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Fig. 1.1
structure of the second skin façade
credits: own illustration
In this drawing the structure of the second skin
façade is shown. On the right the seperate parts of
the structure are shown apart from eachother.
1. load bearing structure of the Kunsthal
2. steel profiles that connect the columns to the
structure of the Kunsthal
3. laminated timber window posts/columns
4. timber profiles that support the horizontal
stability in the structure and hold the glass profiles.
5. steel counter bracing
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Fig. 2.1
construction of the façade
credits: own illustration
In this drawing the construction of the second skin
façade is shown. The numbers indicate the
sequence of construction.
1. load bearing structure of the Kunsthal
2. steel profiles
3. laminated timber window post and column
4. timber profiles
5. finishing of inner façade
6. glass of the inner façade, glazed from inside
7. sun shading system
8. finishing of outer façade with ventilation grills
9. aluminium window frames for the horizontal
glass connections
10. glass of the outer façade

Fig. 3.1
summer, auditorium not in use
credits: own illustration
The second skin façade of the auditorium is ventilated due to the stack effect. When needed the inside spaces are cooled with the HVAC system. Solar
heat is gained with evacuated tubes in the tower
and is stored in large water tanks that function as
buffer.

3.1 summer; auditorium not in use

3.3 winter; auditorium not in use

Fig. 3.2
summer, auditorium in use
credits: own illustration
See discription of fig. 2.1 with the difference that
the auditorium is extra ventilated and cooled with
the HVAC system.
Fig. 3.3
winter, auditorium not in use
credits: own illustration
Due to the green house effect and low air speeds
the cavity of the second skin façade becomes warm
and acts as a heat buffer. Solar power is used to
warm the water to heat the mass of the building.
When there is not enough sun there is a high efficiency ‘pellet’ heater that provides extra heat.
The HVAC system takes care of the ventilation. The
heat from the façade is used in the HVAC system to
pre heat the incoming fresh air.
Fig. 3.4
winter, auditorium in use
credits: own illustration
See discription of fig. 2.3 with the difference that
the auditorium is extra ventilated by the HVAC
system.

3.2 summer; auditorium in use

3.2 winter; auditorium in use

The existing load bearing structure of the Kunsthal is made of reinforced concrete and
steel. Concrete is used for the floors, columns and some walls. Steel is mainly used for
the roof and some columns that support the roof. The auditoriums load bearing structure
is entirely made of reinforced concrete. This existing structure doesn’t change in my redesign, there are only parts added to support the second skin façade.
In the second skin there are laminated timber columns that run from top to bottom that
form the main structural element of the second skin. Two alternatives for this column
where studied. The first option was to make a relatively big column with window frames
in front of the columns. These columns would be heavy and need their own foundation
what makes it a costly solution. In the second option the laminated timber columns and
the window frames are combined into one structural system that holds the glass and
provides structural strength. Because the load bearing structure is more in balance the
whole structure can be mounted to the existing load bearing structure of the Kunsthal.
The more balanced structure of the second alternative and the elimination of the extra
foundation for the columns gave me the reasons to continu with this design solution.
Steel profiles connect the laminated timber window-posts to the structure of the kunsthal. At the bottom there is a heavy steel T-profile that carries the second skin façade.
This steel profile is mounted to the foundation and the ground floor. In the middle and at
the top the columns are connected with slender steel profiles to hold the window-posts
in position. Wind braces are positioned between the top profiles to give the façade the
horizontal stability that is needed

Construction design
The base of my façade design is the existing load bearing structure of the kunsthal. As
described above the second skin façade is mounted to this structure. This is done with
four steel profiles, a heavy T-profile at the bottom and three slender profiles in the middle
and at the top. When the steel profiles are in position the laminated timber window posts
can be placed. These window posts also serve als columns in the structure of the outer façade. The timber columns are bolted to the steel profiles that slide in to the holes that are
cut in the columns. Horizontal timber profiles that connect the timber columns complete
the structural part of the outer façade.
Now the structure is in position the inner façade can be made. The carpentry will be done
first to support the cladding and the window frames of the inner façade. When the window frames are in place the glass can be measured, produced and placed. This makes the
building closed of from the outside weather conditions, this can affect the building planning positively because work on the inside finishing can start when the building is weather
proof.
On the other side of the inner façade the sun shading system is installed. The electrical
engines and pulleys are installed on to the steel profiles in the top of the façade. When
these are installed the lamella’s can be hung in place. When the sun shading system is
completed the carpentry work on the top and bottom of the façade can be done. This
includes the roof and ventilation grilles at the top and bottom of the façade. Before the
glass of the outer skin can be placed there are aluminium strips screwed on the horizontal
timber profiles. When the glass is placed it is hold in the aluminium profiles and by the
vertical wooden glazing fillets.

Climate design
In its current state the south-west façade of the Kunsthal has heat loss problems and
there are no sun shading devices, this causes heat and glare problems in the auditorium.
To deal with these two shortcomings I decided to design a double skin façade with integrated sun shading devices.
This type of façade preserves heat in the winter, due to the greenhouse effect, and
naturally ventilates in the summer, due to the stack effect. Besides these natural climate
aspects the transparency of the current façade can be maintained.
To keep the façade transparant when the sun shading is down the principle of a deep day
for the windows is used. In the cavity of the double skin there are 6 elements that fill the
whole cavity. These elements have vertical lamellas that block the sunlight but do not
interfere with the airflow that is needed for the stack effect.
Besides blocking the sunlight there is also the opportunity to capture solar energy to
use in the building. First I wanted to do this with evacuated heat tubes integrated in the
façade of the auditorium but this gave technical complications that I could not justify.
Therefor I decided to install the heat tubes on the tower of the Kunsthal. In these heating
tubes the sun heats the water up to 80ºC. This heated water goes to a small buffer tank
that has a constant temperature of 75ºC. When this tank is full, the hot water is overloaded into large buffer tanks. The water in the buffer tanks has a temperature of circa
35ºC and is used to heat the mass of the building. This type of heating provides a constant
temperature in the building.
In the museum there has to be a constant climate to preserve the art that is displayed.
Besides temperature the humidity of the spaces has to be stable and controllable. To
manage these needs a HVAC system is used to mechanically ventilate all spaces. When
the auditorium is in use the people inside are a great heat producer. In this case the HVAC
system is used to cool the building. In the winter warm air from the double skin façade is
directed to the HVAC system to preheat the fresh air.
Besides the heating and cooling aspects of the climate the double skin façade also blocks
the outside noise. With a busy road and a helicopter platform nearby this is a great advantage for the auditorium and gallery space behind the double skin façade.

Peer reviews
Nick Vlaun
1360795
Koen Fischer 4092236
Both peer reviews that I’ve recieved where enthousiastic about my approach of the sunshading system. The idea of a lamella system that is based on a deep day principle to maintain the transparancy of the façade was clear to them and show well in the diagrams on the
A1 poster.
A point of attention is the explenation of the climate system. In the diagrams it was not
clear where water and air where flowing. Besides that a missing drawing is the one that
shows the working of the second skin façade. In the climate diagrams this is shown very
small and minimal, a drawing that focuses on the façade could give a more clear view on
this part of the design.
On the A0 poster there where texts missing in the section. This causes confusion when
reading the drawing and the reader doesn’t exactly understand what is shown.

Reflection
It was good to get some feedback from other students that also worked on the building
technology assignment. To hear from them that they are pleased by my design and the
development of the work motivated me to work on the presentation. This is where most
of the comments where about. The drawings I showed to my peers where off course not
finished and I still had to work on them before they could be handed in but still it is good
to hear from others what is not clear about your work.
As said in the peer reviews the climate diagrams where ok but it was not clear where
water or air was flowing. What I changed in the diagrams is the notation of lines. Where
water is flowing I used round dotted lines and where air is flowing square dotted lines are
used. Besides that I’ve tried to clarify the A0 poster by adding text to the section and the
details.

Conclusion
Fig. 4.1
high summer sun
credits: own illustration
the sunshading system in the cavity of the double
skin façade is positioned horizontaly to block the
incoming sunlight.
Fig. 4.2
low spring/autumn sun
credits: own illustration
the sunshading system in the cavity of the double
skin façade is positioned in a angle to block the
incoming sunlight.
Fig. 4.3
no sun and winter sun
credits: own illustration
the sunshading system in the cavity of the double
skin façade is positioned in the top of the façade.
Fig. 4.4
façade ventilation in the summer
credits: own illustration
the sun heats the air in the cavity that causes the
stack effect to ventilate the double skin. Ventilation flaps are opened at the top and bottom of the
outer façade. If wanted the indoor spaces can be
ventilated through the double skin when the ventilation flaps of the inner façade are opened.
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Fig. 4.5
façade ventilation in the winter
credits: own illustration
In the winter the ventilation flaps are clased. The
air speed in the cavity is very low and the sun heats
the air in the cavity. When enough hot air is build
up in the cavity the heat from the cavity can be
extracted at the top and used in the HVAC system
to pre heat the incoming fresh air.

The big question for this design was how to maintain the transparancy of the existing façade and solve the problems that are caused due to the transparant façade. In the group
report we made this paradox the main theme of the research question.
In the Del Pino Auditorium in Madrid they solved this paradox with a fully glazed double
skin façade around the whole building. This reference project convinced me that this
could work for the Kunsthal auditorium as well.
In my design for the double skin façade I wanted to maintain the transparancy of the
façade when the sun shading system is in use. That is why I’ve designed a lamella system
with 6 deep lamella’s that fill the whole cavity of the façade. So when the sun is shining
and the lamella’s are down there are only 6 slender horizontal lines in the façade.
The term ‘adaptive systems’ is used in our research question. In my design the whole
façade has become an adaptive system in its self. The sun shading system reacts to the
position of the sun and the ventilation grills react to the temperature in- and outside the
building.

