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1. PROBLEM STATEMENT & RELEVANCE

1.1. HOUSING CRISIS

Home is one of the most essential and fundamental aspects of everyone's life. It have a physical,
cultural, phenomenological or psychological dimension (Moore, 2000). As Appleyard (1979) claims,
a home provides not only psychological comfort, but also social and the most basic physiological
needs. On the other hand, Heidegger (1971, as cited in Bonnes & Secchiaroli, 1995), while speaking
about dwelling, defines it as the most essential element of being “a human being in the world”.

Considering this aspect, the growing housing crisis taking place in the Netherlands seems to be all
the more serious. As Boelhouwer (2019) points out, providing enough houses is one of the most
significant problems in the current Dutch housing market. According to data from a report by Capital
Value (2022), the housing shortage is currently at 331,000 homes, while this number is projected
to rise to 415,000 homes by 2024. On the other hand, as the number of available apartments
decreases, there is a growing problem with their affordability. According to data provided by Statistica
(2021), house prices have been on a steady upward trend since 2013 (Figure 1.). Furthermore, as
CBS (2022) points out, house prices in the second quarter of 2022 increased by as much as 18.2%
compared to the second quarter of the previous year, placing the Netherlands in the 5th place among
the EU countries with the highest increase in housing prices.
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Figure 1. Percentage change on previous year of housing prices in the Netherlands from January 1996 to August 2021.
(CBS, 2022)

1.2. TU DELFT STUDENTS

One of the group that is most acutely affected by the consequences of housing shortage and
the decreasing affordability, are students. It is caused, inter alia, by their limited budgets and the
decreasing number of available housing on campuses, resulting from the increased interest in Dutch
universities (Savilles, 2021). One of the places facing this issue is TU Delft, which is one of the most
popular technical universities in the Netherlands. While in 2019-2020 the student housing shortage in
this place was estimated at 9%, it is expected that in 2026-2027 it will be as much as 24%. According
to dafa from the municipality’s report, by 2030 the shortage of student rooms in Delft will be between
5,260 and 6,111 units (Rijksoverheid, 2022). The average rent for a student apartment in Delft also
has an upward trend. In 2021 it was as much as 15% more than in the previous year (Savilles, 2021).
Moreover, according to the Savilles report (2021), a significant drop in the quality of student housing
conditions is observed every year as well.



1.3. CONSTRUCTION COSTS & DENSITY

The lack of sufficient and affordable housing have many reasons — starting from political, demographic,
economic or sociological variables. However, as the aim of this work is to look at this problem from
an architectural perspective, it is crucial to focus on these reasons, which are directly related to the
building environment.

According to Lawrence (2021), the most important causes of the affordable housing crisis directly
related to the building sector are a significant increase in the prices of building materials and on-
site construction works. Wallance (2021), on the other hand, draws attention to the high costs of
transporting materials and construction equipment. As a result, the total construction costs in 2022
increased by 8.8% compared to the previous year, with the greatest contribution of building materials
costs, which increased by as much as 13.8% (CBS, 2022). The reason why it is so crucial is the fact
that the costs of materials, transport and site personnel account for as much as 85% of the total costs
of traditional construction (Lawson & Ogden, 2010), which in turn, translates directly into the renting
and purchasing price.

Another significant aspect is the dwindling land available for construction, especially in urban areas.
It is particularly important in the context of the Netherlands, which has a relatively small area of land
available for new investments (Lalor, 2022) and a high proportion of 3-4-story low-density historic
dwelling (Centraal Bureau voor de Statistiek, 2022). In this situation, as emphasized by Balaji (2020),
in order to meet the growing demand for new apartments, high-density housing seems to be the most
promising option. Providing more units per acre, is not only crucial in the context of housing shortage,
but also in terms of lowering the average cost for the single unit (California Planning Roundtable and
California Department of Housing & Community Development, 2002).
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Figure 2. Number of houses by type and year class. Figure 3. On-site construction costs.
(Central Bureau voor de Statistiek, 2022) (Lawson & Ogden, 2010)

1.4. FINDING THE BALANCE

However, an attempt to increase the density of buildings and at the same time reduce construction
costs, seems to be contradictory and very often leads to the significant decline in the quality of the
living environment. In order to reduce costs and provide as many living units as possible, materials
used in the construction are low quality, workmanship is less durable, while the program of such areas
consists merely of cramped flats with minimal floor area and insufficient complementary functions
(Bashir, 2002). Residential buildings designed this way, as Bashir (2002) emphasizes, have a highly
negative impact not only on physical condition - through the use of cheap materials that are harmful
to health - but above all, the mental and social well-being of the inhabitants. The general health and
well-being is in turn the most fundamental feature, that a dwelling should provide (Molina et al., 2021).
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Notwithstanding, the decline in the quality in the case of newly built affordable dwelling is clearly
noticeable (Actieagenda Wonen, 2021).

Thus, in order to effectively and reliably approach the problem of the lack of sufficient affordable
and qualitative student housing in the context of TU Delft, it seems necessary to take such steps,
that would find a balance between the reduction of construction costs and creating high-density
housing, taking into account the functional specificity of qualitative student housing.

1.5. TIMBER MODULAR ARCHITECTURE

Modular architecture, according to Wallance (2021), has a high potential in terms of reducing costs
related to transport, on-site personnel and construction equipment. The use of modules also significantly
reduces the construction time, while at the same time provides higher quality and accuracy than in
traditional methods (Lawson & Ogden, 2010). Moreover, as Wallance continues, due to the relatively
small spans in residential construction, the use of modules appears to be a highly effective structural
solution.

In the case of dwelling, the use of timber as the main construction material seems to be particularly
promising. Timber not only has a particularly high degree of prefabrication and precision, but also the
lowest environmental impact among construction materials and positive impact on the indoor climate
(Kaufmann et al., 2018). However, in order to take full advantage of the cost-reducing potential of
modular technology, it is necessary to properly select the sufficient amount of material. This is dictated
by the aforementioned drastic increase in material prices (CBS, 2022), as well as the costs associated
with the necessity to use manufacturing machinery and factory infrastructure (Lalor, 2022). Therefore,
the most essential aspect is to carefully and optimally select the material use for a single unit, as well as
the entire building, taking info account the area and construction requirements related to the functional
program (Kaufmann et al., 2018).
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Figure 4. Modular architecture - assembling the modular unit (Jocher et al., 2018)



1.6. COMPUTATIONAL DESIGN

Thus, although modular architecture, as a technology in itself, solves the issues of on-site personnel
and transport costs, it is still necessary to find a way of reducing material use while ensuring the
greatest possible number of housing units, taking into account the qualitative functional program for
student housing. In this regard, the use of computational design could be the most relevant.

Computational design is a tool that uses the algorithmic power of computerthrough coding in
problem solving, by complex geometric calculations, limitless iterations and rationalization (Fathi et
al., 2016). Moreover, it allows for the creation of evolutionary multi-objective algorithms, enabling
the optimization of the building design based on of specific, pre-defined requirements (Zani et al.,
2017). In other words, the use of this particular technology, allows for a relatively quick generation
of solutions that meet all the conditions specified by the designer. Therefore, taking into account the
problem presented, it is possible to select such conditions that, based on timber modules, can allow
to optimize the functional layout of student housing, finding a balance between maximum living units
and minimal material use.

2. PROJECT OBJECTIVE

The overall objective of this project is to provide affordable and qualitative housing for TU Delft
students, by combining computational design and timber modular architecture.

As the work focuses on the case of TU Delft, the campus, and more specifically its main northern part,
would be selected as the design context. Enriching the program of this area with housing function
could not only contribute to solving the problem of affordable student housing, but may positively
influence the identity of the campus. As claimed by sociologists, the identity of a place is strongly
correlated with the identities of people who use the space the most often (Dymnicka, 2017; Seamon,
2012). In other words, people treat a place where they live as a part of their own identity. Therefore,
it might be a way to bring the TU Delft campus back to life and make it a true “living lab”.

Within the overall objective, the research would focus on creating a computational system based on
timber modules, that would optimize the functional layout of the student housing. The aim of this
system would be to find functional solutions for student housing that will maximize the number of
living units while minimizing material consumption. On the basis of the qualitative student dwelling
program defined at the beginning of the research, modular typologies with precise parameters -
optimal in terms of the required space and technological possibilities - will be created. Then, specific
conditions that have an impact on the maximization of living units as well as the reduction of material
will be selected and discussed. Their influence on the arrangement of the functional layout would be
determined as well. The final result of the research would be an algorithm that will generate the most
optimal functional solutions in the form of modules in terms of the number of available apartments and
material consumption in a given location.

After the research phase, two locations within the northern part of the campus will be analysed - the
space at the corner of Cornelis Drebbelweg and Leeghwaterstraat, and the parking lot at Van Den
Broekweg. Then their site conditions and design capabilities would be determined and included as
the parameters in the created algorithm. In consequence, the algorithm would serve as an analytical
design tool, examining the potential of plots by generating the most optimal solutions for affordable
and qualitative student housing in modular technology.

The generated solutions will constitute a reliable and clear starting point for an individual architectural
project for affordable and healthy student housing in one of the areas. The final result of this work
would be the design of a dwelling for TU Delft students with complementary facilities, which is
affordable and at the same time possesses features of a qualitative living environment.
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3. OVERALL DESIGN QUESTION

How can the use of computational design in combination with timber modular architecture contribute
to the creation of affordable and qualitative dwelling for students on TU Delft Campus?

4. THEMATIC RESEARCH QUESTION

How could computational system based on timber modules optimize the functional layout of student
housing, by finding the balance between the maximum living units and the minimal material use?

Sub-questions:
1. What does the functional program of student dwelling consist of?
2. What are the most optimal parameters of a timber module for student housing?

3. What conditions should the optimization system be based on?
4. How would each of the individual conditions affect the functional layout of the building?

5. THEMATIC RESEARCH METHODOLOGY

Defining a qualitative student dwelling program, including
: : S REFERENCE ANALYSIS
surface and functional requirements

Dividing the program into modular typologies. Selecting
optimal module parameters in terms of the required space and
technological possibilities of timber modular system, as well as
the method of their connection and configuration

LITERATURE REVIEW
Selecting conditions related to the maximization of housing
units and material consumption reduction
~~~~~~~~~~~~~~~ EXPERIMENTAL RESEARCH

Exammmg the influence of each of the individual conditions on [ EXPERIMENTAL RESEARCH
the functional arrangement

FUNCTIONAL LAYOUT OPTIMIZATION SYSTEM
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PLANNING
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