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Over the last decades the western world has shown
rapid urban densiﬁcation.iIn this western world
several cities have to cope with Poor living
conditions and gentrification due to deferred
maintenance and a hasty need for more housing. The
scope of this research will mainly focus on Dutch
cities. Additional housing is needed to meet the
housing demand and improvements to existing ones
are required to comply with the Paris Agreement,
or the National Energy and Climate Plan (NECP),
which proposes a reduction of greenhouse gas
emissions by at least 80% by 2050 and a reduction
The latter is

especially important for this research, because

of approximately 90% in buildings.2

to cope with the NECP the existing housing stock
has to be transformed, which includes the stock
owned by housing corporations. The social housing
stock, largely owned by housing associations,
shows two solutions for this problem: demolition or
renovation. Thereby, demolitionwill result in more
raw materials leading to higher emission values.
But to further agree with the NECP, destruction
will yield more raw materials and thus higher
emissions values. These social housing also has
to cope with the climate plan, which embraces the
ambition to achieve CO2 neutrality of its housing
by 2050. Most solutions that currently exist focus
on the relatively easy part of the housing stock:
row houses. This can partly be explained by the
large share of terraced houses in the Netherlands
and the fact that these houses are relatively easy

9 But that leaves a

to renovate one after the other.
huge gap in the rest of the existing building stock.
For example, the enormous number of walk-up inner/
post war apartments. The walk-up building type is
divided into four main typologies. The variations
within these four typologies are small, but within
each transformation a new approach and configuration

is chosen, even within its own typology.3

Elaboration of the four different typologies;

e The interwar brickwork walk-up apartments, with
vertical lines, and a closed staircase. Mostly
situated around Amsterdam

e The interwar brickwork walk-up apartments where
the front door is situated directly on the street
in open air.

e The postwar mixed construction methods mostly
produced by small and middle contractors, traditional
brickwork loadbearing walls and facades combined
with prefabricated construction components for
foundation piles and beams, floors, and stairs.

e The postwar dry assemblage of prefabricated
construction components walk-up apartments, which
many people recognize as real postwar architecture

with a rational or industrial character.

However, there is much demolition of post-war homes,
change is needed to revive existing buildings, as
demolition contradicts with the government’s ambition
to be energy neutral for the entire social housing
stock by 2050. Because in terms of construction, they
offer decent - good basic values for apartments.
Renovation of walk-up apartments is different from
terraced houses because it is not always possible
with occupied living in the existing flats.

The main goal with renovation projects is to achieve
better energy emissions, living conditions and solve
the housing problem. These buildings being renovated
slowly, one by one, for the demand of today. Future
improvements and demands are not incorporated. The
skin of the building needs a replacement every 30-
50 years, and this building part even has a ‘longer
lifespan’ than, for example, installations or floor
plans.4 This revitalization and reconfiguration now
cost a lot of material, time and money, because a
new transformation is needed every 5@Qyears where
a new renovation approach is chosen. A modular
approach could prove to be more (cost)effective if
the old walk-up apartments were transformed to meet
contemporary requirements, but already prepared
for easy, modular future transformations. With
the aim to achieve immediate and more reasonable
transformations in the future with lower cost, more

customization and lower emissions.
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The goal of this research is to design a
modular fagade system that not only ensures
the renovation of tomorrow, but also the
renovation of the future, by adopting a more
modular approach, using computational design
and prefabrication. The entire renovation
process could be simplified and accelerated,
while improving the customization of the
different building blocks. Adigital tool that
takes into account; materials, customization
and easily interchangeable parts would
ultimately make renovation easier and more
affordable. Primarily, by making it more
affordable, amarket is created to incorporate
in the social housing stock. A general approach
for all four different typologies included in
a digital application would be considered.
This provides a generative solution for all
different typologies and locations. The aim
is to collect multiple lists of existing
renovation techniques and differentiate which
typologies of walkable apartments are most
suitable for this modular retrofit approach.
Presumably, one typology of a walk—-up apartment
is chosen for the final design. Because the
customization via the software can be used
for all different typologies, one typology
is selected for the final design. The final
proposal will mainly focus on prefabrication
and modularity. Modularity would add more
options for customization, adaptability and
extensions.

This research generates a tool for the
explanation and evaluation of design
problems. This tool will help to provide
insight into the different aspects of the
project and the different struggles with the
existing building stock. This tool is not
yet as determined as the rest of the project,
but will be collected through the project.
Grasshopper is currently under consideration,
which is a digital plug-in within Rhinoceros
3d that can handle parametric solutions. BIM
(building information model) can also be
considered as inside of these applications
is strictly kept how much materials there are
used. Possibly a combination of parametric and
BIM will be provided as final tool. This tool
is necessary to arrive at the final design,
as there are variations within the building
stock of walkable apartment buildings.
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Overall design question

How can the renovation process of walk-up
apartment buildings be improved by means of
modular facades generated by computational
design?

Thematic Research Question

To clarify the design question, the question
is divided into 3 different topics. Where
the topics will be divided into different
sub—questions which will be answered through
existing projects and literature. First of
all, a literature study is conducted into
the different typologies and renovation
techniques that already exist in the building
industry. Second, a literature study within
modular parts and how they connect to the
existing walk-up apartments is conducted.
Finally, research in the more generic building
block is explored through computational
design, where this will be mainly studied
through literature and case studies.

The 3 different topics of the thematic research
question consist of 2 questions, the combined
answers should form a final answer to the overall
design question.

Typologies and renovation of walk-up
apartments

e Which different typologies for walk-up
apartments from inter/post-war are constructed
and usable for this type of retrofit?

e What renovation techniques are there for
walkable apartments?

Modularity and modular fagade systems in
the building environment

e Which modular systems can be used for
renovation of walk-up apartments?

e How are modular fagade systems connected to
existing buildings?

Computational design implementations in
the building environment

e Are there existing computational projects
with retrofitting of existing buildings?

e How can computational design help by a
generative renovation design for walk-up
apartments?

After answering, a digital tool and a final
design for renovated walk-up apartment will
be presented through these thematic research
questions. Using this digital tool, multiple
generative solutions are created. The digital
design of the walk-up apartments is more
generative and the modular facade parts are
more specific for different buildings and
locations. This gives the potential to tackle
other building typologies in the same manner,
as the approach would aim to be more circular
and efficient.



METHODOLOGIES
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The general approach of the research is desk
research, looking into existing projects and
literature. This would end up in several
topics about renovation, modularity, walk-up
apartments, computational design and building
systems.

The main research about walk-up apartments
will be done by means of a literature study,
where mainly quantitative data is obtained.
To find out which walk-up apartments are
suitable for this type of renovation.
Several characteristics must be taken into
account. The usability will mainly focus
construction method,
possibility of extending/reinforcing the
facade, adaptability, similarities and the

on: current use,

possibility of mass production of facade
elements.

The modular study will have a list of possible
solutions and the most suitable one for this
problem. The research will consist solely of
literature search. The modular approach would
be done using the Modular Facade retrofit with
Renewable energy (MFRRn) technologies. The
MFRRn refers to the retrofit process where
thermal insulation, solar and wind harvesting
technologies are integrated with the building
exterior finish using a modular approach.5
The MFRRn must meet four basic aspects: work
that needs to be done on existing buildings,
work to be done on the facade, use of a
modular approach and integration of renewable
energy technologies during renovation. The
modular approach is cited for its shorter
production time and its adaptability and
customization.6 This mass customization can
accommodate the different retrofit needs of
professional landlords and private owners,
increase affordability, and synergizes with
circular design principles such as improving
product quality, product and (sub)component
standardization, and offering (update)
choices to users.7 This choice of users is
problematic because the housing association
determines which apartments are adapted and
how this is done. Making more modular parts

could help both parties due to financial income
or better living conditions. Modularity makes
it possible to spread the retrofit investment
over multiple retrofit cycles.

This approach would be applied through
computationally modulated buildings
implementing the four different typologies and
minor differentiation between the buildings.
Therefore, the different MFRRn would be
matched through the ease of computational
calculations. In the future, this would help
to implement this systemon a large variety of
buildings and speed up the renovation process
of walk-up apartments.

For the computational part, knowledge is gained
about existing initiatives and solutions.
Possibly evolve on these existing structures.
The question ‘How can computational design
help by a generative renovation design for
walk-up apartments?’ mainly focuses on various
advantages and losses of the computational
design approach.

Finally, design research is carried out to
combine the different elements into a final
design project. This research will combine
the literature with the design of various
modular components for a general approach
for walk-up apartments. A design approach is
presented that forms the basis for the modular
renovation of walkable apartments.
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retrofit strategies
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Towards modular,
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Rapid urban densification and poor living
conditions and gentrification occur in more than
15 Dutch cities. The housing shortage and the
objectives for the National Energy and Climate
Plan (NECP) are a current problem. Therefore,
different solutions can be implemented. With
the aim of being CO2 neutral by 2050, solutions
for renovation of the existing housing stock
are provisional. Housing associations are
mainly focused on contracts and money and not
on housing conditions or renovation costs.
A system that reimburses the initial costs
is therefore an initiative that may allow
housing associations to invest in a modular
renovation. The current industry is still
focused on demolishing the existing post-war
buildings, but they offer great potential.
It would be a waste of all the emissions and
potential already present in the carcass and
compartments of the existing homes.

The solution would be a generic problem
statement if you could implement the outcome
on different buildings, but the design aspects
within the modularity side could be more
specific.
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