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In this report you can read the 
result of my graduation proj-
ect as the end of my study at 
the Eindhoven University of 
Technology: TU/e. Whit this 
project I will complete both 
the master track Architecture 
and the master track Structur-
al Design of the faculty of the 
Built Environment.

In September 2012 our grad-
uate studio, named Inner City 
Highway, started with a re-
search of the Nord-Süd Fahrt 
and its surroundings in the 
city of Cologne (Germany) in 
order to understand the effect 
of an inner city highway on 
the development of and the 
life in the city. This did not 
only lead to an elaborated re-
port, but it gave all members 
of the studio a starting point 
for their individual designs. 
A brief summary of Cologne’s 
complete development can 
be found in the first chapter. 
My starting point was the 
excessive flow of car traffic 
in the Altstadt in the current 
situation. In the second chap-
ter I will explain the problem 
around these traffic flows and 

by zooming in I will try to de-
termine the preconditions for 
a solution for this problem. In 
the third chapter a broad re-
flection of the typology of the 
chosen function, a library, will 
lead to more preconditions 
for the design. This design 
will elaborately be discussed 
in the fourth chapter. Finally, 
in the last chapter, there will 
be zoomed in even more and 
the technical aspects, such as 
the structure of the middle 
part of the new library will be 
discussed.

I want to use this preface to 
thank my tutors dr.ir. Jos Bos-
man; dr.ir. Faas Moonen; ir. 
Daan Lammers and all mem-
bers of my graduate studio 
for the cooperation in my last 
year at Eindhoven University 
of Technology. Besides them 
there were more people with-
out whom my project would 
not have been what it is like 
now. Therefore I want to thank 
Mike Grosse (Lammerting Im-
mobilien Gruppe) for the two 
tours in and all the information 
about the building I wanted to 
redesign; Elisabeth Broerman 

(WDR) for the drawings of that 
same building; Gabriele Kunze 
(Zentralbibliothek Köln) for 
the tour in Cologne’s public 
library; Hub Willems (Centre 
Céramique Maastricht) for 
the tour in and the interview 
about the public library of 
Maastricht; Corné Netten (Jo 
Coenen A&U) for the drawings 
of Jo Coenen’s public libraries 
in Maastricht and Amsterdam; 
Peter van de Lageweg for the 
professional photographs of 
the physical model; and last 
but not least my parents, my 
girlfriend, family and friends 
for their support and faith 
throughout my whole study. 
Thank you!

I hope you will enjoy reading 
this report and imagining the 
new library of Cologne!

Roald Damoiseaux
Eindhoven, August 2013

Preface
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The city of Cologne has a his-
tory of over 2000 years. Once 
established by the Romans 
the city grew in a few centu-
ries to one of the biggest and 
most important cities along 
the river Rhine. During World 
War II Cologne was bombed 
many times and over 90% of 
its building were damaged or 
demolished. This made it pos-
sible for Rudolf Schwarz and 
his team to redesign the city 
after the war. They designed 
Cologne as a city for cars and 
two big roads from north to 
south and from east to west 
crossed the city. In the 1970’s 
however the city board decid-
ed that the Altstadt (inner city) 
was too crowded with all the 
cars in it. The Domplatte was 
constructed and one direction 
only streets and pedestrian 
areas were appointed. The 
whole idea of the car city 
which supported Schwarz’s 
idea now was undone. But, in 
my opinion, the city board did 
not change the Altstadt good 
enough and now it does not 
work for cars nor for pedestri-
ans. Based on a model Louis 
Kahn made for Philadelphia I 

designed a new plan for Co-
logne’s Altstadt. The car will 
completely be abandoned in 
this area and the city is ac-
cessible by public transport 
like the new subway route the 
‘Nord-Süd Stadtbahn’. In this 
way the two separated pedes-
trian areas in the inner city 
are no longer interrupted by 
a blocking and dangerous car 
area. This will have a positive 
effect on the Via Culturalis; a 
by Albert Speer defined route 
along all the cultural high-
lights located in this area.
The Via Culturalis which leads 
from Cologne’s Dom cathedral 
via the Unter Goldschmied 
street and the Quatermarkt 
to the St. Maria im Kapitol, 
is interrupted by a building 
block in the north, directly 
adjacent to the Roncalliplatz; 
the square in front of the Dom 
cathedral. At this moment the 
building in this block is tenant-
less. It was a former office and 
parking building belonging 
to the WDR, which was called 
the Carlton complex and was 
built partly in the 1950’s and 
partly in the 1970’s. Since 
cars are abandoned here the 

parking building can no longer 
be used. Combined with the 
fact a cultural link needs to 
be made for the sake of the 
Via Culturalis, this gives two 
good reasons to transform this 
building into a new cultural 
building: a modern library. 
The library is known for centu-
ries as an institute that loans 
books and other sources of 
knowledge. Now times are 
changing and anyone can find 
information on the internet 
where people used the library 
for in the past. The modern 
library should be an institute 
where social interaction and 
the mixed use of facilities are 
at least as important as the 
loaning of books always was. 
This library will be designed 
for the encounter of people, 
culture, facilities and knowl-
edge. The most important 
demands are spaces for social 
interaction, like a cafeteria, 
a roof terrace and a bar with 
a view to the Dom cathedral; 
spaces for culture like an exhi-
bition hall and a small lecture 
and video room; spaces for 
facilities like working spots, a 
copy shop, a rehearsal room 

Abstract
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and meeting rooms; and of 
course spaces for knowledge 
like the well-known library 
rooms with bookcases, a music 
department and of course the 
newest multimedia depart-
ment.
Casa Culturalis will be the 
new name of the complex 
that makes a modern library 
the gateway to culture, both 
figurative as literally since it 
forms the entrance of the Via 
Culturalis approached from 
the Dom cathedral side of the 
street. The whole complex 
consists out of three different 
zones. The most important 
zone is the active zone which 
is located on the ground lev-
el of the complex and in the 
center building, which used 
to be the parking garage. 
Here four entrances of Casa 
Culturalis are situated and the 
spiral ramps of the parking 
garage form the main route 
in the library. All less calm 
functions, like the cafeteria, 
the exhibition hall, the library 
entrance, the group working 
spots, the roof terrace and the 
panorama bar are situated in 
this zone. The second zone is 

the calm zone. This is situated 
especially where the books, 
music and multimedia can be 
found, but also the meeting 
rooms in the small conference 
center are located in this zone. 
It is not pleasant when there 
is a lot of background noise 
when reading a book or listen-
ing to music. The second main 
route crosses all these calm 
spaces. Both routes intersect 
several times which promotes 
the social interaction in the 
building. The routes can also 
be changed multiple times by 
familiar users, so the fastest 
route with shortcuts to their 
favorite department can be 
found. Finally, the third zone 
is the more private zone. Here 
the offices of the library staff, 
the stockrooms and technical 
rooms can be found.
In order to transfer the Carlton 
complex into Casa Culturalis 
some major alterations need to 
be done. First all the non-struc-
tural elements in the existing 
building will be removed. 
Second, the concrete walls in 
between the three parts need 
to be pierced several times, so 
the important connection can 

be made. For more daylight an 
elliptical atrium will be made 
in the former parking garage 
and an extra volume on top of 
this part will be constructed to 
protect this atrium and the ex-
isting one from rain and wind. 
From a structural point of view 
these alterations combined 
with the fact that a library has 
a higher variable floor load 
than a parking garage have 
quite an influence on the 
behavior of the existing struc-
tural elements. With the appli-
cation of steel and/or carbon 
fiber reinforcement strips and 
several prestressed beams it 
is possible to secure both the 
stability and the vertical load 
transfer in this new situation.
The last big change will be 
visible in the façades of Casa 
Culturalis. Of course a building 
of the 1950’s and 1970’s will 
not meet the durability crite-
ria of this time, so this is the 
first problem that should be 
solved. The modernist façade 
facing the Dom cathedral and 
the other two façades of this 
building part are monumen-
tal-like and should never be 
changed. Only the base of this 
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part will be altered with a pas-
sage and more glass so pass-
ing people are encouraged 
to enter both Casa and Via 
Culturalis. The former park-
ing garage had open façades. 
In these openings windows 
will be placed, based on the 
layout of the windows of the 
Dom facing façade. The façade 
of the southern part along 
the Grosse Budengasse was 
a typical office façade with 
seemingly endless repeating 
window frames and sheeting 
that was very contaminated. 
This façade will totally be re-
newed and redesigned, so the 
outside tells what happens on 
the inside in the new situation.

In this way the former WDR 
office and parking Carlton 
complex is transformed in the 
modern library Casa Cultura-
lis. Now Cologne’s Altstadt is 
a lot friendlier for pedestrians 
and its own history.
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In this chapter the history of 
the city of Cologne will be 
regarded. In the first para-
graph a brief overview of the 
urban developments from 
Roman times until World War 
II is given. The paragraph will 
highlight the most important 
interventions of the layout of 
the city will be emphasized, as 
well as the social and econom-
ic results these interventions 
had.
In the second paragraph a 
more thorough overview of 
the developments after World 
War II is given. Most attention 
is paid to the plans developed 

by Rudolf Schwarz and the 
infrastructural changes which 
were made in the inner city. 
Finally, the vision of Albert 
Speer and Partners in the most 
recent master plan for the city 
of Cologne is discussed.

The goal of this chapter is to 
give an idea of how Cologne 
has grown through the ages 
and what kind of city it is. This 
will form an important starting 
point for the understanding of 
the design and so of the rest of 
this report.

History of Cologne

1
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Top left: the founding of Colonia Claudia Ara Agrippinensium
Top right: the expansion of the city in the Middle Ages

Bottom left: Stübben’s Neustadt
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Cologne from Roman times till World War II

Founding of the city in Roman 
times
The first marks of civilization 
around the area of Cologne 
date back to the year 19 B.C. 
when the Ubiers moved to the 
left bank of the river Rhine 
and founded the settlement 
‘Oppidum Ubiorum’. Already 
in the year 9 A.C., the Ro-
mans turned the settlement 
into a garrison’s camp. In 50 
A.C. the town became the 
capital of the new Roman 
province ‘Germania Inferior’ 
and it started to flourish. The 
city now was called ‘Colonia 
Claudia Ara Agrippinensium’ 
(CCAA) and was built like a 
typical Roman city. There were 
two main axes, from the north 
to the south (Cardo Maximus) 
and from the east to the west 
(Decumanus Maximus). These 
were connected to the old 
roman roads and formed to-
gether with the Rhine harbor 
the most important accesses 
to the city. On the crossing of 
these two main axes the forum 
was placed with the Praetori-
um in the direct surrounding 
and this formed the center of 
the city. CCAA was protected 

by an eight meter high wall 
against enemy attacks. On the 
other side of the Rhine, a for-
tress was built for the Roman 
garrison, which was connected 
to the city with a bridge. This 
bridge was destroyed around 
400 A.C. and for over 1000 
years there was no bridge 
across the river Rhine. Many 
remains of the old Roman city 
can still be seen nowadays, 
such as pieces of the wall and 
its towers and the several ex-
humations all over the city.

Flourishing Middle Ages
In the beginning of the Mid-
dle Ages (455) Cologne was 
taken by the Franks and ruled 
by Charlemagne and others 
till the ninth century. The city 
kept growing and became a 
metropolis and one of the 
most important trading cities 
in central Europe. After the 
Frankish period the archbish-
op of Cologne became the 
most powerful person of the 
city. As a result, many church-
es were built in the city. In 
this period the city began to 
expand. In four stages The 
urban expansion took place 

in four stages and in 1180 the 
city was four times as big as 
the old Roman city. The city 
wall was over eight kilometers 
in length which made Cologne 
the biggest fortification north 
of the Alps. In 1288, the bishop 
was banned from the city after 
the battle of ‘Worringen’ and 
Cologne became a free trad-
ing city. The city of Cologne 
was governed by an ally of in-
habitants and it blossomed as 
never before. Buildings such 
as the Gürzenich were built in 
this period. In the seventeenth 
century, the ‘Hanse’ fell apart 
and the prosperous days of 
the city were over. In Cologne 
the Middle Ages lasted till the 
beginning of the eighteenth 
century, when it was taken 
over by the French.

Stübben’s Neustadt
In the nineteenth century, 
Cologne was a really crowded 
city. Over 135.000 citizens 
lived in the very dense inner 
city area (Altstadt) were dis-
eases and epidemics afflicted 
the city. The massive medieval 
city walls that protected Co-
logne for ages now formed a 
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Top left: Schumacher’s green belt
Top right: Gauhauptstadt Köln in the NSDAP design
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barrier for the expansion of it. 
In 1880, the city board decided 
to organize a design competi-
tion, which was won by Karel 
Henrici and Stadtbaumeister 
Josef Stübben. In his design 
the medieval city wall was 
immediately demolished and 
it had to make place for a ring 
of green boulevards, inspired 
by the Grande Boulevards of 
Paris and Vienna. This bou-
levard contained a ring road 
and, in Stübben’s idea, some 
very important buildings like 
the opera, schools, churches, 
and a bathhouse. For a good 
access of the increased traffic 
several radial roads connected 
the Altstadt with this ring road. 
On the outside of the boule-
vard, Cologne was expanded 
with the same area as it had 
in the old city walls and with 
this Neustadt the total city 
area was doubled. Stübben 
assigned different streets to 
different social classes, which 
made the Neustadt a very 
vibrant environment. Further-
more, he was very commit-
ted to the public health and 
therefore he had built a sewer 
and water filtering system 
for the whole city. In this way 
Cologne became opener and 
more hygienic, so epidemics 
had no chance anymore.

Schumacher’s green belt
As a part of the Versailles 
Peace Treaty, in which Ger-
many was blamed for World 
War I, the Rhineland had to be 
de-militarized. For Cologne 
this meant that the second de-
fensive line had to be demol-
ished and a huge outer area 
became part of the city. When 
Stadtbaumeister Carl Rehorst 
suddenly died in 1919, Mayor 
Konrad Adenauer assigned 
Fritz Schumacher as the new 
Stadtbaumeister. Schumacher 
was familiar with the design 
of the first German garden city 
and believed that green areas 
were important instruments 
in city development. There-
fore he designed a green belt 
directly aligned to Stübben’s 
Neustadt. This green belt was 
for recreational purposes for 
the inhabitants of the crowd-
ed city. With several green 
corridors the green belt was 
connected with an even bigger 
‘outer green belt’, so there was 
a direct connection between 
the city and its surrounding 
nature. Thanks to Schumacher 
Cologne has become a green 
and open city.

Roman times revive in NSDAP 
times
In 1933, the NSDAP (Nation-
alsozialistische Deutsche 
Arbeiterpartei) won the local 

elections in Cologne and  they 
took over the city government 
immediately. Already in 1935, 
they presented their plans to 
make Cologne a ‘Gauhaupt-
stadt’ (province capital), which 
included a complete renova-
tion of the city. Rebuilding the 
old inner city after World War 
I and social housing became 
very important topics. How-
ever, the most important was 
the idea that a Gauhauptstadt 
needed a forum. Deutz, on the 
east side of the Rhine, would 
be changed into this Gaufo-
rum, where big ‘Gauhalle’, im-
portant NSDAP buildings, the 
headquarters of the ‘Gauleiter’ 
and enormous parade grounds 
would be built. On the other 
side, old city parts such as the 
Martinsviertel and all the old 
churches were renovated, but 
for the rest of the city a totally 
new structure was designed. 
The most important highlights 
of this design were the two 
main axes in the city, which re-
sembled the old Roman axes. 
The east-west axis connected 
to the bridge to Deutz and the 
north-south axis was located 
on the same spot as in Roman 
times. Due to the sudden out-
break of World War II all these 
plans were actually never 
executed, although they did 
leave their marks on postwar 
designs for Cologne.
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Schwarz’s ‘Das Neue Köln’
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Post-war Cologne

Wiederaufbau
During World War II, Cologne 
has been bombed for over 
three years and by the end ap-
proximately ninety-five per-
cent of the city was damaged. 
All the Rhine bridges and 
churches and other important 
and monumental buildings 
were severely damaged. It had 
taken the citizens of Cologne 
till early 1949 to clean up ten 
percent of this mess and free 
the most essential crossings. 
Immediately after the war the 
population started to grow 
again, since it was decreased 
to only eight percent of the 
population before the war. 
Due to a lack of plans, the 
citizens started to rebuild 
their homes and shops on the 
old plots. Finally, in 1948 the 
new Stadtbaumeister Rudolf 
Schwarz presented his plans 
for the new city of Cologne.

Das Neue Köln
The master plan of Schwarz 
was presented as ‘Das Neue 
Köln’. The core of his design 
was the so called ‘Doppel-
stadt’; a city with two cores 
connected by the river Rhine 

and an S-shaped ring road that 
crosses the Rhine in the mid-
dle. The southern core of the 
city is located at the old city of 
Cologne, with the Altstadt as 
a ‘Hochstadt’. In the northern 
core, located in Mullheim, a 
new industrial center of the 
city would be formed. The 
S-shaped ring road would 
connect both and represent 
the natural flow of the Rhine. 
With industry in the north 
and history, culture, science 
and business in the existing 
city, Cologne would become a 
modern city. 
When zoomed in to the Hoch-
stadt, the southern, original 
city of Cologne, Schwarz made 
a more detailed plan for the 
city as well. The city would 
consist out of nine cells, divid-
ed by the bigger roads. Each 
cell needed to be a standalone 
unit and would include sover-
eignty, education, worship and 
economy. So each cell has its 
own schools, churches, shop-
ping malls, markets and so on. 
All those cells together then 
will form the new and modern 
city of Cologne, such as mem-
branes in a cell.

In Schwarz’s plan the infra-
structure was quite important. 
He tried to maintain most of 
the prewar street network, so 
citizens had familiar places to 
go to. Schwarz believed that 
the car would be the most im-
portant way of transportation 
in the near future. The ring 
road should take care of the 
passing traffic flows, but in the 
city itself everything needed 
to be accessible for cars as 
well. Schwarz added several 
big roads to the existing net-
work to make the center acces-
sible. These roads formed the 
borders for the nine cells. The 
biggest of these roads was the 
Nord-Süd Fahrt, which would 
be an eighteen meters wide 
road meandering through the 
old city from north to south. In 
Schwarz’s idea this Nord-Süd 
Fahrt was a road for local traffic 
and the passing traffic would 
follow the ring. For that reason 
it would not be a very crowded 
road and around the Nord-Süd 
Fahrt an open public city space 
would arise. Besides the plans 
for car traffic, Schwarz made 
a plan for the train station as 
well. It surely needed to be 
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Left: Cologne as ‘Doppelstadt’ with an industrial core in the north
Top right: The infrastructure as the most fierce alteration of Cologne by Schwarz

Bottom right: All the spots where AS&P plans for interventions
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extended, but that would split 
the dense inner city area near 
the Dom cathedral even more 
in parts. Therefore he replaced 
a big part of the station to the 
outside of the Hansaring in the 
north of Cologne, where there 
was plenty of space.
Schwarz’s contract ended 
in 1952 after five years of 
city planning. Edward Peck 
became the new ‘Stadtbau-
meister’ and he completed 
the reconstruction of Cologne. 
However, not all the ideas of 
Schwarz were executed in the 
same way he designed them. 
Peck broadened the Nord-Süd 
Fahrt to 32 meters over almost 
its complete length. For pass-
ing traffic the street was not as 
unattractive as it was before. It 
became a very dense street and 
in that way it formed a border 
in the city: Cologne was split 
in two halves. Schwarz himself 
still worked for a long time as 
an architect in Cologne. He 
reconstructed more than sixty 
churches that were damaged 
during World War II. Luckily 
many of his Stadtbaumeister 
ideas were implemented in 
Cologne and still are visible 
today, such as the idea of the 
dwelling near the workplace, 
the green Rhine area and the 
respect for the historical ele-
ments in the city. Although not 

all of his plans were executed 
in the way Schwarz thought 
they would be, marks of his 
thoughts are visible all over 
Cologne.

In the sixties, the inner city 
area was really dense, be-
cause of all the cars. The city 
board decided to organize a 
design competition to make 
this area (especially near the 
Dom cathedral) more pedes-
trian friendly. The competition 
was won by Fritz Schaller, 
who made a design for the 
Domplatte. It is a plateau that 
can be reached by a broad 
stairway from the Hauptbahn-
hof (main station). From the 
plateau there is access to the 
entire Dom cathedral and the 
shopping area. Underneath 
the pedestrian area plateau, a 
huge parking garage and the 
roads which were first besides 
the Dom cathedral, are locat-
ed. Since car and pedestrian 
flows are separated now, the 
inner city will be experienced 
as more pedestrian friendly. 
On the other hand, Schwarz’s 
ideas about the importance of 
the car and its accessibility in 
the whole city are started to 
be undone by this design.

Master plan for local 
entrepreneurs
In 2009 a new master plan 
for Cologne is made by Albert 
Speer and Partners (AS&P). 
They were asked by the Co-
logne ‘Handelskammer’ as an 
initiative of local entrepre-
neurs. The master plan mainly 
revolves around the question 
on which spaces and areas 
will be part of the future de-
velopments of Cologne and 
which of them will be part of 
the main intervention areas. 
Within these areas, different 
themes will have a significant 
role on the level of city plan-
ning, traffic planning and orga-
nization of open spaces. AS&P 
covers the theme “Renewing 
the inner city” and orientates 
towards actual developments 
of the city and political topics. 
It is a combination of oppor-
tunities and possibilities for 
having the insight in future 
projects and developments.
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building, which is formed by 
the so called ‘Via Culturalis’ is 
reviewed more detailed in this 
paragraph. The last paragraph 
is about the current building 
which will be subject to a 
renovation. After reading this 
chapter, all the urban precon-
ditions for the design should 
be clear.

This chapter will deal with 
the inner city problems. In the 
first paragraph, the existing 
traffic flows, once introduced 
by Schwarz and later on al-
tered by the city board, are 
analyzed. It will be clear why 
there is a problem with these 
traffic flows in Cologne’s Alt-
stadt. A solution for the traffic 
flow problem will be given in 
a vision for the inner city area 
in the second paragraph. The 
third paragraph is about the 
choice for a location for the 
design of a building which 
can strengthen the vision. The 
direct environment of this 

Design location

2
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Current traffic flows in the inner city of Cologne
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Traffic flows in Cologne’s inner city

In the end of the 1940’s, Ru-
dolf Schwarz made his new 
design for the bombed city 
of Cologne. He kept much of 
the old existing structure, but 
one of his most important 
issues was the car in the city. 
Schwarz had the idea that the 
car would get a very important 
place in as well society as the 
city itself. Therefore he de-
signed Cologne as a city for 
cars rather than for pedestri-
ans. Schwarz was inspired by 
Hans Bernard Reichow’s book 
‘Die Autogerechte Stadt’.
This ‘car city’ was character-
ised by big roads through 
and surrounding the city and 
cars and car parks throughout 
the whole inner city. The ring 
road, which was located in 
the old green belt designed 
by Stübben, took care of the 
passing traffic. The two main 
axes, from north to south and 
from east to west, were meant 
for the access to the inner city 
tissue. Furthermore the east 
to west axis forms the main 
connection with Deutz on the 
other side of river Rhine.
The east to west axis was 
already constructed before 

World War II. The Nord-Süd 
Fahrt is actually the biggest 
and most important alteration 
Schwarz did in Cologne. The 
road is meant for the accessi-
bility of the inner city. He tried 
to prevent the through traffic 
to take the road by making it 
curved and hooked.
Because there are no restric-
tions for the inner city streets, 
this concept of ‘car city’ works 
quite well. It is clear that the 
car is the most important and 
all streets and squares are ac-
cessible for its drive through 
and parking. This was true for 
all the streets and squares, 
such as the square in front of 
the cathedral and the shop-
ping area in the Schildergasse 
and Hohe Strasse.
In the late 1960’s somehow 
the car is banned from certain 
parts of the city. Due to the 
‘Domplatte’ it was possible to 
park underneath the square 
in front of the cathedral and 
it was not allowed to park on 
the square itself anymore. In 
the shopping streets Schilder-
gasse and Hohe Strasse and in 
the Rhine promenade area it 
was not allowed to drive any-

more either. All these streets 
became pedestrian only 
areas. Most of the remaining 
inner city streets became one 
direction roads, which made 
the traffic structure quite com-
plicated. If someone wants to 
park in the inner city he should 
decide this already in the sub-
urban area, for instance at the 
crossing of the Tel Aviv Strasse 
and the Blaubach. 
When driving on the Nord-
Süd Fahrt it is impossible to 
reach some car parks without 
a huge detour. The parks in the 
inner city are only accessible 
through the Cäcilienstrasse. 
The concept of Schwarz’s car 
city is due to these decisions 
of the City Board negated. Co-
logne is not a car city anymore. 
Only if someone knows his or 
her way around in Cologne he 
or she is able to enter the city 
quite quickly by car. But the 
majority of the public which 
needs to be in the city, such 
as shopping people, does not 
like to struggle this hard to 
find a spot for their cars.

So Cologne’s inner city be-
came a pedestrian area since 
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the changes in the 1970’s. 
This transformation is actually 
not completed. In for instance 
the shopping streets it is very 
clear that cars are not allowed. 
In other areas there is no clar-
ity in whose area it actually is. 
It is possible to walk there, but 
there are also these cars which 
are driving quite fast in here.  
So it is not pleasant to walk 
there. The car area actually 
forms a border between the 
two main pedestrian areas: 
the shopping area (Schilder-
gasse and Hohe Strasse) and 
the restaurant and pub area 
(Heumarkt, Alter Markt and 
Rhine Promenade). 
When visiting this area it is 
shocking how big the differ-
ence in amount of pedestrian 
flows is. For instance both 
the Hohe Strasse and the 
Heumarkt are crowded, but in 
between there is almost no 
one, despite all the interesting 
places such as the Wallraf Mu-
seum, the Gürzenich and the 
excavation pit at the Rathaus 
Platz. The transition between 
both areas is not made. This 
means that at least some parts 
of the inner city of Cologne 

are not working for pedestri-
ans either. The area has much 
potential and this should be 
used to make the inner city 
more attractive and certainly 
more accessible.
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Urban vision

To begin with, Louis Kahn’s 
approach according to cars in 
the inner city of Philadelphia 
(USA) should be explained. 
Kahn said that “the present 
mixture of staccato, through, 
and stop and go traffic makes 
all the streets equally ineffec-
tual”. He made a plan in which 
he separated all the different 
flows that existed in Phila-
delphia. So cars, pedestrians, 
busses, trucks, etcetera had all 
their own route. This system 
should bring order and conve-
nience to the city. He proposed 
to build giant ramped car park 
buildings near the expressway 
perimeter. In this way the 
heavily crowded expressways 
do not pass the inner city and 
the car is banned. According 
to Kahn an expressway perim-
eter of the city is comparable 
with the medieval city wall. 
It needs to protect the inner 
city against invasions from 
the outside, which in this case 
should be the invasion of cars. 

This theory is the exact op-
posite of Schwarz’s approach. 
But since Schwarz’s vision is 
undone, Louis Kahn’s ideas 

may have any value for the 
inner city of Cologne. In this 
scenario the expressway pe-
rimeter is formed by the Cäcil-
ienstrasse in the south, the 
Nord-Süd Fahrt in the east and 
the Komödienstrasse in the 
north. Car parks directly ac-
cessible through these streets, 
like the Dom Parking and the 
Kaufhof Parking, are allowed 
to stay. The car parks in the 
inner city itself are closed and 
moved to somewhere outside 
the perimeter. At these places 
a huge car park can be built 
and the city center (Altstadt) 
is easily accessible with the 
new subway: the Nord-Süd 
Stadtbahn.
The inner city is now one big 
pedestrian area. Only at cer-
tain times which should be 
strictly lived up to the area 
is accessible for logistics and 
transport to provide the shops 
and restaurants with their 
stocks. The rest of the day 
the area is pedestrian only 
area, which makes it more 
pleasant to walk in the area 
between shopping and din-
ing/lounging. Furthermore the 
accessibility of this inner city 

area with a combination of car 
and subway is probably much 
easier and quicker than in the 
current situation.
However, only taking the car 
out of this part of the city 
does not mean that suddenly 
everyone wants to walk in the 
‘border’ area. The two existing 
areas of shopping and dining/
lounging are quite different 
and should be connected to 
let the new inner city pedes-
trian area work as one whole. 
The main question is how this 
connection should be made.

As mentioned before, the cur-
rent pedestrian area consists 
of a shopping area in the west 
of the Altstadt and a restau-
rant and pub area in the east 
of the Altstadt. In between 
there now is this abandoned 
like area which needs to be-
come the connection between 
the two existing areas. There 
are three streets which could 
have a very important role in 
this connection. These streets 
are the Grosse Budengasse / 
Kleine Budengasse, the Oben-
mannspforten / Marsplatz 
and the Gürzenichstrasse. Not 
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only do they connect both 
areas, there is also a vista 
from the shopping streets to 
the squares, which makes this 
connection visible. The north 
and middle streets are the 
most important, because they 
will form the new route from 
the shopping area to the sub-
way station beneath the Alter 
Markt and vice versa.
There is no need to find a new 
function for the ‘in between 
area’. Actually, this is not a 
backside area. On the contrary, 
there are several subjects the 
city should exhibit more than 
it does now. Buildings such as 
the Dom and the Römisch-Ger-
manisch Museum are exhibit-
ed quite well. But in the same 
zone, there are buildings like 
the old Roman Preatorium, the 
Rathaus with its excavation 
for the new Jewish museum in 
front of it, the Wallraf Museum 
and the Gürzenich congress 
centre. In the master plan of 
Albert Speer this street, with 
its highlights, is entitled Via 
Culturalis. At this moment 
people are not encouraged 
to visit these unique spots, 
while they are in the middle of 
Cologne’s Altstadt and show a 
great deal of the city’s history.

So the key to connect the in-
ner city of Cologne as a pedes-

trian area is the mix of three 
functional zones. In the west 
there is the shopping area, in 
the middle the cultural area 
and in the east the restaurant 
and pub area. Walking from 
west to east, or vice versa, man 
should experience a smooth 
transition from one area into 
another. The city should be 
more proud of its history and 
shops and restaurants will 
be connected to each other, 
which encourages the people 
to go out and combine more 
things then just shopping or 
dining. The three functions 
stop competing and start 
supporting each other. The 
pedestrian area forms one big 
pleasant inner city area.



23Graduation project Roald Damoiseaux - TU/e

Left: Louis Kahn’s model for the traffic flows in Philadelphia
Right: Functions in Cologne’s Altstadt, with shopping on the left (red), culture in the middle (yellow) and dining on the right (green)
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Via Culturalis with cultural highlights (red) and Casa Culturalis (green)
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Via Culturalis

defined in the master plan of 
Albert Speer and Partners and 
consists for the biggest part of 
the streets Unter Goldschmied 
and Quatermarkt. Along the 
Via Culturalis most of Co-
logne’s cultural and historical 
highlights can be found. The 
route starts (or ends) in the 
north with the Dom cathedral 
and its square (Roncalliplatz) 
in front of it. On the sides of 
this square the Domhotel and 
the Römisch-Germanisches 
Museum are located. When 
continuing to Unter Gold-
schmied the first highlight will 
be the Spanisher Bau of the 
Rathaus with underneath the 
remains of the Roman Praeto-
rium. Further on in the street, 
the square in front of the old 
Rathaus can be found. On this 
square excavations for the 
new Jewish Museum (Wandel 
Hoefer Lorch + Hirsch) are 
being executed. Also the new 
Wallraf-Richartz & Fondation 
Corboud by O.M. Ungers fac-
es this square. Immediately 
adjacent to this museum the 
remains of the old St. Alban 
church, Rudolf Scharz’s and 
Karl Band’s expansion of 

The building enclosed by the 
streets Am Hof, Unter Gold-
schmied and Grosse Buden-
gasse will be the subject for 
a redesign. It is an existing 
building, partly built right 
after World War II and partly 
in the 1970’s. The building 
consists out of three parts, one 
parking garage in the middle 
with two former WDR office 
parts on the side. The parking 
garage has lost its function 
since the car is banned from 
the area. The office buildings 
are currently tenantless and 
the project developer who 
owns the buildings has no fu-
ture goal yet. 
The location could form a 
key in the vision, because it 
completes the cultural zone. 
In the current situation this 
cultural zone is interrupted by 
one building block in between 
the Roncalliplatz and the rest 
of the street. Due to this in-
terruption the Via Culturalis 
actually does not work as it 
is described in AS&P’s master 
plan.

The Via Culturalis is symbolic 
cultural route in Cologne. It is 

the Gürzenich and the old 
Gürzenich itself can be found. 
At the end of the street the St. 
Maria im Kapitol church ends 
the Via Culturalis.

Besides these cultural high-
lights, the Via Culturalis is 
quite an interesting street on 
its own. Because of its curved 
and hooked form it can be 
experienced as a movie where 
new images appear all the 
time. These images are formed 
by focus points in the street, 
such as an arcade, a frontal 
view of a building or slight 
glimpse of the corner element 
of a building. The overall 
street has thanks to its diverse 
plasticity in both volume and 
façade many of these focus 
points. Walking from south to 
north the biggest focus point 
of course is formed by the 
Dom cathedral.

When looking to the buildings 
in the street, roughly there can 
be distinguished three differ-
ent categories of typologies: 
the pre-war typologies, the 
modernistic post-war typolo-
gies, and the modern minimal-
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Overall view of the façades along the Via Culturalis (north on the right hand side)

HAUS NEUERBURG
Bäckerei Merzenich

Dom - Hotel

Römisch-Germanisches Museum

B
ü
C
H
E
R

K
ö
S
E
L



28 Casa Culturalis - Cologne

istic typologies. 
Since almost every building 
in Cologne was destroyed or 
damaged by the air raids in 
World War II, there are actual-
ly almost no original pre-war 
buildings. Nevertheless, many 
buildings were restored in 
old style and therefore still 
pre-war typologies can be 
distinguished. By pre-war 
typologies old buildings with 
massive stone walls, small 
(bow) window and many de-
tails and ornaments are meant. 
Examples of this typology in 
the Via Culturalis are the Dom 
cathedral, the Domhotel, the 
Spanisher Bau of the Rathaus, 
Haus Neuerburg and the old 
Gürzenich.
The second category contains 
modernistic post-war typolo-
gies. Characteristics of these 
typologies are the honesty and 
functionalism of the building 
and the use of new materials 
such as reinforced concrete, 
steel and large glass sheets. 
Examples of these typologies 
are the Dom-facing part of 
the to be redesigned build-
ing at the corner of Am Hof 
and Unter Goldschmied, the 
parking garage that belongs 
to this complex, the right hand 
side building of the block on 
the other side of Unter Gold-
schmied, the Senats-Hotel 

by Wilhelm Koep and the ex-
pansion of the Gürzenich by 
Rudolf Schwarz and Karl Band.
The third category contains 
the quite new buildings. They 
are often very massive in a 
modern way and very well 
detailed. Examples of the 
Via Culturalis are the Ludwig 
Museum, the Römisch-Ger-
manisches museum, the new 
Jewish museum, the Wall-
raf-Richartz Museum by O.M. 
Ungers and the glass elevator 
tower of the Gürzenich.
Besides these three catego-
ries, there actually is a fourth 
category that contains almost 
all the buildings along the Via 
Culturalis that are not named 
in the examples before. These 
buildings are not built accord-
ing to a distinct typology. In 
some cases the architect tried 
to make a resemblance of the 
adjacent building, such as the 
An Farina complex, the middle 
building across the former 
parking garage and part of the 
redesign subject which was 
built in the 1970’s. The typol-
ogy resembles the adjacent 
building on a first sight, but 
when closer reviewed materi-
al use and honesty are not as 
correct as they should be. In 
a certain way these buildings 
are fake buildings and should 
be handled first when the city 

board decides to renew the 
Via Culturalis.
So the building enclosed by 
the streets Am Hof, Unter 
Goldschmied and Grosse 
Budengasse will be the subject 
to redesign. From the ground 
level point of view some pre-
conditions need to be thought 
of. To make the connection 
between the Roncalliplatz and 
the rest of the Via Culturalis 
route the building needs to 
become a sort of ‘Gateway 
to Culture’. To emphasize the 
existence of the Via Culturalis 
the complex will be entitled 
‘Casa Culturalis’. In this way it 
forms the entrance of the cul-
tural zone of Cologne. It needs 
to be pronounced with big 
characters on the building, like 
it is done in the Schildergasse 
as well. A second precondition 
is that the corner of the 1970’s 
part now forms a focus point in 
the street. In the new situation 
it still needs to act as a focus 
point in the Via Culturalis. 
The last precondition is that 
all ‘fake’ parts of the façade 
needed to be replaced.
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The former WDR Carlton complex

In this paragraph the focus 
will be on the scale of the 
building. As mentioned be-
fore the building consists of 
three parts, which are strictly 
separated from each other. 
The first part from north to 
south was built as the ‘Carlton 
Hotel’ in 1954 and has a gross 
floor area of 5800 m2. This is 
the Dom-facing part with its 
main entrance at Am Hof. In 
the 1970’s, when the radio 
and television company WDR 
bought the complex, the hotel 
was turned into an office. The 
second (middle) part is the 
‘Carlton garage’, a parking 
garage which was also built 
in 1954 and has a gross floor 
area of 9500 m2. It has its en-
trance at Unter Goldschmied. 
The third part is also a WDR 
office with a gross floor area of 
7400 m2. It was built in 1978 
and has its entrance at the 
Grosse Budengasse.
The 1954 hotel is built in a 
modernistic style. Reinforced 
concrete is the main structural 
material of this building that 
contains two levels under-
neath and six levels above the 
ground. On the ground level 

two restaurants are situated 
nowadays. On the side of the 
parking garage the building 
has an atrium in the top five 
levels. The main stair is a spi-
ral stair from which the curved 
wall can be seen in the atrium. 
On each level of the former 
hotel there are two corridors 
with adjacent office rooms. 
There is no intern connection 
to the parking garage at all.
The ground floor façade is 
made of glass and wood on 
a concrete structure. Above 
a concrete structure finished 
with stone tiles, holds many 
steel window frames. On the 
Dom cathedral side (north) 
there is used as many glass as 
possible to provide the guests 
of the original hotel with the 
most beautiful view on the 
Dom. This is a nicely detailed 
and impressive modernistic 
façade, which certainly needs 
to be retained in the redesign 
process of the building.
The parking garage is a very 
brutalist building. It has two 
levels underneath the ground, 
five above and a roof where 
can be parked on. The floor 
levels are constructed in a split 

level way and are connected 
with each other by half curved 
car ramps.
With a width and depth of 
both approximately 32 meters 
and floor heights of 2.70 me-
ters it is a very dark building. 
This combined with the use of 
the painted, but still cold and 
massive concrete it breaths 
a very rough and sad atmo-
sphere. On the underground 
levels and the roof the garage 
is connected to 1978 office 
building next to it.
The façade is actually formed 
by a concrete frame with a fin-
ish of ceramic tiles. No glass is 
applied, except for the back-
side façade at the Sporergasse. 
The garage seems very bru-
talist especially thanks to the 
enormous two story high bal-
cony that reaches into Unter 
Goldschmied and so forms an 
arcade. This arcade is empha-
sized by the first level floor 
that only reaches till the half 
of the room and in that man-
ner makes the balcony even 
more impressive. This very 
rough appearance is typical 
for a post-war building such as 
this and needs to be retained 
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Left: plan of the ground floor of the Carlton complex in its current use
Top right: The Carlton complex seen from the Theo-Burauen-Platz

Bottom right: The Carlton complex seen from the Roncalliplatz
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for sure.
Finally, it is clear that the 
1978 office part is built lat-
er than the other two. It has 
just as the garage, two levels 
underneath the ground, five 
above and a roof where can 
be parked on. With entrances 
at the Grosse Budengasse and 
the Sporergasse on the back-
side and a quite logical and 
repeated floor plan it is very 
well suited as an office build-
ing. The stairs and elevators 
are located in the center of the 
building.
The façades of this building are 
made of prefabricated stone 
elements which are attached 
to the concrete structure. In 
the façade seemingly endless-
ly many window are placed. To 
interrupt this endless rhythm 
all the windows above the en-
trance have balconies. At the 
corner, a steel crown-formed 
element is placed to form a 
focus point in the street. This 
complete façade is one of 
the rather fake façades which 
were mentioned in the previ-
ous paragraph. It tries to be 
as brutalist as the garage, but 
thanks to the wrong use of 
materials this does not appear 
so. So in the new plan the 
façade of this building needs 
to be completely renewed.
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Elevation of the Carlton Complex seen from Am Hof (scale 1:400)
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Elevation of the Carlton Complex seen from Unter Goldschmied (scale 1:400)
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Elevation of the Carlton Complex seen from Grosse Budengasse (scale 1:400)



Graduation project Roald Damoiseaux - TU/e 3535

Elevation of the Carlton Complex seen from Sporergasse (scale 1:400)
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The library

3

In this chapter another very 
important precondition for 
the design is considered: the 
function that will be placed 
in the building. It will be hard 
to choose a right function that 
will fit in the deep parking 
garage and both office build-
ings. In the first paragraph the 
choice for this function will 
be made based on other func-
tions in the near environment. 
This function will be a library. 
In the second paragraph the 
history of the library is quite 
briefly reviewed. In the third 
paragraph a vision will be stat-
ed on how a modern library 

looks like. This paragraph 
includes case study research 
and an interview with Hub Wil-
lems of the Centre Céramique 
Library in Maastricht. In the 
last paragraph it is explained 
why the current main library 
in Cologne will not meet this 
vision of a modern library. 
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Possible functions that would fit in Casa Culturalis  
From top left to bottom right: a cinema, a casino, a library, a museum, a music hall and a theatre
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The choice for a new function

As mentioned before the 
building which will be rede-
signed is on a top location 
in the middle of the vibrant 
inner city of Cologne. In the 
east to the west direction it 
lies on an important future 
route from the subway station 
to the shopping area of the 
Hohe Strasse and the office 
area near the Nord-Süd Fahrt. 
From north to south it is on 
the route of the Via Culturalis, 
directly besides the Roncallip-
latz in front of the cathedral. 
However, the location of the 
building on the corner of 
Grosse Budengasse and Unter 
Goldschmied is the only place 
in the Via Culturalis where 
the route is interrupted by a 
whole block without a cultural 
function. It seems fair to turn 
the building into a cultural 
building as well. To empha-
size the existence of this Via 
Culturalis, the complex will 
be called Casa Culturalis. But 
still, cultural is a very broad 
description of the function 
and besides that there are 
also other stakeholders, such 
as shopping people, people 
who come for the restaurants 

and bars and of course the in-
habitants of the Altstadt. The 
function should be a function 
that supports all the stake-
holders and their areas or at 
least a function that does not 
compete with the other areas. 
To support all stakeholders it 
is possible to make a mix of 
functions. To make sure these 
functions will not compete 
with the other areas there 
needs to be a distinction in 
primary and secondary func-
tions. The primary function in 
this case is the cultural func-
tion, so the Via Culturalis can 
be completed.

There is no doubt that this de-
scription of the function could 
have many solutions. Public 
cultural functions that would 
fit in the Cologne Altstadt and 
certainly in the Via Culturalis 
are for instance a museum, a 
gallery, a casino, a theatre, a 
library, a cinema or a music 
hall. One of the tasks of Casa 
Culturalis on this key location 
will be the activation of the 
area and so the attraction of 
more people to the inner city 
and the Via Culturalis. A func-

tion which is easily accessible 
for anybody at any time of the 
day will be a necessity. All the 
mentioned functions above, 
except for the library, are 
opened only at distinct times 
in the evening or ask an en-
trance fee to make use of the 
function. The casino even has 
an age limit, so not everyone 
can get into it. This will make 
the library the most suitable 
function for this key location. 
Not only visitors of Cologne 
will come here, also inhabi-
tants are pleased to visit the 
library. As a primary function 
of Casa Culturalis it will turn 
the now abandoned like back-
side area into the vibrant cul-
tural heart of Cologne.
As a secondary function many 
functions can be added. A caf-
eteria as a resting place for the 
shopping crowd and tourists 
would be a start, but an ex-
position hall with a changing 
exposition will contribute to 
the cultural level of the area as 
well. In the dense and crowd-
ed inner city area there are 
not many places where people 
can sit outside and enjoy the 
city in silence. Therefor a roof 
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Panoramic view from the roof of the former Carlton hotel

garden or terrace would be 
a good function too. Besides 
that it cannot be forgotten 
that the magnificent view on 
the Dom cathedral were the 
original hotel was known for 
will be public again. To let the 
visitor experience this view a 
panorama bar on the top level 
will become a popular place 
for an afternoon drink. At last 
it is very important that the 

library is adapted in the eco-
nomic network of the city. In 
Cologne local entrepreneurs 
show much initiative. By 
giving these entrepreneurs a 
room as an info center in the 
library where they can adver-
tise themselves, they will be 
prepared to help the library in 
a financial way or use it as an 
extension of their offices and 
shops.
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The first libraries date back to 
the times of the Greek civiliza-
tion. The library of Alexandria 
for instance is a legendary 
building that contained hun-
dreds of thousands of papyrus 
scrolls and parchments. More 
of these old libraries existed in 
that time and they were meant 
to preserve the precious doc-
uments. In the course of time, 
a few centuries before the rise 
of Christianity, these libraries 
with ‘dangerous’ documents 
were closed. Only some hun-
dreds of years later new librar-
ies arose in the monasteries of 
the same Christians. Monks 
used the library to write and 
keep the books, mostly in al-
coves of the long cloisters or 
on wooden reading desks. 

The typology of the library 
became interesting when 
there was a shift from book 
warehouse to reading room. 
The art of printing was devel-
oped and universities arose. 
More and more books were 
published and needed to be 
stored for the students and 
professors. The biggest archi-
tectural problem in that time 

was how to store the books. 
Two types of library design 
were developed. The first was 
developed by the University 
of Cambridge and was called 
the stall-system: bookshelves 
on top of the reading desks 
enlightened by a small win-
dow. The other type was 
called the Saal-system. All 
the books were stored along 
the walls of the library, which 
left open a huge, light space 
in the middle where the read-
ing desks were placed. These 
types of libraries were only 
used by the people who were 
related to the owner, such as 
the students and professors of 
the universities or the monks 
of the monasteries. The li-
braries contained scientific or 
religious books and they were 
used as the so called reference 
libraries. All the books stood 
in the building and they could 
not be borrowed. If someone 
needed to know something he 
should study the book in the 
library. Later on the stall-sys-
tem was too small to store the 
still growing amount of books. 
The Saal-system became the 
standard. Often there was a 

subdivision in a reading room 
and book storage. Sometimes 
magnificent objects such as 
globes or paintings were ex-
hibited in the huge ‘Saals’.

In the end of the 18th century, 
the French Revolution took 
place. As a result of the ‘free-
dom, equality and fraternity’ 
mind, libraries became acces-
sible for the public. Everyone 
should be able to read and 
study the knowledge which 
was stored in books. The 
librarian got a much more im-
portant role, because besides 
he needed to know what there 
was in the collection, he need-
ed to watch out that nothing 
was stolen. A combination 
of the stall and Saal-system 
provided the librarian to have 
a central place in the building 
and a good view on all the vis-
itors. This panoptical idea was 
one of the changes in the use 
of a library which influenced 
the architecture and the typol-
ogy the most. A good example 
of this is the library of the 
British Museum, designed by 
Sydney Smirke. 
Another change for the li-

History of the library
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brary was the more and more 
growing collection, especially 
caused by the addition of ficti-
tious books such as novels and 
children’s books. The sorting 
system became unclear for the 
visitor and for that reason the 
librarian started to search the 
book that the visitor wanted. 
In the architecture of the li-
brary this gave an even stricter 
division of book storage and 
reading room, often separated 
on different floor levels.

Since that time, the library ac-
tually did not change a lot for 
over 150 years. The library was 
(and still is) a public building 
with great history and an im-
portant meaning for the devel-
opment of the modern society. 
Many examples of beautiful 
libraries were built all over 
the world. But the function of 
a library is changing nowadays 
and the ancient idea of the 
storage of books is in danger. 
There are several new ways 
of publishing knowledge on 
other mediums than the book 
and bring the knowledge out-
side the library. This started 
for instance with the micro-

film and the copy machine. 
Nowadays people can get any 
information they want, such as 
books, articles, music, videos, 
picture etcetera through their 
computer. Library catalogues 
are on the internet and with 
projects as Google Books and 
Google Scolar whole books 
and scientific articles can be 
found on the internet. This is a 
good development for the ac-
cessibility of information for 
everyone, especially for rare 
books and books that are not 
printed anymore, but it with-
holds people from coming to 
the library. Besides that, even 
the librarian lost a great deal 
of his helpful and panoptical 
functions due to the internet 
catalogue, security gates, 
video cameras and even an 
electronic ‘check in and out’ 
system.

When summarizing the major 
changes in the typology of the 
library, these can be divided 
into several themes:
- The change of media type, 
from papyrus scroll, via book 
to the computer
- The change of function, from 

storage room to public and 
socially important building
- The growing amount of me-
dia (especially books) that 
needed to be stored
-The growing amount of peo-
ple who visited the building

The history proved that a 
library has a typology that 
adapts itself to social and 
technical changes. The li-
brary always had a constant 
factor: the book. This is going 
to change, but that does not 
mean that the book will disap-
pear. In the near future the li-
brary’s main function will shift 
from the storage and loaning 
of books to something else. 
The continued existence of 
the library as a public building 
depends on another function, 
since information, knowledge 
and fiction are easily accessi-
ble via the Internet. What this 
function(s) is/are, will be clear 
in the next paragraph.
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Top left: Example of the Stall-system in the Corpus Christi Library in Oxford
Top middle: Example of the Saal-system in the Bibliotheque National de France

Top right: Example of the panoptical system in the library of the British Museum
Bottom: Timeline about the development of the library
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Top left: University Library ‘UBU’ Utrecht
Top right: University Library ‘Metaforum’ Eindhoven

Bottom left: Publick Library ‘Centre Céramique’ Maastricht
Bottom right: Public Library ‘OBA’ Amsterdam



45Graduation project Roald Damoiseaux - TU/e

The modern library

To find out what the new main 
functions a modern library 
needs should be, some case 
studies are researched. Quite 
modern libraries such as the 
University library UBU Utrecht 
(Arets), the University library 
Metaforum Eindhoven (Ec-
tor), the public library Centre 
Céramique Maastricht and the 
public library OBA Amsterdam 
(both Coenen) are reviewed. 
They may not all be the newest 
libraries, but they are at the 
edge of changing from books 
as most important objects to 
another concept. These case 
studies should tell what the 
new formula needs to be like.

University Library ‘UBU’ 
Utrecht
Wiel Arets has a very distinct 
view on the modern library 
and his design is quite well 
described in the next quote 
of the librarian of the Utrecht 
University Library, Bas Saveni-
je:

“The library is a gateway to 
science. It gives me access to 
thousands of sources of in-
formation. This is not about a 

building. Nor an organisation. 
It is about a role, a function. For 
a library’s customers, the orga-
nization is of little interest: it is 
a mechanism that ensures that 
services are provided. But for 
customers, the function is es-
sential. So is the building. The 
function of a university library 
is to provide scientific informa-
tion. Increasingly, this data is 
available digitally. These days, 
you don’t even need to visit 
the library building to consult 
this information. It can be ac-
cessed both from a university 
workplace and from home. 
The library (as organization) is 
concerned with the accessibil-
ity of information. But it does 
more: selection, classification, 
quality assessment, storage, 
assistance in searching, and 
alerting. The ideal is to or-
ganize these services so that 
they dovetail seamlessly with 
customer’s activities (educa-
tion and research). They should 
seem perfectly natural; present 
yet invisible.
The human face of the library 
lies in its role as partner in sci-
ence: cooperation and interac-
tion that are as close as possi-

ble to education and research.
As a building, the library pre-
fers not to be invisible. In fact it 
needs to be a distinct presence 
on the campus. A symbol for 
the function of the library in all 
its aspects. Of which the new is 
an outstanding example.
The physical aspects of the 
provision of information are 
clearly visible. The depots 
with their many kilometres of 
information are not hidden 
away underground but hooves 
the eye to the information. The 
library staff are also a distinct 
presence. They don’t work in 
an office block, but in a real 
library. This is true both of the 
counter staff and those who 
work, metaphorically, behind 
the scenes.
The auditorium will become 
a cultural centre for De Uithof 
university campus. The library 
as a whole is a place of study 
and also a place to meet. This is 
not a paradox but a lively syn-
thesis. What was a challenge 
at the design stage, has now 
become an essential element of 
the magnetism of the UBU.
The UBU is a living library. And 
as a living library it has many 
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faces. Some of these faces can 
only be understood from a 
historical background. Some 
can only be appreciated within 
their environment. Others are 
somewhat futuristic. We proud-
ly present them all to you.” 

What maybe is not quite 
recognizable in the former 
quote is that Arets in his 
design for ‘UBU’, University 
Library Utrecht (2004), actu-
ally only designed one space. 
This giant space is the reading 
room and all other functions, 
such as the book storages or 
the staff rooms, are placed in 
this room on the floor or on 
‘floating’ floor slabs. The com-
plete library can be seen from 
anywhere in the building, yet 
there are enough places where 
people can find a silent place 
for their own. Arets designed 
a library to work, alone or in 
groups, and to meet other peo-
ple. It is a vibrant building and 
because all these functions 
are so fluidly interwoven, in a 
way they don’t interfere with 
each other.

University Library 
‘Metaforum’ Eindhoven
In 2012 the new university 
library of Eindhoven’s Uni-
versity of Technology was 
finished. The old Mechanical 

Engineering working hall was 
redesigned by Joost Ector of 
Ector Hoogstad Architecten. 
He filled the building with a 
library, lecture halls, support-
ing desks and he built anoth-
er volume for the faculty of 
Mathematics on top of it. The 
old characteristic ‘chess play’ 
roof is kept and it takes care 
of the need for daylight in the 
deep volume. Ector designed 
a giant 3 story atrium in the 
hall, so the light coming in at 
the roof windows reaches all 
the way to the bottom floor. 
Around the atrium, actually in 
the library, are hundreds of 
working spots realized. The 
books got a far less import-
ant place at the outer walls. 
With this gesture Ector tries 
to emphasize that books are 
not the only way of getting in-
formation these days. In fact, 
there was not enough space 
for the complete university’s 
collection and more than half 
of all the books are scanned 
and sold. Now they are only 
digitally available. This is the 
modern information era. The 
physical books and periodi-
cals that survived the transfer 
to the new library are placed 
on the side and hip modern 
gadgets such as iPads, big 
television screens and the 
electronic check in and out 

system demand all the atten-
tion. Notwithstanding this is 
a library, but in a way it does 
not feel like one. There is no 
smell of old books and a whis-
pering silence. Ector chose to 
design a modern library and 
he thought a whole new idea 
belonged to this modernity. 
Maybe this is the future of 
the library, since this new 
library is more used than the 
old one. Out of Ector’s design 
follows that working spots for 
digesting all the information 
are maybe more important 
than the information storage 
itself, certainly for a university 
library. Whether the gadgets 
really add something is the 
question, but they certainly 
give the building a modern 
appearance.

Public Library ‘Centre 
Céramique’ Maastricht
This new building (1999), to-
gether with Plein 1992, should 
form the new meeting place of 
Maastricht on the other side of 
the river Maas. To realize this, 
Jo Coenen combined several 
functions of which the library 
is the most important. Further-
more library functions such as 
an exhibition hall, a townhall, 
city archives, the European 
Centre for Journalists, a cafe-
teria and a theatre complete 
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the ‘Centre Céramique’. Above 
all, Coenen intended it to be a 
meeting place, a vibrant and 
cultural environment. In his 
architecture this is recogniz-
able in the routing through 
the functions, the atrium for 
the intern contact between 
all the floors, the closed part 
of the façade that connects 
all the different functions and 
the transparency of the rest of 
the façade for the contact with 
both the old city of Maastricht 
and the new Céramique quar-
ter. By placing for instance the 
exhibition center and the caf-
eteria on the ground floor and 
first floor, all visitors should 
pass these functions to enter 
and leave the actual library. 
A lot of people, who normally 
do not go to museums, see the 
exhibition and get interested. 
Another curious thing is the 
music rooms, where musicians 
can practice their instruments. 
These are examples of Co-
enen’s ability to play with 
functions and in that way 
create a building that is much 
more interesting and vibrant. 
By the amount of people work-
ing, sitting, walking and enjoy-
ing the building, this seems 
to work, maybe even if there 
were not any books at all. This 
means that the visitors do not 
come especially for the books 

to this library and Coenen suc-
ceeded in making the building 
into a cultural meeting place.

Public Library ‘OBA’ 
Amsterdam
For the design of the public 
library in Amsterdam (finished 
in 2007), a building which 
should comprise 28.500 
square meters, Jo Coenen 
decided to design from the 
inside to the outside. In his 
opinion a library is all about 
creating pleasant spaces by 
use of especially daylight and 
color. The need for especially 
daylight reflects on the out-
side, because the monolith 
cube was cut and formed 
in a way that all the inner 
functions had the amount of 
daylight they needed. In this 
way this urban sculpture was 
formed by requirements of the 
interior. Again, like in Maas-
tricht, Coenen implemented 
a lot of other functions, like a 
theater and a restaurant in the 
building to activate the vivac-
ity of the Oosterdokseiland. 
The routing is important and 
emphasized by the signs on 
the escalators. When entering 
the building, the total height 
is directly sensible because 
of the 30 meters high atrium. 
The routing is important and 
emphasized by the signs on 

the escalators. It leads from 
the children’s library in the 
basement via the media, 
magazines and ‘adult’ library 
to the theatre and restaurant 
in the top of the building. 
The huge wooden bays in the 
façade form extraordinary 
quite places for focus and 
concentration in this giant 
‘warehouse’-like building. The 
attention Coenen paid to the 
interior makes the building 
this special, but also function-
al at the same time. Again he 
succeeded in making a library 
were people come for more 
than only books: a building for 
culture and recreation.

Interview Hub Willems – 
medewerker Stadsbibliotheek 
Centre Céramique Maastricht:

Wat is naar uw mening de 
definitie van de moderne bib-
liotheek?
Boeken horen er bij, net zoals 
vroeger, maar ze zijn niet meer 
de hoofdfunctie van de bib-
liotheek. Als mensen echt iets 
willen weten kijken ze thuis 
wel op hun Ipad. Ze komen 
vooral naar de bibliotheek om 
andere mensen te ontmoeten. 
Sommigen komen dagelijks 
een kop koffie drinken en een 
krant lezen, anderen komen ge-
regeld om hun boeken te lenen, 
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naar de exposities te kijken of 
een van de vele activiteiten te 
bezoeken. Ik denk dat de mod-
erne bibliotheek daarom meer 
een sociale en open functie 
heeft dan echt de introverte 
kennisinstelling die het vroeger 
was. Wij proberen hierop in te 
spelen met het organiseren 
van activiteiten als een lunch-
pauzeconcert (elke donderdag), 
debatten, voorleesmiddagen, 
exposities et cetera. Bovendien 
hebben we veel contact met 
lokale ondernemers (boekhan-
dels, Apple shop enz.), scholen 
en instellingen, waarvan som-
migen hier ook een loket heb-
ben om vragen van mensen te 
beantwoorden.

Denkt u dat de modernisering, 
zoals de digitalisering van de 
collectie, ver genoeg is door-
gevoerd in deze bibliotheek?
Zoals gezegd kun je niet zonder 
boeken, want die maken de bib-
liotheek tot een bibliotheek. We 
hebben wel meteen e-readers 
en Ipads gekocht toen deze in 
de markt kwamen. Deze lenen 
we ook uit en we geven cursus-
sen zodat mensen hiermee om 
leren gaan. Op de e-readers sta-
at dezelfde collectie die we ook 
als hard-copy hebben. Daar-
naast is er overal in het gebouw 
gratis en draadloos internet en 
een geweldige service, zowel 

vanuit de medewerkers van de 
bibliotheek zelf als die van het 
restaurant. Ik denk dat we met 
zijn allen in dit mooie gebouw 
wel een moderne bibliotheek 
neerzetten. Maar hier moeten 
we wel aan blijven werken als 
we willen dat mensen blijven 
komen.

Werkt de bibliotheek echt vol-
gens de idealen die Jo Coenen 
voor zich zag?
Ik denk het wel. Ik was zelf be-
trokken bij het ontwerpproces 
van Coenen, omdat hij ook van 
medewerkers wilde weten hoe 
zo een gebouw werkt. Van te 
voren en ook tijdens het ont-
werpproces was er dan ook veel 
overleg tussen ons en het bu-
reau van Jo Coenen. Daardoor 
is het resultaat al min of meer 
wat je voorgesteld hebt, hoew-
el er altijd opeens dingen ges-
chrapt kunnen worden. Zo was 
er bijvoorbeeld op het begin te 
weinig plek voor cd’s, maar dat 
was vrij snel opgelost. Jo Co-
enen had ook voorgeschreven 
dat er de eerste vijf jaar niks 
veranderd mocht worden. We 
zitten er nu ongeveer 12 jaar 
en eigenlijk is er nog steeds niet 
veel veranderd, een teken dat 
het gebouw toch werkt zoals 
Coenen het bedoeld heeft. 
Binnenkort gaan we het souter-
rain vernieuwen, maar ook dit 

gebeurt weer in samenwerking 
met Coenen, dus de onderlinge 
banden zijn nog steeds goed. 
Ik moet wel zeggen dat ik, 
toen ik in Coenen’s biblioth-
eek in Amsterdam rondliep, ik 
veel herkende van ons eigen 
gebouw. Hij heeft een aantal 
dezelfde dingen gedaan, maar 
je ziet ook dat hij veel geleerd 
heeft in Maastricht wat hij in 
Amsterdam beter heeft gedaan. 
Een voorbeeld hiervan is de 
bewegwijzering, die bij ons 
eigenlijk waardeloos is, maar 
in Amsterdam een soort thema 
vormt. 

Moet een bibliotheek een 
icoon zijn in de stad?
Ik vind van wel. De biblioth-
eek moet opvallen, zeker nu 
zijn hoofdfunctie een sociale 
insteek heeft. In dit deel van 
Maastricht is de bibliotheek, 
samen met de winkels aan 
de overkant van het plein, 
gemaakt als publiekstrekker 
om de hele Céramique wijk te 
activeren. Je ziet dan ook altijd 
mensen lopen op het plein en 
als het lekker weer is, zitten de 
terrasjes, waarvan een deel aan 
de Maas ligt, meestal ook vol. 
Als het dus als publiekstrekker 
bedoeld is, mag het ook wel 
opvallen in de stad.
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Wat mag er absoluut niet ont-
breken in het ontwerp van een 
bibliotheek?
Ten eerste natuurlijk licht, want 
dat levert heel fijne ruimtes op. 
Ik vind ook de atria in het geb-
ouw fijn, want daardoor neem 
je meer van de andere verdie-
pingen waar en dat voelt fijn 
op een of andere manier. Als je 
dit doet, moet er natuurlijk wel 
veel aandacht uitgaan naar de 
akoestiek, zodat je niet in het 
hele gebouw hoort wat er op 
de begane grond gebeurt. Wat 
verder belangrijk is naar mijn 
mening, is de sfeer die er hangt. 
Je kant dit met vorm en kleur 
beïnvloeden, maar je moet 
oppassen dat de omgeving niet 
te veel gaat afleiden en te druk 
wordt. Ten slotte is de biblioth-
eek hier eigenlijk een gebouw 
waar alle vloeren op elkaar 
lijken. Bewegwijzering is heel 
belangrijk voor de oriëntatie 
van de bezoekers. Maar wij 
ondervinden vaak dat mensen 
de bordjes niet lezen, dus dit 
moet op een andere manier 
duidelijk zijn, zoals met een an-
dere kleur op de vloer van elke 
verdieping, zoals in Rotterdam 
gedaan is. 

The biggest change in archi-
tecture that is noticeable is 
the call for attention a modern 
library apparently needs. From 

the outside the library has 
such a distinct character that 
it really shows itself to the 
public and it looks like it is a 
public building of great impor-
tance. In a way this fits what 
the most significant function 
seems to be: to attract people 
and so create a vibrant sur-
rounding. Modern architects 
try to design a building that 
breaths culture instead of only 
housing books and knowledge 
about this culture. 
By adding functions like the-
aters, exhibitions, restaurants, 
cafeterias, computers and so 
on people have many more 
reasons to come to the library. 
Yet, the designers are not that 
far that they let the books 
disappear completely. Joost 
Ector allows the smallest 
amount of books, for instance 
by presenting them in a digital 
way, but still there are books. 
They may have a secondary 
function next to the working 
spots, but there still is a mind-
set in which there is no library 
without the book. 
Nowadays the library is a 
building to meet other peo-
ple. People can work together 
in the no longer strictly silent 
library work places, go to the 
exhibition or drink a cup of 
coffee together. By applying 
a demanding route and a 

smooth transition between 
totally different building parts 
all these functions seem to be 
equally good used and there 
are people throughout the 
whole building. The building 
in that way becomes a social 
and cultural center. This shift 
in accent from the knowledge 
function to a social and a facil-
itating function is confirmed 
in the interview with Hub Wil-
lems. Many places for social 
interaction and working spots 
for concentration are the main 
items a modern library needs.
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The Cologne Stadtbibliothek

the ground. The total amount 
of gross floor area is 14.500 
m2 which is mainly filled with 
bookcases. The library loans 
all kind of media, from the 
well-known printed book (fic-
tion and non-fiction) to the 
newest e-books, CD’s, DVD’s, 
software and other gadgets. 
The total amount of media in 
stock consists out of 850.000 
parts. Besides the regular 
themes in a library, the Stadt-
bibliothek owns a few rare 
collections. The ‘Germania 
Judaica’ is the most complete 
and detailed collection about 
Judaism in Germany in the 
whole country. The Heinrich 
Böll Archiv is an archive about 
the live and work of Germany’s 
most famous post-war writer 
Heinrich Böll, complete with 
his original office exposed in 
the building. The last extraor-
dinary collection is the ‘Blind-
enhörbibliothek’; a library for 
blind people with more than 
30.000 audiobooks. Finally, 
in the music department of 
the library a piano and a vinyl 
record bar can be found.

In a tour given by Frau Gabri-

In Cologne there are several 
bigger and small libraries. An 
example of a bigger library is 
the ‘Erzbischöfliche Diözesan- 
und Dombibliothek’ owned 
by the diocese. There are only 
two big general libraries ac-
tually worth mentioning. The 
first is the university library in 
the southwest of the city, just 
outside the inner green belt 
of Schumacher. This library is 
called the ‘Universitäts- und 
Stadtbibliothek Köln’. The 
second is the public library, 
which is called ‘Stadtbiblio-
thek Köln’. This is the library 
that will be moved to Casa 
Culturalis.

The Stadtbibliothek is located 
in the Josef-Haubrich-Hof, just 
opposite the crowded Caeci-
lienstrasse near the Neumarkt. 
It is actually just separated 
from the Altstadt by a very 
busy car road that is hard to 
cross. The building was built 
in 1979 and consists of five 
overlapping square towers 
with different heights and dif-
ferent amounts of levels. The 
highest tower has two levels 
underneath and seven above 

elle Kunze, board member 
of the Stadtbibliothek, the 
library’s secrets are revealed. 
She tells that the library is 
being renewed in parts right 
now. The modernization 
considers especially the digi-
talization of the library. Com-
puters are placed on all floors, 
automatic check in, check out 
and pay systems are installed 
and the complete ground floor 
becomes a ‘digital space’. But 
still, the most of the interior 
still consists out of 1.80 me-
ters high bookcases. By plac-
ing them perpendicular to the 
windows more light will enter 
the room, but this is as far as 
the alterations go. Frau Kunze 
tells about the online library. 
The complete catalogue can 
be found on the internet and 
many of the books in that 
catalogue are also digitally 
available. In this way they try 
to expand their clientele far 
beyond the borders of the 
city of Cologne. But she also 
tells that still many people are 
coming to the library, not for 
the books necessarily, but to 
work there, alone or in groups. 
Especially many students can 
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Impressions of the Cologne Stadtbibliothek

be found on the floors, but also 
other people who bring their 
own laptops and start working 
in the silent and inspiring at-
mosphere of the library. Frau 
Kunze encourages these visi-
tors but she has to admit that 
there are far to less working 
spots and power outlets to fa-
cilitate this service. When the 
tour ends it becomes clear that 
she is very proud of her library 
and enjoys working there, just 
like all the other employees.

When the Stadtbibliothek is 
compared to the definition of 
the modern library, it becomes 
clear that there is quite a dif-
ference. It is a good library for 
the purpose it was built for in 
1979, but the lack of working 
spots, the accent on the books, 
the small amount of places 
for social interaction and the 
hidden location in the city do 
not meet the criteria of the 
modern library. It can be said 
the renewal already is outdat-
ed and that it actually should 
have been done in another 
way. This all makes it worth 
to design a new library, which 
does meet the criteria of a 

modern library. The location 
of Casa Culturalis would be a 
good spot for this.
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In this chapter it is explained 
how the Carlton complex is 
changed into Casa Culturalis. 
First the conceptual thought 
of how the building will work 
as a library will be clarified. 
In the second paragraph the 
major changes of the building 
will be elaborated. The third 
chapter will give an interior 
tour in the building, complete 
with floor plans and sections. 
Finally, the last chapter will 
deal with Casa Culturalis and 
its environment, where the 
(partly) new façades can be 
found.

Casa Culturalis

4
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Conceptual isometry of the design:
 active zone (light grey), calm zone (medium grey) and private office zone (dark grey);

the double helix symbolizes the repeated intersection of the two routes through the building.
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Design concept

As was written in chapter 3 
a modern library is different 
from the current Cologne 
library. The main themes of 
the modern library are social 
interaction and providing 
good working facilities. In 
the design of Casa Culturalis 
these are important issues. 
With a mix of several support-
ing functions the first step for 
both social interaction and 
providing facilities was made. 
With the here explained con-
cept in mind these issues will 
be strengthened to make sure 
the library will work as ex-
plained.

In the design a distinction in 
three zones can be made (see 
figure). The ground floor level 
along the Via Culturalis and 
the former parking garage 
(light grey) form the most ac-
tive and crowded zones. The 
most ‘vibrant’ activities such 
as the cafeteria, the info cen-
ter, the exposition, the library 
entrance and many (group) 
working spots can be found 
here. Besides this, most of 
the internal traffic flows take 
place in this core part of Casa 

Culturalis.
However, a second routing, 
symbolized by the double 
helix and clearly recognizable 
with another floor material, 
leads from the top of the build-
ing back to the main entrance. 
When taking this route, peo-
ple can use shortcuts through 
the more quiet parts of the 
building (medium grey). Here 
the actual book shelves, music 
and multimedia topics, copy 
shop, meeting rooms, roof ter-
race and the spectacular pan-
orama bar can be found. Since 
both routes intersect several 
times, the possibility to meet 
other people is again the most 
important issue of the build-
ing. This has for instance been 
made visible with the bridges 
in the atrium.
The last, but not the most un-
important zone, is the office 
zone (dark grey). This is a pri-
vate zone for employees and 
the board of Casa Culturalis, 
which will be placed in the 
Grosse Budengasse.

The former office and parking 
buildings will have a complete 
other function. It should be 

clear for the user that the li-
brary ‘chose an existing skin 
to house in’. This can be done 
with contrasts between exist-
ing and new materials and the 
new use of the existing build-
ings. As an example it would 
be great if the visitors forget 
for a moment that they are 
actually in a parking garage, 
but they suddenly remember 
this when climbing the ramps 
in the core building.
Not only in the building is 
the ‘old meets new’ theme 
applied. With a glass floor 
in the entrance hall a peek 
into the basement stockroom 
is revealed. It is a view to a 
symbolic excavation of the old 
library type as a stockroom 
of books. With this gesture it 
is tried to raise the visitor’s 
awareness about the change 
of the library’s typology.

So summarized the main 
themes of the design concept 
are social interaction, pro-
viding facilities, intersecting 
routes and ‘old meets new’.
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Transformation from Carlton complex to Casa Culturalis in several steps. Red parts are removed from the original structure, while 
blue parts are added to the original structure

The existing Carlton Complex

New glass volume on the roof of the 
former parking garage

Demolition non-structural partition 
walls

Upgrade of the existing facades and 
construction of the new facades

Making holes in floors for atrium 
and two-story high spaces

Making holes in structural partition 
walls for connection of the three parts
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From Carlton complex to Casa Culturalis

the street side. In the newest 
office building the floor of the 
mezzanine and the third level 
will be partly removed too. In 
this way, some higher, more 
impressive spaces with balco-
nies are created for the expo-
sition hall and the multimedia 
department.
The second most important 
issue is the connection be-
tween the three buildings. In 
the old Carlton complex there 
was a strict division between 
the buildings, except for the 
parking garage, but in Casa 
Culturalis the three separated 
buildings should work as one. 
For that reason giant rectangu-
lar holes, based on the art of 
Gordon Matta Clark are cut in 
the massive double concrete 
partition walls. There will be 
no doors in the holes so the 
visitors can see the interfer-
ence of the old building which 
was made here. Because of the 
double thickness of the walls, 
which in total can get up to 
650 mm, the holes form with 
their mass a natural transition 
between vibrant and calm 
zones. This transition is often 
emphasized with a small ramp 

In chapter 2 the first recom-
mendations on what to retain 
and what to redesign were 
given. In this paragraph it is 
considered in more detail 
what needed to be done to 
house the buildings new func-
tion and to meet the current 
demands for the durability of 
a building.

The first step is to strip the en-
tire interior of the former Carl-
ton complex. All non-struc-
tural partition walls, railings 
and the complete network of 
piping and wiring will be re-
moved. The only things which 
remain are concrete structural 
elements, floors and the ramps 
in the parking garage. 
As a start in forming an attrac-
tive core building with work-
ing spots, much light needs to 
get in the garage. Therefore 
the massive concrete wall be-
tween the two curved walls in 
the middle is removed to make 
room for an elliptical atrium. 
The higher in the building 
man gets, the bigger is the 
ellipse. In this way light comes 
from multiple sides instead 
of only the low windows on 

to bridge the difference in 
floor heights in the three parts 
of Casa Culturalis.
In chapter 2 it was mentioned 
that some parts of the façade 
will be retained and some 
parts will be redesigned. The 
looks of the complete façade 
are discussed in the last para-
graph of this chapter. Here 
sustainability is an important 
issue for the redesign. The 
former Carlton hotel and the 
parking garage have very thick 
(300 to 400 mm) concrete 
walls with stone or ceramic 
tiles glued to the outside of 
them. The only option for in-
sulation, which is not applied 
yet, is on the inside. To keep 
the walls as thin as possible 
there has been chosen for 100 
mm of a very dense insulation 
(such as Isobouw’s PolystucHR®) 
to make the buildings more 
durable. This insulation has an 
Rc value of 3,1 m2K/W and can 
be plastered directly without 
an extra layer in between. 
Besides this, the steel window 
frames will be renewed in alu-
minum with double glazing. 
In the new to build façades of 
course insulation, aluminum 
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window frames and double 
glazing will be included. All 
these measurements, com-
bined with a climate installa-
tion placed in the basement 
should make sure that there 
is a comfortable and healthy 
climate in Casa Culturalis.
Finally, the last important al-
teration of the building is the 
extra volume that is placed on 
top of the former garage. The 
main function of this volume 
is to cover the new elliptical 
atrium and the existing atrium 
of the former hotel, so these 
become indoor atriums. The 
roof, which only partly con-
sists of glass, will be carried 
by several thin columns on top 
of the curved walls and two 
huge trusses which span from 
the massive concrete wall 
between the hotel and the 
garage and the wall between 
the office and the garage. In 
the volume the entrance to 
the panorama bar and the roof 
terrace and a winter garden 
will be placed.
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In this paragraph a tour 
through the building will be 
given. All the floor plans will 
be showed and described in 
detail. For the sake of orien-
tation all levels will have their 
own color. This is color is ap-
plied on the floors in the calm 
zones and on the furniture in 
the more vibrant zones, but 
this is not visible in the floor 
plans.
Later on several sections and 
renderings will complete the 
view on the building and give 
an idea of how the overall con-
ceptual idea is implemented 
in the design.

An interior tour
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The underground floors are 
private sections, for em-
ployers only. The southern 
building that faces the Grosse 
Budengasse exists out of two 
underground stories, just like 
the northern part that faces 
Am Hof and the square in front 
of the Dom cathedral. The 
core building has two and a 
half underground floor since 
it has a split level floor sys-
tem. The underground levels 
consist for the biggest part 
out of archive and stockroom. 
Most of the books are stalled 
here, since the library itself 
only shows popular books or 
digital copies of other books. 
If someone really needs the 
physical book, staff members 
are able to come down here to 
pick up the book and bring it to 
the customer. Underneath the 
kitchen in the northern part 
there is a technical room with 
all the climate installations.
From the office part, the ar-
chive is reachable with an 
elevator or with stairs. For 
bigger things that needed to 
be stocked, such as exposition 
material, stairs and tables or 
new parts for the installations, 

the underground levels can 
be reached with the ramps 
of the former parking garage. 
To make clear that the under-
ground levels do not belong 
to the public area the ramp 
is closed with a huge Corten 
steel spindle door on ground 
level. This door can be opened 
electronically by employees.

Underground floors
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The ground floor is the 
most important level of the 
whole building. Except for 
the entrance of the office, 
which is located between the 
Grosse Budengasse and the 
Sporergasse, and the kitchen 
all the rooms belong to the 
active zone of the building. 
These rooms are directly con-
nected to the Via Culturalis 
and the Domplatte and so 
they form the access for all the 
people in the area. There is no 
main entrance, but the public 
part of the building can actual-
ly be entered through four en-
trances. There is one entrance 
in the cafeteria directly con-
nected to the Domplatte; one 
entrance underneath the glass 
passage that triggers passing 
by people to take the bend; 
one entrance in main entrance 
hall along the Via Culturalis 
and one entrance in the ex-
position hall. Because all the 
functions mentioned above 
(and the local entrepreneur’s 
info center) are physically and 
visually connected to each 
other it is attractive for people 
to use the library as a short cut 

or to enjoy the vibrant envi-
ronment. 
In the main entrance hall a 
peek into an excavation of the 
old library typology can be 
made. A glass floor part shows 
the underlying archive that 
resembles the endless rows 
of bookcases in old fashioned 
libraries. This glass floor forms 
a ‘red carpet’ to the central 
stairs on the floor of the atri-
um. These stairs lead, just 
like the first ramp, to the re-
ception desk where e-readers 
and books can be borrowed, 
questions can be asked and 
subscriptions can be taken. 
Besides the desk, three auto-
matic hand-in machines and 
several catalogue computers 
are placed here.

Ground floor
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The mezzanine is a rather 
small in between level. Since 
the ground level in the exposi-
tion hall, the cafeteria and info 
center is actually two stories 
high, there is only a mezzanine 
in the core building and in the 
office part. Where there were 
only a reception, a temporary 
stockroom, a security desk and 
24/7 hand-in machines on the 
ground floor, the mezzanine 
floor has actual offices. On 
this floor also the cantina and 
a meeting room are located. 
There is a door to the balcony 
of the exposition hall, which 
can be used by employees for 
entering the public part of the 
building. In cases of fire this 
same door (on every level) can 
be used by visitors for enter-
ing the internal fire escape 
stairs.
When following the ramp from 
the reception, the first part of 
the library can be reached: 
the magazines department. 
Here a broad and up to date 
offer of magazines and (inter-
national) newspapers can be 
found. These can be read in 
the comfortable armchairs or 
on the big reading table with 

the pleasant noise and move-
ments of the crowded en-
trance hall on the background. 
When climbing the next ramp, 
the first working spots can be 
found.
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Both split levels of the core 
building on this level are filled 
with working spots. Here group 
work and loud talking are pos-
sible. Thanks to the atrium and 
the big windows on both sides 
there will be enough light in 
the building. The rounded 
forms of the furniture refer 
to the dynamics of this active 
zone. Besides this, the first 
sign of the alternative route 
is visible. This floor (fish bone 
hatch in the drawings) is made 
of beech wood and connects 
the higher part of the core to 
the northern building. In this 
northern part the youth’s and 
children’s library is located on 
this level. An important issue 
here is the educational value 
of the library. Children need 
to learn while playing. In this 
case this is learning to read, 
but also learning to cooperate 
and have social interaction 
with other children. These 
learning goals are for instance 
supported by a play and read 
corner and miniature desks.
On the other side of the core 
building the music depart-
ment can be found. Here CD’s 
and DVD’s with music can be 

found as well as sheet music. 
There are music boxes where 
the newest music can be 
heard and there is a ‘record 
bar’ where vinyl records can 
be listened and copied to 
USB devices. The highlight 
of the music department is 
the soundproof studio for 
practicing instruments, with a 
piano already in it. Again there 
is a door that connects to the 
office (and the fire escape 
stairs). The office has more or 
less the same layout as the 
floor beneath this one, except 
here there is no cantina.
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Again there are working spots 
for group working in the core 
building. The alternative 
route makes this an interest-
ing level, because a bridge 
from level 1 to level 2 and a 
bridge from level 2 to level 3 
cross each other here. In the 
southern wing the last office 
level and the multimedia de-
partment can be found. In the 
multimedia department the 
newest computer media, such 
as e-books, Ipads et cetera can 
be found, tried and borrowed. 
Besides all the hardware also 
software, movies and games 
can be found here. In the back 
there is a media box where for 
instance the newest games can 
be played. The biggest volume 
in the media department is a 
presentation room with a bal-
cony. With room for 85 people 
lectures and presentations 
can be given here, but it is also 
possible to play movies for a 
select group of people.
On the other side of the core 
building the first of the two 
non-fiction departments is lo-
cated. Here the most popular 
books on topics like architec-
ture, geography, history, art, 

economics and so on can be 
found. All less popular books 
can be requested from the 
archive or read from a digital 
device.
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On this level the last half 
floor with working spots can 
be found. There is only a half 
floor because the roof has the 
same height over the whole 
core building and so there 
would not fit another floor in. 
On the balcony of the multi-
media department the newest 
computers and gadgets are 
exposed and available for a 
tryout. From there the balcony 
of presentation room can be 
reached as well as the confer-
ence center. In the conference 
center small en bigger meet-
ing rooms can be reserved. 
There is also a copy shop for 
all the print work that needs 
to be done for good prices.
On the other side in the north-
ern part the second non-fic-
tion department is located. 
There are several possibilities 
to study the books which 
were found here. There are 
computer desks next to the in-
ternal atrium, armchairs and a 
regular table. These are study 
spots and in here it more qui-
et than in the group working 
spots. In one of the corners of 

the building the alternative 
route leads (with a shortcut) 
to the above located floor.
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This level was a roof parking 
level of the former Carlton 
complex. Above the southern 
part there now is a green roof 
terrace. When the weather is 
good visitors of Casa Cultur-
alis can enjoy the sun while 
reading their books or watch 
Cologne’s rooftops while their 
children play on the rooftop 
playground. Above the core 
building a new volume is 
placed, what makes this a new 
level instead of a roof. On this 
level the elliptical atrium has 
its biggest perimeter. A glass 
part in the roof of the new 
volume enlightens this atrium 
and the already existing atri-
um of the former hotel. The 
rest of the roof is closed, but 
the walls are made of glass 
too. This makes this space a 
pleasant ‘nearly outside’ gar-
den, even when there is only a 
slight glimpse of the sun in the 
winter. From this space both 
the last library level and the 
panorama bar can be reached.
On this last library level the 
fiction department can be 
found. The higher man gets in 
the building, the more beau-
tiful the Dom cathedral view 

becomes. For that reason the 
accent on this library level is 
on the view. The bookcases 
are shifted to the inside and 
more armchairs for ‘reading 
with a view’ are available.
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Level 5 is the top level of 
Casa Culturalis. It can only be 
reached by a long ramp from 
the winter garden on level 
4. After the climb a beautiful 
panorama bar is reached, with 
an even more beautiful view 
on the Dom. In the 1950’s and 
1960’s this view was reserved 
for only the richest visitors of 
the hotel, but now it is avail-
able for everyone in Cologne. 
The bar itself is situated  in 
the rounded protrusion where 
once the main stairs were. Be-
sides the bar stools along the 
bar, there are plenty of possi-
bilities to sit or lounge on this 
top level and enjoy the view 
while drinking a ‘Kölsch’ beer 
with friends or colleagues. The 
bar can be reserved for exclu-
sive parties on a top location 
as well.
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Impression of the entrance hall
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Impression of the exposition hall
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Impression of the fourth floor library department
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Casa Culturalis forms an im-
portant building not only in 
the urban vision, but also in 
the city itself. It has such a 
strong presence as the build-
ing opposite the Dom cathe-
dral and as a library it forms a 
public attraction of which the 
Via Culturalis will benefit. In 
chapter 2 it was written that 
this building should form a 
‘gateway to Cologne’s culture’ 
and so be the entrance of the 
Via Culturalis from the north 
to south direction. On ground 
level people who are walking 
along the Am Hof street are 
encouraged to take the bend 
to the Via Culturalis by the 
glass passage. By giving a peek 
of the street through the glass, 
it makes sauntering people 
curious and they will follow 
the passage. When standing 
on the Roncalliplatz in front of 
the Dom cathedral big capital 
characters tell people that the 
building is called Casa Cultur-
alis. This emphasizes not only 
the existence of the Via Cultur-
alis, but shows also where the 
library, which is known by this 
name, is located. Both Casa 
and Via Culturalis benefit from 

these two design decisions 
that really make the library 
the gateway to Cologne’s cul-
ture it needs to be.

In chapter 2 some starting 
points for the retaining or the 
redesigning of the façades 
were given. The upper part of 
the northern Dom cathedral 
facing building is supposed 
to be retained because of its 
beautiful modernistic post-
war design. Apart from alter-
ations for the improvement of 
the durability of the building, 
this façade will look exactly 
the same as it does now. The 
ground level façade of this 
part on the other hand will 
totally be renewed. In the cur-
rent situation it is adjusted to 
the theme of the steak restau-
rant, but this is a complete 
shame for the appearance 
of the façade as a whole. In 
the redesign an open façade 
is needed to get the people 
inside the building. Big win-
dows with frames adapted 
to the window frames of the 
upper part will be placed to 
make the modernistic look of 
the building complete. This is 

applied on all three sides of 
northern building wing. The 
passage consists of five con-
crete structurally important 
columns wrapped in two glass 
sheets placed on a stone base. 
At the end of the passage on 
of the four entrances is placed 
and gives access to the main 
entrance hall.
The core building was the 
former parking garage with its 
very brutal appearance. This 
brutalism is caused by the use 
of massive concrete walls and 
the huge protruding two story 
high balcony which gives the 
building a distinct atmosphere 
that needs to be retained. The 
only less favorable issue is 
that it is an open building that 
is not suited yet for an indoor 
atmosphere. The windows that 
will be placed in the openings 
are based on the same rules as 
the upper part of the Dom ca-
thedral facing façade. The very 
long openings are subdivided 
in repeated tripartite window 
frames, which still are infe-
rior to the massive concrete 
volumes. On the backside the 
broken windows are replaced 
with big planes of glass bricks. 

Casa Culturalis in its environment
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In this way much light can en-
ter the building but the view 
on the messy backstreet of 
the Sporergasse is somehow 
blurred.
In the paragraph about the 
existing building it was dis-
cussed that the façade of the 
southern part needs to be re-
placed, since it actually does 
not fit in the ensemble. The 
new façade will have a similar 
window rhythm because it is 
based on the existing concrete 
structure. This façade has a 
more logical order of materi-
als since it is new and insula-
tion can be implemented in it. 
The exterior sheet is made of 
a very smooth plaster, so no 
seams are visible. The façade 
is based on the interior and 
the windows give a clear dis-
tinction on what is the private 
office part and what is the pub-
lic part. In the private part the 
windows are pushed into the 
façade, while they are pulled 
out of the façade in the public 
part. This gives the façade an 
interesting plasticity. In the 
public part the interior is even 
more visible. For instance it 
can be seen that the exhibi-
tion hall on the ground floor 
exists out of two stories or 
that the alternative route fol-
lows the wall in the multime-
dia department on the top two 

floors. This same projected 
route combined with pushed 
back entrance and a colored 
plane over the height of the 
remaining façade above the 
door will form the new corner 
element and focus point in the 
Via Culturalis.



85Graduation project Roald Damoiseaux - TU/e

North elevation (1:400), seen from Am Hof and Roncalliplatz
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South elevation (1:400), seen from Grosse Budengasse
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East elevation (1:400), seen from Unter Goldschmied (Via Culturalis)
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West elevation (1:400), seen from Sporergasse
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North elevation (1:400), seen from Sporergasse
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Impressions of Casa Culturalis in its environment:
Left: view from the south

Right: view from the north
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Impression of Casa Culturalis’s Am Hof and Unter Goldschmied façades
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Impression of Casa Culturalis’s Unter Goldschmied and Grosse Budengasse façades (without context)
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Impression of Casa Culturalis’s Sporergasse façade (without context)
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Casa Culturalis’s Am Hof façade by night
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Casa Culturalis seen from the Dom Cathedral’s tower
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removal of several structural 
elements. Due to a transfor-
mation from parking garage 
to library, the variable load on 
the floors for example chang-
es from 2 kN/m2 to 4 kN/2.
In the first paragraph there-
fore some assumptions such 
as the amount of reinforce-
ment in the elements of the 
existing structure are made. 
These assumptions are based 
on calculations with the cur-
rent code of practice, the Eu-
rocode, since it is useless for 
this purpose to find out what 
the old German codes exactly 
prescribed and it will be a 
guess how the existing struc-

In this chapter, the technical 
aspects of (parts of) the build-
ing will be regarded. Due to 
the size of Casa Culturalis, it 
has been chosen to work out 
the structure of only the core 
building: the former parking 
garage. The far most inter-
esting aspect of this building 
from a structural designer’s 
point of view is how the ex-
isting structure reacts to the 
modifications that are made. 
There is hardly anything to 
find about this in the practical 
codes, but something has to 
be said about the ability of the 
existing structure to withstand 
the change of function and the 

ture is made, regardless which 
code is used. In the second 
paragraph the structure of the 
roof of the added volume on 
top of the old parking garage 
will be designed and calcu-
lated. The two modifications 
in the design of the structure 
combined, will be reviewed 
in the third paragraph. Here 
it is calculated wheteher or 
not the architectural desing 
is possible from a structural 
point of view.  Finally, in the 
last paragraph some import-
ant technical details, will be 
given and explained.

Technical aspects

5
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The stability elements (green) in the existing structure of the core building
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The existing structure

The parking garage consists out of a massive poured in place concrete structure. The original drawings 
and calculations are not available, so in this paragraph it is tried to find out how the structure works. As 
an assumption the used materials are stated on the lowest quality of concrete in the Eurocode; (C12/15) 
for the floors and beams, (C20/25) for the columns and regular ribbed reinforcement of steel quality 
B500. For reasons of simplicity in the calculations the curved walls adjacent to the ramps are simplified 
to straight walls. 
First the loads and its load combinations will be determined and afterwards the stability and the vertical 
load transferring system will be checked.

Loads
The structure is loaded with 4 types of loads: the gravitational weight of the structure itself, the variable 
load of the cars on the structure, the wind load and the potential load caused by a car that hits the wall. 
The first two loads are vertical; the last two loads are horizontal.

Gravitational weight:
The weight of the concrete is assumed to be 24,0 kN/m3. The thickness of a floor slab is 250 mm, which 
makes the gravitational load G = 24,0 ∙ 0,25 = 6,0 kN/m2.

Variabel load of the cars:
Regarding the low height of the floors it is assumed that the garage is only accessed by small cars. 
According to Table 6.8 of Eurocode 1991, the variable load caused by cars lighter than 25 kN is q = 2,0 
kN/m2 (Ψ0 = 0,7).

Wind load:
According to Eurocode 1991, the wind load equals qw = cscd ∙ cf ∙ qp(ze). For the given situation this gives 
a wind load of qw = 1,0 ∙ 0,8 ∙ 0,8 = 0,64 kN/m2 (Ψ0 = 0).

Collapse load:
The collapse load is a local load, which in contrast to the wind load does not work on the entire structure. 
According to table C.2 of Eurocode 1991 this collapse load is F = 60 kN. This load is very small compared 
to the wind load and therefor will be neglected in the further calculations.

The leading load combinations are:
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The vertical load transferring elements (red) in the existing  structure of the core building
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SLS: 1,0∙G + 1,0∙Q1 + Ψ0∙Q2
ULS: 1,2∙G + 1,5∙Q1 + Ψ0∙1,5∙Q2

Stability in the x-direction
In the x-direction (north-souh) the total stability is provided by the concrete I-shaped wall. This profile 
has a moment of inertia of I = 3,43∙1014 mm4 and the concrete has a Young’s modulus of E = 27000 N/
mm2 (uncracked). The wind load in this direction equals q = qw ∙ ldepth = (1,0 ∙ 0,64) ∙ 34,75 = 22,2 kN/m in 
the SLS and q = qw ∙ ldepth = (1,5 ∙ 0,64) ∙ 34,75 = 33,4 kN/m in the ULS.

In the ultimate limit, state the maximum moment in the structure equals Mmax = ½ ∙ qL2 = ½ ∙ 33,4 ∙ 
223002 = 8,30∙109 Nmm. The tensile force in the ‘flange’ of the concrete I-profile than is equal to Nt = 
Mmax / (½ ∙ hweb + ½ ∙ tflange) = 8,30∙109 / (½ ∙ 7450 + ½ ∙ 300) = 2,143∙106 N = 2143 kN. The stress in the 
structure now can be calculated and compared to the maximum tensile stress of the C12/15 concrete (fct 
= 1,6 N/mm2). The stress in the structure equals σt = Nt / Aflange = 2,143∙106 / (300 ∙ 9300) = 0,77 N/mm2 
≤ 1,6 N/mm2. 
In the serviceability limit state, the check needed to be done to. A maximum deformation of w = L / 500 
= 22300 / 500 = 44 mm on the top of the structure is allowed. The actual deformation of the structure 
equals w = 1/8 ∙ (q ∙ L4) / (EI) = 1/8 ∙ (22,2 ∙ 223004) / (27000 ∙ 3,43∙1014) = 0,07 mm << 44 mm.

This means that in both the SLS as the ULS the structure meets the terms of the checks. The concrete is 
not even cracked yet and will bear all the tension forces in the structure. This propably means that for 
the stability in the x-direction only minimum practical reinforcement is used in the I-shaped concrete 
wall.

Stability in the y-direction
In the y-direction (east-west) it is not so clear which elements take care of the stability. There are four 
bigger concrete walls which all can play a role in the bearing of the stability in this direction. These 
are the two outer walls and the two curved walls adjacent to the ramps. When these four walls and the 
connecting floor are schematized as a beam on four spring supports loaded with the wind load, it can be 
figured out which elements bear what part of the stability. According to the formula for the stiffness of 
a translational spring k = F / L (with F = (π2 ∙ EI) / (Lc

2)), it seems that the spring stiffness is proportional 
to the moments of inertia of these walls. Now the contribution of each wall can easily be calculated. It 
seems that both the outer walls bear 48,8% of the total wind load. From this point on it is assumed that 
these two walls each bear half of the wind load applied on the structure in the y-direction. 

For the continuation of this calculation, the wall adjacent to the former hotel is used for the calculation, 
since this is the weakest wall of the two in terms of stiffness. The moment of inertia of this wall is I = 
9,56∙1014 mm4 and the Young’s modulus again is E = 27000 N/mm2. The wind load equals q = qw ∙ ½ ∙ lwidth 
= (1,0 ∙ 0,64) ∙ ½ ∙ 32,0 = 10,2 kN/m in the SLS and q = qw ∙ ½  lwidth = (1,5 ∙ 0,64) ∙ ½ ∙ 32,0 = 15,4 kN/m in 
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Tables in which the reinforcement in the floors is calculated. The red cells are locations in the floor where the critical tension 
strength of the concrete (fct = 1,6 kN/m2) is exceeded and reinforcement actually is needed

Floors - Current situation
Unter Goldschmied Width [mm] 1000

Heigth [mm] 250
Cross-sectional area [mm^2] 2,50E+05
Moment of resistance [mm^3] 1,04E+07
Concrete cover [mm] 30
Radius bars [mm] 16
Cross-sectional area bars [mm^2] 201
z [mm] 87

Location Moment Tensional stress Compressive stress Normal force in reinforcement Cross-sectional area reinforcements Number of bars
Nmm N/mm^2 N/mm^2 N mm^2 -

Support 1 5,72E+07 5,49 5,49 6,57E+05 1511 8
Field 1-2 2,89E+07 2,77 2,77 3,32E+05 764 4
Support 2 3,87E+07 3,72 3,72 4,45E+05 1023 5
Field 2-3 6,40E+06 0,61 0,61 7,36E+04 169 1
Support 3 2,08E+07 2,00 2,00 2,39E+05 550 3
Field 3-4 1,50E+07 1,44 1,44 1,72E+05 396 2
Support 4 2,03E+07 1,95 1,95 2,33E+05 536 3
Field 4-5 6,00E+06 0,58 0,58 6,90E+04 159 1
Support 5 4,00E+07 3,84 3,84 4,60E+05 1057 5
Field 5-6 3,01E+07 2,89 2,89 3,46E+05 795 4
Support 6 5,96E+07 5,72 5,72 6,85E+05 1575 8

Sporergasse

Location Moment Tensional stress Compressive stress Normal force in reinforcement Cross-sectional area reinforcements Number of bars
Nmm N/mm^2 N/mm^2 N mm^2 -

Support 1 4,74E+07 4,55 4,55 5,45E+05 1252 6
Field 1-2 2,39E+07 2,29 2,29 2,75E+05 632 3
Support 2 3,37E+07 3,24 3,24 3,87E+05 890 4
Field 2-3 7,70E+06 0,74 0,74 8,85E+04 203 1
Support 3 2,04E+07 1,96 1,96 2,34E+05 539 3
Field 3-4 1,30E+07 1,25 1,25 1,49E+05 344 2
Support 4 2,11E+07 2,03 2,03 2,43E+05 558 3
Field 4-5 8,30E+06 0,80 0,80 9,54E+04 219 1
Support 5 3,15E+07 3,02 3,02 3,62E+05 832 4
Field 5-6 2,17E+07 2,08 2,08 2,49E+05 573 3
Support 6 4,32E+07 4,15 4,15 4,97E+05 1141 6
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the ULS.

In the ultimate limit state, the maximum moment in the structure equals Mmax = ½ ∙ qL2 = ½ ∙ 15,4 ∙ 
223002 = 3,83∙109 Nmm. The stress in the structure now can be calculated and compared to the maxi-
mum tensile stress of the C12/15 concrete (fct = 1,6 N/mm2). The stress in the outer region of the wall 
equals σt = Mmax / W = 3,83∙109 / (1/6 ∙ 300 ∙ 336902) = 0,07 N/mm2 ≤ 1,6 N/mm2. 
In the serviceability limit state, the check needed to be done to. A maximum deformation of w = L / 500 
= 22300 / 500 = 44 mm on the top of the structure is allowed. The actual deformation of the structure 
equals w = 1/8 ∙ (q ∙ L4) / (EI) = 1/8 ∙ (10,2 ∙ 223004) / (27000 ∙ 9,56∙1014) = 0,01 mm << 44 mm.

This means that also in the y-direction the criteria for the checks are met, when only the strength of the 
concrete is used. In the whole stability structure of the building no additional reinforcement is needed 
besides the normal minimum practical reinforcement.

Vertical load distribution
The floors span in the x-direction and they are supported by the two outer walls and four beams in 
between. If a slice of the floor with a width of 1 meter is taken, this can be schematized as a beam on six 
supports. The load on the floors in the ULS is equal to q = (1,2 ∙ 6,0 + 1,5 ∙ 2,0) ∙ 1,0 = 10,2 kN/m.
With a numerical analysis (MatrixFrame 2013.0) all the moments in the beam are calculated. A differ-
ence has been made between two floor slabs; the one close to Unter Goldschmied and the one close to 
the Sporergasse; because they are not located on the same height. The results of this calculation and the 
amount of reinforcement needed can be seen in the table on the left page. 

Since there has been used a unit width for the floors, the reaction force of the supports give the line 
load of the beams. Now the stresses in the beams can be calculated too. As seen in the table, tensional 
stresses in the field are higher than the concrete tension strength, but they can be withstood when 4 to 
7 (depending on the beam) reinforcement bars with a diameter of 20 mm are applied. In the top area 
of the beam the compression stress in field exceeds the compression strength of the concrete. Near 
the rigid supports, there is quite a high tension stress in the top area of the beam. Both stresses can be 
withstood with (the same) 4 to 7 bars (20 mm) in the top area. The compression stress in the supports is 
thanks to the higher cross-sectional area only slightly above the compression strength of the concrete, 
so only minimal reinforcement is needed here.

Three important columns in the construction are considered: a column in the Sporergasse façade (nr. 1); 
a column adjacent to the curved wall that holds the spiral ramp (nr. 2) and one of the big columns in the 
Unter Goldschmied façade (nr. 3). Since the loads on the beams cause by far the biggest moments, only 
the stability of these columns in the y-direction will be checked. The columns are schematized as if they 
were rigidly connected to the beams, so the biggest moments in the construction appear. One of the 
floors is loaded with the full load while the others are loaded with the instantaneous load. In all cases it 
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Tables in which the reinforcement in the beams is calculated. The red cells are locations in the floor where the critical tension 
strength of the concrete (fct = 1,6 kN/m2) or the critical compressive strength of the concrete (fcd = 8 kN/m2) is exceeded and rein-

forcement actually is needed

Beams - current situation Width beam [mm] 400 Tension strength reinforcement [N/mm^2] 435
Heigth beam [mm] 700 Radius shear reinforcement [mm] 8
Concrete cover [mm] 30 d [mm] 652
Diameter reinforcement bars [mm] 20 z [mm] 350
Cross-sectional area bar [mm^2] 314 Moment of inertia field [mm^4] 1,14E+10

Unter Goldschmied Moment of inertia support [mm^4] 9,15E+10

Beam # q-load Length
Moment 
field

Moment 
support Tensional stress field (bottom)

Compressive 
stress field (top) Tensional stress support (top)

Compressive stress 
support (bottom)

N/mm mm Nmm Nmm N/mm^2 N/mm^2 N/mm^2 N/mm^2
1 67,5 10700 3,22E+08 6,44E+08 9,9 9,9 4,9 4,9
2 50,5 14950 4,70E+08 9,41E+08 14,4 14,4 7,2 7,2
3 50,1 14790 4,57E+08 9,13E+08 14,0 14,0 7,0 7,0
4 68,5 10300 3,03E+08 6,06E+08 9,3 9,3 4,6 4,6

Reinforcement Field top
Field 
bottom

Support 
top

Support 
bottom Field top Field bottom Support top Support bottom

Beam # mm^2 mm^2 mm^2 mm^2 Number of bars Number of bars Number of bars Number of bars
1 987 1135 1095 0 3,1 3,6 3,5 0
2 1442 1658 1599 0 4,6 5,3 5,1 0
3 1400 1610 1553 0 4,5 5,1 4,9 0
4 928 1068 1030 0 3,0 3,4 3,3 0

Sporergasse

Beam # q-load Length
Moment 
field

Moment 
peek Tensional stress field (bottom)

Compressive 
stress field (top) Tensional stress support (top)

Compressive stress 
support (bottom)

N/mm mm Nmm Nmm N/mm^2 N/mm^2 N/mm^2 N/mm^2
1 63,3 12190 3,92E+08 7,84E+08 12,0 12,0 6,0 6,0
2 50,1 16490 5,68E+08 1,14E+09 17,4 17,4 8,7 8,7
3 50,9 16435 5,73E+08 1,15E+09 17,5 17,5 8,8 8,8
4 61,5 12140 3,78E+08 7,55E+08 11,6 11,6 5,8 5,8

Reinforcement Field top
Field 
bottom

Support 
top

Support 
bottom Field top Field bottom Support top Support bottom

Beam # mm^2 mm^2 mm^2 mm^2 Number of bars Number of bars Number of bars Number of bars
1 1202 1382 1333 0 3,8 4,4 4,2 0
2 1740 2001 1930 0 5,5 6,4 6,1 0
3 1756 2020 1948 0 5,6 6,4 6,2 0
4 1158 1332 1284 0 3,7 4,2 4,1 0
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is assumed that a minimum amount of reinforcement (ρ = 0,002) and the concrete type C20/25 is used. 
The bottom columns are reviewed more closely, since these are loaded with the highest normal force. 
The tables on the next page show that first the rotational stiffness of the connections are calculated for 
a more accurate approximation and then it is tested whether a second order analysis is necessary. 
Now it seems that only for column 3 a second order analysis is needed. Columns 1 and 2 have a slender-
ness which is smaller than the limit value of the slenderness. This means that the first order moments 
can be used to calculate the reinforcement. According to GTB 2010 table 10.2.a column 1 has a rein-
forcement ratio of ρ = 0,0046 and column 2 of ρ = 0. The assumption of minimum reinforcement was 
quite good and will be used for column 2. To say something about the reinforcement in column 3, first 
the second order moment needs to be calculated by means of the method of nominal curvature:

M01 = -158,9  kNm
M02 = 284,8 kNm

M0Ed = M0e + Mimperfections
M0e = 0,6 ∙ M02 + 0,4 ∙ M01 = 0,6 ∙ 284,8 - 0,4 ∙ 158,9 = 107,3 kNm ≥ 0,4 ∙ M02 = 0,4 ∙ 284,8 = 113,9 kNm
Mimperfections = NEd ∙ ei
ei = θi ∙ Lbuc / 2
θi = θ0 ∙ αh ∙ αm
θ0 = 1/300
αh = 2 / √(L) = 2 / √(5,9) =0,82
αm = √(0,5 ∙ (1 + 1 / m)) = √(0,5 ∙ (1 + 1 / 4)) = 0,79
θi = 1/300 ∙ 0,82 ∙ 0,79 = 0,0022
ei = 0,0022 ∙ 4123 / 2 = 4,5 mm
Mimperfections = 1,93∙106 ∙ 4,5 = 8,69 kNm
M0Ed = 113,9 + 8,69 = 122,59 kNm

M2 = NEd ∙ e2
e2 = κr ∙ κϕ ∙ (εyd / 0,45d) ∙ (Lbuc

2 / c) (assumption ρ = 0,002 en c = π2)
κr = (nu – n) / (nu – nbal) ≤ 1
n = NEd / (Ac ∙ fcd) = 1,93∙106 / (320000 ∙ 13,3) = 0,45
nu = 1 + ω = 1 + (As ∙ fyd) / (Ac ∙ fcd) = 1 + (0,002 ∙ 320000 ∙ 435) / (320000 ∙ 13,3) = 1,07
nbal = 0,4
κr = (1,06 – 0,45) / (1,06 – 0,4) = 0,92 ≤ 1,0
κϕ = 1 + β ∙ ϕef ≥ 1   (assumption ϕef = 1,0)
β = 0,35 + (fck / 200) – (λ / 150) = 0,35 + (20 / 200) – (17,9 / 150) = 0,33
κϕ = 1 + 0,33 ∙ 1,0 = 1,33 ≥ 1,0
εyd = fyd / Es = 435 / 200000 = 0,002
e2 = 0,92 ∙ 1,33 ∙ (0,002 / 0,45 ∙ 720) ∙ (41232 / π2) = 13,0 mm
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Left: Tables in which the rotational stiffness (k1 and k2) of the connections of the bottom floor columns and their necessity for a 
second order analyses of the column are calculated

Rigth: Table with an overview of the necessary reinforcement in the three columns

Column 1
Width column [mm] 400 Width beam [mm] 400 L0 [mm] 2076
Depth column [mm] 800 Heigth beam [mm] 700 i [mm] 231
Nmax [N] 2,54E+06 Iclmn1 [mm^4] 1,71E+10  9,0
Mtop [Nmm] 5,15E+08 Lclmn1 [mm] 2950 n 0,60
Mbottom [Nmm] 2,93E+08 Iclmn2 [mm^4] 1,71E+10 lim 14,0
Concrete C20/25 Lclmn2 [mm] 2950
Reinforcement B500 Ibm [mm^4] 1,14E+10 N/f*A 0,60
fcd [N/mm^2] 13,3 Lbm [mm] 16000 N*e/f*A*h 0,151
 0,002 α (braced = 2, unbraced = 6) 2
fyd [N/mm^2] 435 k1 22,7
αn 0,56 k2 0
Ef,column [N/mm^2] 10093
Ef,beam [N/mm^2] 3600

Column 2
Width column [mm] 400 Width beam [mm] 400 L0 [mm] 2071
Depth column [mm] 800 Heigth beam [mm] 700 i [mm] 231
Nmax [N] 2,25E+06 Iclmn1 [mm^4] 1,71E+10  9,0
Mtop [Nmm] 3,15E+08 Lclmn1 [mm] 2950 n 0,53
Mbottom [Nmm] 1,75E+08 Iclmn2 [mm^4] 1,71E+10 lim 14,9
Concrete C20/25 Lclmn2 [mm] 2950
Reinforcement B500 Ibm [mm^4] 1,14E+10 N/f*A 0,53
fcd [N/mm^2] 13,3 Lbm [mm] 11400 N*e/f*A*h 0,092
 0,002 α (braced = 2, unbraced = 6) 2
fyd [N/mm^2] 435 k1 14,8
αn 0,50 k2 0
Ef,column [N/mm^2] 9227
Ef,beam [N/mm^2] 3600

Column 3
Width column [mm] 400 Width beam [mm] 400 L0 [mm] 4123
Depth column [mm] 800 Heigth beam [mm] 700 i [mm] 231
Nmax [N] 1,93E+06 Iclmn1 [mm^4] 1,71E+10  17,9
Mtop [Nmm] 2,85E+08 Lclmn1 [mm] 2950 n 0,45
Mbottom [Nmm] 1,59E+08 Iclmn2 [mm^4] 1,71E+10 lim 16,0
Concrete C20/25 Lclmn2 [mm] 5900
Reinforcement B500 Ibml [mm^4] 1,14E+10
fcd [N/mm^2] 13,3 Lbml [mm] 14200
 0,002 Ibmr [mm^4] 5,21E+08
fyd [N/mm^2] 435 Lbmr [mm] 1910
αn 0,43 α (braced = 2, unbraced = 6) 2
Ef,column [N/mm^2] 8261 k1 9,2
Ef,beam [N/mm^2] 3600 k2 0
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M2 = 1,93∙106  ∙ 13,0 = 25,09 kNm

MEd = max {M02; M0Ed + M2; M01 + ½ M2}
MEd = max {284,8; 122,59 + 25,09 = 147,68; 158,9 + ½ ∙ 284,8 = 301,3} = 301,3 kNm

e = max {MEd / NEd; h/30; 20 mm} = max {301,3∙106 / 1,93∙106  = 156; 800 / 30 = 27; 20} = 156 mm. This 
means that (NEd / (fcd ∙ Ac)) = 1,93∙106 / (13,3 ∙ 320000) = 0,45 and (NEd / (fcd ∙ Ac))∙(e/h) = (1,93∙106 / (13,3 ∙ 
320000))∙(156 / 800) = 0,09. According to GTB 2010 table 10.2.a this gives a reinforcement ratio of ρ = 
0. Here will also the minimal reinforcement ratio (ρ = 0,002) be applied. Summarized the three columns 
need the following reinforcement:

Column # ρ [-] As [mm2] Reinforcement bars
1 0,0046 1472 14ø12
2 0,002 640 6ø12
3 0,002 640 6ø12

It can be concluded that the reinforced concrete in the 1950’s when the parking garage was built was 
loaded especially in compression. According to these calculations there has not been used more than 
the minimal amount of reinforcement which nowadays is requested in almost all of the structural ele-
ments, except for the floors and floor beams. A possible reason for this approach on the structural design 
of the building is the shortage of steel during the ‘Wiederaufbau’ of Cologne after World War II. This 
presumption can be varified by an article about the reconstruction of Cologne’s bridges across the river 
Rhine (Buschmann, 1995)

In the assumptions the weakest concrete in the Eurocode has been chosen, but it is not clear which 
concrete has been used. It is possible that a stronger concrete type was used, which means that maybe 
in some cases, like the massive walls in between the three building parts, there has not been used 
reinforcement at all. For the calculations that are needed for the new design it is assumed that in all 
elements a minimal reinforcement ratio ρ = 0,002 is present, except for the elements which are proved 
in these calculations that need more reinforcement.
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22,5 m

31,2 m

15,1 m

8,2 m

N

Top: Layout of the roof structure with trusses (red), primary beams (green), secondary beams (white) and glass roof beams (blue)
Bottom: Section of the glass roof
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On top of the core building, a new volume is placed so the atriums are protected from the weather. The 
structure of the roof cannot simply rest on the floor beneath it because the existing beams and columns 
probably cannot bear this. To give enough support to the roof, it has been chosen to make the inner 
curved walls of the ramps and the massive walls in between the different building parts the supports 
for this roof. This means that there are several columns on top of these elements which bear a system 
of beams and two trusses of which the longest truss spans 31,2 m. The beams and trusses on their turn 
carry the glass roof above the atriums and the traditional roof that covers the rest of the volume. The 
trusses are placed directly adjacent to the façades on the east and the west side. These façades does 
not have any doors, so it does not actually bother how high the trusses will be. In this paragraph all 
the beams, trusses and columns will be dimensioned with as most important goal to find out what the 
resulting forces on the existing structure will be.

Roof beam
The traditional roof consists out of a sandwich panel built up with 30 mm chipboard, a vapor tight mem-
brane, 150 mm hard EPS insulation and 2 layers of bitumen roof membrane. The beams are supported on 
two supports and will be placed with a center to center distance of 1200 mm, so one plate can exactly 
span two fields. The length of the beams differ from 6,6 m to 8,2 m. The loads on the roof are:

Permanent: 2 layers of bitumen membrane = 0,07 kN/m2

  EPS insulation 150 mm  = 0,60 kN/m2

  Chipboard 30 mm   = 0,21 kN/m2

  Total     = 0, 88 kN/m2

Variable: Persons and goods   = 1,00 kN/m2  (normative load)
  Snow     = 0,56 kN/m2

The load combinations are:
ULS:  1,2 ∙ 0,88 + 1,5 ∙ 1,0 = 2,56 kN/m2

SLS:  1,0 ∙ 0,88 + 1,0 ∙ 1,0 = 1,88 kN/m2

Ultimate limit state:
Mmax = 1/8 ∙ qL2 = 1/8 ∙ (1,2 ∙ 2,56) ∙ 8,22 = 25,82 kNm
Mmin = 1/8 ∙ qL2 = 1/8 ∙ (1,2 ∙ 2,56) ∙ 6,62 = 16,73 kNm
Wmax = Mmax / fy = 25,82∙106 / 235 = 109,87∙103 mm3   IPE 160
Wmin = Mmin / fy = 16,73∙106 / 235 = 71,19∙103 mm3    IPE 140

Roof structure of the new volume
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Serviceability limit state:
Imax = 5/384 ∙ (qL4) / (E ∙ umax) = 5/384 ∙ ((1,88∙10-3 ∙ 1200) ∙ 82004) / (2,1∙105 ∙ 0,004 ∙ 8200) = 1928∙104 mm4  
 IPE 200
Imin = 5/384 ∙ (qL4) / (E ∙ umax) = 5/384 ∙ ((1,88∙10-3 ∙ 1200) ∙ 66004) / (2,1∙105 ∙ 0,004 ∙ 6600) = 1005∙104 mm4 
 IPE 180

In this case SLS is clearly the leading combination. For reasons of clarity for the constructor all roof 
beams will be IPE 200 profiles.

Beams adjacent to the glass roof
These two beams span a distance of 15,1 m from the corner of one curved wall to the corner of the other 
curved wall. They bear the traditional roof as calculated above on one side and the glass roof on the 
other side. The average length of roof beams loading these elements is 6,7 m and the length of the glass 
roof elements are 9,5 m, with a center to center distance of 2,9 m. The loads are:

Permanent: Traditional roof: Sandwich panel = 0,88 ∙ 1,2 = 1,06 kN/m per beam
     IPE 200  = 0,23 kN/m per beam
     Total   = 1,29 kN/m per beam
  Glass roof:  Aluminum T 150x15 = 0,50 kN/m per truss
     Glass = 0,3 ∙ 2,9 m = 0,87 kN/m per truss
     Total   = 1,37 kN/m per truss
There are 6 trusses and 12 beams loading the element. Translated into a line load, the permanent load 
is: ((12 ∙ 1,29 ∙ ½ ∙ 6,7) + (6 ∙ 1,37 ∙ ½ ∙ 9,5)) / 15,1 = 6,02 kN/m
Variable: Persons and goods = ½ ∙ (6,7 + 9,5) ∙ 1,0 = 8,10 kN/m

The load combinations are:
ULS:  1,2 ∙ 6,02 + 1,5 ∙ 8,10 = 19,37 kN/m
SLS:  1,0 ∙ 6,02 + 1,0 ∙ 8,10 = 14,12 kN/m

Ultimate limit state:
M = 1/8 ∙ qL2 = 1/8 ∙ 19,37 ∙ 15,12 = 552,1 kNm
W = M / fy = 552,1∙106 / 235 = 2349∙103 mm3   HEB 360

Serviceability limit state:
Imax = 5/384 ∙ (qL4) / (E ∙ umax) = 5/384 ∙ (14,12 ∙ 151004) / (2,1∙105 ∙ 0,004 ∙ 15100) =  75951∙104 mm4  
 HEB 450

Again SLS is the leading combination and the beam will be a HEB 450
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Beams spanning from curved wall to the truss
These beams form the support for the IPE 200 beams in the other direction. So apart from the loads of 
the roof above them, these beams are also loaded with the point loads of the IPE 200 beams with an 
average length of 7,4 m. The length of the beams are all circa 6,7 m. The loads are:

Permanent: Traditional roof: Sandwich panel = 0,88 ∙ 1,2 = 1,06 kN/m per beam
     IPE 200  = 0,23 kN/m per beam
     Total   = 1,29 kN/m per beam
On one side there are five beams that load this element and on the other side it is only a half span to the 
next beam that loads the element. The total permanent load is: ((5 ∙ 1,29 ∙ ½ ∙ 7,4) / 6,7) + (0,5 ∙ 1,06) = 
4,09 kN/m
Variable: Persons and goods: ((½ ∙ 7,4 ∙ 5 ∙ 1,2 + 6,7 ∙ 0,6) ∙ 1,00) / 6,7 = 3,91 kN/m

The load combinations are:
ULS:  1,2 ∙ 4,09 + 1,5 ∙ 3,91 = 10,77 kN/m
SLS:  1,0 ∙ 4,09 + 1,0 ∙ 3,91 = 8,00 kN/m

Ultimate limit state:
M = 1/8 ∙ qL2 = 1/8 ∙ 10,77 ∙ 6,72 = 60,4 kNm
W = M / fy = 60,4∙106 / 235 = 257∙103 mm3   IPE 240

Serviceability limit state:
Imax = 5/384 ∙ (qL4) / (E ∙ umax) = 5/384 ∙ (8,00 ∙ 67004) / (2,1∙105 ∙ 0,004 ∙ 6700) =  3105∙104 mm4  IPE 240

Both ULS and SLS lead to the same profile, so IPE 240 is the profile that will be used.

Truss adjacent to the west façade
This truss is supported by the concrete wall of the former hotel on one side and by a column on the other 
side. It spans 22,5 m and is designed as a V-truss with only hinges in the joints. In this way moments are 
avoided in the diagonal elements. The truss has a height of 1,4 m and the angle of the diagonals is 45 
degrees, so there fit exactly 16 diagonals in the truss. The loads of the truss are divided in three separate 
load cases:

Load case 1:
This is the load over the length where the truss only bears a small width of the traditional roof, adjacent 
to the former hotel (left side of the truss). This load case works over a length of 7,6 m. 
Permanent: Traditional roof: 0,88 ∙ 0,66 m  = 0,58 kN/m
Variable: Persons and goods: 1,0 ∙ 0,66 m = 0,66 kN/m
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Top: Normal forces in the truss adjacent to the east facade
Middle: Shear forces in the truss adjacent to the east facade

Bottom: Bending moments in the truss adjacent to the east facade
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Load case 2:
This load case is the point load caused by the IPE 240 beam. It is situated 7,6 from the left corner of the 
truss.
Permanent: Traditional roof: 4,09 ∙ ½ ∙ 7,6  = 13,50 kN
  IPE 240:  0,31 ∙ ½ ∙ 6,6 = 1,02 kN
  Total:     = 14,52 kN
Variable: Persons and goods: 3,91 ∙ ½ ∙ 6,6 = 12,90 kN

Load case 3:
This is the line load on the rest of the truss. It starts at 7,6 m from the left and ends at the right corner.
Permanent: Traditional roof: (½ ∙ 6,6 ∙ 1,2) ∙ 0,88 = 3,48 kN per beam
  IPE 200:  (½ ∙ 6,6) ∙ 0,224 = 0,74 kN per beam
  Total:      = 4,22 kN per beam
  There are 12 beams; translated to a line load it gives (12 ∙ 4,22) / (14,2) = 3,57 kN/m
Variable: Persons and goods: (½ ∙ 6,6 ∙ 1,2) ∙ 1,0  = 3,96 kN per beam
  Line load:  (12 ∙ 3,96) / 14,2  = 3,35 kN/m

The load combinations are:
ULS:  1,2 ∙ P + 1,5 ∙ Q 
SLS:  1,0 ∙ P + 1,0 ∙ Q

The forces in the truss are calculated with MatrixFrame 5.0. In these primary results the dead weight of 
the truss itself has not been taken into account.

Ultimate limit state:
Three types of cross sections need to be determined:

Top beam:  Nmax = -431,8 kN
   Mmax = 16,7 kNm
Bottom beam:  Nmax = 436,1 kN
   Mmax = 3,5 kNm
Diagonals:  Nmax = -144,2 kN

For the top and bottom beam there has been chosen for a HEA profile. Theoretically the normal force 
will be carried by the web and the moment by the flanges. The normal force will here be the decisive 
element for the choice of a profile.

Top beam: A = N / fy = 431,8∙103 / 235 = 1838 mm2

Bottom beam: A = N / fy = 436,1∙103 / 235 = 1855 mm2
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Top: Stresses in the elements of the truss adjacent to the east facade
Middle: Reaction forces of the truss adjacent to the east facade

Bottom: Vertical deformation of the truss adjacent to the east facade
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Both cross sectional areas fit easily in the web of a HEA 280 (Aweb = 270 ∙ 8 = 2160 mm2). Besides that, the 
IPE 200 roof beams can easily be connected to the HEA 280 within the same construction layer.

The top beam is loaded in compression and it has to be checked for buckling failure. In the z-direction it 
is supported every 2,8 m by a diagonal. The critical load over there is Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (1,03 ∙ 9730 
∙ 235) / 1,0 = 2347 kN. In the y-direction the longest unsupported span is 7,6 m. The critical load over 
there is Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,79 ∙ 9730 ∙ 235) / 1,0 = 1807 kN. In both directions the critical buckling 
load is not exceeded so the HEA 280 beam will not buckle.

Since the diagonals are only loaded in compression or tension it is easy to determine the profile.
A = N / fy = 144,2∙103 / 235 = 614 mm2. This can be beared by a L-shaped 80x80x8 profile. It has to be 
checked whether this profile does not fail due to buckling:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,51 ∙ 1230 ∙ 235) / 1,0 = 149 kN > Nmax, so the profile will not buckle.

Again, the truss is calculated in MatrixFrame 5.0, but now with the calculated cross sections and their 
dead weights taken into account. According to the stress diagram, the stress does not exceeds the limit 
of fy = 235 N/mm2 in any element and the truss will support the roof as it is supposed to.

In order to check the capability of the existing structure to bare this truss the reaction forces in the 
supports are also calculated with MatrixFrame 5.0 and are visible in the diagram.

Serviceability limit state: 
The allowed maximal vertical deformation of the truss is equal to wmax = 0,004∙L = 0,004 ∙ 22500 = 90 
mm. In the last diagram the deformation in the SLS is visible and it seems that the acting deformation is 
w = 0,027 m = 27 mm. This requirement is also met.

Truss adjacent to the east façade:
This truss is supported by the concrete wall of the former hotel on one side and by a column on the other 
side. It spans 31,2 m and is designed as a V-truss with only hinges in the joints. In this way moments are 
avoided in the diagonal elements. The truss has a height of 1,95 m and the angle of the diagonals is 45 
degrees, so there fit exactly 16 diagonals in the truss. The loads of the truss are divided in four separate 
load cases:

Load case 1:
This is the load over the length where the truss only bears a small width of the traditional roof, on both 
outer sides of the truss. This load case works over a length of 8,3 m on the left side (north) and 7,7 m on 
the right side. 
Permanent: Traditional roof: 0,88 ∙ 0,71 m  = 0,63 kN/m
Variable: Persons and goods: 1,0 ∙ 0,71 m = 0,71 kN/m
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Top: Normal forces in the truss adjacent to the west facade
Middle: Shear forces in the truss adjacent to the west facade

Bottom: Bending moments in the truss adjacent to the west facade
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Load case 2:
This load case is the point load caused by the left IPE 240 beam. It is situated 8,3 m from the left corner 
of the truss.
Permanent: Traditional roof: 4,09 ∙ ½ ∙ 8,1  = 16,56 kN
  IPE 240:  0,31 ∙ ½ ∙ 6,2 = 0,96 kN
  Total:     = 17,53 kN
Variable: Persons and goods: 3,91 ∙ ½ ∙ 6,2 = 12,12 kN

Load case 3:
This load case is the point load caused by the right IPE 240 beam. It is situated 7,7 m from the right 
corner of the truss.
Permanent: Traditional roof: 4,09 ∙ ½ ∙ 7,4  = 15,13 kN
  IPE 240:  0,31 ∙ ½ ∙ 6,7 = 1,04 kN
  Total:     = 16,17 kN
Variable: Persons and goods: 3,91 ∙ ½ ∙ 6,7 = 12,90

Load case 4:
This is the line load on the rest of the truss. It starts at 8,3 m from the left and ends at 7,7 m from the 
right corner.
Permanent: Traditional roof: (½ ∙ 6,5 ∙ 1,2) ∙ 0,88 = 3,43 kN per beam
  IPE 200:  (½ ∙ 6,5) ∙ 0,224 = 0,73 kN per beam
  Total:      = 4,16 kN per beam
  There are 12 beams; translated to a line load it gives (12 ∙ 4,16) / (15,2) = 3,28 kN/m
Variable: Persons and goods: (½ ∙ 6,5 ∙ 1,2) ∙ 1,0  = 3,90 kN per beam
  Line load:  (12 ∙ 3,90) / 15,2  = 3,08 kN/m

The load combinations are:
ULS:  1,2 ∙ P + 1,5 ∙ Q 
SLS:  1,0 ∙ P + 1,0 ∙ Q

The forces in the truss are calculated with MatrixFrame 5.0. In these primary results the dead weight of 
the truss itself has not been taken into account.

Ultimate limit state:
Three types of cross sections need to be determined:

Top beam: Nmax = -568,2 kN
  Mmax = 40,4 kNm



118 Casa Culturalis - Cologne

Top: Stresses in the elements of the truss adjacent to the west facade
Middle: Reaction forces of the truss adjacent to the west facade

Bottom: Vertical deformation of the truss adjacent to the west facade
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Bottom beam: Nmax = 567,9 kN
  Mmax = 12,8 kNm
Diagonals: Nmax = -163,4 kN

For the top and bottom beam there has been chosen for a HEA profile. Theoretically the normal force 
will be carried by the web and the moment by the flanges. The normal force will here be the decisive 
element for the choice of a profile.

Top beam: A = N / fy = 568,2∙103 / 235 = 2418 mm2

Bottom beam: A = N / fy = 567,9∙103 / 235 = 2417 mm2

Both cross sectional areas fit easily in the web of a HEB 260 (Aweb = 260 ∙ 10 = 2600 mm2). Besides that, 
the IPE 200 roof beams can easily be connected to the HEB 260 within the same construction layer.

The top beam is loaded in compression and it has to be checked for buckling failure. In the z-direction it 
is supported every 3,9 m by a diagonal. The critical load is Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (1,00 ∙ 11840 ∙ 235) / 1,0 
= 2797 kN. In the y-direction the longest unsupported span is 8,3 m. The critical load is Nb,Rd = (χ ∙ A ∙ fy) 
/ γM1 = (0,71 ∙ 11840 ∙ 235) / 1,0 = 1972 kN. In both directions the critical buckling load is not exceeded, 
so the HEB 260 beam will not buckle.

Since the diagonals are only loaded in compression or tension, it is easy to determine the profile.
A = N / fy = 163,4∙103 / 235 = 696 mm2. This can be beared by a L-shaped 120x120x15 profile. It has to 
be checked whether this profile does not fail due to buckling:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,21 ∙ 3390 ∙ 235) / 1,0 = 165 kN > Nmax, so the profile will not buckle.

Now the truss again is calculated in MatrixFrame 5.0, but now with the calculated cross sections and 
their dead weights taken into account. According to the stress diagram the stress does not exceed the 
limit of fy = 235 N/mm2 in any element and the truss will support up the roof as it is supposed to.

In order to check the capability of the existing structure to bear this truss, the reaction forces in the 
supports are also calculated with MatrixFrame 5.0 and are visible in the diagram.

Serviceability limit state: 
The allowed maximal vertical deformation of the truss is equal to wmax = 0,004∙L = 0,004 ∙ 31200 = 125 
mm. In the last diagram the deformation in the SLS is visible and it seems that the acting deformation is 
w = 0,035 m = 35 mm. This requirement is also met.

Columns
Since the stability in the x-direction is gained in the existing concrete wall of the north part and the 
stability in the y-direction is solved in the glass façade on top of the concrete wall between the middle 
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and the south part, it is possible to place the columns between two hinges. In this case the columns are 
only loaded in compression.

Column underneath the west façade truss
N = 123,8 kN
A = N / fy = 123,8∙103 / 235 = 527 mm2

This correspond with a 250x250x16 rectangular hollow section (A = 13877 mm2)
The critical buckling load of this profile is:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,04 ∙ 13877 ∙ 235) / 1,0 = 124 kN > N, so it will not buckle.

Column underneath the east façade truss
N = 157,8 kN
A = N / fy = 157,8∙103 / 235 = 672 mm2

This correspond with a 80x80x8 rectangular hollow section (A = 2084 mm2)
The critical buckling load of this profile is:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,34 ∙ 2084 ∙ 235) / 1,0 = 165 kN > N, so it will not buckle.

Columns on the edge of the curved walls
The columns on the edges of the curved concrete walls will bear the majority of the glass roof and a part 
of the traditional roof. The other columns on this curved wall will only bear a small load caused by the 
roof. The appearance of both types of columns should be the same. This can be done by varying the wall 
thickness of round hollow sections (till it might be massive). The leading columns for the dimensioning 
are the edge columns. The loads on these columns are:
Beam adjacent to the glass roof:   7,5 m ∙ 19,37 kN/m = 145,3 kN
Beams spanning from curved wall to the truss: 3,5 m ∙ 10,77 kN/m = 37,7 kN
Total:          = 183,0 kN

A = N / fy = 183,0∙103 / 235 = 779 mm2

This correspond with a massive 140 mm diameter round steel rod (A = 15394 mm2)
The critical buckling load of this profile is:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,05 ∙ 15394 ∙ 235) / 1,0 = 185 kN > N, so it will not buckle.

Columns in the middle of the curved walls
The remaining eight slender columns are loaded with (10,77 kN/m ∙ 8,4 m) / 8 = 11,3 kN
A = N / fy = 11,3∙103 / 235 = 49 mm2

This correspond with a massive 139,7x3 mm round hollow section (A = 1288 mm2)
The critical buckling load of this profile is:
Nb,Rd = (χ ∙ A ∙ fy) / γM1 = (0,14 ∙ 1288 ∙ 235) / 1,0 = 43 kN > N, so it will not buckle.
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In paragraph 4.2 it has already been explained what the main modifications were to turn the Carlton 
complex into Casa Culturalis. In this paragraph the structural consequences of these modifications for 
the middle building part will be analyzed. Normative examples of the floors, beams, columns and walls 
will be recalculated with regards to the changes and the assumptions that were made in the first para-
graph of this chapter. Besides that, the stability will be checked again. Based on these calculations it 
is determined whether or not the structural elements need to be strengthened. The changes in this 
building from a structural point of view are:
- Change of function from a parking garage for small vehicles (category F) to an area where people may 
congregate (category C1): the floors are literally reloaded since the variable floor load changes from 2 
kN/m2 to 4 kN/m2 (Ψ0 = 0,25)
- The three building parts are connected by means of big openings in the concrete stability walls: the 
theoretical length and so the stiffness of these walls will change.
- An atrium visibly connects all the floors to each other: parts of the floors disappear, an important sta-
bility and vertical load transferring wall disappears, new beams need to be constructed and the length 
of other beams will shorten.
- A new volume will be placed on top of the building: extra loads (calculated in the previous chapter) will 
load parts of the concrete walls.

Loads and load combinations
Most of the loads stay the same except for the variable load:
Gravitational weight of the concrete floor = 6,00 kN/m2

Variable load of the floor   = 4,00 kN/m2  (Ψ0 = 0,25; Ψ1 = 0,7)
Wind load     = 0,64 kN/m2  (Ψ0 = 0)

The leading load combinations are:
Serviceability limit state: 1,0∙G + 1,0∙Q1 + Ψ0∙Q2
Ultimate limit state: 1,2∙G + 1,5∙Q1 + Ψ0∙1,5∙Q2
Ultimate limit state: 1,0∙G + 1,0∙Q1 + Ψ1∙1,0∙Q2
The last combination only is important for structural elements which will be strengthened with glued 
carbon fiber reinforcement. In case of fire or high temperatures, the glue and the carbon fiber strips 
will lose their strength and cannot contribute anymore to the structure. For the sake of a fair escape 
time, it is important that the existing structure will not collapse immediately in case of fire. When this 
demand cannot be met, severe measures should be taken to protect the carbon fiber strips against high 
temperatures.

The existing structure reloaded
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Top  left: compression stresses in the x-direction in the Vierendeel trusses (top scale bar)
Top center left: tension stresses in the x-direction in the Vierendeel trusses (middle scale bar)

Top center rigth: Tension stresses in the x-direction in the original situation (bottom scale bar)
Top right: Horizontal deformation of the Vierendeel trusses

Bottom: Table with stability elements in the y-direction

Wall Line load Point load Moment Moment of resistance Stress Heigth Young's modulus Moment of inertia Horizontal deformation
[N/mm] [N] [Nmm] [mm^3] [N/mm^2] [mm] [N/mm^2] [mm^4] [mm]
q = % qtotal M = 0,5qL^2 + FL W = (b x h^2)/6 σ = M/W I = (b x h^3)/12 u = ((qL^4)/(8EI)) + ((FL^3)/(3EI))

Outer south 8,61 4,75E+04 4,27E+09 1,13E+10 0,38 22300 27000 7,83E+13 0,21
Inner south 2,255 0 8,41E+08 4,32E+09 0,19 22300 27000 2,01E+13 0,13
Inner north 2,255 0 8,41E+08 4,32E+09 0,19 22300 27000 2,01E+13 0,13
Outer north 7,38 0 2,75E+09 9,52E+09 0,29 22300 27000 6,57E+13 0,13
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Stability in the x-direction
In the existing situation, the stability in the x-direction (north-south) was provided by the center wall 
and the two curved walls which together formed a huge concrete I-shaped profile. In the new situation, 
the center wall has been demolished in order to create the atrium. Now the stability is assumed to be 
secured by two cores which exist out of a part of the building separating concrete wall, a curved wall 
and the ramps in between them on both sides of the building. For reasons of simplicity, the ramps are 
supposed to be flat and the curved walls to be straight. In this case the cores can be schematized as two 
huge ‘Vierendeel’ trusses, connected by hinged bars with an infinite stiffness (the floors). For the width 
of the stability elements it is assumed that they have the same width as the smallest width of the ramps 
(9,3 m). The wind load is the same as in the original situation, since the stability of the new volume on the 
roof in this direction is secured by the northern part of the building. It is assumed that the concrete will 
bear all the tension forces, so just as in the original situation the Young’s modulus of uncracked concrete 
can be used: EC12/15 = 27000 N/mm2. The stresses in the structure are calculated with MatrixFrame 5.0.

In the diagrams it can be seen that in none of the vertical element the stresses exceed the tension 
strength (ft = 1,6 N/mm2) or the compression strength (fcd = 8,0 N/mm2) of C12/15 concrete. This means 
that the walls can ensure the stability in the x-direction. The stresses in the ramps do not exceed the 
compression strength either, but they do exceed the tension strength. The highest tension stress is 5,74 
N/mm2. In the existing situation on the other hand, the highest tension stress is also in this element 
and then it was 2,79 N/mm2. It can be assumed that the ramps already are reinforced and that with 
strengthening by means of carbon fiber reinforcement, the both cores can resist the total wind load in 
the x-direction. The difference in moments between the old and new situation is ΔM = Mnew – Mold = 558,0 
– 272,2 = 285,2 kNm. The fiber reinforcement is loaded with a normal force of Nt = M / z = 285,2∙106 
/ 125 = 2286,4 kN. The minimal cross-sectional area of the fiber reinforcement is A = Nt / fy, carbon fibre = 
2286,4∙103 / 2800 = 817 mm2. With a thickness of 1,2 mm a total width of 681 mm of strips should be 
distributed along the 9,3 m width of the ramps.
When the structure is reinforced with carbon fiber it should be checked whether it can resist the fire 
situation without reinforcement. This load combination gives a highest stress of 4,70 N/mm2 which is 
larger than the stress in the original situation, so the criterion is not met. This means that fire resisting 
insulation should be placed on top and underneath the ramps.
Finally, the last demand is that the deformation (SLS) is smaller than 1/500 of the total height of the 
building. In this direction the horizontal transformation = 10 mm < 21175 / 500 = 42 mm. Now all the 
criteria are met and the stability in the x-direction is secured.

Stability in the y-direction
In the original situation, the stability in the y-direction (east-west) was borne by the two most outer 
walls of the building part. Since openings have been made for the connection of the three building parts, 
the theoretical length of these stability elements is decreased to the length adjacent to the ramps: 13,9 
m. Over this length no openings are made, so this part of the wall works as one massive slab. Now, the 
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Stability elements in both x-direction and y-direction in the new situation

Y

X
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two inner (curved) concrete walls may contribute more to the transfer of these horizontal loads. Again, 
the ratio of the stiffnesses of the concrete walls is the same as the ratio of the spring stiffnesses of the 
translational springs and it can easily be calculated which part of the loads are transferred by which wall. 
When the same type of concrete is used, the only difference is the moment of inertia. The percentage of 
load carried by each wall is calculated with MatrixFrame 5.0:
Iouter wall, south  = 1/12 ∙ 0,35 ∙ 13,93  = 78,3 m4  42% of the total wind load
Iinner wall, south = 1/12 ∙ 0,30 ∙ 9,33  = 20,1 m4  11% of the total wind load
Iinner wall, north = 1/12 ∙ 0,30 ∙ 9,33  = 20,1 m4  11% of the total wind load
Iouter wall, north = 1/12 ∙ 0,30 ∙ 13,83  = 65,7 m4  36% of the total wind load

The total wind load over the height of the building is:
ULS: q = qw ∙ lwidth = (1,5 ∙ 0,64) ∙ 32,0 = 30,7 kN/m
SLS: q = qw ∙ lwidth = (1,0 ∙ 0,64) ∙ 32,0 = 20,5 kN/m

The stability of the new volume on the roof in the y-direction is partly provided by the southern outer 
wall. The other part is provided by parts of the northern outer wall, but not the same part as is reviewed 
here. The extra wind load on top of this wall is Fwind = (1,5 ∙ 0,64) ∙ (15,8 ∙ 4,7) = 71,3 kN in the ULS and 
Fwind = (1,0 ∙ 0,64) ∙ (15,8 ∙ 4,7) = 47,5 kN in the SLS.

The results of the calculations are shown in the table. As can be seen neither the stresses nor the defor-
mations exceed the criteria (ft, C12/15 = 1,6 N/mm2 and umax = 45 mm). This means that the stability in the 
y-direction is ensured by four existing walls and no extra measures are needed.

Vertical load distribution
Just as in the original situation the floors still span in the x-direction. The only change is the higher 
variable load caused by the transformation of function. In order to determine all the moments, the floor 
again is schematized as a 1 m broad beam on six supports. The new load (ULS) is q = (1,2 ∙ 6,0 + 1,5 ∙ 4,0) 
∙ 1,0 = 13,2 kN/m. The floor will probably be strengthened with carbon fiber reinforcement, so it has to 
be checked also for the combination qfire = (1,0 ∙ 6,0 + 1,0 ∙ 4,0) ∙ 1,0 = 10,0 kN/m. This load is smaller than 
the original line load qoriginal = 10,2 kN/m. Since all other preconditions stay the same, it can be concluded 
that floors safely can be reinforced with carbon fiber and no fire protection measures are needed. In the 
table the difference between the moments in the new and the old situation is calculated. The carbon 
fiber reinforcement is based on the extra moment that needs to be resisted. As can be seen in the tables, 
all moment peeks and almost all moment fields (except for fields 2-3 and 4-5 of both floors) need to 
be reinforced with carbon fiber strips. Because the strips have a thickness of only 1,2 mm and no fire 
protection material is needed, the strips can easily be placed underneath the floor finishing or above the 
ceiling finishing materials and the reinforcement will not even be noticeable. 
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Table with extra needed reinforcement in the floors

Floors - New situation
Unter Goldschmied

Width [mm] 1000
Heigth [mm] 250
Cross-sectional area [mm^2] 2,50E+05
Moment of resistance [mm^3] 1,04E+07
Concrete cover [mm] 30
Tension strength carbon fiber strips [N/mm^2] 2800
Thickness reinforcement strips [mm] 1,2

Location Moment Moment old Difference in moments Tension stress concrete Compression stress concrete Tension force in reinforcement Cross-sectional area reinforcement Width of reinforcement
Nmm Nmm Nmm N/mm^2 N/mm^2 N mm^2 mm/m

Support 1 7,40E+07 5,72E+07 1,68E+07 7,10 7,10 1,34E+05 48 40
Field 1-2 3,74E+07 2,89E+07 8,50E+06 3,59 3,59 6,80E+04 24 20
Support 2 5,01E+07 3,87E+07 1,14E+07 4,81 4,81 9,12E+04 33 27
Field 2-3 8,20E+06 6,40E+06 1,80E+06 0,79 0,79 1,44E+04 5 4
Support 3 2,69E+07 2,08E+07 6,10E+06 2,58 2,58 4,88E+04 17 15
Field 3-4 1,94E+07 1,50E+07 4,40E+06 1,86 1,86 3,52E+04 13 10
Support 4 2,63E+07 2,03E+07 6,00E+06 2,52 2,52 4,80E+04 17 14
Field 4-5 7,80E+06 6,00E+06 1,80E+06 0,75 0,75 1,44E+04 5 4
Support 5 5,18E+07 4,00E+07 1,18E+07 4,97 4,97 9,44E+04 34 28
Field 5-6 3,89E+07 3,01E+07 8,80E+06 3,73 3,73 7,04E+04 25 21
Support 6 7,71E+07 5,96E+07 1,75E+07 7,40 7,40 1,40E+05 50 42

Sporergasse

Location Moment Moment old Difference in moments Tension stress concrete Compression stress concrete Tension force in reinforcement Cross-sectional area reinforcement Width of reinforcement
Nmm Nmm Nmm N/mm^2 N/mm^2 N mm^2 mm/m

Support 1 6,14E+07 4,74E+07 1,40E+07 5,89 5,89 1,12E+05 40 33
Field 1-2 3,09E+07 2,39E+07 7,00E+06 2,97 2,97 5,60E+04 20 17
Support 2 4,36E+07 3,37E+07 9,90E+06 4,19 4,19 7,92E+04 28 24
Field 2-3 1,00E+07 7,70E+06 2,30E+06 0,96 0,96 1,84E+04 7 5
Support 3 2,64E+07 2,04E+07 6,00E+06 2,53 2,53 4,80E+04 17 14
Field 3-4 1,69E+07 1,30E+07 3,90E+06 1,62 1,62 3,12E+04 11 9
Support 4 2,74E+07 2,11E+07 6,30E+06 2,63 2,63 5,04E+04 18 15
Field 4-5 1,08E+07 8,30E+06 2,50E+06 1,04 1,04 2,00E+04 7 6
Support 5 4,08E+07 3,15E+07 9,30E+06 3,92 3,92 7,44E+04 27 22
Field 5-6 2,81E+07 2,17E+07 6,40E+06 2,70 2,70 5,12E+04 18 15
Support 6 5,59E+07 4,32E+07 1,27E+07 5,37 5,37 1,02E+05 36 30
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Because of the increase of the variable floor loads, the beams of this floor are also loaded more. How-
ever, since the atrium has been made, the length of the two middle beams decrease. In the table, the 
difference between the bending moments in the fields and in the supports are calculated. From this 
calculation it seems that the moments in the two middle beams now are smaller than in the original 
situation thanks to the shortening in length. That means that there are no extra measures needed for the 
strengthening of these beams, since there was reinforcement in both the top and the bottom over the 
beam’s entire length. The other two beams, however, keep their length and since they are loaded more, 
the moments will increase. It seems that the addition of 5 mm thick steel strips on the top sides (loaded 
both in tension and in compression) and 1,2 mm thick carbon fiber strips on the bottom sides (loaded 
only in tension) will be enough to prevent the failure of the structure in the new situation. For the safety 
in fire situations the left beam of the floor adjacent to the Unter Goldschmied façade for instance should 
resist a load qfire = (1,0 ∙ 6,0 ∙ 6,5) + 1,0 ∙ 4,0 ∙ 6,5) = 65,0 kN/m. This is smaller than the original load of that 
same beam qoriginal = 67,5 kN/m, so no fire protecting measures are needed in this case.

The middle two beams may be shorter now, but they should be supported somehow, since the wall that 
supported them has disappeared. On both sides of the atrium, a beam will be constructed that spans the 
distance between the two curved walls: 14,9 m. In this paragraph only the beam on the Sporergasse side 
will be calculated, because this one has the highest load. A steel beam does not fit into the atmosphere of 
the building and it is difficult to connect a steel beam rigidly to the curved walls. This means that the full 
bending moment appears in the field which results in a very heavy beam (at least HEM 800 underneath 
the floor) and the view and light effect of the atrium will be completely blocked. A concrete beam can 
easier be connected rigidly to the wall so the moment is parted over the field and the supports. Besides 
that, the floor itself can contribute (as a compression zone) to the beam and a lot of beam height will be 
saved. To diminish the height even more, the beam will be prestressed. This means that an upward line 
load counteracts the heavy point loads of the beams and the caused compression stress will decrease 
the tension stress. The first assumption is a beam with double the width of the other beams: 800x700 
mm. The amount of prestress steel in the limited cross-section of the concrete beam is normative for the 
height of the prestress Pm. When six cables of type Y1700S7G (7 wire strand, Ap = 6 ∙ 223 = 1338 mm2, 
fp,t = 1700 N/mm2) are used, the maximum prestress is Pm = A ∙ (fp,t / γp,fav) = 1338 ∙ (1700 / 1,0) = 2275 kN. 
When loaded with Pm = 2200 kN and a drape of 600 mm, the upward line load then is qp = (8 ∙ 2200∙103 
∙ 600) / 149002 = 47,5 kN/m. The loads of the two floor beams (in ULS) are:

F1 = 64,8 ∙ ½ ∙ 11,84 = 384 kN
F2 = 65,9 ∙ ½ ∙ 11,79 = 388 kN

The cross-section is calculated with MatrixFrame 5.0, the dead weight of the concrete beam included. In 
the diagram the resulting forces are visible. The stresses now are:
σN   = Pm / A = -2200∙103 / (800 ∙ 700)   = -3,93 N/mm2

σM,field   = Mfield / W = ± 339,6∙106 / (1/6 ∙ 800 ∙ 7002)  = ±5,20 N/mm2
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Top: Table with extra needed reinforcement of the beams
Bottom: translation of a prestressed beam into a beam loaded with an upward line load qp and a compressive normal force Pm

Beams - new situation Width beam [mm] 400 Tension strength reinforcement [N/mm^2] 435
Heigth beam [mm] 700 Radius shear reinforcement [mm] 8
Concrete cover [mm] 30 d [mm] 652
Diameter reinforcement bars [mm] 20 z [mm] 350
Cross-sectional area bar [mm^2] 314 Moment of inertia field [mm^4] 1,14E+10

Unter Goldschmied Tension strength carbon fiber [N/mm^2] 2800 Moment of inertia support [mm^4] 9,15E+10

Beam # q-load Length
Moment 
field

Moment 
support Stress field Stress support Moment field Moment support

N/mm mm Nmm Nmm N/mm^2 N/mm^2 Nmm Nmm
1 87,3 10700 4,17E+08 8,33E+08 12,8 6,4 9,45E+07 1,89E+08
2 65,4 10300 2,89E+08 5,78E+08 8,9 4,4 -1,81E+08 -3,62E+08
3 64,8 10155 2,78E+08 5,57E+08 8,5 4,3 -1,78E+08 -3,56E+08
4 88,6 10300 3,92E+08 7,83E+08 12,0 6,0 8,88E+07 1,78E+08

Extra 
reinforcement Field top

Field 
bottom

Support 
top

Support 
bottom Field top (width of 5 mm thick steel strips)

Field bottom (width of 1,2 mm 
thick carbon fiber strips) Support top (width of 5 mm thick steel strips) Support bottom

Beam # mm^2 mm^2 mm^2 mm^2 mm mm mm -
1 540 96 1241 0 108 80 248 0
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
4 507 91 1167 0 101 76 233 0

Sporergasse

Beam # q-load Length
Moment 
field

Moment 
support Stress field Stress support Moment field Moment support

N/mm mm Nmm Nmm N/mm^2 N/mm^2 Nmm Nmm
1 82,0 12190 5,08E+08 1,02E+09 15,5 7,8 1,16E+08 2,32E+08
2 64,8 11840 3,79E+08 7,57E+08 11,6 5,8 -1,89E+08 -3,78E+08
3 65,9 11790 3,82E+08 7,63E+08 11,7 5,8 -1,91E+08 -3,82E+08
4 79,6 12140 4,89E+08 9,78E+08 15,0 7,5 1,11E+08 2,22E+08

Extra 
reinforcement Field top

Field 
bottom

Support 
top

Support 
bottom Field top (width of 5 mm thick steel strips)

Field bottom (width of 1,2 mm 
thick carbon fiber strips) Support top (width of 5 mm thick steel strips) Support bottom

Beam # mm^2 mm^2 mm^2 mm^2 mm mm mm -
1 661 118 1521 0 132 98 304 0
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
4 635 113 1460 0 127 94 292 0
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σM,support  = Msupport / W = ± 392,9∙106 / (1/6 ∙ 800 ∙ 7002)  = ±6,01 N/mm2

The total stresses in the beam are:
σfield,top  = σN – σM,field = -3,93 – 5,20   = -9,13 N/mm2

σfield,bottom = σN + σM,field = -3,93 + 5,20  = +1,27 N/mm2

σsupport,top = σN – σM,support = -3,93 – 6,01   = -9,94 N/mm2

σsupport,bottom = σN + σM,support = -3,93 + 6,01   = +2,08 N/mm2

If the beam is constructed with concrete type C35/45, neither the compression strength (fcd = 23,3 N/
mm2) nor the tension strength (fctm = 3,2 N/mm2) is exceeded and no extra longitudinal reinforcement is 
needed. The assumed dimensions are realistic dimensions.

The only issue that is left for this beam is that it is loaded in shear and torsion by the two beams, because 
they have a certain eccentricity. The maximum shear force is VEd = 265,9 kN and the maximum torsional 
moment is TEd = 388 ∙ (½ ∙ ½ ∙ 11,79 m) = 1144 kNm. According to the Eurocode, the beam should with-
stand these forces when the criterion (VEd / VRd,max) + (TEd / TRd, max) < 1,0 is met. 
VRd, max = (αcw ∙ bw ∙ z ∙ v1 ∙ fcd) / (cotθ + tanθ)
αcw = 1,25
v1 = 0,9 – fck / 200 = 0,9 – 35 / 200 = 0,725 > 0,5  v1 = 0,725
θ = 45o

VRd, max = (1,25 ∙ 800 ∙ 350 ∙ 0,725 ∙ 23,3) / (cot45 + tan45) = 2956 kN

TRd, max = 2 ∙ v ∙ αcw ∙ fcd ∙ Ak ∙ tef ∙ sinθ ∙ cosθ
v = 0,6 [1 – fck / 250] = 0,6 [1 – 35 / 250] = 0,516
tef = A / u = (800 ∙ 700) / (2 ∙ (800 + 700)) = 187 mm
Ak = (b – ½ ∙ tef) ∙ (h – ½ ∙ tef) = (800 – ½ ∙ 187) ∙ (700 – ½ ∙ 187) = 428492 mm2

TRd, max = 2 ∙ 0,516 ∙ 1,25 ∙ 35 ∙ 428492 ∙ 187 ∙ sin45 ∙ cos45 = 1809 kNm

(VEd / VRd,max) + (TEd / TRd, max) = (265,9 / 2956) + (1144 / 1809) = 0,09 + 0,63 = 0,72 < 1.

The criterion is met, which means that with these dimensions the beam will not fail due to torsion and/
or shear.

Of the existing structure three columns were reviewed. Two of them only needed the minimum amount 
of reinforcement and the column in the Sporergasse façade needed only a little more reinforcement. 
Despite of the increase of the variable floor load, the construction of the atrium decreases the total floor 
load on all the columns. This means that the already available cross-section of the reinforced concrete 
columns will suffice in the new situation for column 1 (Sporergasse façade) and column 3 (Unter Gold-
schmied façade) and no extra measures for the strengthening of the columns are needed. Column 2 on 
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Vertical load transferring system in the new situation

Y

X
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the other hand, now is loaded with the reaction forces of the prestressed beams on top of the already 
existing load. Although the extra normal force (33,1 kN) combined with the floor loads and the extra 
load from the new roof still do not exceed the original load on the column, the prestressed beams will 
have quite large bending moments (in the other, weaker direction) of Mp = 392,9 kNm at their supports, 
which the column needs to transfer. When these moments are compared to the moments caused by 
the wind load in the ramps of the stability elements (x-direction), they always seem to counteract. This 
actually means that moments caused by the prestressed beams have a positive effect on the stresses 
in the stability element. The highest moment in the ramps was 558,0 kNm. The resulting moment Mres 
= Mwind – Mp = 558,0 – 392,9 = 165,1 kNm. This moment seems to be smaller than the moment in this 
element in the old situation Mold = 272,1 kNm. This all means that this column is loaded less than in the 
original situation and no extra strengthening of any column is needed.

The walls loaded with the extra load of the roof and the truss of the east façade are not reviewed yet. 
These walls are actually one of the elements which are loaded more than in the original situation, since 
the effect of the construction of the atrium does not reach till these floor fields. From the analysis of the 
bottom part of the southern wall in the original situation, it can be stated that a concrete type with a 
higher strength like C35/45 is used for the walls, since the highest compression stresses are σc, max = 21,1 
N/mm2. The tension stresses are also quite high (σt, max = 18,2 N/mm2) which proves that some reinforce-
ment was used in this wall. In the new situation with the higher variable floor loads and the load of the 
new roof, these stresses increase quite a lot. The new maximum compression stress is σc,max = 27,5 N/mm2 
and the new tension stress is σt, max = 23,3 N/mm2. These stresses exceed the compression strength of 
C35/45 concrete and probably the stress in the reinforcement as well, which means that the wall should 
be strengthened. The only problem is that the compression side of the wall cannot be reached, since it 
is situated in between the two concrete walls that both form a structural wall for the southern or the 
middle building part. The tension side can easily be reached and strengthened with for instance carbon 
fiber strips. This post-reinforcing, however, has no effect when the concrete fails on the other side due to 
tension. The only possible solution which can be thought of, is to couple the two structural walls, so the 
thickness will approximately be doubled (and the moment of resistance quadrupled). On the other side 
of the wall two whole floor fields carried by this wall disappeared in order to make higher rooms, so the 
wall has a reserve stress capacity. When this new thickness is applied to the structure, the new stresses 
are σc,max = 10,2 N/mm2 en σt, max = 7,2 N/mm2 (without the stresses caused by the remaining floors in the 
southern building). Considering the fact that the loads in this building part never exceed the loads of 
the core building, the stresses would not exceed the original stresses since these are twice as high as the 
stresses in the new situation. How to couple the walls will be the hardest task in this situation. A realistic 
solution is to apply post-tensioning bars in drilled holes through both the walls, so the walls will be 
pressed together. It is not known what the effects of this will be on the separate structural behavior of 
both the building parts.
This theory can also be applied on the other side of the core building, with the wall next to the library 
part. Special attention needs to go to the support of the truss, since it has a negative effect on the wall its 
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Top left: Stresses in the wall in the original situation (top  scale bar)
Top middle: Stresses in the wall due to the loads in the new situation (middle scale bar)

Top right: Stresses in the wall due to the loads in the new situation when coupled to the adjacent structural wall (bottom scale bar)
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stresses when a moment is passed to it. To only pass a normal force, the bottom beam is hinge connected 
to the wall and the top beam is connected with a sliding connection were only the translation in the 
positive Z-direction is restrained.

There are actually no quantitative data known about the existing foundation system or the soil under-
neath the building. This makes it difficult to say something about the effect of the changes on the foun-
dation. From a qualitative point of view it can be stated that no extra elements are added that should 
be founded. All the load bearing elements are based on places where it can be assumed the existing 
foundation should be. This is true for the stability elements as well as for the vertical load transferring 
elements. With regards to the atrium, some foundation loads decreased and thanks to the higher vari-
able load some foundation loads increased. The foundation elements with a lower load do not have any 
problem since the building probably still is heavy enough to prevent an upward movement caused by 
ground water so close to the river Rhine. The foundation elements with a higher load might be too weak, 
but that cannot be said. It is possible though to strengthen these elements as well, so that will not be a 
problem either.

The complete structure of the former parking garage can be transformed into the structure of the core 
library building with only minor alterations. The only big interventions are of course the construction 
of the atrium and the openings in the walls, but also the prestressed beams adjacent to the atrium. All 
the other elements can, with little to none reinforcement, be strengthened so the new function can be 
borne by the structure.



134 Casa Culturalis - Cologne

A detailed view

In this paragraph, five techni-
cal details of building parts 
are shown. These details deal 
with parts of the building that 
give the design its unique 
character. The first detail 
shows the roof of the new to 
built volume on top of the 
core building. Here the tran-
sition between the traditional 
‘warm roof’ and the glass roof 
above the atrium is drawn. 
The traditional roof consists 
out of sandwich plates of a 30 
mm wood plate, a vapor tight 
membrane, 150 mm EPS in-
sulation and a double layered 
bitumen membrane. The glass 
roof, held by aluminum omega 
profiles, is carried by an alu-
minum truss consisting out of 
a T-profile compression beam 
and a steel tension cable. Both 
the roof parts are carried by 
IPE profiles which in their turn 
load the existing concrete 
structure.
The second and the third de-
tail are sections of the bridges 
in the atrium. In detail 2, a sec-
tion of the bridge is drawn. The 
structural elements are steel 
130x65x10 mm L-profiles 
with a sideboard welded to 

it. The glass plates are placed 
in the sideboard and are sup-
ported by small steel H-pro-
files each 1,5 meters. The top 
of the glass plate is protected 
by a small U-shaped steel 
profile. The beech 50x150 mm 
floor planks are connected to 
the L-profile with M6 bolts. A 
130x65 mm endplate is weld-
ed to the ends of L-profiles, as 
can be seen in detail 3. These 
plates (and so the whole beam 
and bridge) are connected to 
the floor with three M8 thread 
rods per endplate. These rods 
are connected by means of 
chemical anchors to the exist-
ing concrete floor.
The last two details show 
the difference between the 
two window types in the new 
façade of the southern build-
ing part. Essentially, both 
details are quite the same, 
except for window frame 
that makes the distinction 
between an introvert (private 
office) window and an extra-
vert (public library) window. In 
both cases a 22 mm MDF plate 
is connected to all sides of 
the 400 mm existing concrete 
structure. On these plates, 

the aluminum window frame 
is connected with a 21 mm 
double layered glass sheet 
in it. On the outside of the 
concrete wall, a 100 mm thick 
hard EPS insulation is placed. 
The insulation is suitable for 
direct plastering on it and this 
forms the final outside layer 
(in a very light grey color) of 
the façade. This plaster con-
tinuous to the actual window 
frames of the introvert win-
dows, while it is interrupted 
by a 200 mm broad extension 
of the window frames of the 
extravert windows. This exten-
sion consists out of a hollow 
aluminum extrusion profile 
with enough slope for the rain 
to fall off of it.
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Connection between the traditional roof and the glass roof above the atrium

Double glass sheet 16 mm

Bended aluminum T-profile 150 x 150 x 15 mm

Rubber

Aluminum glassholder

Double layered bitumen membrane

Sandwich roof panel 180 mm

Steel IPE 200

Aluminum connection plate

Steel tension cable 20 mm

Steel connection plate

Steel HEB 450
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Section of the bridges in the atrium

Steel U-shaped profile

Glass plate 12 mm

Mastic

Steel H-shaped profile

Section steel H-shaped profile

Steel H-shaped profile

Glass plate 12 mm

Bolt M6

Beech floor planks 150 x 50 mm

Steel glassholder profile

Steel T-shaped profile 60 x 60 mm

Steel angle profile 130 x 65 x 10 mm

Weld

1:5 1:5

1:20
1:5
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Connection of the bridges in the atrium to the existing concrete floor

Glass safety rail

Beech floor planks 150 x 50 mm

Bolt M6

Steel angle profile 130 x 65 x 10 mm

Ligth grey casting top floor

Steel endplate 12 mm

Construction felt

Existing concrete floor 250 mm

Chemical anchors

Treaded rod M8

Steel T-shaped profile 60 x 60 mm

Section steel endplate

1:5

1:10
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Light grey stucco

Hard EPS insulation 100 mm (RC = 3,1 m2K/W)

Existing concrete wall 400 mm

White stucco

Multiplex 22 mm

Aluminum window frame

Aluminum extension of the window frame 200 mm

Double glass 21 mm

Double glass 21 mm

Aluminum window sill 200 mm

Aluminum window frame

Multiplex window sill 22 mm

Existing concrete wall 400 mm

White stucco

Hard EPS insulation 100 mm (RC = 3,1 m2K/W)

Light grey stucco

1:10

Extravert window
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1:10

Light grey stucco

Hard EPS insulation 100 mm (RC = 3,1 m2K/W)

Existing concrete wall 400 mm

White stucco

Multiplex 22 mm

Aluminum window frame

Double glass 21 mm

Double glass 21 mm

Aluminum window sill 200 mm

Aluminum window frame

Multiplex window sill 22 mm

Existing concrete wall 400 mm

White stucco

Hard EPS insulation 100 mm (RC = 3,1 m2K/W)

Light grey stucco

Introvert window
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ing people.
From a structural point of 
view, the construction of the 
atrium and the extra volume 
on the roof are the heaviest 
alterations of the complex. 
For the stability in both direc-
tions of the center building, 
no extra measures are needed 
since the concrete walls are 
so heavy and the stresses will 
still not exceed the limits. 
Most of the vertical load trans-
ferring elements however 
should be strengthened with 
steel or carbon fiber strips. 
On both sides adjacent to the 
atrium, a prestressed beam is 
placed which seems to have 
positive effects on the rest of 
the structure. With all these 
alterations, the structure will 
suffice for the new situation 
where parts of the floor are re-
moved and the other parts will 
have a higher variable load.

will emphasize this. To gain 
enough daylight on all the 
floors, so working spots can 
be situated in the building, an 
atrium must be constructed.  
The existing atrium in the for-
mer hotel will be retained, but 
both atriums must be covered 
so rain and wind will not enter 
the building. For that reason, a 
(partly) glass roof will be con-
structed on top of the center 
building, the former parking 
garage.

The façades of the complex 
should all be improved in 
terms of insulation and du-
rability. The modernist and 
brutalist façades of the former 
hotel (the Dom facing build-
ing) and the parking garage 
should be retained in the orig-
inal style as much as possible, 
because they form a recogniz-
able element in the street and 
the square (Roncalliplatz). The 
façade of the southern part 
must be redesigned in a way 
there is not as much repetition 
as there is in the original situa-
tion and the internal activities 
in this part become far more 
clear and inviting for the pass-

The Cologne Altstadt should 
be free from car traffic so the 
existing two pedestrian areas 
would be connected and the 
cultural highlights in this Via 
Culturalis are emphasized 
more. To form a actual con-
nection between the Dom 
cathedral and the other cul-
tural highlights, a former WDR 
office and parking building 
forms the missing link. This 
Carlton complex is subject for 
redesign and a new cultural el-
ement must be added on this 
location to activate the vision.

The Carlton complex can, with 
some alterations, be trans-
formed into a modern library: 
Casa Culturalis. The modern li-
brary is more than an institute 
that owns books. Nowadays, 
it should be a building for the 
encounter of people, culture, 
facilities and knowledge. For 
the architectonic perception, 
it is very important that the 
three parts of the complex are 
coupled so the visitor can eas-
ily enter all the building parts 
and social interaction is pos-
sible throughout the whole 
building. The two main routes 

Results
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