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ABSTRACT

In the last decade, the percentage of the Hungarian population that live in cities has risen to 69.5% — a
percentage which is increasing. This trend will cause housing problems that should be solved in an
eco-friendly and economically efficient way. In Hungary, there are options to transform the existing
building stock built in the last century, but these solutions have their limits. Alternatives have to be
found for designing new residential buildings. The aim of this research is to create a design concept
that addresses all aspects of sustainability. The paper presents the structural system derived from
a complex sustainability analysis that is at the core of the developed concept. The structural system
and the functionality of a building in its current state have certain lifespans. Finding the balance between
these lifespans is key to achieving higher sustainability. The social trends and the technological
development can modify the needs for a certain building functionality, and, therefore the building will
have to be adapted. The possibilities of buildings adaptation were examined through typical Hungarian
house types. The study revealed the limitations caused by fixed structural systems and emphasized
the importance of structural flexibility. Through examining the existing building stock, a proposal
was developed for future housing solutions in Hungary. To ensure the affordability of the system, a
prefabricated and a modular system was selected. The resulting concept of an apartment building with
high adaptability for an urban setting are discussed. Both new and traditional structural systems were
taken into consideration in finding a balance between the functional and structural lifespan. With these
building concepts, a possible solution is provided to the upcoming demographic changes, while keeping
our ecological footprint small.
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1 INTRODUCTION
According to urbanization trends, we construct, demolish, and develop. The depletion of
natural resources and the intensification of global environmental and economic issues makes
the sustainability aspects much harder to ignore in architecture. Therefore, sustainable
buildings require the development of complex concepts that account for the combined
economic, environmental, and social needs and effects. The theoretical design concepts can
be transposed into practice through the selection of the adequate space delimiters. Thus, the
concept can be materialized by the architectural structure.

2 CONCEPT DESCRIPTION

In this research, in order to develop the sustainability-driven concepts, general sustainability
models and Venn diagrams were analysed in which the three subsystems — economy,
environment, and society — appear as overlapping sets [1], [2]. The intersection of these sets
represents the sustainable domain. The expectations towards buildings and artificial spaces,
and the effects of the construction processes, were analysed according to this model set
breakdown and consequently, the impacting factors were determined.

The three phases of the buildings’ lifecycle — construction, service, and demolition — were
analysed from economic and environmental point of views. The construction and demolition
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phases are fundamentally determined by the adoption of the structural system and the
construction technology which determine various materials, labour, and waste management
costs. From an environmental point of view, the use of materials can be determined similarly,
based on the various energy needs, waste, and pollutant emissions. During the service phase,
providing for the user’s comfort level and maintenance drive the main costs and
environmental impact factors.

The costs per time unit associated with the service phase are generally low, thus a longer
service lifetime will typically lead to a more economical solution. This can occur when
the building is able to fulfil the user needs emanated from the societal set, such as the
functionality, comfort, and aesthetics [3]. Based on the above, from a sustainability point of
view, the building service lifetime is of basic importance. Thus, in the design process, based
on the complex concept, the functional and aesthetical requirements are determined and
paired with a structural solution [4]. Both elements have their own lifespan. For all buildings,
the identification of the relationships between the functional and structural lifespans is
an important task.

The requirements and needs with respect to various building functionalities are changing
differently over the time. Certain functionalities, due to their traditional nature, stay
unchanged for centuries (sacred spaces) while other are following the technological advances
and societal changes (workplace spaces, certain living functions). Changing needs, to some
degree, will occur for all types of buildings, however, depending on the functionality, it could
be at a different rate.

As a result of the technical advances, one of the most dynamically varying requirement
systems is in the residential construction. Consider a residential house or apartment building
built 150 years ago and one designed today. Each of them met the needs of the corresponding
era, however, within a few decades, in order to accommodate the changing trends,
modifications became necessary. As a result, generally, the question asked is: design a new
building or modify the existing?

The quickly formulated answer is “modify the existing”, which is not surprising, since
this is the more favourable solution from both economic and ecological points of view, and
it uses the existing building structure in the already built-in lot. Although this is true anyway
in the short-term, if considering the lifetime of the building and taking into account the
structural implications as well, it could be found that the structural system could greatly
impact the total cost of the modifications as well as the environment [5]. Therefore, it is
necessary to analyse the possibility of modifying the existing building, as well as the
long-term option of newly constructed buildings.

3 EXISTING RESIDENTIAL BUILDINGS
Current efforts aiming to renovate existing buildings in Hungary are focused on the standard
houses that were built shortly after WWII such as mass-produced buildings that are uniform
and were built based on similar principles and structural solutions. Therefore, a universally
applicable renovation plan has to be prepared to modify them that suits characteristics
of the buildings.

Prefabricated, so-called “panel” buildings, were built using industrial technology, making
up about 20% of the apartments in an urban setting in Hungary today. Therefore, their
transformation and modernization could be a viable housing solution for the coming decades.
The standardized building of the rural areas must also be mentioned, which are the so-called
“cubes”, that have a roughly square floor plan and a hipped roof, and were built from the
early 1960’s until as late as the 1980s, see Fig. 1. Both of these building types, in their time,
were considered modern and easy to build, although with different methods (factory

WIT Transactions on Ecology and the Environment, Vol 238, © 2019 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



The Sustainable City X111 595

manufacturing or local cooperation) with locally available expertise [6]. In the initial period,
both panel houses and cube houses received positive feedback, as they quickly and easily
solved housing problems. In addition to that, panel houses could provide a level of comfort
to the people living in them that was not available earlier [8].
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Figure 1:  (a) Hungarian “cube” rural building; and (b) “panel” urban buildings. (Source:
Roters [6] and VATI [7].)

3.1 “Panel” urban buildings

Although their structural lifespan expectation exceeds 100 years, the “panel” buildings
became functionally obsolete within 30 years. Thus, they have to be modified in order to
fulfil the new functional demands.

In Hungary, the adopted basic module size for the “panel” apartment buildings are 90 cm.
Accordingly, the transverse structural dimensions were 2.7 m or 3.6 m, while the length, was
typically 5.4 m. The small transverse size significantly limited the quality of the achievable
spaces. The narrow-span solid-wall system provides only for a limited number of variations,
and therefore can only partially adapt to various needs. There are two methods to modify
“panel” apartments: by technical upgrade and interior design leading to a higher comfort
level, or by layout configuration modifications leading to topological changes. The second,
due to structural engineering reasons, is not always possible, although it would be the only
way to provide for addressing the new functionality needs [9].

For topological changes, the modification of reinforced concrete structural elements is
required, which require structural engineering and architectural solutions. In certain cases,
by fully or partially relocating partition walls, the spaces and their ratios could be changed to
some extent. The limitations are mainly due to intermediate structural members, water and
sewer utilities, and various cut-outs, see Fig. 2. The fixed structural elements within the inner
space significantly reduce the modifiability of the building.
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LAYOUT OF A "PANEL" URBAN BUILDING TYPE TM-531 (1930}
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Figure 2: Layout of a “panel” urban building.

3.2 “Cube” rural buildings

In the case of the rural standardized “cube” houses, the structural modifications were more
feasible and the existing floor sizes are better suited to accommodate the changing needs.
Usually, the comfort level is improved with minimal structural modification, by separating
the private and public spaces. This allows for closer connection to outside spaces such as
gardens or yards. The materials used to create the new partitions are typical to light-frame
construction and advantageous due to their construction speed, light loads, and future
adaptability leading to less waste, see Fig. 3.

ORICINAL LAYOUT MODIFIED LAYOUT

@ existing solid strucutres
() new construction ightweight frame walls

@ demolished structures

Figure 3: Reorganization of a “cube” rural building.
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4 NEW CONSTRUCTION RESIDENTIAL BUILDINGS
There is a genuine demand for new, innovative houses, simultaneously to the rebuilding of
the existing buildings. It is often heard that a newly built building should satisfy current
demands in every respect. Do “current demands” really exist, and what actually are these?
Probably, the most time-resistant solution can be the one in which the rebuilding is simple.
Thus, concepts for flexible buildings should be created [10].

In the environment, there are numerous factors that work in the same way for everyone,
such as temperature, humidity, audio and light effects, etc. Newly designed residential
buildings should fully satisfy these requirements [11]. Based on individual life situations and
different personalities, people can have significantly different individual requirements for
housing. Therefore, flexible and variable functional layouts should be created, and the
structure of the building must incorporate various layouts, which results in multiple fagade
configurations [12]. Ideally, it should also allow for renovations in the future.

Maximizing the comfort level of the residents is a basic element of the concept. The
closeness of the natural environment and the intensive relationship with it is indispensable
toward provide healthy living conditions. Besides allowing the visual and physical
connection, natural lighting and natural ventilation must also be an integral element of the
concept. Based on these considerations and after analysing several contemporary buildings
[13] the concept of a seven-story modular apartment building, which fits well in a general
urban setting, was developed.

The capital cost of prefabricated buildings is higher than the cost of conventional solutions
[14]. However, cost management and changes within the Hungarian construction industry
could change this in the future. Shortage of workforce is more and more typical in the
construction industry in Hungary. The time required to construct buildings with wet
technologies is substantial, thus it is worth examining the possibilities that alternative, dry
technologies could offer from this aspect as well. With careful planning and preparation,
buildings using such technologies could represent an economical solution.

Other researchers propose models for quantitative measurements of the waste production
in prefabricated and conventional scenarios [15]. The aim of this research, however, is to
optimize the above factors and processes in order to minimize the ecological footprint of the
planned building.

4.1 Module definition

The building’s system consists of two zones: one for community use, at the lower levels, and
the other, at the higher levels, for residential use. The pillar of the concept is the modularity
and the adoption of the basic module elements, since the modifiability and customization
flexibility are functions of these (see Fig. 4).

According to the main function of the building, the module units are determined by the
residential zone [16]. In a building designed with a modular concept, the basic module size
is critical from the functionality and structural point of views. The most significant problem
with the modular prefabricated products is the monotony and uniformity. In this case, this
can be eliminated with an adequate module size (30 cm x 30 cm) that allows for a high
number of variations.

4.2 Material selection

The selection of the construction materials followed the principles described above and it is
illustrated in Fig. 5.
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@ variable partition walls

Figure 4: Flexibility of the living area — layout versions.
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Figure 5: The composite structural system.
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4.2.1 Timber

The impact of the timber, a natural construction material, on the comfort perception is
different than that of an artificial material. It is generally considered to have a positive impact
as it creates a warm and cosy atmosphere. Ecologically and energetically the timber
construction material is also considered advantageous. Based on economic and
environmental considerations, cross-laminated timber (CLT) was proposed for the structural
walls of the building [17], which delimit the living spaces on three sides.

4.2.2 Concrete

The use of the reinforced concrete was minimized due to its environmental impact. Other
than in the parking and community zone at the lower levels, concrete was only used as part
of the timber-concrete composite floor system [18]. Such a floor system uses the timber and
the concrete materials in the most efficient way.

4.2.3 Steel

Energetic and ecologic considerations started driving architectural solutions more strongly in
the second half of the 20th century. Steel became regarded, for multiple reasons, more and
more disadvantageous, however its recycling potential cannot be disregarded. In addition, its
ability to span large spaces with reasonable member sizes and to connect or disconnect
members also makes it the most suitable for a modular application. For the fagade, the use
of steel enables a flexible configuration/reconfiguration of the balconies over the lifespan
of the building.

5 CONCLUSION

Sustainable design concepts were developed for existing and new residential buildings in
Hungary. While the functionality of the buildings determines the dimensions of the spaces
and the requirements, the selection of the materials and structural system will determine the
properties of the building for their entire lifespan. An ideal structural system is in accord with
its functionality and takes into account the local conditions through the environmental,
psychological, and societal comfort factors. If all of these are met, the cost of construction,
demolition, and service could be reduced, as well as the environmental impact. With these
passive solutions, the degree of comfort could be increased while leading to high-quality
aesthetics. From economic, environmental and societal points of view the material and
structural system selection is decisive and is therefore one of the key pillars of the
sustainability-driven architectural concept.
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