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READING GUIDE

This reporf communicafes the analysis, process
and ending resulfs of the development of a new
“Folkeskole” (the Danish expression for a public
school confaining sfudenfs from O to 9th grade)
in Aalborg, focusing on modern leaming environ-
ments, social and environmental susfainability. The
mefhodological approach of infegrated design is
used fo organize the project phases. The project is
inifiafed with a program confaining the four chapters:
site analysis, case sludies, research, energy and
sustainability, where each chapter is ended with @
sub conclusion fo sum up the importanft parameters
that will influence the further design. The chapters will
within a Danish confest concern objecfs as modemn
pedagogical feaching sfrafegies, how o improve
belter indoor working environment, and how o in-
sure low use of energy,

After the program this report will present the final
proposal including plans, sections, diagrams and
3d visualizations. Then the design process with fo-
cus on progress and discoveries of different design
solutions that led up fo the final design proposal will
be presented and summed up with an overall con-
Clusion of the project.

An appendix, including results of simulations and
document of thhe municipality’s master plan for the
area and design process, can be found on the lasf
pages. In accordance fo the Harvard references
method, for literature and illustrations are carried out.

EMIL HOVEDSKOV PELSEN

ABSTRACT (ENGLISH)

This Master’s Thesis will concern the design propos-
al of a new Folkeskole for the Aalborg municipalify,
which is fo be located close fo Giganfium in fhe new
Master Plan for Gigantiumkvaterel, With a point of
departure in the new Skolereform, the school will be
designed with longer school days, more exercise on
a daily basis and the upcoming digifal era pupils will
have fo face in mind.

As rising concemns is focused on fthe sustainability
of both the environment and on human wellbeing
fhe school will incorporate engineering and archi-
fectural solufions in order fo deal with this concem.
Social aspects regarding how fo incorporate public
use of the school as a muli-purpose school that is
available around the clock and can be used by the
local neighborhood in Gigantiumkvaterel will also be
addressed.

In order fo create modern educational faciliies with
a focus on alternative education for children, theo-
ry musf be studied. Places for confemplation and
group work will be a big part of everyday in modern
schools.

RESUME (DANSK)

Defte kandidaf afgangsproject omhandler ef skif-
seudkast fil en ny folkeskole fil Aalborg Kommune
foet p& Gigantium planlagr i henhold fil den nye mas-
ferplan for Gigantiumkvarterel, Med udgangspunk i
den nye Skolereform skal arkitekiuren skrceddersu-
es fil af filpasse de lcengere skoledage, mere mo-
fion i hverdagen og den digitale dagligdag elever
kommer fil ot mode.

Med sligende omtanke p& boeredygtighed for b&de
miljoel og menneskefs velvcere skal skolen indar-
bejde ingenicr moessige og arkitekloniske losninger
for af fage hé&nd om denne problematik. Sociale as-
pekter om hvordan borgere skal kunne bruge sko-
len fil afbenyftelse for nabolager i Giganfiumkvarteret
dognef rundf er behandlet.

For ar udforme modeme Iceringsfaciliteter for bem
som understofter de forskellige lceringsmetoder er
der anvendr feoretisk viden om lcering i folkeskolen.
Dette har bl.a. resulteret i omré&der hvor fordybelse
og gruppearbejde kan foregd uden for klasseloka-
lermne.
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MOTIVATION

The Danish "Folkeskole” is a compulsory primary
education, which is aimed af children of the age
six fo sixteen and covers kindergarten through ninth
grade; fhis resulted in 1,013 schools and 558,581
sfudents in 2014 [uvm.dk, 2015]. Within these fen
years, Folkeskolen will play an important role in de-
veloping the pupils’ abilily fo take action, their de-
cisiveness, their responsibilily and prepare them fo
enfer and be part of sociely as well as achieve the
essential knowledge that is needed in order for fur-
ther educafion [uvm.dk, 2015 B]. Allogefher, Folke-
skolen plays an imporfant role in our journey from
childhood o adulthood.

“Dansk Erhverv” and shifing Danish governments
agree that Denmark is a sociefy based on knowl-
edge and that Denmark has fo confinue improving
fhe educafional sector, and in ferms of knowledge,
in order fo keep a wealthy society [Forremningsplan
Danmark 3.0, 2008], [Ufm.dk, 2012]. Unfortunately,
fthe lafest PISA study from 2012 reveals thar Danish
students are infernafionally only placed as the 22nd,
25Ih and 27th besl in math, reading and science re-
spectively [uvm.dk, (n.d.)]. This, however, did resulf
in a polifical ambition of modernizing and improving
educafion and was concretized/precipitated in 2014
with the infroduction of the new “Skolereform” [Uvm.
dk, 2015]. Skolereformen brought with it changes
fo some of the physical and pedagogical environ-
ments. Following fhis line of thought, the architecture
should reflect this change as well in order fo support

the leaming environment in the best way possible.
Skolereformen sfafes that every child should leamn
as much as possible. Considering this, the indoor
environment will also play an important role in this;
however, 56% of already available classrooms in
Denmark have bad indoor environments [wWelin,
2014].

There is a need for new and befter-designed schools
that does nol look like fraditional schools bul have a
shape and architecture based on supporting mod-
ermn feaching methods and ensures a good indoor
climate tharimproves the pupils” well-being and per-
formance. This ambition will only be possible by us-
iNng a combination of research, fechnical knowledge
and creafivity.

Because Danish educational faciliies fend to pro-
duce studenfs with an affinity foward sfudies within
the humanities rather than engineers, if is decided
that the school should have a scientific profile. Edu-
cational faciliies with a focus on science will then be
exposed in an interesfing way in order for pupils fo
find it more appealing and, hopefully, be inferested
in pursuing a higher education within the sciences.
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METHODOLOGY

Throughout the project, PBL and IDP will be used fo
solve technical and architecfural issues and make
the project’s foundation.

More melthods have been used fo solve different up-
coming challenges.

As a start, the inferview form described by Kvale has
been used fo gather dafa and knowledge from other
schools. By having references of different schools
with different approaches fo bofh the Skolereform
and sustainability, which we focus on, will inifiare a
discussion on how fo design with a focus on chil-
dren’s ability fo learn and how o give inspiration fo if.

To analyze the contexi and the site different map-
pings fo investigate possibiliies and reslrictions in
fhe area are used.

The digital tools Bsim and Be 10 will be used fo an-
alyze and specify the needs necessary fo fulfil the
energy and sustainabilily requirements for fufure
building.

i !

PROBLEM BASED LEARNING (PBL)

With this learning method, the sfudents’ own skills
are tested by requiring them to obtain the necessary
knowledge needed fo solve the specific problem
stafement assigned in the project themselves. In this
way, there is a consfant workflow between practical
knowledge and theory, which leads fo a solution-ori-
enfated project. Furthermore, it fakes its deparfure in
a problem stafement within the field as well. In this
project, the project group works with different mefh-
ods in order fo solve the specific problem staferment
while new knowledge is achieved simulfaneously.
The goal of PBL is for studenfs fo gain knowledge
of diverse and interdisciplinary fields of subject ar-
eas and thereby allow them fo give an answer fo the
given problem. Within the context of tis project, the
focus will be on how fo build a school with emphasis
on good archifecture and rational, calculared engi-
neering. By working with PBL, it gives a wide range
of academic melhods in different areas of expertise
[Aau.dk, 2015].
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nfegrated design process (IDP)

Il 1
INTEGRATED DESIGN PROCESS (IDP)
This mefhod is a combinafion of PBL and profes-
sional knowledge from engineering and architecture.
With this method, the project goes fthrough five
phases; problem or idea, analysis, sketching, syn-
fhesis and presenfation (see lll.: 1).
- In the analysis phase, one uses all the acquired
knowledge fo construct a program, which contains
vision, paramefers, demands efc.
- During the skelching phase, the acquired knowl-
edge is used as fthe facilifator for the design and is
confinuously adjusfed throughour the work process
when newer knowledge is gained.
- In the synthesis phase, the architectural aspects
and demands of the funcfions come fogether.
- The presentation phase is when the final report and
presentational material is made and visualized.

In IDE the design is continuously opfimized through
new lterations, which creates a more complex circu-
lar process. I works foward solufions and infegrares
all aspects of bofh architecture and engineering,
which complement each ofher in order fo solve fech-
nical and architectural issues and design in unify
[Knuds'frup, M. 2003].
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SITE ANALYSIS

In cooperation with Aalborg municipality, it has been
decided thatf the location of the school will be based
on a master plan proposal in a future dwelling com-
plex placed 6 km oufside Aalborg center. A sife for
fhe school has already been incorporated in this
master plan, as well as an outline proposal for how
fhe surrounding dwellings will be shoped; this chap-
fer will present the analyses that are relevant for the
site, which is the master plan, accessibility, fopog-
raphy, nearby faciliies and climate conditions.

Vandkusten visalisafion of new buildings in Gigantiumkvarteref
lIl.: 2



SITE

Currently the sife is placed in an open field area with
lofs of green surroundings. The area is dominafed
by grass fields only disturbed by bus, bicycle and
car roads going across. The sife’s fopography is
slafing downwards from the new established Thom-
as Manns Vej fo Berfil Ohlins Vej wiih 8 meters.

with departure in the winning master plan proposal
for Gigantiumkvarteref by Vandkunsten the context is
used here. Gigantiumkvarteref locafed befween Gi-
ganfium and Aalborg University campus and will be
a primary area of development with up fo 1800 new
dwellings with special focus on families (see appen-
dix 2).

With this new amount of residents in the area @
nearby school has o emerge. From open fields
fhe whole area will be fransformed info 2-4 stories
housing and office area. A nearby golf driving range
will be builf and Gigantium will be extended with an
infernational sports center jusf south of if. The small
sfreams and lakes, from the campus area, will con-
finue info Gigantiumkvarterel. The site area will be of
21.000 M2 (see appendix 1).

/

LR i
Aeriel view of site
I.: 3
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ACCESSIBILITY & SURROUNDINGS

The sife is located in the cenfer of the new Gigan-
fiumkvarter is, despite one five sforey building, sur-
rounded by 2-3 sfories family dwellings and office
buildings.

Gigantium just north west of the site atfracts people
from Aalborg fo sport events several limes a week
and is a focal point for the cifly’s sporfsmen and
women. A new sportscenter on fhe other side of Bertil
Obels Vej will emerge fo affract even more people to
fhe site (seeill.: 4).

The small slreams running fhrough fthe campus
area confinue in the new residenfial area, fo make
rainwater drainage with ponds scatfered around in
Giganfiumkvateret.

As Bertil Obels Vej is an bus exclusive roufe with sfop
just af the site public fransport is ideally placed for
he kids arf the new school. Larger roads, Hadsund-

vej, Universitersboulevarden and E45 as well make
easy and fast access for privafe mororisfs.

The new established Toppenfuestien is a bike road
going from Gigantium by the sife and info campus.
This makes it an easy and fast way for fransporfa-
fion in Aalborg, especially in rush hour periods as
when pupils fake fime off from school (see ll.: 5).
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Green areas
lI.: 6

Alor of green areas, water and recreational areas is
located around Giganfiumkvateref: a new golf driv-
ing range, a football field, city gardening and play
grounds for kids (see ill.: 6).



Site section AA
.7

Site section BB
.. 8

TOPOGRAPHY

The topography on the site is sloping down from the
south wesf corer fo the north easf cormer by 8 me-
fers. The steepest slope is al the west end of he sife
and most flar af the south east part. This means thar
when sfanding on Thomas Manns Vej one have an
undisfurbed view o the site and mosf of Giganfium-
kvarteret.

Site section map
. 9




Open field on site
n.: 10
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NOISE

As shown onill: 11 the site is nof exposed to average
high decibels. This registration might change when
more dwellings will be build close o the site. How-
ever, except from dwellings, only smaller local roads
will be added in the area. Meaning thaf the primary
noise will sfill occur from the main roads. If is predici-
ed that the increased noise will not cause problems
for the school, however it is worth mentioning thaf
fhere will be most quief in the eastern part of the sife.
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As seen on the sun path diagram the position of the
sun changes a lof through ouf the year. To maintain
good indoor environment and oplimize energy sav-
ings for electricity, considerations of how fo orienfate
funcfions is necessary,

A day af school starfs at 8.15 and ends lates! ar
16.00 as seenonill.: 12 (seell. 1806).

As class rooms and office funcfions fries fo avoid
direct sun light, due to risk of overheafing and glare,
iI's important fo know the sun path. Other functions
like ourdoor areas, hallways and canfeen area
where direct sun light contributes fo the spacial and
architectural feeling, can be located fowards soufh.
As no high buildings is nearby, nothing shades for
direct sun on the site.

Percent: 25%
11.0m/s

50-11.0m/s

0.2 -5.0m/s

Wind rose for Aalborg
I 13

WIND

When designing, especially outdoor areas, wind
can be a noteworthy factor to take info consider-
ation. To avoid wind funnels and furbulent spaces
where occupation is scheduled is essential fo obfain
comforfable playgrounds and other outdoor acfiv-
ifies. In Aalborg wind from west is dominating and
may possibly affect the comfort of staying in areas
exposed to the this (seeill.: 13).



SUBCONCLUSION

As the site currently is placed on a spacious open
green area with no near context buildings besides Gi-
gantium the departure will be taken from the winning
proposal from Vandkunsen regarding Gigantium-
kvarterel. The upcoming residential area will have
lower wo-to-three storey buildings, which will not af=
fect the schoal sife much in ferms of shadow.

The sife's fopography is slanfing 8 meters downward
from South-West to North-Easf and will influence the
programming of fhe building.

The passing by bus roufe will give easy access o
the sife by public fransportafion -and major roads
near fthe sife secure good access by privale frans-'
portation. These roads, however, does not have ma-
jor noise impact on the site.

As Giganfium is close fo the site it will be infegrafed
for sports facilifies fo the school. The nearby univer
sify campus gives the opportunity fo collaborate and
enhance the science profile on the school withiexier-
nallectures and visits. iy

The predominant west wind will affect how possibly
the outdoor areas’ organization.
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CHOICE OF CASE STUDIES

As a first sfep fo gain knowledge and inspiration to
the project, three case sfudies have been made. This
chapter explores the potential of how architecture
within a confext of modern Danish schools can work
with: pedagogical principles, the new Skolereform
and sustainabilily. This is done by analyzing these
fhree subjects on three different newly build Danish
schools. Birkered Skole is based on an inferview with
fhe principal, janifor and own observations. In the
fwo ofher cases it was not possible o visit the build-
ings, or gel an inferview, instead they are based on
lirerature; Skolen i Sydhavnen has, however, been
visited buf only from the outside.

BIRKER(D SKOLE (2013)

Archifects: Bplus
Location: Birkerod, Denmark

SKOLEN | SYDHAVNEN (2015)
Archifects: JJW Arkitekrer
Locafion: Copenhagen, Denmark

VIBEENGSKOLEN (2014)
Architects: Arkifema Archifects
Location: Haslev, Denmark

First day in school
lIl.: 14

15



BIRKERQD SKOLE(2012-2013)

Architect: Bplus

Location: Birkerod, Ruderstal Kommune
Size: 8.500m2

Studenfs: 700 (0th.-9th. grade)

Auditorium classroom
lIl.:15

ARCHITECTURAL AND PEDAGOGICAL PRINCIPLES

Birkerod Skole is a newly renovafed School where
fwo older schools were merged together fo form one
big public school that fulfills the new requirements for
Skolereformen [Graafang (a),(b), 2015]. The class
sizes differ from 20-28 students per class.

Together with the renovation phase the school had
an extension building, that works as the ASP (affer
school program). Throughout the school there has
been worked with fransparency as one of the key
parameters. Because of that all rooms have major or
minor area of glass connected o the hallways, and
in that way all activiies on the school is exposed.

16

Smaller library in hallway
I1:16

Birkerod Skole gives each student an Ipad from first
grade, and allteachers have Ipad’s and MacBook's
as well. These digital fools, fogether with white smart-
boards in all rooms, are used in feaching regards
fo present, chaf and include the students in the les-
sons. However, they experience glare problems with
direct sunlight af whitreboards and screens. When
designing a new school the architecture have fo fake
these new glare issues into account, power supply
is also important. Ar Birkerod Skole power supply is
available from most areas of the school and all sfu-
dents have their own cabin, to backpacks, laptops

e.qg.

Aquariums and stuffed animals in science area
.17

The school is divided in different learning areas, this
is visible from fthe corridors where e.g. the science

areqd is equipped with faxidermy (see ill.: 17). The
learmning areas also have their own small library only
containing books within this field (see ill.: 16).

A funcfional division in the school separates the
0-5 grade as phase 1, 6-9 grade as phase 2, the
canteen, science area and e language area
fo organize actliviies. In phase 1 all classes have
their own classroom, and access o different class-
room sefups from individual leaming to group ac-
fiviies and a room furnished as a lecture hall with
sears in stepped levels (see ill 15). These different
furnish layoufs encourage feachers to adapt he



Open wall sforage
lIl.:18

room for opfimal leaming environment. In phase 2
fhe studenfs does not have a specific classroom,
bul move around from room fo room according o
whar lesson they attend fo. [Graafang (a), 2015]. In
fhis way the school doesn't need fo have as many
emply classrooms, buf rather have fo schedule how
sfudents move around in fhe rooms.

A new special room spacious enough fo accom-
modafe three phase 1 classes was built with view
fowards the grass area just south west of the school.
Even though fthe spacious quality in this room is
high, it lacks to fulfill its purpose as if three classes
atfend in this room the acoustics is less good and
i's hard for teachers fo control that many pupils fo-
gefher in one spof [Graafang (b), 2015].

Students personal lockers
19

APPROACH TO THE NEW SKOLEREFORM

Birkerod Skole was establish before the new Skol-
ereform, however it sfill fulfills the Skolereform’s crife-
ria because i's visions and archifecture, like the new
Skolereform, is based on John Haffie's sfudies of
how pupils can improve learning oufcome in school.
Birkerod Skole has worked ouf a vision for the new
school with 12 points e.g.; Befter opportunity for
confempilation, visible learning, work with individu-
al learning style and progression, higher flexibility,
[Graatang (b), 2015]

With the new Skolereform all feachers went to cours-
es of how fo feach in a modern way, with digital fools
and the new mindser of how children best leamn. This
new way of feaching is sfill in the sfarfup phase, and
some feachers slill have a hard fime adjust fo this
new way [Graatang (Q), 2015].

Creative road sign
Il 20

SUSTAINABILITY

When designing for the renovation the archifect
fook indoor climate info consideration. All floors and
ceilings is sound absorbing and big skylights in
classrooms and offices adds exira nafural daylight.
Mechanical venfilation was installed and gives an
accepfable femperature inside mosf of the year. In
summerfime teachers sfill ventilafe somefimes by
opening windows. With these new improvements
they experience problems with direct sunlight mak-
ing glare af white-boards and screens. The ventila-
fion as well makes a bit noise and the new tempera-
fure control system is slill being adjusted. A 1000mM2
sports hall is used all through the year to different
purposes and the school kilchen is used by local
associafions.

17



SKOLEN I SYDHAVNEN (2009-2015)
Architect / Engineer: JJW Architects / Niras
Location: Sydhavnen, Copenhagen (SV)
Size: 9.500m?2

Studenfs: 900 (0rh-9th grade)

.21

ARCHITECTURAL AND PEDAGOGICAL PRINCIPLES

Since Skolen i Sydhavnen is placed af the harbor
front, it has been decided that the school should
have a profile focusing on water and science, and
use fhe water from the harbor as an acfive part of the
educafion.

The archifecture is supporting this profile due o ifs
materialily where mefal, wood and concrefe have
been used fo create a marifime harbor aimosphere.
As a conlrast, the floors are colored in strong and
playful colors (see ill.: 21).

Due to a limifed site area, almost the entire roof have

been included as outdoor areqa, and is being used
as a playful mountain area going from ground fill 5th

18

Playground
.22

floor. Only a smaller area on the 5th floor is nof used
for ourdoor space bul insfead as a closed off area
for solarcells (see ill.: 22).

Skolen i Sydhavnen is programmed so the ground
floor is used as infernal schoolyard and public meel-
ing place where functions that can be used by the
public in the evenings (e.g. music room) is inCorpo-
rafed, the 1st floor is where the administration, staff
room and school denfist are placed, af 2nd floor all
the rooms for O-3rd grade is placed, and ar 4t
floor is the facilifies for 4th-9th grade.

The different floors and infernal schoolyard have a
visual contact due fo the open afrium.

Plan drawing
11123

APPROACH TO THE NEW SKOLEREFORM

Only the younger pupils from ©-3rd grade have
permanent classrooms, all the older students do not
have a permanent classroom bul is switching be-
fween different kinds of rooms depending on whar
and how they are supposed fo leam in the specific
classes. There is also many different siffing areas
fhroughout the school. Including a “stair for sitting”
(see ill.: 24), different kinds of smaller niches inside
as well as oufside the classrooms. Small playhous-
es are placed in the open areas, they funcfion as
niches and working areas (see ill.: 25), buf also as
play areas in the breaks and after school fime. All
fogefher this diversity allows the studenfs to choose
different kinds of working spaces according fo the
fype of work and the personality of the studenfs.



Stairs and working area
.24

SUSTAINABILITY

Skolen i Sydhavnen meets the demands for the
DGNB bronze certification (an acknowledged cer-
fification within sustainable buildings). According fo
fhe DGNB sysfem, the building is preforming besf
in fhe field; social susfainability, here is it almost for
fulfills the standards for gold certification [Kiesslinger,
2015]. The strong performance in social sustainabil-
ity is a combination of the social aspects menfioned
on the previous page, and a good indoor climate.
Elemenfs of how this indoor climate are designed is
described below.

To ensure good indoor air quality, both mechanical
and nafural ventilation are used. There are automal-
ically conirolled driven windows and doors in bofh

Working niche in open space
.25

the facades and inner walls, and the system will au-
fomatically open af night fo insure a clean air in the
morning. As supplement to the automatically driven
ventilafion, each classroom have a window thaf can
be manually opened. This window are placed on
the inner side of the envelope with a deep external
window frame padded with acousfic plafes fo mini-
mize noise from the oufside fo enter (see ill.: 26).

There have been worked with the acoustic on all the
inner surfaces; the ceiling is made of wavy mefallic
lines with 10OMmM acoustic bats above. The walls
are covered with wooden battens with an acous-
fic absorbent material behind, and ofher places
there are used he same melallic system as used

Wwindow in classroom
[I1.26

for the ceiling, which is magnefic and therefore can
be used as message board. The floors is made of
sound absorbent polyurethane.

IF has also been a goal o allow the daylight fo
enter deep info fhe buildings volumes, this have
been achieved by using highly placed windows
[Kiesslinger, 2015].

Social susfainabilily is important when designing a
new school, bufifincludes many parameters, where
only some of them are menfioned here. To get some
inputs of how fo assess the importance of different
elements, DGNB will be further investigafted in the re-
search chapter.
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VIBEENGSKOLEN (2012-2014)

Architect / Engeenirs: Arkitema Architects / Soren
Jensen, Cenergia

Locaftion: Haslev

Size: 6.430m?2

Studenfs: 450 (0th.-6fth. grade)

Aeriel view
. 27

ARCHITECTURAL AND PEDAGOGICAL PRINCIPLES

Vibeengskolen is shaped as a star with a big com-
mon room in the center and more divided functions
in fthe 6 “legs” meaning all functions is located close
fo the cenfral common room. The classes for pri-
mary school are gathered around a “v-shaped”
corridor forming ftwo of the legs, another v-shaped
corridor gather the classrooms for the early middle
age pupils, and separates them from the younger
pupils. Anofher leg contains the facilifies for design
and science, the last leg confains a gymnasium
(see ill. 30). The two-storey building has a pifched
roof that insures the feeling of a low scale building.
The sfrong red color on the facades gives the build-
ing a sfrong idenfity bur also a playfulness that the
young users can relate fo (see ill. 28).
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Playground and facades
IIl. 28

APPROACH TO THE NEW SKOLEREFORM

Grear ourdoor facilifies are insured with a tofal oufdoor
area on 40.000 m? including kirchen garden, fruif
frees, exercise route, ball areas and playgrounds.
There is also a pedagogic ambifion of including the
oufdoor areas as parf of the leaming environment
[Modelprogram.dk, 2014].

There have been a focus on diversificafion of vol-
umes, division of age and the fact thaf the sfudents
are individuals with different needs. Resulting in
classrooms for the youngest pupils with an incorpo-
rated loft (see ill. 29), and ofher classrooms for the
older sfudents where stairs and niches are incorpo-
rafed, so the classrooms offers a variety of different
sitting and learning opportunities.

Classroom for pupils with loft
IIl. 29

SUSTAINABILITY

To lower the healing demands, fthe building is
shaped with relative compact and deep volumes.
Meaning, all the volumes have a depth between
14,3-18,3 m. The pifched roof is a modern variation
consisfing of smaller recfangles. Here the roof sur-
faces thar are facing fowards north are used for roof
windows fhat insure good daylight conditions in the
deep volumes, and the surfaces poinfing south are
used for solar cells (see ill. 27). Vibeengskolen was
the first energy neutral (zero energy) primary school
in Denmark, and if is possible for the neighbors o
use the outdoor areas [Schafranek, 2014].



/

Plan of Vibeengskolen, ground floor 1:500
1. 30
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SUBCONCLUSION

The case sfudies have shown different design solu-
fions and proposals on how architfecture can sup-
port new feaching methods and learning environ-
ments. The proposals hat will be a part of the further
design process are menfioned below.

-Glare and direct sunlight should be avoided in the
classrooms because it can disturb new feaching
media.

- Facilifies for public use should be placed close to
the enfrance and. if possible on the ground floor

-Offer a variely of work areas both in and oulside
the classroom. I might be a good idea fo offer loffs
for the goung pupils and silling sfairs and lounge
areas for the older students, which both are seen in
Vibeengskolen and Skolen i Sydhavn.

- Deep volumes up o 18 metlers can be used fo
lower the healing demands, however skylights mighls
be needed.

- Use highly placed windows in the classrooms (o
insure good daylight condifions.

- Combine mechanical ventilation with  manudilly
and automatically controlled venting fo insure good
air quality. 3153

- Division of age levels and reduced numbers of
classrooms for the older sfudents can give space
for good work areas ourside the classrooms.

- Invesligate DGNB's instructions of social susfain-
abilifly and John Haltie's sfudies fo achieve more
knowledge that can help sel up criteria fhat will im-
prove the indoor and leaming environment.
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CHOICE OF RESEARCH

This chapter explores different aspects that have an
impact on students’ performance and behavior. The
purpose of these discoveries is o work oul some
guidelines for elemenfs thaf should be incorporated
info fhe architecture.

The subjects in this chapter are mainly theoretical
and are based on published sfudies and reporfs of
the new Skolereform and the educational researcher
John Haittie behind a lot of the Skolereform’s sfate-
menfs.

New ways of feaching fhrough digifal fools will be
described as well.

Girl drawing on black board
. 31
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SKOLEREFORMEN

The new Skolereform was adopfed in the summer
2014, The purpose was o improve the academic
level, which is concretized in three goals:

eFolkeskolen has fo challenge all students so ev-
eryone become as skilled as they possibly can.

eFolkeskolen has fo reduce fthe influence social
background have on academic resulrs.

e The trust we put in Folkeskolen have o be stronger,
and it should happen through respect for profes-
sional knowledge and practice.
[Undervisningsminisferief, n.d.].
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Feedback on leraning Study contemplation and
help with homework

The approach o achieve these goals is a fransfor-
mation of the learming and feaching methods into
more effeclive and modern methods, where fhe
school will be focusing more on feedback fo the sfu-
dents, visual learming goals and incorporation of IT
based learning.

The school will also change physically due fo re-
quirements of more fime for exercises, longer
schooldays, more focus on visiting and inviting lo-
cal associations and companies in fo the school as
extern tfeachers, and a more varying teaching. The
illustrations above show the main impact the new
school reform have given [Undervisningsministerief,
n.d.] (seeill. 32).

New elements from the new school reform
11.32

ARCHITECTURAL APPROACH TO THE REFORM

When the new school reform is fransformed info ar-
chitectural solutions, three relevant approaches are
found:

Iris ideal fo include an open indoor area thaf can
gather classes for external lectures and be use for
shorf  physical exercises when the weather is oo
bad fo use the outdoor facilifies.

The school might choose to combine classes for
help with homework and study contfemplation. To
support this possibility, two classrooms should be
able to fransform fo one big room, e.g. using a fold-
ing wall system.

If the students should e as skilled as they possibly
can ifis essential fo have a good indoor climafte and
an architecture thaf supports the feaching principles.
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John Hatfie is an educafional researcher famous
for his comprehensive meta study of factors that af-
fect studenfs leaming resulrs, this study involves an
analysis of 60.000 infernational studies based on a
fofal of 245 million sfudenfts and feachers and was
published in 2009 [Gymnasieskolen, 2013]. Parfs of
fhe resulfs can be seen in the diagram above (see
il 33).

Haffies studies are nof focusing on the architectural
environment bur on how o improve teaching mefh-
ods. However, Haltie's studies might also have an
indirect influenced on physical environment,

Based on the resulfs, Hatfie have concluded thaf the
studenfs should have greater responsibiliry of their
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own learning, more feedback, evaluation and be
aware of why they are doing what they are doing.
He also points oul that it is important that the stu-
denfs have a good relafionship fo the feachers, and
fhar feachers should use more dialog based leam-
ing instead of fodays leaming where the feacher
falks 70-80% of the time, and a *fishing” for answers
rather than being in a real diolog [Folkeskolen.dk,
2013].

Leaming efficiency based on John Halttie's studies

. 33

ARCHITECTURAL APPROACH TO JOHN HATTIES

From an archifecfural perspective it is inferesling to
see hat the size of the class only have a finy influ-
ence, meaning that i might be preferred o have big
classes with many sfudent fo save space and mon-
ey. Iris also seen that individual feedback and visi-
ble learmning (where the studenf can see how much
he/she has improved) will have an high influence on
fhe learning resulfs. Therefore, it will be beneficial fo
have areas where the feacher can falk with smaller
groups/individual with the students.

The archifeclure can also help increasing the stu-
dent’s willingness fo parficipate in dialogs and have
a good relationship with the theater, by restricting the
institutional expression and crealing a homely armo-
sphere.

27



DIGITAL TEACHING TOOLS

Digital media will be an fundamental part of the Dan-
ish school system in the future, this is already made
clear by polifical decisions, the severity of these de-
cisions can e.g. be seen in the period 2012-2015
where an extraordinary allocafion of 500 million kr.,
where given by the Danish Folkeling fo improve the
digifal media in Folkeskolen.

The government and KL have also developed spe-
cific goals for how to include digifal technology in the
school system:

e The sfudenfs have fo use digital fechnology in such

a manner so digital media can replace notelbooks
and photocopies

28

Classroom with smart boards

. 34

eThere have o be good Wi-Fi conditions every-
where on the schools

e The digifal systfem have fo support a BODY (bring
your own device) sirafegy

[Den digifale Vej fil fremfidens velfcerd, 2011], [IT i
undervisning og lcering, n.d.]

THE PURPOSE

The purpose of using digital media is a cohesion of;
making the education more interesting for the sfu-
dents, improve the children’s skills of using digital
fechnologies, and feaching the children on a more
individual level so everyone can leam as much as
possible. It is also an ambition that the digital me-

dia is a visual way fo help the sfudent, parents and
feacher on evaluate how well the student are improv-
ing, and how the student can improve further [Bru-
gerportalsinitiativel, 2015].

STRATEGIES

In 2014 the Danish government and KL made an
agreement that every municipaliry will have to ac-
quire a digital learming platform, here each mu-
nicipalily is free fo choose their own system, buf
fhe media have fo support the goals from the new
Skolereform, meaning that leaning goals, and im-
provements should be visible for the student. There
is already several digifal leaming systems available
[Brugerportalsinitiativel, 2015]. The two following sub



chapters will shortly enlightened some of the solu-
fions.

IPADS AND APPLE

Essa academy was one of the first schools fo imple-
ment Ipads for every students, there are also Apple
TVs in classrooms, meaning that if is easy for the
feacher and students fo show fheir tasks in a visu-
al way. According fo Apple, Essa academy have
improved the number of sfudents thal pass exams
from 28% o 100% and the school saves money
because less studenfs needs private feaching and
less money are spent on papers and books [Ap-
ple.com, n.d.]. However Apples solulions are also
crificized for being expensive, and according fo the

Telegraph many schools have fried to follow Essa's
example, buf not all of them have succeeded be-
cause e feaching sirategy and culfure did not fol-
low as well. I is also important fo mention that Essa
academy nol only invested in Apple products bur
also new sfaff and feaching sirafegies [Lee, 2015].

SMARTBORDS

Smartboards is a relafive expensive solution, bur it is
also becoming more normal in the Danish schools.
There are indications thar smartboard have a posi-
five effect on the educations [Tor Ame Wgolner, 2012].

Pupils from Essa aca

demy

. 35
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SUBCONCLUSION

The Skolenreform’s purpose is fo improve pupils’
learning. To do this if fries fo include more studenfs
have daily exercise and implement exercise during
feaching. Furthermore, an awareness of how dif-
ferent sfudents leamn in different ways will result in a
school thal has fo be suited fo comprehend different
fypes of group work, individual work and learning
while being psychically active. This demands a flex-
ible school with ever-changing furmnishing and spa-
cial layours, e.g.:

- Two adjacent classrooms should be able fo frans-
form o one big room

- Implement a small assembly hall that can gather
classesfor lectures and exercises

-Creafling a homely atmosphere in the classrooms

-Areas where the teacher can falk with smaller
groups of studenfs

- John Haltie speaks aboutr new learning mefh-
ods where feachers rather than normally feaching
fhrough one-way communication instead iniliates
dialogs with the studenfts as a new way o feach.
This will lead to less convenfional teaching methods
where the tfeacher speaks from a desk fo more epen
environments where the architecture supporrs Mov-
ing around in smaller groups.

As digital appliances are used in Folkeskolen, stu-
denfs will now need lockers for their devices, char-
gers and ofher relevant electronical equipment.

It is important fo minimize the amount of glare dis-
furbing monifors and smart-boards as well,
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SUSTAINABILITY & ENERGY
With focus on designing feaching faciliies with a
good indoor environment that can improve the sfu-
denl's performance and wellbeing, this chapfer ex-
plores how thermal, aimospheric and visual comfort
have an important impact. Insfead of focusing on
fhe requirements this chapfer will use sfudies and
insfructions from SBI, DTU and DGNB on how o
insure a good environment meaning that these de-
mands offen is higher than the official requirements.
The sub chapter “Energy sfrategy” will based on the
achieved knowledge develop on a sfrategy of how
the building should meet the high requiremenits for
indoor climate withouf using foo much energy.

Kis playing
3 lll. 36
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AIR QUALITY AND TEMPERATURE

To ensure the studenfs have a good working envi-
ronmenl, it is essential fo mainfain good operational
femperature and a good supply of fresh air. There-
fore it is important fo integrafe efficient ventilation
systems whefher it is nafural, mechanical or a com-
binafion of these that can maintain good indoor air
quality even if the amount of students change during
the day [Engelund Thomsen, 2006].

To fulfill BR 20 fresh air need to be provided withouf
causing draft from either nafural or mechanical venti-
lation and in classrooms and have both supply and
exraction further more keep a maximum CO, level of
900 ppm inside classrooms and offices.
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Research published from FOA shows if the venfila-
fion rafe is increased from 6 I/s fo 10 I/s per per-
son the amount of sfudents who passes fesfs are
increased by 11 % [Clausen, Toftum & Wargocki,
2011]. FOA as well guide o keep a femperature be-
tween 20-24°C for light acfivily, nof fo exceed 25°C
and not below 18°C. [Engelund Thomsen, 2006]
Research shows fhat if the femperature insfead is
stable in winter periods on 21 degrees the student’s
performance is raised by 8 % (see ill. 37) [Clausen,
Toftum & Wargocki, 2011].

According fo DS 1752 differenf categories has been
sel up as guidelines to create good thermal comfort.
The cafegories is A, B and C where A is best [DS
1752, 2001].

As caftegory B corresponds fo FOA’s studies about
thermal comfort and performance inside classrooms
this will be used, bul the project will sfrive fo stay in
fhe low end off the advised temperafure guideline.

As (ill. 38) shows the benefif of increasing venfilation
rare fo 10 I/s per person is substantial. This corre-
sponds fo cafegory A as the project will fulfill. This will
as well puf up demands o the school fo implement
effecfive mechanical ventilation and when possible
in summer months good sfrategies for natural venti-
lafion will be used to save energy.



Research shows if the venilalion rafe /s dou-
bled from a low level it leaas lo an increase
n performance of school work on ca. 10
percent. Il corresponds popular said o ihose
Stuadents with good inaoor environment in ihe
classroom can save almost one full year of

eaqucanon. — lransialed quole [Welin, 20714].
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DAYLIGHT

By designing rooms with good daylight, research
shows that children are able to progress 20 % fasfer
in math tesfs, 26 % faster in reading tests and have
7 % - 18 % higher scores at school [Heschong Ma-
hone Group, 1999].

Natural daylightis an important factor when it comes
fo performance based professions, alfhough if is an
office or a school. As the DS 12464 tells a minimum
300 lux in class rooms is required on workspaces
[Lys og Belysning - Belysning ved arbejdspladser
- Del 17].
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Well lit working area
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By oplimizing the conditions for natural daylight into
the classrooms savings on eleclricity fo artificial light
is possible. Different rules of thumb can be used
when designing rooms fo opfimized the use of nal-
ural daylight:

°eNormally 25 % - 35 % glass.

eInvestigate possible view from chosen window
placement.

e Avoid wide dark areas between windows.

°Divide windows info view window and highly
placed daylight windows.

e How can daylight be used withouf causing froubles
with glare and reflections from surfaces and screens

Different strategies to placement of facade windows
can be used according to functions of the room.
Some of these siraregies could be:

°Room illuminafed from fwo sides.

°Divided view window and highly placed daylight
window.

» Skylight window.

[Engelund Thomsen, 2006]



ACOUSTICS

In public school sound conditions are offen an is-
sue, with pupils making noise whether it is from play-
ing, falking or moving around fhe acousfics affect
all. To have a good leaming environment if is cru-
cial fo keep reverberation fime low by designing wih
acousfics in mind.

To fulfill requirements large areas with sound ab-
sorbing maferials offen need o be used, such as
acoustic ceiling, sound absorbing floor and acous-
fic surfaces on the walls. IFis recommended fo install
ar least 10-15% sound absorbing material on the
wall area to obtain suifable distribufion of the sound.
(see ll. 40)

To divide noisy and quiel areas with good sound in-
sulated walls i is important to maintain proper indoor
acoustic comfort and leaming environmen.

By covering large areas with sound absorbing ma-
ferial thermal accumulafion can be an issue with
less good operafional femperature as resulf. This
demands sirategies fo mostly cover light walls which
have lower thermal mass and fo expose heavy
walls. Therefore it is important fo have a holistic bal-
ance belween acouslic, femperature, energy, light
and overall learning environment as pros and cons
follow decisions made due fo acoustics [Engelund
Thomsen, 2006].

Sound absorbing wall panels 30 m? covered

Sound absorbing ceiling 100 % covered

Example of placement of sound-absorbing
materials in classroom

. 40

As large areas need to be covered by sound ab-
sorbing material the inferior will be affected. Large
surfaces which normally could be used for decoro-
fional or feaching purpose has fo be covered and
there fore thoughlful placement of these elements will
be used.

Another factor on acousfics is furniture that absorbs
sound and people in general as well conlribute fo a
lower reverberation fime.
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DGNB

DGNB (Deutsche Gesellschaft fur Nachhaltiges
Bauen) is a certificafion sysfem used fo work fo-
wards sustainable archifecture. If fakes ifs departure
in 5 major subjects (see ill. 41), with several sub-
fopics (see ill. 42). DGNB was established in 2007
in Germany and has been franslated info a Danish
context which mostly is used for pilor green build-
ings and is the most used certificafion system for
green buildings in Denmark. In this chapter some of
fhe quantitative subfopics will be described and the
more qudlifafive subfopics is more straighfforward to
work with as principles and guidelines can be fol-
lowed as examples of how fo built.

Rating of parameters of DGNB
III. 41
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To build susfainable one as well need to fake social
parameters info considerafion. DGNB has as one of
five parameters scheduled how and whaf a build-
ing should fulfill in social aspects fo be able fo be
certified. In fhe social cafegory if is shown how the
different fopics is rafed. This social sublopic is as
well divided info health, comfort and user safisfac-
fion, functionality, aesthefics and plan disposifion.

The thermal comfort is a crucial parameter to secure
health and satisfaction for the user, whatever i is af
home, af the job or in school. Therefore it is an im-
portant, highly rated, aspect fo secure the general
impression of the building and the building’s con-
sfruction.

- Selected parameters

- Unused paramefers

Social & functional qualiry

Green selected parameters
Il 42

The thermal comfort is measured on 4 different cri-
feria; operative femperafure fhaf cannof exceed
25,5°C more than 50 hours a year, draff for nafural
and mechanical ventilation, radiation and floor tem-
perafure and the humidity.

Indoor air qualily has to stay below 1000 ppm on
CO, level to ensure health and well-being.

Visual comfort defermines how the daylight has to
be in the building. Sunlight have a huge impact on
human well-being both on a physical and psycho-
logical level. By having a daylight facfor of 3% in
80% of the work area grants the building full points
[Green building Council Denmark, 2012].



SOCIAL SUSTAINABILITY

When sustainability offen is measured in firm num-
bers and diagrams if is as well important fo design
wilh the more soff values in a social and human ap-
proach. As mosf psychically needs and pleasure
are measured social needs need o be described
more as principles fo be followed.

One of human basic needs is the need for safefy.
If safety and security are not present, if's hard to
feel comfortable. To design spaces people like o
occupy and sfay is important. Proper illumination
of paths, roads and hallways and clearly divided
areas create he feeling of safely and preven! the
chances of assaults. If accidenfts happen if is com-
forting fo know that help is within reach this as well

gives a feeling of safefy [Green building Council
Denmark, 2012].

Visual well-being is also rated as a social aspect o
fulfill human comfort. Building infegrated art and arf
on sife confribure fo the feeling of visual wellbeing
[Green building Council Denmark, 2012].

To obfain social sustainability for a school the func-
fions in fhe school need fo be adapfive and flexible to
accommodate different needs. The flexibilily needs
fo work in different ways e.g. flexibilily during the day
when different people with different intensions use
the space, and the flexibilily fo complefely change
the function for a room e.g. from a classroom o an
open office space. A school sports hall might as well

=

1 ;|
Kids playing music
. 43

be used for concerts, card game club or other func-
fions that demands different sefup in furnishing or
spaces. This way of using buildings outside normal
work hours and possibly infegrafe public facilifies uti-
lize buildings in a much belter and more sustainable
way [Green building Council Denmark, 2012].

With departure in the principles sfated in DGNB, safe
areas with easy access and clearly legibly will be
worked our and the use of the school outside normal
school hours will be embedded in the layour of the
building.

39



THE EFFECT OF A GREEN VIEW

Studies have shown, when implementing just fwo or
fhree elements of nafure (if can be some few frees, a
bil of landscape, and sight of vegelation), there will
be fewer ailments, higher satisfaction with the view
[Kaplan, 1993], higher job satisfaction, and higher
odds of delivering a high work performance in gen-
eral [Loffrup, 2012]. It as well shows, that as long as
fhese natural elements are represented in the view,
buildings and park lots can also be implemented
withour causing a negative effect [Kaplan, 1993].
However, the posilive effects are mosf prominent if
the elements of vegelation appear as “wild nafture™.
Meaning that a flal and mowed lawn will not have
fhe same qualities as a small hill or wild vegefation
[Loffrup, 2012].

40

IFis important to mention, that the sfudies are based
on office environments, and might not be direclly
used for school environments. However, there are
good reasons fo believe the results should be al-
mosf similar due fo fhe similarifies of the fwo working
environments.

A better indoor environment due fo three nafural elements
IIl. 44
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COLOR'’S IMPACT ON PERFORMANCE

Research has shown a clear impact on the perfor-
mance on offices workers when colors differ on the
walls. This research is based on offices work, but
as school work is performance based as well some
key elements is extracted and will be implemented
in fhe design of the school.

Performance of tests and wriing where analyzed in
three similar offices with only the color on the walls in
difference. One office with white, one with blue and
green and one with red color on the walls.

Persons were divided into high and low screener
individuals. High screeners are people who learn
and work belter in environment with external stimuli
in comparison fo low screeners who work belter in

G @ security, solid, reliability
ray @ gloomy, sad, conservative

White

— winfer, cold, distant

environment with liffle external sfimuli [Kwallek, Soon
and Lewis, 2007].

The research shows that the performance varied for
high and low screeners when they work in rooms
with different colors. High screeners performed bel-
fer in the whife and the red office and low screeners
better in the blue and green office.

As red activate the brain fo increase human recep-
fiveness to external stimuli the high screeners per-
formed befter here. The blue and green office had
the opposite effect with blue invoking a calming ef-
fect, which helps people fo concenirate on the task
arhand and green with confractive properties, meant
that low screeners performed betlter here [Kwallek,
Soon and Lewis, 2007].

+ purity, fresh, easy, clean, innocence

Bl k @ profection, dramafic, classy, formalily
ack s death, evil, mystery

Colors impact on emotions
. 45

However colors also have other pros and cons (see
ill. 45) depending on high or low screeners. Blue
makes rooms feel more private and calming and
green soothing the feelings.

In general blue and green colors, like most colors
in nature, help people focus in learning environment
and improve efficiency [Kwallek, Soon and Lewis,
2007].

Depending on function and purpose of functions the
corresponding colors which improve e.g. psychi-
cal aclivily outdoor and in exercise will benefit from
having red color. Classrooms and relax areas will
benefit from green and blue colors to improve con-
cenfrafion and perceplion.
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ENERGY STRATEGY

Due fo future prospects of the building, if is decided
that the building have to fulfill the energy demands
for building class 2020. Resulling in a tofal energy
use of no more fthan 25kwh/m2 per year, including
electricity for lighfing (however, a subsidies will be
given when e.g. high ventfilation or lighfing is need-
ed, the subsidies will be dimensioned after SBI 213)
[BR 7.2.4.3]. The approach of this project is nof only
fo meef the energy frame but also ensure a good in-
door environment for learming. To fulfill this ambifion,
fhe energy sirafegy is divided in thee focus points:
ventilation with low energy use, avoid overheating
bur still allow a high daylight facfor, and economic
amount of insulation.

42

Principle for InVentilate's mechanical ventilation with heat recovery
. 47

VENTILATION WITH LOW ENERGY USE

Based on previous studies, mentioned on page 35,
it has been decided o use an air change on 10
I/s per studenf. Meaning that mosf of the operafing
costs will be spenf on ventilation. Therefore, if is im-
porfant fo use an effeclive venfilation sfrategy.  Our
aim for the summer season is fo use as much nat-
ural ventilation as a good indoor environment can
allow, buf in periods mechanical ventilation might be
needed due o issues with draft and wind speed.
Doing the winter season InVentilate mechanical ven-
filation  system with a heal recovery of 86 percent,
and an energy use of 271-300J/m3 will be used the
enfire time. InVentilate, will in this case will be boxes
of 107 cm wide x 8,2 cm high thar have to be placed
directly in an exterior wall and can deliver 40 I/s per

InVentilate placed over window, seen from inside
IIl. 48

InVentilate placed under window, seen from outside
lIl. 49

unit (see ill. 47 and appendix 4). This solution does
nor uses any pipes meaning thickness of deck can
be decreased with approximately 50 cm. InVentilate
is a sustainable mechanical venfilation due o few
maferials for production, low cosf of installation and
low operational energy use. However the openings
will normally be visible both inside and oufside the
building, so fo avoid an unwanfed and disfurbing
expression InVentilate have fo be a parf of the design
process.

To ensure the right amount of nafural ventilation do-
ing the summer season, a CO, and temperature
sensor will automatically confrol unifs with openable
windows. To avoid problems with burglary and peo-
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ple falling ouf of the windows, these units will be slim
and highly placed (see ill. 50). A placement jusf un-
der the ceiling will also minimize problems with draff
because the wind speed will be reduced before if
drops info the climate zone. I will also be preferred
fo have a manually confrolled window in each room,
so fhe users have the opporfunity fo influence the
indoor climafe. By having this user conirol the user
satisfaction will increase as well.

ECONOMIC AMOUNT OF INSULATION

The efficiency of insulafion is exponential, mean-
ing fhat adding more insulation according fo lower
fhe heafing demands is only beneficial fo a certain
poinf (see ill. 51). The optimal amount of insulation
will differ according fo the buildings use and shape,
and will therefore be oplimized when the shape of
the building is decided, by using Be 10 simulations.

Diagram of venlilation principles

lIl. 50

SUN SHADING THAT ALLOWS A HIGH DAYLIGHT FACTOR

Due to high internal gains and the irritaling effects
of glare, direct sunlight should be avoided in the
clossrooms. However, a high amount of daylight is
shill preferred because if improves the working envi-
ronment and can reduce the use of elecfric lighfing.
Unfortunately shading devises will lower the daylight
factor, therefore as a sirafegy if is chosen that all
classrooms should be facing north

IF requires affention and skills fo design the glass ar-
eas facing easl, west and south. The goal is to gel
inferesting views form the inside and good indoor
daylight conditions bur doing it with a limited amount
of glass so overheafing is avoided. Here BSim and
Be10 will be used as assisting fools.
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SOLAR CELLS FOR OWN USE

Due to Danish regulafions, public buildings are
not allowed fo sell electricity fo a NET sysfem [(In-
genigren, 2013)]. Seen from an economic per-
speclive it is very unbeneficial and unsustainable fo
build a public zero energy building, or fo use large
amount of solar cells. However, it can still be benefi-
cial to have a smaller amount of solar cells because
fhe school always have some electricity spending,
due fo mechanical ventilation and digital feaching.
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SUBCONCLUSION

With rising global demands for social and environ-
mental susfainabilily, new fechnologies and sfraf-
egies need o be infegrated in the earliest parts of
the design phase in order fo fulfill furure demands
for low heat loss, fofal energy use (25kwWh/m2 per
year) and indoor environment by fulfiling DS1752's
category A for aimospheric comfort and category B
for femperature.

The use of hybrid ventilation will affect both the tech-
nical devices and visual expression of the school.
DGNB's guidelines of how o ensure safe and com-
forfable areas through clear partifioning of functions
and well-lir occupation areas will be used.

Daylight and acoustics are key elements in a proper,
functioning classroom. A daylight factor of af leasf
3 percent in workspaces is sef as a criteria, which
conlributes fo a good view of the oufdoor scenery as
well. Acoustic materials on the floors, walls and ceil-
ings will bring down reverberation fime by covering
afrleast 10 % of thhe walls with acoustic panels.

Research info how colors like blue and green:can
increase performance-based fasks like ftegshing
sessions and fesfs in classrooms will be applied
and red applied o physical activily areas.




ROOM DISPOSITION

ROOM PROGRAM
FUNCTION DIAGRAM
VISION




\

ROOM DISPOSIfION

The funcfions, their sizes and quantily are based on
the original room program  for Skolen i Sydhavinen
from 2007, whichis a programifor a fwo lined school
with 500-600 sfudents and 80 feachers. Facfors
such as light, air flow rate and CO2 level are based
on fthe preceding chapfer. With focus on creafing
fhe best environment in classrooms, while ofher
functions primarily are following cafegory B and the
building regulation.

Looking through window
I, 52
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Funcfion Area [No.| Area sum |Operating temperature| CO2 Niveau Air flow rafe Daylight factor | Light level | Opfimal orientation| Desire of sunlight
m2 m2 winter | summer ppm I/s pr. m2 I/s pr. person % Lux
PRIMARY SCHOOL
1.1 Classroom 60 |8 480 20-24* | 23-26* 900" 0,7* 10** 3" 300 N Not desired
1.2 | Group room 20 | 4 80 20-24* | 23-26* 900" 0,7* 10** 3" K0[0) N Not desired
1.3 | Kichen/Common room 40 |2 80 20-24"| 23-26* 900" 0,7* 10** 3" K0[0) N N/A
1.4 | Nature / Technical area 80 |1 80 20-24* | 23-26* 900" 0,7* 10** 3" 300 - N/A
1.6 | Decentralized staff room 30 |1 30 20-24% | 23-26* 900" 0,7 7" 3" 300 = N/A
1.6 | Relax area wich locker &we | 30 | 9 270 20-24"| 23-26* 900" 0,7* 10** 3" 300 = Desired
1.7 Depots (for materials) 15 | 8 120 = = = = = = = = Nof desired
1.8 | Receiving room for SFO 20 |1 20 20-25 | 23-26" - - - - - - Desired
1140
EARLY MIDDLE SCHOOL
2.1 Classroom 60 360 20-24* | 23-26* 900" 0,7 10 300 N Nof desired
2.2 | Group room 20 80 20-24* | 23-26* 900" 0,7* 10** " 300 N Not desired
2.3 | Kitchen/Common room 80 |1 80 20-24* | 23-26* 900" 0,7* 10** 3" 300 N N/A
2.4 | Decenfralized sfaff room 30 |1 30 20-24* | 23-26* 900" 0,7 7" 3" 300 - N/A
2.5 Relax area wich locker &we | 30 180 20-24* | 23-26* 900" 0,7* 10** 3" 300 - Desired
2.6 | Depofs (for materials) 15 90 - - - - - - = - Nor desired
820
LATE MIDDLE SCHOOL
3.1 Classroom 60 180 20-24* | 23-26* 900" 0,7* 10** 3" 300 N Nor desired
3.2 | Group room 20 80 20-24"| 23-26* 900" 0,7* 10** 3" 300 N Not desired
3.3 | Kichen/Common room 80 |1 80 20-24"| 23-26* 900" 0,7* 10** 3" 300 N N/A
3.4 | Decenfralized staff room 30 |1 30 20-24* | 23-26* 900" 0,7* 7" 3" 300 - N/A
35 Relax area wich locker &we | 30 180 20-24*| 23-26* 900" 0,7* 10** 3 300 - Desired
3.6 | Depofs (for materials) 15 90 - - - - - - - = Nor desired
640
SCIENCE FACILITIES
4.1 Biology / Geography area 80 |1 80 20-24"| 23-26* 900" 0,7* 10** 3 300 N Not desired
4.2 | Physics/Chemisiry area 80 |1 80 20-24* | 23-26* 900" 0,7* 10** 3 300 N Nof desired
4.3 | Nature and technology 80 |1 80 20-24* | 23-26* 900" 0,7* 10** 3" 300 N N/A
4.4 | Home economics 80 |1 80 20-24* | 23-26* 900" (20 1/s)" 10* 3" 300 N N/A
4.5 | Decenfralized sfaff room 30 |1 30 20-24" | 23-26" 900" 0,7* 7" 3" 300 - N/A
4.6 | Depofs (for materials) 20 | 6 120 = = = = = = - = Nof desired
47 | wWC 20 |1 20 - - - (1o l/s)” - - = - N/A
490




Function Area |No.| Area sum [Operating femperature [ CO2 Niveau Air flow rafe Daylight factor [Light level |Optimal orientation| Desire of sunlight
m2 m?2 winfer | summer ppm I/s pr. m2 I/s pr. person % Lux
DESIGN
5.1 | Ar(dry/werl areq) 80 |2 160 20-24* | 23-26* 900" 0,7* 10** 3" 300 N N/A
5.2 | Wood workshop 40 |1 40 20-24* | 23-26* 900" 0,7 10** 3" 300 - N/A
5.3 | Needlework area 40 |1 40 20-24* | 23-26* 900" 0,7* 10** 3" 300 = N/A
5.4 | Decenfralized staff room 30 |1 30 20-24* | 23-26* 900" 0,7* 7" 3" 300 = N/A
5.3 Depots 15 | 4 (60] - - - - - - - - Nof desired
56 | WC 20 |1 20 20-24* | 23-26* 900" (10 1/s)” - 3" 300 - N/A
350
MUSIC & EXERCISE
6.1 Music 80 160 20-24* | 23-26* 900" 0,7* 10** 3" 300 - N/A
6.2 | Depofs (music) 10 20 20-24* | 23-26" - - - - - Not desired
6.3 | Small exercise hall 150 | 1 150 17-24*| 23-26* 900" - 10** - 300 = N/A
6.4 | Bath/changing room 20 |2 40 20-24* | 23-26* - (15 1/s)" - - - N/A
6.5 | Depotes (exercise hall) 15 |1 1% - - - - - - - - N/A
66 | WC 20 |1 20 20-24* | 23-26* - (101/s)” - - - N/A
405
ADMINISTRATION
7.1 Headteacher 20 |1 20 20-24"| 23-26" 900" 0,7* 7" 3" 300 N N/A
7.2 | Reception with 4 secretaries | 50 | 1 50 20-24"| 23-26" 900" 0,7" 7" 3" 300 N Nof desired
7.3 | Janior 10 (1 10 20-24"| 23-26" 900 0,7 77 3" 300 - N/A
7.4 | Meefing room 20 | 2 40 20-24"| 23-26" 900" 0,7" 7" 3" 300 N Nof desired
7.5 | Cloakroom / kitchenette /we | 30 | 1 30 20-24% | 23-26" 900" 0,7 7" 3" 300 - N/A
7.6 | SFO (youth center) Chef 20 |1 20 20-24* | 23-26* 900" 0,7" 7" 3" 300 N N/A
170
8.1 | Ceniral staffroom 60 |1 60 20 - 24* | 23-26* 900" 0,7" 107" 3" 300 N N/A
8.2 | Studenf council 20 |1 20 20-24* | 23-26* 900" 0,7" 107 3" 300 \ N/A
8.3 | School dentisf 200 | 1 200 20-24* | 23-26* 900" 0,7" 10 3" K00 N N/A
8.4 | Canteen/café 180 | 1 180 20-24* | 23-26* 900" 0,7 10 - 300 SEW Desired
85 | wC 20 | 2 40 20-24* | 23-26* - (1o1/s)” - - - N/A
8.6 Depots (for materials) 20 |6 120 = = = = = = = - Nof desired
87 | wC 20 | 1 20 20-24"| 23-26" - (10 I/s)” - - - N/A
8.8 | schoollibrary 200 1 20 20-24"| 23-26" 900" 0,7 10" - _ - N
840
Gross area sum: 4855
*Category B **Category A "BR20  “DGNB
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This function diagram describes how funcfions
need fo be located fo fulfill practical requirements for |
fhe school's disposifion. With departure in Skolen i ,
Sydhavnen’s room program a functional layout is Meefing _ r:oesr?e_r — Receplion

worked out, where the canteen is the cenfral element feRinn
with sub sections around if.

The three primary school phases, primary-, early

middle and late middle school is connected with di-

rect access fo the canteen as a focal point. Each pri-

mary phase does as well center around a common

area where pupils from different ages can socialize

or find relox- and group rooms for contemplation.
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Funcfion diagram
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VISION

To creqee The School of Tomorrow for Adlborg municipdliey khrough
resedrch of the new Skolereform and pedq303icql aspecks behind kids'
dbiliey o learn, which will help students improve their dcademic level by
way of drchiteckure thde suppores socidl well-being and environmentd

suskaingbiliey.
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PRESENTATION

This chaptfer will present the final design propos-
als for a new school in Gigantiumkvateref, Aalborg.
Through visualizafions, concepf diagrams, plans,
seclions, facades and principal drawings fhe func-
fionalifty, spatial qualiies and flow is presented.
Starfing with the overall master plan and concept
then followed by immersing info the branches and
specific areas of the building the proposal will be
presented.

Three girls
. 54
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Enfrance
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MASTER PLAN
The School of Tomorrow illustrates a proposal of T
public school in the city area Gigantiumkvarteret in™
I Aalborg. Skolereformen with focus on psychical ac-

. vty for the pupils and diverse learning techniques
o for each student is reflected in the building.
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CONCEPT

Toral building area placed on sife

The school's tofal square meters of 5.000 M2 is
placed on the big 25.000 m2 site leaving a lot of
fhe area open for outdoor recreational space. To re-
spect the confext in Giganfiumkvarterer the building
follows fhe ofher building line direcfions in the area.

56

Creating heart room

The heart room will confain the café, multi hall and
library and be the nafural room for gatherings in the
school for pupils and larger events. The other func-
fions are divided around the heart room.

North orientation

Due fo oplimize the amount of classrooms with an
optimal orientation, with liffle direct sun fo avoid glare
and overheating, a bigger north orientated facade is
creafted. Soufh orienfated facade for relax and group
areas is as well created. Slimmer volumes where
sunlight is able fo illuminate the functions inside buf
still compact to reduce building envelope coniribuf-
ing o lower heath loss is made.



Opening courfyards

By opening the narrow spaces, befween the branch-
es, new green playgrounds shielded from three
sides is made. The different displacements of the
blocks create a diverse exterior look and dynamic
hallways with opporfunity for niches and relax areas
inside the school.

Align with context

The school is moved wesl fo underline the new Gi-
ganfiumkvaterel building lines and continue the rec-
reational space in the plan. The school will shield
from Einsteins Boulevard and make a large school-
yard fowards east.

Concept diagrams
IIl. 57

Dividing outdoor areas

From the displocement of the volumes new em-
braced rooms are creafed, suitable for the differ-
enf levels of ages in the school fo occupy in break
hours. Thomas Manns Vej will serve as enfry point
and drop-off place due fo ifs slower pace
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PLANS

The plan is divided info branches with primary
school located in the north east part of the school,
early middle school and design in the soufh easf
part, lafe middle school in the north west part and
science in the south west part. As departure in the
common heart room with the café, library and mulfi
hall as main areas of gathering other functions has
been attached fo this room (see ill. 58). From each
branch there visually connection to the hearth room
is established. Besides classrooms, each branch
feafures quiet group rooms, relaxafion niches, a
small kitchen and access fo outside.

When enfering the main enfrance one will be direcly
in the center of the building with an open library and
mulfi hall in front and science and design exhibifions
fo both sides. As the space branches out fo four ar-

58

Diagram for functions connected to central heart room
. 58

eas it is easy fo get an overview of the building from
this point. The mulfi hall and café will be the natural
center of life and invite people fo fake part whelher
one wishes o observe or parficipare in acfivifies.

Most public functions are located in close confact fo
the enfrance and give easy access (o these when
renfed out for e.g. local cooking courses or music
rehearsals.

The sfudents will have great effect on the expression
of corresponding branch as exhibifions are located
in the beginning of every area and show off sfudents
work af fhe school.

Throughout the school the classrooms are located
fowards the north leaving space fowards south for
recreational purpose, group rooms, relox areas and
offices.

Each branch has assigned a floor color fo create
playfulness and identity. The colors are a chosen fo
support the armosphere and functionality in corre-
sponding branch.

Ramps and elevators are insfalled around the
school to secure good access.

Fire emergency roufes and exits has been secured
fhroughout the building (see appendix 7).



Ground floor
Il 59
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1sf floor
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FLOW

To insure life in the heart room, mixed use and a vis-
ible contact across class levels, all age of sfudents
will be passing through the heart room doing day-
fime. The multi hall, café, science and design facili-
fies will ensure flows across the building.

As part of Skolereformen if is essenfial fo combine
fradifional feaching methods with physical exercise
bur the opporfunities for exercises is offen limifed in a
full furnished classroom. This issue is solved in the
plan layour where all classrooms have direct ac-
cess fo an open floor area on the corridors as well
as easy access fo oufdoor areas.

Primary school students
- Early middle school studenfs
- Late middle school students

Teachers

Flow during school
day



Flow at arrival

Il 63

When arriving in the morming, if is most obvious for
the pupils fo use the main enfrance and from there
be led ouf in the individual branches. However, it
is also possible to enter direclly info the individual
branches from the oufdoor areas, which might be
preferred for late middle school sfudents that have
arrived fo the school by bike.



PRIMARY SCHOOL

The primary school branch includes pupils from
preschool fo 3th grade resulling in 8 classes divid-
ed on two floors. In primary school the pupils need
direct contact fo the teachers, meaning they do nof
work as much individually outside the classrooms
as in the case of the older students. However, they
sfill have open floor areas oufside classrooms so it is
easy fo move our of the classroom and use fthe floor
area for various kind of feaching that offen involves
physical exercises. An outdoor ferrace is placed just
oufside the classroom, here if is possible fo make
oufdoor feaching and exercises (see ill. 64). This unif
does not have group rooms affached to each class-
room but instead feafures more relax areas and loff
spaces inside the classroom. Niches incorporated
info sfairs and walls making diverse and playful hall
ways for the pupils fo occupy. They thrive befter with
ofher kids of their own age and therefore moslly cen-
fered on the same primary school branch.

64

Primary school classroom principle
Il 64
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Primary school -1 floor plan
IIl. 65
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The sfair connecting the two floors ensures visual
confact across the floors. IF can also be used for
gaftherings and teaching for up fo 50 pupils af a
fime. The stair also creafes areas with various spa-
fial qualifies; there is a liffed area where it is possible
fo see the ground floor from above, and under the
stair a cozy cave zone is implemented (see ill. 66).
In the affernoon the primary school is fransformed
fo an ASE here the open floor areas can easily be
fransformed fo a playing areaq.

66

Primary school stair principle
IIl. 66






EARLY MIDDLE SCHOOL

The early middle school contains pupils from 4th
fo 6/h grade resulling in 6 classrooms, two on the
ground floor and four on the 1st floor. Here the sfu-
dents are offered a diverse learning environmen,
with niches and group rooms of different shapes
and sizes. The middle age pupils likes o explore
and curiosity drive them further away from the early
middle school branch. They have direct access to
the big school yard with plenty of opportunifies fo
explore. Classrooms features group rooms and the
branch has a large platform with view fo the heart
room thaf connects them o the community of the
resf of the school.

68
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Early middle school ground floor plan
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Early middle school 1. floor plan
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Late middle school -1. floor plan
lIl. 70

LATE MIDDLE SCHOOL

In the lafe middle school the students, 7th fo 9th
grade, are more social based and requires more
spaces for social meeling. The unit is furnished with
big group rooms, a big sfair for lecfures and reviews
and large ourdoor siffing area. The unif is more
shielded from fhe resf of the school, buf they occu-
py design and science areas as well. They have
one classroom per every second class as fhey use
science and design rooms more than the other age
groups. From fthe classrooms there are direct ac-
cess fo a liffed group room with spacious qualiies,
an oufdoor ferraces as well as smaller siffing niches
in the window frames (see ill. 71)

70

Classroom principle
.71
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Mulifhall section - 1:40
IIl. 73

HEART ROOM

The heart room features the funclions the whole
school can gafher around. The café, the big stair
and fhe multi hall will atfract people fo either physical
exercise, joining for social lunch or school meelings
on the stair. IF will as well be the main flow artery and
from here pupils, teacher and citizens will have an
overview of the building. The heart room also has a
character of monumentalily giving te children some
kind of pride for being a student in this school. The
stair and hall can be used for different types of garh-
ering, where 2-5 classes easily can be gathered on
the stair for a common lecture. For special events
where all 600 studenfs will be gathered the hall’s floor
area will be included as a siting area (see ill. 74,75).
Throughout the day the stair will also be used as a
social gathering area. From here, if is ideal fo look af
fhe ofher kids who are playing in the hall or looking
across the hall, fhrough the big window area and ouf
on the kids playing in the school yard.

12

Heart room class gathering
. 74

Hearf room school gathering
. 75



Heart room
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Science branch plan - Ground floor
. 77

SCIENCE

As the school will have a science profile the science
funcfions is located towards the main entrance. In
this way exhibitions will be visible from the sfreef and
experimentafions done in subjecf rooms visible as
well. The hallway is fumnished with science relafed
objects. I will not feature niches or group rooms
as here the feaching is going on inside the subject
rooms. Exhibitions af the enfry point of the science
area will be just inside the main enfrance. All rooms
can be joined as one if wanted by furming the folding
walls aside.

74
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Home economics
IIl. 78




Design branch plan - Ground floor
1. 79

DESIGN

The design branch includes two art rooms, needle
work and a wood workshop. These rooms can bolh
be used for separate feaching and as a combined
workshop environment where folding walls making
it an opfion fo merge the two arf rooms. A common
area across the different workshops is created by
a central placed expedifion that includes movable
workshop stafions, here the pupils can socialize and
work inferdisciplinary with the workshops  different
fools and materials.

The design branch is a visual and audible stimu-
laling area to walk through due o glass doors and
glass walls that creates visual contact fo the work-
shops. The exhibifion area is also expressive wilh
shelfs, a projector wall and open working sfafions.

Design area principle
Il 80
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Section BB - 1:500
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Section CC - 1:500
IIl. 87
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FACADES
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South elevation - 1:500
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Easf elevation - 1:500
Il 83

West elevation - 1:500
IIl. 84
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MATERIALS

Exterior

Larch is chosen as facade material due fo its sus-
fainable properties as biodegradable, organic and
recycles pofential and the sympathetic fangible sur-
face. Larch has natural resistance fo mold and can
therefore be used with or withoutr chemical freatment.
The vertical cladding is a conslfructional protection
against mold.

A mait dark zinc roof with standing seam will cov-
er the pifched roofs underlying the verfical direcfion
from the wooden facade and creating a confrasf fo
it

Zinc offers resistant to corrosion, rusk and is more
sustainable than most other mefals because of
its lower melling point and is almost maintenance
free. A proper installed zinc roof will as well last for
more than 100 years making it an economical grear
choice foo [Rheinzink.dk, 2016].

The outdoor ferraces will be made of pine wood o
confinue the soff facade and gef a natural grey color
over fime. The wood will be freated so it is nonslip for
fhe safefy of the children.
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{ 1) 120 mm concrefe

@ 2x120 mm and 1x70 mm Reclicel Powerwall insulation

@ 2x25 mm Wood spacer list
@ 20 mm Ceder wood cladding
@ 25 mm Wood spacer list
Zinc malt black plate

@ 25 mm Wood spacer list
Roof underlay

@ 500 mm Rockwool Flexibatts
@ 125x125 mm Zinc malt black
21 mm Plywood

@ 20100 mm Roof sitaps
(35 vopor barer

@ 145 insulation / Formwork

@ 22x95 mm Furring / 18 mm insulation

25 mm Troldrek

Roof defail - 1:10
. 88



Maltt zinc roof H

Skylight window

Dark aluminum frame

Non-slip pine wood terrace

Facade materials
IIl. 89
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Interior

When it comes fo schools durabilily and low mainte-
nance materials is essential.

Therefore floors made of epoxy which is extremely
durable, low mainfenance and easy o clean and
can be made in any color is desired.

To separate relax areas from fransition areas relax
areas will have synthefic carpef material (Bolon) or
differenf coloring on walls or floor.

The mulfi hall floor is done in Taraflex which is sound
absorbing soft sports flooring that can be made in
any color as desired in this school.

In the mulii hall wooden walls with gap between
each lamella provide esthetically coherence with the
exterior cladding and conifribute fo a good indoor
acouslic environment,

The school is builf as a heavy construction with high
thermal capacity, with concrefe walls, floor slabs
and roof, If a light consfruction was used if was nor
possible to fulfill energy frame for 2020 as the ener-
gy use will be on 35,1 instead of 30,6 kw/h/m? per
year, with current setfings.
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@ 120 mm concrele

@ 2x120 mm and 1x70 mm Reclicel
@ 2x25 mm Wood spacer st
@ 20 mm Ceder wood clodding

@ 30 mm Grouling

@ Joint

@ Wood wallbase <j>
(a)
@ Rockwool floorplate

200 mm concrefe floor deck
@ 20 mm insulation

@ 25 mm Troldlekt Akuslik Plus

@ 45x20 mm Structural fimber @
Paint
(5 on C

(i6y 0 mm nsuiton
|

owerwall insulation
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Floor slab detail - 1:10
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Taraflex sports floor

Epoxy floor Non-slip pine wood

Floor materials
1. 91
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Be10 results

Supplement for special condifions
BR 2020 Energy frame

. Electricily use
. Heating demands

HE

30

7.8 3,54 El for ventilation

| -
20

8.84 Domestic hot water

Lighfing

25,0

kwh / m? per year

st Healing

BR2020  This building
Energy frame and disfribufion of energy use
calculated in Be10
. 92

ENERGY USE

The building is aiming for fulfilling a good indoor cli-
mate, especially in the classrooms where bofh vi-
sual and armospheric comfort is sef affer very high
sfandards. Is it also an ambifion fthat the building
fulfills the 2020 energy demands, this is achieved
when adding an energy supplement for a special
high air change calculated after SBI 213 fo 7,8 kwh/
m2 per year. Meaning the fofal energy frame is ex-
fended from 25 to 32,8 kwh/m? year.

As seen in the graphics above (see ill. 92) the school
fulfills the energy requirements with the use of 30,6
kwh/m2/year (withour phofovolfaics) with no over-
heafing (appendix 3).
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Line loss

wWindows

6,5%

3.4 kw
1920 m

Floors
3.1 kw
3943 m?

29.2 KW
1100 m?

Distribution of fransmission loss calculated in Be10
IIl. 93

PHOTOVOLTAICS

The building will not be connected fo a nef where it
is possible to sell excess energy, meaning i is im-
possible fo reach a zero energy building, unless
bafteries are used for stforage energy. Bafferies is
considered a foo expensive solution. Insfead it is
possible for the school to use PV's only for supply
its own elecfrical use (11,71 kKwh/m2 per year). This
solufion will according fo Be10 calculafions bring the
fofal energy use down to 19 kwWh/m2 per year when
placing 322 m2 of sfandard PV's on the south-orien-
fated rooffops. In reality it is nol possible to provide
the fotal use of electricity withour using balteries be-
cause there will be days withouf sun.

Roof U-value

0,06 W/m?K

wall U-value

0,08 W/m?K

Floor U-value

0,08 W/m?K

Windows U-value

Parameters

Infernal heat
suppl

from people
4 W/m2

Solar cells
Peak power: 0,14
kw/m2
RS : 75%

Line loss

0,03 W/mK

Windows g-value

0,8 & 1 W/m?K

Above 26°C
Max. 100
hours

0,34 0,5 %

Infernal heat
suppl
from equipment
6 W/m2
Air change

2-568I/sm?

Heat recovery

85,5 %

Ventilation
SEL value

0,271 J/m?

Max. 900
ppm CO,



Bsim results

Classroom
Above 26°C/year Above 27°C/year Max CO, level
36 hours 12 hours 636 ppm

Autornatic
openable
Single sided
ventilation

Locked win-
dow niches

alls with
high fhermal

hear
capacity Classroom diagram
lIl. 94

INDOOR CLIMATE

To analyze the indoor climate the critical areas in the
building was selected and calculared on. A class-
room in the easfern part of the school with big glazed
facade and adjacent rooms on bofh sides was se-
lected. The high internal heafr gains demand a high
ventilation rate fo fulfill requirements from BR20 and
caregory A (DS 1752) according fo mainfain com-
forfable air qualily and tremperafure. A south faced
hallway area with big windows and high people
load is as well analyzed.

IFis calculared that pupils are present in classrooms
from 8-11 then one hour break from 11-12 and then
again in classroom from 12-16.

Bsim resulfs
Relax area
Above 26°C/year Above 27°C/year Max CQO, level
36 hours 7 hours 687 ppm

Hallway diagram
. 95

In the hallway the daily schedule is sef thaf only 14
of the students are present in the hallway area be-
sides from 11-12 where 28 are present.

Summer holidays are from week 25-32 therefore
overheafing hours in this period is subfracted.

From April o September the nafural ventilation sys-
fem will be activated with aufomatic controlled open-
able windows which will cool down the building
during hof summer months.

IFis calculated in Bsim that the classroom and hall-
way, with these sefups, fulfill requirements for both
femperafure and armospheric comfort.

People load

Parameters

Equipment load

Radiator healing

28

Mechanical venti-

2500 walts™*

Heaf recovery

6 kW

Sel femperature

lafion supply mechanical
86 % ventilation
0.322 m3/s 19°C
Max. natural Sel temperature Infiltration air
ventilation rate natural ventilation change
5/h 21°C 0.1/n

Classroom win-

Relax window

dow area

20.4 m?

Above 26°C
Max. 100
hours

ared

39.1m?

*90 w per laptop x 28
sfudents

Max. 900
ppm CO,
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Classyoom B —

3d diagram of classrooms with windows
IIl. 96

SHAPE OF WINDOWS FOR CLASSROOMS

Narfural light is important fo create a good working
and learning environment, by increasing the amount
of nafural light fhe student's performance and well-
being will be improved and electiricity spend on arfi-
ficial lighting will be decreased.

External shading devices have a negafive influence
on fhe daylight factor, so fo avoid the need of ex-
fernal shading all classrooms are facing north. As
mentioned in the program, a daylight facfor of mini-
mum 3% is required in working areas. Studies made
with Velux Daylight Visualizer show that it are very dif-
ficulrto fulfill these criteria in areas that a ploced most
far away from the facade. Resuling thal almost the
enfire northern facades have 1o be made of glass,
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rooms
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however the glass area can be reduced if roof light
is implemented, more defails of these earlier studies
can be found in the design process (page 98). Due
fo heaf loss and acousfic reasons, it is preferred o
use roof light so the glazing area can be reduced
(seeill. 96, classroom A) buf some classrooms are
placed under 1sf floor and do not have the option of
using skylight. Here a bigger glazed facade have
been created, including a glass door, which also in-
sures easy access to the outdoor areas (classroom
B).
All windows inside the classrooms are made with sill
depth of 45cm and sill height of 60cm above floor.
Making i possible o use the windows as working
starions.

Because the window frames are used as sitting ar-
eas it is by safety reason not possible fo open the
main windows, buf the smaller upper windows will
be used in an aufomatically venfing system that in-
sures a good indoor climafe in the summer season.



Daylight Factor
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7%
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5%
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Daylight factor for classroom A Daylight factor for classroom B
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VENTILATION PRINCIPLES

In summer season, the classrooms are ventilated by
highly placed sensory windows that aufomatically
can confrol the air change according fo tfemperature
and CO, concentfrations. In the heating season, de-
cenfralized ventilafion units with heaf recovery from
INVentilate are used (see ill. 100). The reasons for
using fthis system are of InVentilate's high efficient-
ly with a very low electrical use, further info can be
found in (appendix 4).

INnVentilate are almost implemented for the entire
school, only the heart room will be using another
sfrafegy, here a mechanical sfack ventilation sfraf-
egy will be used because the deep volume makes
natural venfilation and  InVentilate ineffective. The
stack ventilation will blow in along the floor and rise
around people, due fo thermal buoyancy, and ex-
fracfted in fhe ceiling.
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WINDOW CONSTRUCTION DETAIL

The ventilation system InVentilate is, from the oufside,
infegrared info the window ribbon where the wooden
cladding will cover for the air infake is at the fop (see
ill. 103). Inside InVentilote will be visible as grills over
the windows.

However the window sill is extended fo 45 cm, in the
classrooms, fo allow pupils fo occupy fthis place as
seafing and working area. The room undermeath the
sill can be used fo store bag packs and other ob-
jects as well.
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70 mm Recficel

od cladding

@ Inventilate regenerator

esistant insulafion

onel AuraPlus

Zink water diverter

@ Window bracket

@ 20 mm pine wood sil

35 mm extended pine wood si

Window defail - 1:10
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Powerwall insulation



DESIGN PROCESS
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VOLUME AND FUNCTIONS
FACADES
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DESIGN PROCESS

Throughout this project the starting focus have been
fo work from the inside and oul, meaning that plan
and funcfional aspecfs have been the foundation for
fhe oufer shape of the building. Technical consia-
eralions such as daylight and indoor climate have
also been implemented very early in the design pro-
cess. As an infegrafed process’ different technical
and aesthefic aspects have influenced, informed
and changed each ofther. Meaning nothing has fin-
ished af once buf all aspects have been improved
when ofher aspects have influenced the design. A
fime schedule of the project is shown above.

]
Midrerm Final design

Time schedule
Il 104
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CLASSROOM DESIGN CRITERIA:

To begin with a list of design criteria was made for
classrooms, as classroom has been the part the
school has been designed around in ferms of fech-
nical demands, funcfional requests and ideas for ar
school of fomorrow (see ill. 105).

Relax or/and group areas in classroom

Have a square layour for easy changing in furnishing

Minimum 3 % daylight factor

Avoid glare

Good view o the outside

Good air quality thar fulfills venfilation demands for cafegory A
Comforfable femperature around 21°C for opfimal fask performance
Utilization of colors fo enhance concentration skills

Opportunity fo merge classrooms info bigger rooms in feaching regards
Opyportunity fo open classrooms fowards the corridor

Easy access fo oufdoor

(Good acousfic environment

Robust choice of materials

Al leasf two wallls for feaching possibiliies

Classroom design criteria
. 105
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CLASSROOMS PHASE1

According fo the room program all classrooms
should be 60 m2. Due o flexibilily for different types
of feaching with different needs for furnishing if is
preferred fo use a square shape in plan. However,
daylight studies showed that it was very difficulf fo
deliver the required daylight factor of 3% in the deep
volumes, so the shape was changed o 8,5m wide
and 7m deep for daylight fo penefrafe fo the deepest
end of the classroom (see ill. 106).
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7m

60m?

~
N

Classroom dimensions
. 106

CLASSROOMS PHASE 2

To shape a classroom of tomorrow it is ideal that
the classroom can confain different working zones
with focus on group work, individual work, fraditional
feaching, and offers both comfortable learming and
a relaxing armospheres in the working zones. If is
also important how the classroom opens fo the sur-
roundings. A catalog of benefits and disadvanfages
for different solutions can be seen on the next page.



CONNECTIONS

Outdoor Outdoor Outdoor Ourdoor Ourdoor
;
B Al A al _al l Va
Corridor Corridor Corridor Corridor Corridor
Double door Ourdoor connection Glass wall Folding wall Folding wall (fo classroom)
@ Good opportunities to extend @ Possible fo move feaching outdoor. @ Visual connection to work area on @ Very good opportunities for extend- @ Very good opportuniies for exrend
fhe classroom. &» Create space for group- and indi- corridor. ing the classroom. fhe classroom.
@ Can shield off noise and dis- vidual work in summer fime. @ Disfraction in view. @ Can shield off noise and disturbing @ Can lead to acoustic problems.
furbing views from corridor @ Can lead fo acousfic problems. views from corridor @ Limits the “exhibiion area” inside the
@ Limits usable wall area that can be @ Limifs usable wall area that can be classroom.
used for e.g. exhibilion area both used for e.g. exhibiion area both
inside the class and in the corridor. inside the class and in the corridor.
WORK ZONES
Ourdoor Ourdoor Ourdoor Ourdoor Ourdoor
I
=]
= Al al L A = I
Corridor Corridor Corridor Corridor Corridor
Stairs fo occupy window niches Niche in facade Loft area Niche in interior wall
@ Possible fo work individually and € Possible to work individually and in € Possible to work individually and in @ Possible to work individually and in - € Possible fo work individually and in
in small groups. small groups. small groups. small groups. small groups.
& Alfernative place for gathering & Do nof use extra space @ Less daylight in the classroom €» Adds more space @ Takes space from corridor

Classroom cafalogue
1. 107

95



A.

— e & —_ m

dﬁf-‘:*f: _B‘. !: jo

Classroom drawing
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After the cafalog was made, the next step was o
design a classroom that included as many of the
advantages withour including the disadvantages. It
was decided fo implementing smaller niches in the
windows where 1-3 persons can sit and work in a
more reloxed posifion. IF was also seen as a good
opportunity fo move the larger group rooms up un-
der the ceiling fo save square mefers and offer differ-
ent atmospheres and working environments.
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Classroom drawing
. 110
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Calculation Info:

INDOOR CLIMATE SIMULATION Co? = 450 ppm 130 14043 585

To gef a befter understanding of how big influence the FPeople Loode = 26 shudents
orientation of a classroom has on the indoor climate Glass oreo 14.2 m?2
an early simulation was made in BSim. The resulrs L ' ' '

here can only be seen as guidelines, because the venniorion = ©,574 m4/s ?ff

values will change when ofher parameters such as Loupment= 8PC's a

venling and glazing area is changed. Bur it sfill gives Venting = mox 5/hours o {_} 3 LI Q 0 7
a clear indication that a north orientated classroom ' i S =90 | !

is the oplimal solufion according fo indoor climate,
and that it can be difficul fo obfain a good indoor
climate withour using shading devices if the facade

is nof north orientated. Criteria Info: p
Max pemmilled Hours =26 100 ~45'| 0' il‘l’ ? ?Q
I IE

'
1
I

T T b B
ax pemited Hours =2

Bsim calculation - Overheating hours depending on orientation

Il 108
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DAYLIGHT - GROUND FLOOR

Early daylight sfudies made in Velux Daylight Visu-
alizer showed that it was difficulf fo reach a daylight
factor on 3% in the whole classroom. However, if al-
most fhe entire facade was covered with windows if
is possible to achieve a daylight factor of 3% for 75%
of the classroom, and 100% of the room will archive
a daylight factor above 2%.

98

I was determined that the windows will be used as
niches. Resulling, that the windows is designed o
be placed 60 cm above ground for comfortable sif-
fing height. To divide the window area into smaller
niches sfructural supporting columns will be placed
with a ftwo meter distance. A sfudy showed thaf by
decreasing fhe thickness of the columns from 30cm
fo 10cm the daylight facfor was increased benefi-
cially (seeill. 111).

Velux daylight simulations - Ground floor withour sky light
1111



Velux daylight simulafions - 1st floor with & without sky light
I 112

DAYLIGHT - FIRST FLOOR

Simulafions showed thaf if a minimum of fwo skylight
windows were implemented the amount of daylight
was significantly increased and if was possible fo
achieve a daylight factor of 3% deep into the room
even withouf implemenfing a huge glassing area in
fhe facade. The qualitly of light is also befter because
fhe room is enlightened from more than one direc-
fion which lowers the confrast of light in the room (see
i 112).

DAYLIGHT - INTERNAL WINDOWS

Lafer it was decided to creafe window openings in
the partition walls that separate the classroom from
fhe corridor. Due fo acouslic and functional reasons,
fhe windows are placed 2,5 mefer above the floor
and from here conlinues o the ceiling. The main
infention with windows inside was o creafe more
quality fo the indoor light by illuminate the room from
fwo directions and thereby decrease the confrast in
light. IF was also expected that the windows would
increase the daylight factor so the window area in
the facade could be decreased, and by this reduce
fransmission 10ss.

However simulations showed thal the windows in-
side did nof influence the daylight factor because the
amount of daylight already was higher in the closs-

Velux daylight simulations - 1st floor with & withour corridor window
. 113

room than in the corridor (see ill. 113). Even though
it was nol measurable the windows were added be-
cause of the idea that if gives a higher quality of light
wilh less confrast.

99



DAY SIMULATION

Day simulafions has been made to compare the in-
door femperature fluctuation when external wall con-
sfrucftion is either concrete or wood (see ill. 114,115).
The daily temperature fluctuations during a normal
day in march is mosfly the same, buf wood per-
forms a bif better as the temperafure is closest fo
210C during school hours. Buf as the wood per-
forms belter in femperature the robusiess demands
fo the materials in a primary school is much befter
for concrefe. BSim calculations also fells thaf with
wooden exterior walls the school has a higher heat-
ing demand due 1o less thermal accumulation, 467
kwh/year more for wood. Therefore it is chosen fo
make the school with concrete exterior walls.

As seen inill.: 116,117 the current seffings fulfill BR20
requirements for CO, level, bur as we strive fo fulfill
DS 1752 category A and previously shown analysis
show that pupils perform beffer af cafegory A if is
chosen o have this high ventilation rate.
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21 march

- Inside tfemperature

-Ourside femperafure

21 march

Wooden exterior wall
. 114

Concrete exterior wall
. 115
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Group room extending from classroom over corridor

CORRIDOR, RELAX AND GROUP AREAS

As the new way of feaching Skolereformen encour-
age fo integrate group rooms, relax areas and kifch-
ens info the pupils area. The fypical hall ways used
for fransit has been investigated fo include these ar-
eas within. Group rooms and relax areas of different
sizes and shapes was investigated in plans, per-
spective and section drawings. The displacement of
fhe volumes gives a dynamic flow and kifchens and
niches can occupy fhe voids that occur thereby,

102

118

Create identfity for each branch

Own kifchen affached fo every branch

Easy access fo oufdoor

Easy access fo heart room

Furnish with group rooms and relox areas

Open spaces for classrooms fo extend info

Exhibition of student’'s work

Good accessibilily no matter physical handicap
Places for contemplation and places for play

Use colors fo enhance either conceniration or physical activily
Places fo gather af least two classes

ASP in primary school branch

Good partifioning of hard and soff programmed areas
Flexible areas and fumnifure for extended functionalily
Contact to subject rooms

Decenlralized sfaffroom for each branch



Corridor - angled hallway run late middle school

Angled hallways was fried (see ill. 119) buf a more
strict right angled hall way corresponding o the
building volumes was preferred to make coherence.
Niches meanfto be able fo confain 1-5 sfudents and
group rooms range from 4-10. This gives rooms for
studenfs fo choose whefher they wanf social interac-
fion or more private confemplation fime.

As primary school students don't have much use
of group rooms and more use of playing and re-
lax areas the big group rooms are leff out. Big sfairs
from the ground fo the first floor was instead fested.
These big stairs are able fo funcfion as fransit area
as well as fumiture for single pupils, group aclivities
or in teaching regards (see ill. 120, 121).
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Corridor furnishing drawing - Primary school

. 120

Corridor furnishing drawing - Primary school
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CORRIDOR OVERHEATING SIMULATION

Our inifial concern abour the corridors with big win-
dows directly fowards south was thal overhealing
might occur. Therefore an overhang fo shade from
fhe high summer sun was applied in BSim. As the
overheafing hours was low with only 4 hours above
26°C (see ill. 122) we fried ftesfing it withouf any
shading devices. The result showed thar the corri-
dors was sfill able to fulfill regulafions, and because
of that, it was found as a belter choice fo leave ouf
shading and have a clean architectural expression
bur a few more overheating hours and benefit from
higher daylight factor (see ill. 123).
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3 slories

More outdoor space

Less envelope

Unobsiructed view
@ Bad visual contact between outdoor- and class area
@ Expresses a less homely archirecture
@ Bad opportunities for outdoor teaching

VOLUME AND FUNCTIONS - PHASE 1

Before starting on shaping the volumes, a discus-
sion was made of how many floors would be prefer-
able according fo creafe a modern school thar can
fulfill the parameters discovered in the program.
Here it was decided thar 1-2 floors would be prefera-
ble, because bofh the physical and visual contacts
fo fhe oufdoor area is limited if the school gets high-
er. This low scale will as well conlribufe to a more
recognizable exterior with elements of security, factile
materials and kindness relation between building
and pupil that can correspond o suburb neighbor-
hoods.

A

v

2 sfories

Unobsiructed view

Relatively compact envelope

Accepltable visual confact between oufdoor- and class area
Can expresses a homely armosphere

Accepfable opporfunifies for outdoor feaching

Principal view drawings
Il. 124

1 stories
Good visual confact befween outdoor- and class area
Good opportunities for outdoor feaching
Can expresses a homely aimosphere
@ Obsfructed view
@ Large amount of envelope
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With focus on north orienfafed classrooms and cre-
ating individual branches for; primary school, ear-
ly middle school, late middle school, design, sci-
ence and administration and furthermore creafing a
cenfral common room as a heart space for all the
branches fhe first drawings was made.

Combining this main idea with a single sfory build-
ing was problematic because if would include long
corridors and a big footprint. These plans did nof ufi-
lize the sife well as no defined ourdoor spaces was
made and conflicted with the master plan layour
building grid (see appendix 1).
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Finger principal layout - in confext Finger principal layout - in confext
. 127 [I.128



H-shaped layout
129

THE H-SHAPE - PHASE 2

The concept (see ill. 58 page 58) of having all
branches affached to a central heart space buf af
fhe same fime have all the classrooms and offic-
es orienfated fowards north, the H-shape seemed
fo be the opfimal solution. With its limited space for
corridors and a more compact volume demands for
avoiding waste space and energy demands if mef
some of the criteria for the building volume. Howev-
er, the oufdoor space was sfill undefined on the sife
(seeill. 129).
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Sections through heart
room

Another design challenge was how fo implement the
mulii hall as an active and social part of the heart
room. By using the sites natural level differences
(see ill. 130) o lower the hall one story, fthe heart
space was now splif info ftwo open rooms with an
inferesting visual confact from the upper café area
down fo the hall. This also made a hierarchy be-
tween the café and enftrance and clearly expressed
ifs functions as fransition area and social anchor
point. The mulfi hall was shielded with only the big
stair fo access if. Activiies going on in the hall was
now undisfturbed by people passing by in and out
of the school and to ofher activifies.

-1. floor

X-shaped layout
. 131

13t floor

To creafe befter ourdoor areas and views ouf fo larg-
er areas with scenery the H-shape was opened up
fo a X-shape, bur the facades was still facing north/
soufh due the desire of north orienfated classrooms
(seeill. 131).
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-1. floor

Mulfi hall moved east
111132

13t floor

By rotafing and moving the mulii hall fo the east
a better defined and centralized heart space was
been created o the west of the multi hall.

The science area and home economics gof their
own kifchen garden, fthe late middle school gof
south orientated outdoor ferrace. The adminisfration
was moved fo the upper floor fo insure proper office
condifions, undisfurbed by disfracting views o play-
ing kids and the noise, as kids easily creafe noise
ar 85 dB and the recommendation fells fo keep if
between 45-50 dB in offices [miljiosfyrelsen, 2015].
A sound proof glass wall between adminisiration
and the hearf room inside was made fo shield from
noise from the mulfi hall and general fransition as
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Building moved o follow master
plan grid

well. The glass also secures visual contact fo the
adminisfration and creafe a cohesion feachers and
sfudents in between (see ill.132).

The whole building have been moved from the east
end fo the west end of the sife (see ill. 133). To ensure
the same relations to oufdoor areas and their con-
necfions from the nearby indoor functions, the whole
building excepf the hearf space have been mirrored.

The denfist and administration was moved fo a more
cenfral locafion, so it is easy fo find for strangers,
meaning that no funclions are placed above the
lafe middle school, which give befter opportunity for

-1. floor
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Ground floor
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Heart space connecled fo outdoor
lIl. 134

ensuring good daylight condifions by using skylight
windows in the classrooms.

To create a more spacious view and atmosphere in
the heart space, and o creafe a beffer connectlion
between the heart room fo the big school yard, the
music room was moved and make space for a cur-
fain wall between the mulfi hall and the outdoor area
(seeill. 134).
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FACADES

Because the classroom is the function that has the
most difficult requirements fo fulfill (daylight factor,
views, creafing niches) the placement and shape of
windows fake ifs starfing poinf in fhe classrooms. To
ensure a uniform expression the lines and shape of
fhe windows will be used for almost the entire build-

ing.

As earlier mentioned the daylight studies informed
fhat classrooms placed on ground floor withour roof
windows would need a huge glazed area in the fa-
cade. Classrooms placed on 1st floor with skylight
windows can achieve the daylight requirements with
a much lower facade window area.

To creafte a playfulness fo the facade different win-
dows rhythms was fesfed. However, the expression
belween the ground floor and the 1st floor was oo
big. The infention of insuring pleasanf views o scen-
ery from inside the classroom was limifed in some
areas because of small or highly placed windows
limitfed the view. Anofher design paramefer was how
fo include highly placed windows for venting withouf
disturbing the external expression.

The solufion was a more simple expression that en-
sures consistency and simplicity from the oufside,
with big and low placed windows that creafe good
views from the inside (see boffom right proposal ill.
135).

Facade window experimen-
fafions
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Window fop - Wood facade
covers InVentilate
1137

Wwindow fop - InVentilate wood
facade
1. 136

«1\)

Wwindow sill - Angled outer sill
1. 139

—t

A
Window sill - Right angle
outer sill

1. 138

Another challenge that has been implemented in the
developing of the facade expression was how fo
incorporate the decentralized ventilation units. Due
fo aesthelic and sfructural reasons, it was decided
fhat the venfilation units should be placed above or
under the windows. Aesthelically fo place the unit in
extension of the window sill it would create a more
homogeneous look fo the oufer facade that we
wanted. Technically if the unifs were places sepa-
rarely away from the windows the load bearing con-
crefe wall might suffer from these gaps. By placing
fhe ventilation units close to the windows, it would
from the oufside visually be possible fo make units
infegrated info of the window frame, or make them
nearly seamless with the facade cladding (see |ll.
137,138).
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8,9m

InVentilate unit on line

 7
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InVentilate unit above and below
Il 141

Calculations showed (see appendix 5) that 8 decen-
fralized ventilation units of a length of 110 cm (InVen-
filafe V8 units) would be needed for each classroom.
The firstidea was to place all above a highly placed
ribbon window (see ill. 140). The ribbon windows
seemed o be inappropriate according fo aesthef-
ic expression and sfrucfural reasons. However o
make space for all 8 units the length of the facade
had to be extended from o 9,0m.

InVentilate unif drawing
Il 142

450
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InVentilate under window delail
lIl. 143

The solution was fo place the venfilation unifs both
above and under the windows (see ill. 141), by giv-
ing the windows a length of 2,3 m i was possible o
place two unifs next fo each other and also place a
window conslruclion bracker befween them so the
window frame can be supported.

As question and concern about draff in fhermal
comfort regard, the unit under the window did nof
fulfill the regulations for draff thar has fo be lower than
0,175 m/s in occupaflion areas [BR156.3.1.1 stk. 3]
and our case it was 1,87 m/s. Due fo this regulation
fwo layers of InVentilate units was installed over the
windows insfead. As we think the visual expression
from inside is nof as good and infegrated, however
this was necessary (see ill. 146).
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Considerations about InVentilate seen from classroom
Il 144
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ROOF - PHASE1

The first ideas for the roof was based on creating
a playful and iconic pifched roof thal also could
bring the building down in scale (see ill. 147). As
fechnical parameters the roof had fo include smaller
south orientated roof areas that possibly could be
used for photovoltaics and north orientated skylight
which earlier studies showed were preferred for the
classrooms. However, the studies showed this fype
of roof could not fulfill those criteria as the roof sur-
face would be facing east-west. If also made some
sfrange spatialities inside the rooms with irregular
ceiling angles. With the same infentions, a more
sfrictly roof strucfure was also fried, here the shape
furned out fo have a too industrial expression (see ll.
148-150).
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Building 3d prinf - Angled pifched roof
1147

Roof hand drawing
Il 149

Building 34 prinf - pifched roof
Il 148

Roof hand drawing
lIl. 150

Roof hand drawing
. 151



Roof hand drawing Roof hand drawing

Roof hand drawing

Roof hand drawing
. 154

ROOF - PHASE 2

As a next step, it was fried fo shape a roof thar would
make the building seem like one or two units with
focus on avoiding an indusfrial expression. However
fhe roof had another archifectural expression than
fhe building ifself, thar was conflicting with each ofh-
er, fhe square shape against the organic geomeiric
form (seeill. 153, 155)

IF was also fried fo implement the roof as a roof fer-
races, as part of e school yard, buf the idea was
dismissed because the oufdoor area already is big-
ger than for an average Danish suburban school
and therefore no greater need for more outdoor area
(seeill. 154).
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North

12 and 40 degree roof
Fulfill requiremenits for ceiling height over stairs
Liffle direct sun into sky light windows
Very Good angle for phofovoltaics
@ Very high fo the roof ridge
QLorger amount of envelope

‘i

North

15 and 35 degree roof

Fulfill requirements for ceiling height over stairs
Liflle direct sun into sky light windows
Good angle for phofovolfaics

@ High to the roof ridge

@ Larger amount of envelope

ROOF - PHASE 3

To give a clear and funclional expression if was de-
cided fo work inside ouf, and lel the funclions and
wanted armosphere of the inside shape the external
roof. Af this fime it was decided that there should be
space for group rooms elevated over the corridors.
The angel of the roof was a synfhesis of creafing a
group room area with a more cozy atmosphere bur
sfill fulfilling the regulafions saying roof height over
sfaircases musf nof get below 2,3 m. If was also a
wish o bring light from windows on the north facing
roof parf info the group rooms and relax areas (see
il 156).

North

North

12 and 12 degree roof

Fulfill requirements for ceiling height over stairs
@ Nor good angle for photovoltaics
@ More direct sun into sky light windows

1—-

—

12 and 17 degree roof

Fulfill requirements for ceiling height over sfairs

ROO

Good ceiling height in loff area
Okay angle for photovoltaics
@ Some direct sun into sky light windows

Soufh



3d view - One low angle roof
. 157

J%r'r'." /

East facade - One low angle roof
Il 158

@ No south orientated roof for phofovoliaics
@ Nof the same expression as surrounding rooffops
@ Too small slope fo create north orientated roof light

HEART ROOM ROOF

The final part was to shape the roof over the muli
hall and heart space, the intenfion was fo insure an
overall coherence from the oufside buf also creafe
aesfhefic and spacious quadliies and coherence
when standing inside the heart space. By using the
same angle and directions (beside ill. 157) as the
surrounding roofs different designs was fesfed (see
illusfrations above).

3d view - Pitched roof - One ridge 3d view - Pitched roof - Two ridges
1. 159 lIl. 161

: / T / 7
East facade - Pitched roof - One ridge East facade - Pitched roof - Two ridges
. 160 . 162
@ Large sourh orientated area for photovolfaics @ Mimes the ofher rooffops and create consistency
@ No profound meaning of why the roof is highest above the @ Large south orientared area for phofovoltaics

library

Roof heigh experiments - 3d view
IIl. 163
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EPILOGUE

In this chapter the final conclusion and reflection is
presented. Literature and illustration list is also pres-
enfin this chapter.

Girl
ll. 164
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CONCLUSION

New leaming methods and a new Skolereform has
resulfed in changes of the physical needs of a pri-
mary school where physical activitly, group work,
digital media, individual feedback and individual
contemplation has come info focus. Ar the same
fime in this project the ambitions was as well to in-
fegrate social sustainability, low energy use and a
good indoor environment. It is a challenging task fo
accommodate all these aspects and af the same
fime meel the requirements of all the school func-
fions in an slafing terrain. To fulfill all aspects the in-
fegrated design process has been used throughout
fhe project.

Wwith departure in forming a social and cenfral heart
room with a café, library and a multi hall, the remain-
ing functions propagate out from the space into four
branches. These four branches divide the outdoor
area info four, one smaller relaxing area where the
lare middle school sfudents have the opporfunity o
socialize, a play area for the primary school and
ASP with acfiviies suifed for them, enfrance area
from Thomas Manns Vej and a large school yard
fhat features physical aclivities for everyone. The
displacements of the building volume creafes fthe
oufdoor areas buf as well niches and cozy nooks
inside the building, which make social gathering
places and a diverse inferesting passages fhrough
the branches.

The H-shape of the building ensures that most of the
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feaching rooms are facing north, which creafe beffer
indoor climate, good daylight condifions and as well
good visual contact fo the oufside due o the large
glazed facade area. This orientafion counteracts
also problems with glare and overhealing hours.
The relatively compact building form, with deep vol-
umes in one and fwo sfories, confributes fo a more
stable indoor climate and reduces fransmission loss
fo oufside.

In this new school the wish fo create good and di-
versified learning environment has been a focus
area and the school offers new spafialily beyond
fradifional feaching methods like, group rooms for
discussion and creative work, niches for individudl
reflection, gafthering places for presentafions and
lectures and indoor and oufdoor areas close o
classrooms so the feacher easily can include phys-
ical activity in the teaching.

With the deparfure in working with social sustainabil-
ity, from DGNB's certification sysfem, of what social
susfainabilily contains, there is made a school thar
insures good indoor climate in ferms of femperature,
armospheric comfort and visual comfort. The class-
rooms fulfills recommendations for DS/EN 1752
caregory A, thar though research, as described in
the program, shows that a betffer indoor climate en-
hances studenfs capability fo learning in a positive
way compared fo regular schools that only just meet
the requirements stated by the building regulations.

The surrounding city has been included as an acfive
part in the planning of the school where the cifizens
can use fhe science, design, mulfi hall and kirchen
area affer normal school hours. Due fo logistic, so-
cial and energy concerns these funcfions is located
close fo the main enfrance, which makes if possible
fo shut down the rest of the school during night.

IF has been a challenge o meel the high ambitions
fo create a good indoor climate thar has resulted in
rooms with high air change rate and big window ar-
eas which is conflicling with the low energy frame
for BR2020. It is though succeeded by using me-
chanical venfilation with low energy consumption,
orientafe windows and adjust the glass fransmif-
fance, infegrafe natural ventilation and thermal heat
accumulation. With these inifiafives and a special
subsidy the building fulfills the energy requirements
for BR2020.



REFLECTION

To design a new public primary school with focus
on the needs of fomorrow has fumed ouf fo be a
bigger challenge then expected. A lof of demands
for functions combined with spacious and funcfional
fhoughts of how a school of fomorrow can be de-
signed fthat do satisfy new feaching fechnologies
had fo be solved.

This proposal for a school of tomorrow offers a vari-
ation of classrooms, group rooms and niches that
provides the framework for social relations, accom-
modate students different work fasks and the individ-
ual's needs.

There is esfablished good condition for the use of
digital media in feaching regards e.g. by securing
fhat glare does not occur in classrooms and niches.
If the school should be erected in real life the design
and configurafion of the building will be dependent
on the school's educational approach, therefore it
is a shame that no specific principal and feacher
group was afflicted this project fo targel their wishes.
This was unfortunately nof the case because Aal-
borg Municipality is nof that far in the plans of the
school yel. Instead the project takes ifs departure in
fhe new Skolereform and digital leamning as the Mu-
nicipality refers fo in their school vision.

Though it can be guesfioned how much a new
school should follow the Skolereform as part of if
have been crificized and a lof wonder that some
parts might change e.g. long school days and

sfudy contemplafion quife soon. On the other hand
fhis project gives some suggesfions on how the spa-
cial and functional aspects are able fo solve lors of
the future concerns about indoor climafe and func-
fionalily and can make the framework fo enhance
stfudents learning oufcomes.

School yards are an important part of the pupils’
daily life and wellbeing. This proposal has therefore
focused on creafing outdoor area fo accommodate
all needs where students can inferact and meet buf
as well areas specified for e.qg. primary school and
ASP where the younger kids can feel “af home” and
safe. The elderly students also have an area where
they can withdraw from the younger kids and social-
ize withouf disturbance from playing kids. Outdoor
areas are drawn on conceplual level and further
development of these can be relevant fo suif areas
belter for specific needs.

The school's basic design fakes its departure in
indoor climatic considerations about how fo avoid
overheating hours in classrooms and ofher subject
rooms where a high infernal heat gain is already
present. This is partly solved by furning rooms fo-
wards north and parfly by having a high air change.
These principles have shown through Bsim cal-
culafions fo be frue and it has led to later climatic
calculations have not had bigger impacts on the
building design. However, it has been necessary to
install skylight windows o obfain good daylight in

classrooms and windows with low fransmiftance fo
avoid overheafing. This might have been solved by
a steeper roof angel.

By focusing on indoor climafe and functionality,
sfructural concerns have been limited in the design
process, which might have led to some crifical con-
sfruction issues, especially in the heart room where
columns or huge beams unfortunately might be
necessary. If the project should be further projected
fhese siructural issues should be solved in coheren-
cy with the archifectural expression.

The building confext has litle influence in the design
of the school. This will be a relevant factor fo relate
fo, like materials and size, but with the limifed know!-
edge of how the area will look when builf, and future
confext, the main focus area has been the overall
building lines in the master plan, the close posifion fo
Gigantium and Aalborg University that can infegrate
the neighborhood into the education.
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APPENDIX

In the appendix material referred to previously can
be found, as comprehensive drawings, fext and di-
agrams. Be10 calculalions and InVentilate from the
final building is present in this chapfer.
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APPENDIXI

‘Strukturplan for det gstlige Aalborg’ - delprojekter i universitetsomradet

= = = = +BUS (2021)
= = = = Ny Egnsplanvej (Nov. 2017)
= = = = Astrupstiforbindelse

]
L]

1] = = = = Forsogsstraekning “Den forerlose bus”
" Fyrtarnsprojekt under SMART Aalborg

*s  Overblik 11.02.2016
*, Boligantal er et skgn over den forventede udvikling pa nuvaerende tidspunkt!
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'. " s .
Wy Udviklingsfokus Aalborg Ost H e
W > mvestermger i byudvikling, teknisk og social infrastruktur samt kulturomradet ..-' e
“‘ > bade, renovering og nybyggeri af et stort antal boliger :.- :‘,
. 1 s =
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A F I; , S 3 - ° :"
i : -3 ) : Parkbroen - v
b ¥ > strategisk projekt .:'
H i > bindeled mellem nord og syd <
: L § Erhvervsomrade osti
a s > virksomheder med szerlige afstandsskrav
o ..-' > Port of Aalborg
+f & > Udvidelse af Tranholmvej (VVM)
. i3 \ K
Y N $
GigantiumKvarteret
> primaert byvaekstomrade med fokus pa familier ,
> uvikling som blandet bydel fra 2018 Plankoort ngfalborg @st
'.,. > op til 1800 nye boliger af %
gy a ot . Nyt Aalborg Universitetshospital
N > over 6000 arbejdspladser
Aalborg Universitet
B 6 > blanding af universitetsformal, boliger og kontor
> fokus pa ungdomsboliger
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»

,a_;‘ _‘

Marshalis Alle P
> ca. 160 nye boliger
> fokus pa familier

Campus Vest
> udbygning til universitetsformal

Tinbergens Alle
> ny lokalplan samt faerdigudbygning
> ca. 190 nye boliger i gang eller planlagt

Plankoosdinering Gug

Lokalplan for ABHIM holigprojekt
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Universitetspladsen
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> mulighed for learningzone som ankerfunktion
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Heating requirement and heat gains
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Heat production vs. consumption (final energy)
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Energy consumption (final energy)

Eleclricity production vs consumpfion
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Electricity production vs. consumption (final energy)
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APPENDIX IV

Tekniske data for MicroVent 2-8, 2/2, 3/3

Indbygningsdele

Produktinformation
MicroVent 2-8

Skeerm Rist

Cc
Drypnaese
Maltabel
Dimensioner Kassette Udsparing
mm A B C H L
MV 2 112 350 320-500 115 357
MV 3 112 475 320-500 115 482
MV 4 112 600 320-500 115 607
MV 5 112 725 320-500 115 732
MV 6 112 850 320-500 115 857
MV 7 112 975 320-500 115 982
MV 8 112 1100 320-500 115 1107
MV 2/2 112 850 320-500 115 857
MV 3/3 112 1100 320-500 115 1107

Montage i yderveeg

Udvendig Indvendig

Ydervaeg | MicroVent

komponenter

Elastisk fuge Kassette

Ventilatorindsat:
Udvendig skaerm L-yt-. ll fentilatorindsats
H
L]

Type A =
v
. Indvendig rist “‘ A
i InVentilate
Mertel Mgrtel SUSTAINABLE VENTILATION

Inventiate
Orionvej 2
7430 lkast
[ ] 72301024

.
ﬁ. L e ufﬁ:vveerxl‘;;t:::m I nve ntl Iate
_,f_.- @ 3.udgave 2014
e

SUSTAINABLE VENTILATION
g

Inventilate magasine page
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Tekniske data for MicroVent 2,4,6 0og 8

Beregnet lydniveau i 1 meters afstand fra MicroVent enhed for MV 2, 4, 6 og 8

40| /
Ey
B
3|3
30
— 2 —
ssem 25
s7om
20
107em /
Luftmeengde (I/s)
C O \ \ \ \ \ \
azem ( O ) 5] 10| 15| 20| 25| 30| 35
N J
- MV 2 MV 4 MV 6 MV 8
MicroVent 2-8
Luftmaengder for MicroVent
Anvendelse Luftmaengde  Per seet af 2 enheder Per enhed
MicroVent er en effektiv og yderst energibesparende lasning til at sikre et godt indeklima i A -
Kontorer, institutioner, skoler og boliger. Med en SEL-vaerdi pa bare 300 Jim? giver MicroVent ) . I/s Min. Nom. Max. Min. Nom. Max. )
en besparelse pa el til transporteret luft pa op til 85 % sammenlignet med central ventilation. Simpel og fleksibel indbygning MV 2 6,4 104 17,8 32 52 8,9 Data.:
Funktion MicroVents rorlose design giver hidtil ukendte MV 2/2 = = = 64 104 178 E)’Edgxea“*" er udmalt og beregnet af
MicroVent bestar af minimum to Enhederne og i iba MV 3/3 _ _ ~ 9,6 15,6 26,7 .
fordeler ind- og udbleesningsarbejdet mellem sig, sa luftskiftet enten holdes pa et konstant nye bygninger, eftersom enhederne monteres v ’ ’ Flow og varmegenvinding er udmilt o
preedefineret niveau eller justeres efter behov. Antallet af enheder dimensioneres i forhold direkte i bygningens yderveegge. MV 4 12,8 20,8 356 6,4 104 17,8 bere nge[ afTeEnolo ol Ignstitu[ 9
til behovet for luftskifte. Systemet er pa den made yderst fleksibelt, og der er derfor ikke en 9 9 .
@vre graense for den luftmaengde, som systemet kan preestere. 1 seldre bygninger, hvor andre systemer kommer MV 6 19,2 31,2 53,4 9,6 156 26,7 Elforbrug er beregnet af InVentilate.
til kort pga. pladskrav, kan MicroVent nemt mon- g
Ventilatorer teres med markant lavere omkostninger. Skal Mv8 256 416 71,2 128 208 356

MicroVent fas med henholdsvis 2, 3, 4, 5, 6, 7 og 8 ventilatorer. Ventilatorerne i MicroVent er
montereti en cylinder. Cylinderen vender ventilatorerne og genererer herigennem et flow
gennem enheden, som far enhederne til at endre funktion fra indblaesning til udblzesning.

vinduerne i forvejen skiftes ud i forbindelse med
renovering, anbefales det at montere enhederne
over eller under vinduet. P den méde bliver

Varmegenvinding for MicroVent 2, 4, 6 og 8

anleegsbesparelserne endnu storre. Varmegenvinding Max. Nom. Min. Samarbejdspartnere:
Regenerator Skalvinduerne ikke skift der udeluk:
alvinduerne ikke skiftes, og er der udeluk-
| MicroVent anvendes en til var 3 er en plaststruk- % % %
tur, der virker ved, at flowet af kold og varm luft skiftevis bleeses gennem regeneratoren. ‘;Ez"e tale on atinstallere "E";':a“"g- kan en- TEKNOLOGISK
Princippet er en szerlig god lasning ved temperaturer under 0 grader celsius. Modsat en ederne indbygges som seerskilte udsparinger MV 2-8 92 86 78 INSTITUT
tradtionol et o i ydermuren til en pris, som stadig ligger langt

ikke problemer med
isdannelse i veksleren og af samme drsag er der ikke behov for forvarmning. Derfor er
regeneratoren en meget enkel og energibesparende losning.

under den pa rorforte systemer.

Elforbrug for MicroVent 2, 4,6 og 8

Energiforbr
Samtidig har losningen den fordel, at frikoling let og nemt kan praktiseres ved at stoppe Egenskaber pr. sat ergiforbrug
flow-reverseringen, nar er for hoj, og er lavere end g pr. "
indetemperaturen. W/per enhed SEL-veerdi _E U ﬂ P
Varmegenvinding 85% ‘

Styring SEL-veerd: 300 Jm? mv 2 1,58 300
MicroVent er udstyret med et LON-interface, s& systemet kan kobles til BMS-systemer. Her MV 4 2,84 284 Bl ek udehdeng Oy (Tl e
er det muligt at styre hver enkelt enhed individuelt. Ved hjzelp af en Smartserver kan Micro- W‘jk‘f‘e pr. seet. ol i
Vent ogsa styres via internettet. | denne kan der ogsé laves HTML-interfaces, s MicroVent MVe s ”: 108 'r:]/h MV 6 4,17 278
kan betjenes via computer eller smartphone. InVentilate har ogsé styringsmoduler til be- vy iole  idamem

g og intelligent af MicroVent. Kontakt InVentilate for naermere Mv 8 543 271

specifikationer.

Om mikroventilation

Mikroventilation kan defineres som lokal decentral ventilation. | stedet for at skifte luften

\Y InVentilate

SUSTAINABLE VENTILATION

Elforbrug er beregnet ved nominelt flow. * SEL = Specifikt Elforbrug ved transport af Luft
/m?)

Kastelaengder

gennem et omfattende rorsystem af ventilationskanaler, skiftes luften direkte gennem 24m g .
bygningens klimaskaerme. Dette sker ved hjzelp af minimum to enheder, som arbejder InVentilate 41m n en I a e
sammen om at skifte luften. Dermed erstattes den brugte luftilokalerne med den friske Orionvej 2 . SUSTAINABLE VENTILATION
luft, som typisk findes udenfor hvert lokale i bygningen. 7430 lkast Ved en temperaturdiferens pa max. 2 grader og enheder placeret max. 200 mm
72301 024 under loft.

P4 www. inventilate.com kan du leese mere om, hvilke forudsastninger der skal vaere til
stede i en bygning for, at mikroventilation performer som @nsket.

info@inventilatedk
wwwi.inventilate.com

Inventilate magasine page
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APPENDIXV

CALCULATION OF MECHANICAL VENTILATION

Based on research presented in the program, if is
documented thaf an air change of 10 I/s per person
will improve the performance of the students. How-
ever, there are no evidence fthat the students’ per-
formance is improved further by also improving the
air change per square mefer (room pollution) and
fhe room is already considered fo be low pollufed.
Therefore it is chosen to use a combined air change
of 10 I/s per person (category A), and 0,7 I/s m2
(category B).

132

[ [
28 +10-=280-
5 5

l I
64m* + 0,7 = 44,8~
5 5

[ [ l
280-+16,8-= 3248~
5 g 5

324,81

5 . .
——— = 8,12 ventilation units
40-

5 Ventilation calculation

Il 227

To find ouf how many mechanical ventilation unifs
(VM8 units from InVentilate) one classroom needs
fo fulfill these criteria, the following calculafions have
been made. one MV8 unif can deliver 40 I/s

The resulrs shows that 8,12 units are needed for a
classroom with 28 students. This is rounded down o
8 unifs, as an alrermative it should be rounded up fo
10 units because there should be an equal amount
of unifs in one room, fhis alternative is considered foo
expensive.

MNeed

Ifs pr m2 0,7 [fullfil category B
|/s pr pers. 10|fullfil category A

load and room dimensions

classroom m2 64
room height 34
nr of pers. 28

calculating ventilation needs

/s for room 44,8
|/s for pers. | 280
| 3243
0,3248

I/s total
m3/s
Ifs prm2

nr of inventilate for one classroom
|(I/stotal) /(401/s)= |  812|units

Ventilation calculation
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Early hand drawing of outdoor areas
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APPENDIX VII

FIRE

This chapter confains the regulations for fire safely
as sfated in SBi 230 for category 2 and cafegory 3.
Category 2 is followed for classrooms and smaller
functions where less than 50 people are and cal-
egory 3 for mulii hall, café and entrance for areas
with more than 50 people. Both caftegories fake info
account thaf the user might nof know the building
bufis sfill able to escape in case of fire. Seclions are
divided with fire resistant walls and doors that fulfill oA

REI 60 A2-s1, dO. . .

The school is divided info fire secfions for every

branch (design, science, late- early middle school

and primary school and administration) with fire
gates that aufomatically close off between the heart
space and the current function. Each fire seclion has
minimum 2 escape exifs to terrain within 50 melers.
Sprinkler system is insfalled throughout the school.
Smoke ventfilation in cafegory 3 areas is applied
fo automatically open over doors and windows in

) Fire plan - -1 floor
case of fire, Il 176

K
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Fire plan - Ground floor
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Fire plan - 1 floor
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APPENDIX VIII

STRUCTURAL PRINCIPLE

These diagrams shows considerafions abouf how
columns will carry floor slabs and eaves. The recl-
angles shall only be seen as placements guidance
and nof as correct dimensions. The columns are
placed mosfly hidden inside partition walls. All parfi-
fion walls are made as light weight consltruction that
easily can be demolished if redeployment of rooms
is wished. External wall is as well load bearing where
the roof will support on.

Eoves

Columns carrying eaves

Columns carrying floor slabs

- i —u
A *735, iR z '
- A 5] n I
g
- —-— <
P Z;l -
[
— 2
e )
e .
N % K

Principle of columns
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APPENDIX IX

Stairs down fo sports hall
lIl.: 22?2
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Kids playing with water
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APPENDIX X

Trampoline in school yard
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Birkerod school schedule
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Plant boxes
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House zinc roof and wood facade

1183

SOSU Skejby
.185

olen nspireq

l.184
9.argang Mandag Tirsdag Onsdag Torsdag Fredag
8.15-9.00 SCIENCE IDRAET ENGELSK TYSK KULTUR
9.00-10.00 zev SCIENCE IDRAET ENGELSK TYSK KULTUR
10.00-10.45) SCIENCE IDRAET ENGELSK TYSK KULTUR
10.45-11.30 SCIENCE IDRAT ML-ML TYSK KULTUR
FRANSK
11.30-12.15
12.15-13.00 SCIENCE DANSK ML-ML DANSK MATEMATIK
FRANSK
13.00-13.45 SCIENCE DANSK VALGFAG DANSK MATEMATIK
FRANSK
13.45-14.30 MATEMATIK DANSK VALGFAG DANSK MATEMATIK
FRANSK
14.30-15.15 MATEMATIK T-CAFE MEEMENTOR
15.15-16.00 T-CAFE T-CAFE

Birkered school schedule

1.186
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