealt with the transformation of
existing buildings and structures. This entails the
question - What is our position on how to transform
and preserve buildings? Throughout the project,
this has been difficult to answer as it necessitates
a more complex answer. Two prominent transfor-
mation- and preservation architects in Denmark
are Johannes Exner and Segren Vadstrup. They are
on opposite sides of the spectrum; Exner works with
transforming buildings that creates contrast be-
tween new and old elements, whereas Vadstrup is
conservative and will preserve the original expres-
sion at all costs.

Our position can be said to be both but at the same
time it is neither, as our approach is based on the
specific building and not a method where all build-
ings are transformed in the same way. Our approach
relies on the question of What the building prefers?
as it is the building that decides what happens -
should it be kept in its original expression or should
the new elements stand in contrast to the original.
Additionally, the approach also considers the quali-
ties of the indoor climate and the energy consump-
tion as an important factor to ensure a well func-
tioning building on multiple levels.
Transformation projects today, either have focus on
the historic or the energy- and indoor climate as-
pects - there are few if any projects that focus on
both. Our approach is the combination that balanc-
es the architectural field with engineering. There-
fore, the answer to the question would be, that our
position is neither as Exner or Vadstrup, it is our
own.

The Act of Transformation

Transformation of existing buildings and structures,
needs to be considered as a natural part of the archi-
tectural practice. Today, it is often a separate aspect
and a subject on its own, though transformation of
existing buildings will play a greater role in the in-
dustry in the coming years as the built environment
increases. Cultural identity, site understanding, and
material science are central aspects in any projects,
including transformations. These aspects stem from
existing surrounding structures and the understand-
ing hereof. Additionally, in transformations there is
also an existing volume and some original thoughts
and ideas to be considered.

The act of transformation consists of different

methods to address the existing structures, where-
as two are chosen for this project; Subtraction and
Rephasing. The methods are chosen based on the
project site and the selected buildings. If it would
have been any other project, it might have been one
or two of the other methods; Reconstruction, Repa-
ration, and Addition that were used. Therefore, the
right methods to approach the existing building will
vary from project to project, as it would differ what
the buildings prefer to be transformed into. Trans-
formation of buildings is a complex act, where the
right direction and method will vary from project to
project - underlining the importance of understand-
ing the existing structures in depth.

The Collection of Empirical Knowledge

Transformation of existing buildings entails the
need for original and existing drawings and illustra-
tions, which require a preliminary work of obtain-
ing all the relevant drawings. With older buildings
the preliminary work becomes even more complex,
as most of the drawing material is not digitized
but stored in boxes in the local city archives. This
was the case with most of the drawing material of
Frederiksberg Hospital, which altogether consist of
75 boxes. As time was limited, the understanding of
the buildings has relied on the few digitized plan
drawings, sections and elevations that were avail-
able. This has not been ideal as every information
needed has not been obtainable, and therefore some
aspects have been assumed throughout the project.
The assumptions are based on examples and theory
on how buildings were built at that time as well as
photos and other documents about the hospital.

An example is the small detail of the ventilation
ducts in Building 21, these are visible on the differ-
ent plan drawings and on photos of the interior, but
no other information has been available. Though, it
is assumed that they still can be used for extraction
as well as where they start and end.

As arguments and results about the indoor climate
and energy consumption rely on these assumptions
it is far from ideal but it has been a way to work
around the complexity of the project.

Therefore, a successful transformation entails an
understanding of the existing and the potentials and
limitations that are present.
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Appendix 01

Humidity Profiles

Roof Interventions

Original Medium Intervention

Humidity Humidity

The temperature of the inside surface is 16,4 °C leading to a relative humidity on the surface of 63% Mould formation is not The temperature of the inside surface is 19,5 °C leading to a relative humidity on the surface of 52% Mould formation is not
expected under these conditions. expected under these conditions.

The following figure shows the relative humidity inside the component.

The following figure shows the relative humidity inside the component.
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Careful Intervention Radical Intervention

Humidity Humidity
The temperature of the inside surface is 19,8 °C leading to a relative humidity on the surface of 51% Mould formation is not The temperature of the inside surface is 19,5 °C leading to a relative humidity on the surface of 52% Mould formation is not
expected under these conditions. expected under these conditions.
The following figure shows the relative humidity inside the component. The following figure shows the relative humidity inside the component
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Wall Interventions

Original Medium Intervention

Humidity Humidity

The temperature of the inside surface is 10,5 °C leading to a relative humidity on the surface of 92%.Most kinds of moulds The temperature of the inside surface is 17,8 °C leacling to a relative humidity on the surface of 57% Mould formation is not
start to grow at relative air humidties of 80% or more. Mould grow s expected! To avoid mould formation, the surface expected under these condtions.

temperature should be increased by (additional) insulation. The following figure shows the relative humidity inside the component
The following figure shows the relative humidity inside the component.
100f 3} T — Relative humicity (%)
100l T — Relative humidity (%) o — saturation point
— saturation point DG | (@ G}
90 —
o 2 P 2%
= =
": 70 (@ Rajasil KFIP (10 mm) g 6l q .
= (@) solid brick 1600 kg/m3, DIN 105 (360 mm) €
€ 0 (3) HASIT HASOLAN Kalkmértel (10 mm) 50
5
2 50 2 40
£a0 S 30 N
EEY fg 2
20 |
|
10 o
o 100 | 200 300 400 500 600 7?0 4 n:
nside ¢ [}
0 50 100 150 200 250 300 350 400 I www.ubakus. de Outside 45 1200
nside o lmm]
(1) Rajasil KFIP (10 mm) (4) cellulose (130 mm) (7) HASIT SE 510 SISI® VITAL Silikon-.
Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials (2) Vapor retarder sd=5m (5) Rear ventilated level (30 mm)
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool (@ Cellulose (100 mm) (6) solid brick 1600 kg/m3, DIN 105 (..
summers) than calculated here.
Humidity, Humidity
N TSR A0 Glesi o el A S8 SR SR B BN BRR OB e The temperature of the inside surface is 18,5 °C leading to a relative humidity on the surface of 55% Mould formation is not
The followingfiute shows the rlative huidity nsde the component expested under hese condiions.
wing figure show fve humicity Inek L The following figure shows the relative humidity inside the component.
= - — Relative humidity (% " o
100, = y (%) 100) y (%)
%) saturation’point (e — saturation point
90 4/5
80 iC ® q 7 @ [OINCO0) q )
=70 / B
60 & 2
2 50 ) )
e 2 2
£ \ N )/ ?%
230 W ARUSOE AV i \|
£ wwwtibakus: de
10/
T - /
0 o0 200 300 400 500 q - e R
Inside {mm) 0 100 200 300 400 500 600 700 q
www.ubakus de outside 5 600 Inside ol
www.ubakus.de Outside 100 600
(1) KLH Massivholzplatte (20 mm) (3) Vacupor® NT-B2-S (20 mm) (8) solid brick 1600 kg/m3, DIN 105 (... . ;
(@ stationary air (45 mm) (@) HASIT 690 Putz- und Mauermortel... (6) Rajasil LS (10 mm) (D Rajasil KFIP (10 mm) (3) Stone wool fagade insulation (180 mr(5) Rear ventilated level (50 mm)

(2) solid brick 1600 kg/m3, DIN 105 (.. (4) Stone wool fagade insulation (45 mm{6) HECK Riemchen (60 mm)
Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool Notes: Calculation using the Ubakus 20-FE method. Convection and the capil

ity of the building materials
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Basement Interventions

Original
Humidity

The temperature of the inside surface is 7,0 “C leading to a relative humidity on the surface of 61% Mould formation is not
expected under these conditions.

“The following figure shows the relative humidity inside the component.

100 — Relative humidity (%)
%0 - — saturation point

~so 2)G)E ®
g" www.ubakus.de

0 200 400 600 800 1000
Inside

»
2000

mm]
www.ubakus.de oy 500

(D KLH Massivholzplatte (32 mm) (3) DDR: Stahlbeton Fertigplatte Trag... (5 Stationary air (770 mm)
(2) stationary air (45 mm) (@) Air layer (45 mm)

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials

11L. 10.

Careful Intervention

Humidity
The temperature of the inside surface is 183 °C leading to a relative humidity on the surface of 56% Mould formation is not

expected under these conditions.
The following figure shows the relative humidity inside the component.

= — Relative humidity (%)
~— saturation point

O 60

0 20 40 60 80 100 120 140 160
mm}

1 »

Insile; Outside
(@) Spruce (32 mm) (3) Vapor retarder sd=2,3m (8) Installation level (12 mm)
(2) AGEPAN 0SB 3 PUR (12 mm) (&) ROCKWOOL Flexirock 035 (100 mm)

Layers marked with <> run parallel to the illustrated cutting plane and were not taken into account in the
moisture protection calculation.

ML 11.
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Medium Intervention
Humidity

The temperature of the inside surface is 19,5 “C leading to a relative humidity on the surface of 52%.Mould formation is not
expected under these conditions.

The following figure shows the relative humidity inside the component.

100! —Relative humidity (%)
90! — saturation point
2,
g 80,
g ;z 000U )
E
EE B |
£ a0 e e
3 30
&
20
10
[ —
0200400 6D 8087 {oaD 1280 | Y
mm)
Insice outside 500 2000
(1) KLH Massivholzplatte (32 mm) () ROCKWOOL Klemmrock 035 (95 mm)(7) Air layer (45 mm)
(2) ROCKWOOL Varirock 035 (60 mm)  (5) ROCKWOOL Klemmrock 035 (95 mm)(8) Stationary air (770 mm)
(3) 0SB (18 mm) (& ROCKWOOL Klemmrack 035 (110 mm)

1L 12.

Radical Intervention

Humidity
The temperature of the inside surface is 19,5 °C leading to a relative humidity on the surface of 52%.Mould formation is not

expected under these conditions.
‘The following figure shows the relative humidity inside the component.

100 — Relative humidity (%)

90 — saturation point
<80
€ ® ® @ spruce (32mm)
5 (2) Spanplatten 900kg/m? (22 mm)
£ 60 (3 Insulation/Polystyrene (50 mm)
2 P
£ 50 (@) Foil, PP
% 40| (5) Insulation/Polystyrene (275 mm)
230 (® Sand (150 mm)

20|

10/

0

0 50 100 150 200 250 300 350 400 450 500 550
Inside

Outside
Notes: Calculation using the Ubakus 20-FE method. Convection and the capillarity of the building materials

were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Appendix 02

U-values and Heat Loss

The calculations of u-values and heat loss are calculated according
to DS418:2011. An example of the different calculations are shown
for Careful intervention - Storm window.

The calculations of thermal transmittance is made according to
the following equation

AFU +AFU + Y
FA o e s T ey Sl 2
w AtAL

UW = thermal transmittance of window [TW/m'*K]
s thermal transmittance of glass [W/m**K] assumed (Patursson et Blomsterberg 2022)
= thermal transmittance of frame [W/m**K] assumed (D5418:2011)

thermal transmittance of the edge zone (between glass and frame) [Wim*K] (DS 418:2011)

u
u
k3
a
Ag = area of glass [m’]
A
)
g

;= area of frame/mullions [m’]

= circumference of glass [m]

The thermal transmittance for the exteriorforiginal window
(sealed double pane)

22°3+1.1°2412.4°0.05 —
e P e ¥im?
Vo 22411 2.85 P/m™K

The thermal transmittance for the interior/storm window (two lay-

er energy glass)

_ 2PULHLUN4005 _ 4 o ek

me 22411

The total thermal transmittance is calculated with the following
equation. For the other options, only one calculation for the ther-
mal transmittance is made.

- ﬁ = 1.1 W™K
—)
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The heat loss through the window is calculated through the fol-
lowing equation

s # * &
th_UWt Aw (@m 891)

®_= heat loss [W]

Uw = thermal transmittance of window [TW/m *K]
A, = area of window [, m’]

@_ = interior design temperature [C°] (DS 418:2011)

© = exterior design temperature [C°] (DS 418:2011)

8x

The heat loss through the windows

@, =1.1%3.3% (20 - (- 12)) = 105.8 W
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Appendix 03

Atmospheric Comfort

The atmospheric comfort is calculated according to
DS447:2013

The calculations are done in the following order and
lastly a sheet shows all the calculations made for the
different rooms. The calculation example is here based
on ‘Dwelling 1’. The calculation is done for category II
where the percentage of dissatisfied maximum can be
20 % (Dansk Standard. 2013).

Emission from people and building
~ Equation from DS447, page 53 (Dansk Standard.
2013)

=14, + 4,

G, - Alrflow [Us]
i1 - Number of people
q,- Necessary outdoor air supplied per person [l/s]

A :Area [ m:j

g; - Necessary outdoor air supplied fo consider emission from building [Us per mj_f

4, =270 +48:0.7

g !
Gor= 476

The air change is calculated;

9por 36

Yz

n=

n : Air change [ffl]

Q- Aitflow [Us]

3.6 : Value to convert the units
Vi« Volune [m3]

_ 47636
187.2

n=0917"

n

CO2 concentration
~ Equation from SBi 202, page 53 (Statens Byggeinsti-
tut. 2002)

e T P
Gror™ MR T = e 3600
G, - Airflow [lis]

ﬁ : Value to convert from I/h fo Us [ mi/h_ 7

Qg - Pollution load [I/h]

M : Level of activity [Met]

¢ : Concentration of pollution in the room ~ maximum 1000 ppm [ 1000 ppm - ]0_5_?
¢, : Concentration of pollution in the air ~ maximum 350 ppm [350 ppm - 1076]

o= 17-M

4, = 17-M - mimber of people
Gepy= 177122
q002:40.8
408 1
Dror 0.0007 — 0.00035 3600
li
4,,~3238

The air change is calculated;

qu-S.ﬁ

43

n : Air change [ffl]

q,, - Airflow [Us]

3.6 : Value to convert the units
Vy : Volume [m3j

_ 323836
187.2
n=062h"

Experienced air quality

Dor

c—c,
i

91pr= 10-

G, - Aliflow [Ufs]

Do+ Pollution load from persons and building ~ I olf per. person and 0,4 olf from the building
¢ : Experienced air quality [ 1.4 decipol ]

c; - Concentration of pollution in the air ~ meximum 350 ppm [ 350 ppm - 10_6]

10 : Value to convert the unit

Dorr™ Number of persons - 1 + area -0.4

- 212
G~ """ 14— 0.00035

- !
Q= 15146
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The air change is calculated;

91or 36

Ve

n=

n : dir change [fr_lj

Q- Airflow [Us]

3.6 : Value to convert the units
Vy - Volume [n13j

e 151.46-3.6
187.2
n=291h"

The highest air change value will in the further cal-
culations be the dimensioning to make sure the right
ventilation of the room.

Flow rate
__q
v, = 36

V; : Flow rate [1113/11_,7

g : Sensory pollution load
¢ - Experienced air quality [ 1.4 decipol ]

c, : Concentration of pollution in the air ~ maximum 350 ppin [350 ppm - 1076]

10 : Value to convert units

21.2
V.=10 36

L= 14 -0.00035

3
= 2 _r”
v, =54527 %

Air change outside service life

n, :0'5'0'1'”1:

n,, * Air change outside service life [h_l]

7, + Air change when in service [h_l}

n,=05-01:291
ub
n,,=0.145 it

!
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Concentration of pollution

q, o tore
c= lﬁ-ﬁ-(l—e nr) + (cu—cy)-e n'[+cy

¢ : Experienced air quality

Ty ” Pollution load from persons and building ~ 1 olf per. person and 0,4 olf from the building

1 : Air change outside the service life [}'fi]

Vy : Volume [m'?]

¢, : Concentration of pollution in the air ~ maximum 350 ppm [ 350 ppm - 1075_7
¢, © Initial concentration [ 1.4 decipol ]

T Hours outside service life [hours]

2.4 P

= J-(1-e’”1‘9] + (1.4 — 0.00035)-e 210

] 0.00035
187.2-2.91 ik

¢=0.41 decipol

c= 10-(

The percentages of dissatisfied is calculated as;

5

-0.25

PD=395.¢ >

041-0.25
PD=395.¢ 25041

PD=06.8%

The percentage of dissatisfied is thereby under the
maximum at 20%.

The following pages will showcase all the calculations
done for the different rooms in the selected buildings.



Dwelling - Calculations

Emission
Mecessary outdoor air supplied
Room Volume Mecessary outdoor air  to consider emission from Airchange
Rooms People Area [m2]  height [m] [m3] supplied per person [I/s] building [I/s per m2] Airflow [1/s] [h-1]
Dwelling 1 2 43 3.9 187,2 7.00 0.7 47.6 0,92
Dwelling 2 3 88 3,9 3432 7,00 0,7 82,6 0,87
CO2 concentration
Emizzion 2 ! 2
Room Room Volume concentration, room Emission Level Pollution Airchange
Room People area [m2]  height [m]  [m3] [ppm] concentration, air [ppm] of activity [Met] load [I/h] Airflow [l/s] [h-1]
Dwelling 1 2 43 3,9 187,2 0,0007 0,00035 40,8 32,38 0,62
Dwelling 2 3 88 39 3432 0,0007 0,00035 12 61,2 48,57 0,51
Experienced air quality
= ! = Pollution from = n
Room Room Wolume Pollution from people: 1 Experienced air people and Airchange
Room People area [m2] height[m] [m3] olf and building: 0,4 olf Pollution from air [ppm] quality [decipol] Factor building [olf] Airflow [Ifs]  [h-1]
Dwelling 1 2 48 3,9 1872 0.4 0,00035 14 10 21,2 151,43 2,912
Dwelling 2 3 88 3.9 3432 0.4 0,00035 14 10 382 272,86 2,862
Flow rate
ol V Pollution from ™
Room Room Volume Experienced air people and Flow rate
Room Feople area [m2] height [m] [m3] guality [decipol] Pollution from air [ppm] building [olf] Factor Flow rate [m3/h] [m3/s]
Dwelling 1 2 48 3.9 1872 14 350 Pl 10 545,28 0,151
Dwelling 2 i 88 29 3432 14 350 38.2 10 982,53 0,273
Air change outside service life
Room Room Volume
Room People area [m2]  height [m] [m3] Airchange [h-1] Airchange (when not used) [h-1]
Dwelling 1 2 43 3.5 187,2 291 0,15
Dwelling 2 3 88 3.2 3432 2,86 0,14
Concentration of pollution
o 2 2 ™ Pollution from =
Room Room Volume  Experienced air Airchange people and Experienced
Room People area [m2] height [m] [m3] quality [decipol] Pollution from air [ppm] Time [t] [h-1] building [olf] air quality PD [3]
Dwelling 1 z 48 3.9 187,2 14 350 9 251 212 0,38 6.29
Dwelling 2 3 88 37 325,6 14 350 =) 2,86 38,2 071 11,45
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Trade & Culture - Calculations

Emission
Room Meceszary outdoor air supplied to
height Volume  Meceszary outdoor air consider emission from building  Airflow Airchange
Rooms People  Area [m2] [m] [m3] supplied per person [l/s] [l/= per m2] [l/=] [h-1]
Trade 20 129 3,7 4773 7,00 0,7 230,3 1,74
Culture 40 450 37 1665 7,00 0,7 585 1,29
CO2 concentration
Room 2 A e
Room height Volume Emission concentration, Level of activity Pollution Airchange
Room People  area [m2] [m] [m3] room [ppm] Emission concentration, air [ppm]  [Met] load [Ifh]  Airflow [l/s] [h-1]
Trade 20 129 37 4773 0,0007 0,00035 1,2 408 323,81 2,44
Culture 40 450 3,7 1665 0,0007 0,00035 16 1088 863,49 1,87
Experienced air quality
Room - o A Pallution from™ N |
Room height Volume Pollution from people: 1 olf Experienced air people and Airchange
Room People area [m2] [m] [m3] and building: 0,4 olf Pollution from air [ppm] quality [decipol] Factor building [olf]  Airflow [l/z] [h-1]
Trade 20 129 37 477.3 0.4 0,00035 14 10 716 511,56 3,86
Culture 40 450 3,7 1665 04 0,00035 14 10 220 1571,82 3,40
Flow rate
Room ™ T pollution from
Room height Volume Experienced air people and Flow rate Flow rate
Room People  area [m2] [m] [m3] quality [decipol] Pollution from air [ppm] building [olf] Factor [m3/h] [m3/s]
Trade 20 1249 3.7 477.3 14 0,00035 716 10 1841,60) 051155646
Culture 40 450 3.7 1665 14 0,00035 220 10 5658.56 157182153
Air change outside service life
Room
Room height Volume
Room People  area [m2] [m] [m3] Airchange [h-1] Airchange (when not used) [h-1]
Trade 20 129 3,7 4773 3,86 0,19
Culture 40 450 3,7 1665 3,40 0,17
Concentration of pollution
Room A % 3 ™ pollution from 2
Room height Volume Experienced air Airchange people and Experienced
Room People  area [m2] [m] [m3] guality [decipol] Paollution from air [ppm] Time [t] [h-1] building [olf]  air quality PO [3]
Trade 20 Ak 3.7 4773 14 350 15,5 3,86 716 038 6,29
Culture 40 450 3.7 1665 14 350 14 3,40 220 038 6,28
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Office - Calculations

Emission
MNeceszary outdoor air supplied
Room Room Volume  Meceszary outdoor air to consider emizsion from Airflow Airchange

Rooms People  area [m2] height [m] [m3] supplied per person [l/s] building [I/s per m2] [l/s] [h-1]
Meeting room 12 18 39 70,2 7,00 0,7 96,6 4,95
Landscape office 22 170 3,9 B63 7,00 0,7 273 1,48
CO2 concentration

Room Room Volume Emission concentration, Emission concentration, air Level of pollution ‘A\rchange i)
Room People arsa[m2] height[m] [m3] room [ppm] [ppm] activity [Met] load [I/h] Airflow [l/=] [h-1]
Meeting room 12 18 3.0 70,2 0,0007 0,00035 12 2448 1943 9,96
Landscape office 2z 170 3.5 663 0,0007 0,00035 12 448,8 356,19 153

Experienced air quality

Room Room Volume Pollution from people: 1 o™ il Experienced air A Pollution from people k! "Airchange N
Room People area [m2]  height[m] [m3] and building: 0.4 olf Pollution from air [ppm] quality [decipol] Factor and building [olf] Airflow [I/s]  [h-1]
Mesting room 12 18 30 70,2 0.4 350 14 10 15,2 137,18 7,03
Landscape office 2z 400 3.8 1560 0.4 350 14 10 182 1300.33 3,00
Flow rate
ol " pollution from
Room Room Wolume  Experienced air people and Flow rate Flow rate
Room People area [m2] height[m] [m3] guality [decipol] Pollution from air [ppm] building [olf] Factor [m3/h] [m3/s]
Meeting room 12 18 3,9 70,2 14 350 19,2 10 48534 0,14
Landscape office e 170 3.9 E63 14 350 182 10 4681,17 1,30

Air change outside service life

Room Room Volume Airchange (when not used)
Room People  arsa [m2] height[m] [m3] Airchange [h-1] [h-1]
Meeting room 12 18 39 70,2 7,03 0,35
Landscape office 2z 170 3.8 BE3 3,00 0,15

Concentration of pollution

Room Room Volume Experienced air B 2 ‘A\rchange  pollution from people Experienced 2
Room People  area [m2] height[m] [m3] quality [decipol] Pollution from air [ppm] Time [t] [h-1] and building [olf] air guality PD [3%]
Meeting room 12 18 39 70,2 14 350 16 7,03 19,2 0,38 6,29
Landscape office 22 00 3.9 1560 14 350 16 3.00 182 0,38 6,28
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Appendix 04

Ventilation

The ventilation is decided to be natural
ventilation and thermal buoyancy and is
calculated by theoretical rule of thumbs
according to SBi 202: Naturlig ventila-
tion i erhvervsbygninger and SBi 301:
Dimensionering af naturlig ventilation
ved termisk opdrift (Statens Byggeinsti-
tut. 2002 & Statens Byggeinstitut & An-
dersen. 1998)

Natural ventilation

The theoretical principles for natural
ventilation is seen in the following illus-
trations and the rooms, from the atmo-
spheric comfort, are tested according to
single-sided ventilation with one or two
openings and cross ventilation.

01: Single-sided ventila-
tion with one opening

02: Single-sided ventila-
tion with two openings

03: Cross ventilation

12 Appendix
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Dwelling 1
single sided ventilation | Single opening

Room height Room

Dwelling 2

Single sided ventilation | Single opening

Room
Room [m] width [m] Factor i Room Room height [m] width [m] Factor W<
Bedroom 59 53 2 78 Bedroom 3,9 2 7,8
Living roam 2 7.8 Living room 3 2 78
single sided ventilation | Double opening Single sided ventilation | Double opening

Room height Room Room
Room [m] width [m] _Factor W< Room Room height [m] width[m] __ Factor we<
Bedroom 39 33 25 9,75 Bedroom 32 2 875
Living room 39 55 is 8,75 Living room 2, 9,75
Cross ventilation Crass ventilation

Room height Room Room
Room [m] width [m] Factor W< Room Room height [m] _width [m] __ Factor W<
Bedroom 39 33 5 195 Bedroom 3, 5
Living room EX 55 s 195 Living room 3 5

Trade

Single sided ventilation | Single opening

Office

Single sided ventilation | Single opening

Room Room
height  Room height  Room
Room [m] width [m] Factor W< Room [m] width [m] Factor w<
Private section 37 28 2 T4 Meeting room 32 22 2 7.8
Actual shop 37 12 2 74 Landscape office 32 H z 7.8
single sided ventilation | Double opening Single sided ventilation | Double opening
Room Room
height  Room height ~ Room
Room Iml  width[m] Factor W< Room Iml  width(m] Factor  w<
Private section 37 28 2,5 25 Meeting room 37 28 : 2
Actual shop 12 25 Landscape office 37 H
o ) Cross ventilation
Roem  Reem oo
height  width height  Room
— il il Coenp e Room [m] width [m] Factor W<
Private section 37 28 s 185 Meeting mam f: 29 > 185
g a7 3 5 Landscape office 3,7 8 5 185
Culture
single sided ventilation | Single opening
Room height  Room
Room [m] width [m] Factor W<
Library / other function 37 2 74
Sepersts room 37 2 74
Single sided ventilation | Double opening
Room height  Room
Room [m] width [m] Factor W<
Library / other function 37 2 25
Seperate room 3 25
Cross ventilation
Room height  Room
Room [m] width [m] Factor W<
Library / other function 3.7 5 185
Seperate room 5 5 185
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Thermal buoyancy

The following calculations showcase
the theoretical principles of thermal
buoyancy which is calculated for the
function; trade. Here the windows, in
the external walls, are placed at a height

of 1,09 meters and the skylight is placed
at a height of 6,4 meters. The calcula-
tions will find the neutral plane to make

sure the same amount of air that gets

inside the building is able to come out

again. Further, the results are summed H

up in a conclusion.

The principle of thermal buoyancy and

the room calculated is illustrated. e o
rinciple of thermal buoyancy

Cross section of trade
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Calculation of the height of the neutral plan
H
2 2
L) (Cu) (4
Ta‘{ Ca_"’ A2

H : Distance between the epenings
T; & ]:: : The absolute indoor and outdoor temperature

1+

Ca . & Ca,) : Opening coefficient
AJ, & A_, : Opening area for inlet and outlet

The distance between the neutral plane to the middle
of the highest placed window is defined as;

H2 =4.1m—136m
H2=2.74 m

Now it is possible to calculate the pressure difference,
air velocity, and flow rate

Inlet
The pressure difference is calculated as;

Ap,=p,AT-g | — | [Pa]

p,, - Air desity ~ 1,223 kgim3

AT : The temperature diffenrece between the two opening levels
Hf : The neutral plan

1'; : The indoor temperature

g : Gravitational acceleration 9,81 mis®

1.36
Ap. =1.225-10-9.81-| —
Ap, (20J
Ap =8.17

Now the air velocity can be calculated as;

v

| 2AT-gH| [
T

WA -
AT : The temperature diffenrece between the two opening levels
Hj : The neutral plan

Ti : The indoor temperature

g : Gravitational acceleration 9,81 m/s®
vy, : The flow coefficient (calculated)

First the flow coefficient is calculated as;

y=1+¢

£ : resistance value ~ 0,6-1,0

y=1+106
y=1.6

The air velocity is then

b= 2-10-9.81-1.36
ki 1.6-20

i, W
V= 8.33 5

Outlet
The pressure difference is calculated as;

&
Ap,=p, AT g [T] [Pa]

i
P, Air desity ~ 1,225 kg'm3

AT : The temperature diffenrece between the two opening levels
H1 : The middle plane of the highest placed window

T{_ : The outdoor temperature

g : Gravitational acceleration 9,81 mis®

1.36
A s 7 i O A o, | e
Ap, =1225-10-9.81 ( 5 ]

Ap, =16.34

Chapter 08

15



Now the air velocity can be calculated as;

Z'AT'g'H2 [ m ]
v, =—|—

[

5

AT : The temperature diffenrece between the two opening levels
HZ : The middle plane of the highest placed window

T! e The outdoor temperature

g : Gravitational acceleration 9,81 /st
Y, « The flow coefficient (calculated)

First the flow coefficient is calculated as;

y=1+¢
{ : Resistance value ~ 0,6-1,0

y=1+0.6
y=1.6

The air velocity is then

L _2:10-9.81-1.36
© 1.6:10

m
v, =16.6 T

The flow rate can now be calculated as;

LAREH, n
o, =Cardr|—7 || 5

5

AT : The temperature diffenrece between the two opening levels

IiT1 : The middle plane of the highest placed window
T,— : The outdoor temperature

g Gravitational acceleration 9,81 /s
Ca i Opening coefficient (calculated)
The opening coefficient is defined by;
(et B
a i o
Cv : Cogfficient of speed
Ck : Opening coefficient of contractions ~ 0,03
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The coefficient of speed is calculated as;

B 1
LA 4

{ : Resistance value ~ 0,6-1,0

1

S~ 1+tos
C.=0.625

L%
€ =0.62-0.65
C_=0.4030

a

The flow rate can now be calculated

gv=04=14-( =

w
=12/ —
q, 12.82 s

2-10-9.82-1.36 ]

Effective opening area

The effective opening area of the windows is defined

Furthermore the flow rate and the abovementioned ar-

eas are connected by;

V=4, %= (C‘k-A) : ( Cv""rgo)

&

The effective opening area can be calculated

A%ﬁ.= 0.65-2.4

Aqﬁ’: 1.560

V=1.560-8.3
V=129



The red line showcase the neutral plane of thermal buoyancy.

It can be concluded that the theoret-
ical calculations do not approve the
use of thermal buoyancy, because the
neutral plane is placed in the opening
area of the window in the external wall.
Though, it is thought that it will be pos-
sible on a practical level as the users of
the room can open the windows as they
want to and ventilate the room.
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Appendix 05

Exsisting Ducts

The existing ducts are seen as possible
to use. It is therefore calculated if the
existing is enough or if there is need for
more in the building.

The ducts are only located in building
21 where the future functions are office,
culture, and residential housing. The
flow rate for the specific rooms are cal-
culated earlier in the ventilation annex
(Appendix 03).

By making a cross section of the existing
duct sizes it is seen that these are 24 cm
in diameter - this is present for all the
ducts in the external walls

Furthermore, the ducts are not present
in all the external walls in Building 21.
They are only present in the southern
section of the building, where they run
from basement to first floor. The out-
let goes to the roof and ends in smaller
chimneys. Since the buildings north-
ern and southern sections have had the
same function in the past, it is assumed
that both sections have the same ducts
in the external walls and that they are
usefull for the future functions needs for
ventilation.

[lustration of the room with in- and
outlets

Plan or section of the building (to see
where the ducts are placed)

Dimentions of the existing ducts:
- 24.0 centimeter diameter
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The ducts can now be dimentioned by;

P
v
A Area [m{?
o
q,: Flow rate | i o

v: Flow speed [m/s]
3600 : Factor to convert the units from my's to m'h

The flow speed is assumed to be 2-4 m/s which is the
recommended speed in a destribution duct

The flow rate is the following values for the three dif-
ferent functionalities;

3

Trade: 1841.60 %

3

Culture: 5658.56 %
w
Residential housing: 982.53 B
3
. m
Office: 4681.17 e

The area of the ducts can now be found for the differ-
ent functionalities



Trade

_ 1841.60
rade  3.3600
-l 2

= e 0.1705 m

A

0.1705 m*-10*
1705 63?32

The diameter of the duct can be found by;

4 [1705-4
T

d=46.59 em

Residential housing

98253
A}'esfa’enﬁa.’_ 3-3600

o 2
Aj'esfa’enﬁa.’ =0.0909 m

2 nd,
0.0909 m~-10
909.0 c::-'a?'

The diameter of the duct can be found by;

d= A
bio

g_ [909:4
T

d=34.01 cm

Culture
 5658.56
culture 3-3600
A, =0.5239 m*
culture

2 4
0.5239 m*-10
5239 cm”

The diameter of the duct can be found by;

ge [AE
T
239.
g [52394
T
d=281.671 cm
Office
_ 4681.17
affice  3.3600

B 2
Aoﬁw =0.4334 m

gk
0.4334 m™-10
4334 cm2

The diameter of the duct can be found by;

g [ A4

T

d= 4334-4
T

d="T74.282 cm
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Appendix 06

Be18

Be18 has been used as a tool to calculate
the expected energy consumption of
Building 20. This appendix is an over-
view over the inputs for the final calcu-
lation.

The Building

The building has a heated floor area of
583 m2. The building is constructed as a
solid brick wall with interior insulation
and a light roof construction. The heat
capacity is therefore assumed to be 104
W*h/K * m2. The building is heated by
district heating.

The Building Envelope

External walls, roofs and floors

The values used for the transmission
coefficient is calculated with Ubakus.de
(Plag. 2022).

Building

MName

[euiding 20

Other

iH

583

104

o~
[an

Detached house (detached single-family house)}
Semi-detached and nondetached houses
Multi-storey house, Store etc or Other (non-residential)

Number of residential units
Heated floor area, m?
Heated basement, m?2
Developed area, m?

Heat capacity, Wh/K m=

MNormal usage time, hours/week

IZI Rotation, deaq.

874,5 Gross area, m*

EI Other, m2

Start at End at (time)

[10 | |17 |

External walls, roofs and floors Area (m?) U (Wim2K) b Ht (WIK) Dim.Inside (C | Dim.Outside (| Loss (W)
2034.67 CtriClick 225302 6371.16
4| External walls 380,67 0.25 1.00 95,1675 20 -12 3045.36
| 2|Roof 690 0.12 1.00 828 20 12 2649.6
| 3|Floor 690 0.098 0.70 47,334 20 10 676.2
_4 Basement walls 274 0 0.70 0 20 10 o
Foundations and joints at windows
The line losses around the foundations
and the joints at windows and doors is
implemented. The values are compliant
with the requirements for renovations
(BR18).
Foundations and joints at windows I {m) Loss (W/mK) b Ht (WIK) Dim.Inside (C|Dim.Outside (| Loss (W)
472,625 CtriClick 27.7302 887,367
41| Irdervaegsfundament 150,572 0.12 1,00 18,0686 20 -12 578,196
2| Samlinger ved vinduer 276,575 0.03 1.00 829725 20 12 265,512
3|Samlinger ved dere 45478 0.03 1.00 136434 20 12 43,6589

Windows and outer doors

The windows and in the building has
in the renovation been changed to
three-layer energy glass with a trans-
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mission value of 1.25 W/m”2*K and a
g-value of 0.62 (se Appendix 02 for the
calculations). The doors are assumed to
have the same values as the windows.
The windows and doors are divided into
different orientation and placement and
the shadows are calculated according to
SBi 213.

Windows and outer doors MNumber | Orient Indinatior| Area (m3) U (W /m2K) b Ht (W/K) Ff(9) gl Shading |Fc(-) Dim. Inside| Dim. Outsii| Loss (W) Ext
3 167,59 CtriClick [209,488 CtriClick 6567,98 0/1
+1|Flagvindue (2x spras) 01 14 s 90 55 1,25 1,00 57,75 0,75 0,62 Udhzeng ( 1 20 -12 1848 0
_2 Flagvindue (3x spros) 01 2 s 90 4,2 1,25 1,00 10,5 0,75 0,62 Udheeng (| 1 20 -12 336 0
_3 Flagvindue (2x spros) 02 2 n 90 a3 1,25 1,00 8,25 0,75 0,62 Udhzeng (| 1 20 -12 264 0
_4 Flagvindue (4x spros) 1 n 90 6,3 1,25 1,00 7,875 0,75 0,62 Udhzeng (| 1 20 -12 252 0
5| Vindue (u. spros) 2 n 30 2,7 1,25 1,00 6,75 0,75 0,62 Udhzeng (| 1 20 =53 216 0
6| Vindue (stort arant) 1 n a0 40,44 1,25 1,00 50,55 0,9 0,62 Udheeng ( 1 20 = 1617,6 0
7| Flagvindue (2x spros) 03 2 o 20 3,3 1,25 1,00 8,25 0,75 0,62 Udhzeng ( 1 20 -10 247,5 0
5| Flagvindue (3x spros) 02 1 o 20 42 1,25 1,00 5,25 0,75 0,62 Udhzeng ( 1 20 -10 157,5 0
5| Flagvindue (2x spros) 04 1 v 30 3,3 1,25 1,00 4,125 0,75 0,62 Udhaeng ( 1 20 -10 123,75 0
E Degr 1 1 s o0 6 1,25 1,00 i 0,75 0,62 Udhzeng ( 1 20 -10 225 0
z Dar 2 1 v a0 6,15 1,25 1,00 7,6875 0,75 0,62 Udheeng (| 1 20 -10 230,625 0
12|Der 3 1 n a0 3,8 1,25 100 475 0,75 0,62  Udheeng( 1 20 -10 142,5 0
E Der 4 i n a0 4,6 1,25 1,00 5,75 0,755 0,62 Udhzeng (1 20 -10 172,5 0
? Der 5 {gren spros) i n a0 3 1,25 1,00 3,75 0,9 0,62 Udheeng (| 1 20 -10 112,5 0
E Room 17 1 H 90 Ee 1,25 1,00 4,125 0,75 0,62 Room 17 1 20 -10 123,75 0
" 16|Room 20 1 s 30 3.3 1,25 1,00 4,125 0,75 0,62 Room 20 |1 20 -10 123,75 0
? Room 7 1 n 90 3.3 1,25 1,00 4,125 0,75 0,62 Room7 1 20 -10 123,75 0
E Room 9 1 n o0 s B 1,25 1,00 4,125 0,75 0,62 Room 9 1 20 -10 123,75 0
E Flagvindue (1x spros) 01 1 <] a0 LE 1,95 1,00 2,125 0,75 0,62 Lille vindu 1 20 -10 63,75 0
E Flagvindue (1x spros) 02 1 v a0 LT 1,25 1,00 2,125 0,75 0,62 Lille vindu 1 20 -10 63,75 0
Ventilation
Building 20 is ventilated by natural ven-
tilation all year around. There is me-
chanical extraction in the toilets and
small kitchens.
Ventilation Area (m?) Fo.,- gm (llsm? |nwvav(-) ti{°C) |EFHC|gn(llsm?® [gi.n(llsm? |SEL (kJ/m? |gm.s (lism? |gn.s(lls m3) [gm.n (/s m?|gn.n (lis m?)
Zone 1749 Winter o1 Winter Winter Summer Summer Night Night
+1 W| rooms 583 1 0 i} 0 0 0.3 0.13 0 0 397 i} 0,13
2|Infiltrations 1166 1 0 0 0 0 0,13 0.09 i} 0 0,13 0 0.09
Natural ventilation Infiltration
The value for the airflow is calculated The values are compliant with the rec-
due to atmospheric comfort in Appen- ommendations from SBi 213.
dix 03 and is chosen for the value for
natural ventilation in the summer. The Bel8

value for natural ventilation in the win-
ter follows the minimum requirements
of 0,3 1/s pr. m2 in order to minimize the
energy used for heating (BR18).
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21



Internal heat supply

The values for persons and equipment
are compliant with the recommenda-
tions from Sbi 213.

Internal heat supply Area (m?) Persons (Wim?) App. (Wim?) App.night (W/m?)
Zone 583.0 23320W 3498.0W 00w
1] Al rooms 583 4 6 0
Lighting The values are compliant with
the recommendations from SBi 213.
Lighting Area (m?) General (Wi| General (Wi| Lighting (lw| DF (%) Control (U, M, |Fo (-) ‘Work (W/m?| Other (W/m¢| Stand-by (W| Night (W/m?
Lighting zone 1166 Min. Inst. UMAK
41| Il rooms 561,66 2 2 300 3 M 1 il 0 0 0
2] Toilets 21,34 2 2 200 0 M 0.6 o 0 0 o
3| Basement 583 = 2 300 0 M 0.6 o 0 1] o
District heating Heat distribution plant

The values are based on values from SBi
213.

District heat exchanger
The values are assumed (Larsen. 2019).
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Composition and temperature

Description Dimensioning

District heating ‘ | 70 ‘ Supply pipe temperature, °C (at outdoor temp. of -12 °C)
| ‘ |40 ‘ Return pipe temperature, °C
| Anlaegstype ‘ | 2 ‘ Type of plant: 1: unified or 2: dual

Description | District heating exchanger

District heating exchanger
126 Naminal effect, kW

0,7 Heat loss from exchanger, W/K
DHW heating through exchanger
Exchanger temperature, minimum, =C

Temp.factor, b for setup room (Heated zone: b = 0, Outdoors: b = 1)

1l

Automatics, stand-by, W



Domestic hot water
The values are assumed (Larsen. 2019).

Key numbers

Building 20 complies with the require-
ments of Renovations Class 2. Though,
as the indoor temperatures are calculated
according to adaptive comfort (See page
25), the over temperatures can be cut
from the calculations. Therefore build-
ing 20 complies with the requirements of
Renovation Class 1.

Heating 64.6 0.85 54.1
Electricity for operation |8.5 1.9 16.2
of the building

Total 72.1 70.3

In order to use these calculations for
dwellings in building 21 as well. It is test-
ed what the energy requirement would be
if the building 20 was dwellings.

The values for usage time is changed to
168 hours pr. week. and the people- and
equipment load is changed to comply
with the requirements for dwellings.

Heating 67.7 0.85 57.5
Electricity for operation |0.1 1.9 0.2
of the building

Total 67.8 57.7

Hot-water tank
| Warm water heater |

Part of hot-water consumption, -

Description

Humber of tanks

100 Tank volume, litre (For solar heating containers, state total volume)
Supply temperature from central heating, °C
Nej ~ | EL heating of DHW (If 'Mo’ the boiler operates in surmmer)

[ Solar heat tank with back-up power {Correction for temp.layering)
2,5 Heat loss from hot-water tank, W/K

D Temp. factor, b for setup room, - (Heated zone: b = 0, Qutdoor: b = 1)

Charging pump
Effect, W Charge effect, kw

For combi-pump, state effectas 0 W

Key numbers, kWh/m? year

Renovation class 2

Without supplement  Supplement for special conditions  Total energy frame
97,5 a0 975

e

Total energy requirement 73,3

Renovation class 1

Without supplement  Supplement for special conditions  Total energy frame
73,2 0,0 73,2
Total energy requirement 733

Energy frarme BR 2018
Without supplement  Supplement for special conditions  Total energy frame
42,1 0,0 42,1
Total energy requirement 733

Energy frame low energy

Without supplement  Supplement for special conditions  Total energy frame
33,0 0,0 3.0
Total energy requirement Tl

Contribution to energy reguirement Met requirement

Heat 63,6 Room heating 36,1
El. for operation of buldng 8,5 Domestic hot water 12,4
Excessive in rooms 3,0 Cooling 0,0

Selected electricity requirements Heat loss from installations

Lighting 8,5 Room heating 15,0
Heating of rooms 0,0 Domestic hot water 7.2
Heating of DHW 0,0

Heat pump 0,0 Qutput from special sources
Ventiators 0,0 Solar heat 0,0
Pumps 0,0 Heat pump 0,0
Cooling 0,0 Solar cells 0,0
Total el. consumption 171 Wind mills 0,0
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Appendix 07

BSim

BSim has been used as a tool to calculate
the expected thermal indoor climate of
Building 20. This appendix is an over-
view over the inputs for the renovated
building envelope.

Construction

External wallss: u-value 0.25 W/m2*K

Floor: u-value 1.38 W/m2*K

Roof: u-value 0.12 W/m2*K

Windows: u-value 1.25 W/m2*K
g-value 0.62

Basement floor: u-value 0.098 W/m2*K

Basement wall: u-value 0.17 W/m2*K

Equipment
The values are assumed.

Heating

It is estimated that the building is heat-
ed by radiators.

The set point is at 22 C, as this is the
temperature to maintain in the building.

Infiltration
Standard values.

Lighting
The values are assumed.

People load

The number of people is set to 20, to test
the indoor climate at maksimum capaci-
ty. The activity level is set to medium, as
people are walking around.

Venting

The needed ventilation rate is calculat-
ed by atmospheric comfort (see appen-
dix 03), and is 3.86 1/h. To decrease the
maximum temperatures, the ventilation
rate is changed to 5 1/h.

The set point for opening the windows

is higher in the winter to prevent under
temperatures.
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Systems

Description

Schedule
regulation/control

Time

Equipment | Heat load: 0.3 100% Mon-Fri. 10AM-17PM
Part to air: 0.5 100% Sat. 10AM-16AM
Heating MaxPow. 5 HeatCoolCtrl Oct-Jan.
Fixed part: 0.05 Factor: 1
Part to air. 0.6 Set point. 22
Design temp: -12
MinPow. 0
Te Min: 18
Infiltration | Basic AirChange: 0.3 | 100% Always
TmpFactor: 01
TmpPower: 0.5
Lighting Task lighting: 2 LightCtrl Mon-Fri. 10AM-17PM
General lighting: 0.2 | Factor: 1 Sat. KI. 10AM-16PM
Gen. lighting level: Lower limit: 0.1
200 Temp. max: 25
Lighting type: Solar limit: 0.2
Fluorescent
Solar limit: 2
Exhaust part: 0
People Number of people: 100% Mon-Fri. 10AM-12PM
load 20 60% Mon-Fri. 12PM-16PM
30% Mon-Fri. 16PM-17PM
Medium Activity 60% Sat. 10AM-12PM
Heat Gen: 0.12 100% Sat. 12PM-14PM
Moist. Gen. 0.123 30% Sat. 14PM-16PM
Venting Basic AirChange: 3 | VentingCtrl

TmpFactor: 0.44
TmpPower: 0.5
WindFactor: 2
Max AirChange: 5
Max Wind: 0

Set point: 22
SetP Co2: 800
Factor: 1

Set point: 23
SetP Co2: 800
Factor: 1

Apr-Sep.
Mon-Fri. 10AM-17PM
Sat. 10AM-16PM

Oct-Mar.
Mon-Fri. 10AM-17PM
Sat. 10AM-16PM




Appendix 08

Adaptive Thermal Comfort

The calculations of adaptive thermal
comfort are calculated according to DS/
EN 16798-1:2019 DK NA:2021.

The calculations of the running mean
outdoor temperature is made according
to the following equation and the cal-
culation is made for the 15. day of each
month.

0 =

. « « . « «
0 +08%0__ +0.6'0 _+0.5°0 _ +04%0 _+03%0 _ +02°0 _

rm 38

e = outdoor running mean temperature for the considered day [C°]

0. ™ daily mean outdoor air temperature for previous day [C°] (calculated from BSim)

An example is shown for the month of
January.

0 _ 3.34+0.8*3.84+0.6*3.82+0.5%0.82+0.4%2.33+0.3*3.824+0.2*(—0.55) __

m 3,8

The calculations of the upper and lower
limit of temperatures is made according

to the following equations for category
IL.

0 =333*0 +18.8 -4
ol rm

O =333*0 +18.8+ 3
u rm

o
0 = lower limit
ol

6, = upper limit

The equations for category III is as fol-
lowing.

0 =333%*0_ +18.8 -5
ol rm

© =333%0_ + 188+ 4
u m

o

An example is shown for the month of
January for category II

E)°!=333*2.‘7+18.8—4=16

E)o“: 3.33*2.9+18.8 +3 =23
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Appendix 09

Tender Material

— Omradzafgreensning Etageareal | udviklingsplan ved

» ® Projektomrade bebyggelsesprocent pa 100%

Bygninger forudsat bevaret Bygninger forudsat bavaret til | 13.000 m*
B i Sksisrerende formél eksisterende formal

B Private ejendomime Etageareal der skal fordeles i | 128.000 m?
udiklingsplan

= Matrikler
Total 141.000 m?

BEVARINGSV/ERDIER O

W Fredede bygninger

Bygninger der

u skal bevares

Bygninger der anses for
W bevaringsvaerdige af generelle
bevaringshensyn

Bygninger der anses for
bevaringsvaerdige af hospilals-
historiske hensyn

Saerligt vaerdifuldt tras der skal
bevares

Bevaringsveerdigt trae som s&
vidt muligt skal bevares

Mindre veerdifuldl trae som evt.
kan erstattes

Bevaringsveerdig gran struktur

Omkringliggende vejtraeer

w= Eksisterende karakteristisk mur
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FUNKTIONER O

y Selvejende institution H B der fastholdes med
Plejecenter h yaninger der
Dstervang .""“:‘" Plersgn szh;ﬁz:, nuvaerende offentlige funktioner
W Offentlige funktioner der
Hjselpermiddelcentret forventes flyttet til et
og visitation ‘sundhedsstreg’
y [[] Offentlige funktioner der evt, kan
) flyttes til et ‘sundhedsstrog’
Positi aet
ositivgruppen ; W Bygninger der fastholdes til
Dodnre: offentlige funkticner
o ) habiliering Bygning 10 i 1
; Bygninger der fastholdes til
/.':.‘ //? andre funktioner
Daginstitution % / . . .
Ruff Ll ing 62 2 Bygninger der midlertidigt
=" " i v fastholdes til offentlige
funktioner
Sundhedscenter i
(Ambulant traening k'. — Matrikler
og Forebyggelsen) % 77
“oeer [ FET
.,
Nyelandsgérden 'l
med heldagslegestue .
for dagplejen og midler-
tidige skolefunktioner Café Paraplyen
Kommunal
hjemmepleje
111 16.

INFRASTRUKTUR (@]

A Biladgang uden gennemkarsel
A\ Hovedadgange til omradet

Veje med eksisterende
cykelstier/baner

© Eksisterende busstop
== byl fremtidig metrolinje
& Evt fremtidig metrostation

@ Omkringstaende vejtrazer
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Appendix 10

Renovation Concepts Pros & Cons

Concepr 1 Concept 2 Concept 3 Concept 4
Pros Cons Pros Cons Pros Cons Pros Cons
Windows +original +more light -not an +original +original -less
aestherics +bigger irreversible aestherics aesthetics connection
connection to | option towards the
outdoor outside
-require
specific
functions
Wall +better +no risk of -risk of cold +no risk of +better -risk of
u-value damaging the | walls damaging the u-value damaging the
+no moisture bricks -risk of bricks +no moisture | bricks
or condens in specific orcondensin | -risk of taking
the plansolution the too many
construction construction square meters
from the
rooms
Rm)f +enhancing -risk for +enhancing -risk for
’ the interior rooms the interior rooms
space without space without
human scale human scale
Basement -storage/func | +storage/fun +storage/fun +storage/fun
tioning ctioning ctioning ctioning
basement basement basement basement
+future +future +future
proof proof proof
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Appendix 11

Renovation Concepts Pros & Cons
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