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Many island states, due to rising sea levels, have a problem with losing inhabitant

homes. One of those countries is Kiribati island. Nowadays, this problem is
solved by applying floating architecture, so life on the land is transferred to the
water surface. Building settlements of this type is very complex. This paper
proposes a unique concept for architectural and urban design using
computational intelligence methods and the principles of regular tessellation. It
is necessary to define the architectural program, ie. input data for the design
process based on the general and special needs of users in terms of the functional
organization of space. Each data will be represented by a module of unique
dimensions, and the connections between the data by parameters, which result in
a functional Bubble diagram of a modular floating house. By setting the
requirements for the minimal perimeter and maximum area, the most optimal
design of each of geometric shapes of regular tessellation will be chosen and
evaluated by objective and subjective parameters of the design quality to find out
which one is the most suitable for the modular floating house and then

sustainable floating settlement.

Keywords: floating architecture, regular tessellation, parametric design,
architectural optimization, Kiribati island

INTRODUCTION

Global warming is a characteristic of the modern
world. According to the Panel on Climate Change
(IPCC 2018) [1], population growth, economic activ-
ity, lifestyle, energy use, land use templates, technol-
ogy and 21st-century climate policy initiate almost all
greenhouse gas emissions and lead to catastrophic
changes in nature, which are seen and felt every day.
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According to the research of the author team Slater
etal. (2021), in the period from 1994 to 2017, 28 tril-
lion tons of ice melted, which affected the rise of the
average global sea level by 3.5 cm and this trend will
continue.

Small island developing states are particularly
vulnerable to rising sea levels due to low altitudes
(Balesh 2015). These problems of the modern world



have encouraged architects and urban planners to
reject the paradigm of building on the ground,
broaden their horizons and adopt the principle - to
start associating with water and not always consider
it an enemy. At the beginning of the 21st century, a
new typology of architecture called aquatecture de-
veloped, as architecture shaped in the aquatic envi-
ronment (Piatek 2016), so that the change of context
led to changes in the understanding of architecture.
Floating structures, as a type of aquatecture fa-
cilities (Piatek 2016), stand out due to the posses-
sion of special mooring systems, which allow free ver-
tical movement by providing synchronization with
water level fluctuations, adaptation to natural condi-
tions and thus, impose as an effective solution to sea
level rise challenges (Simovi¢ et al 2019, EI-Shihy and
Ezquiaga 2019, Endangsih 2020). The floating house
is an innovation, which is currently recommended for
housing needs (Endangsih 2020) in terms of energy
independence, sustainable development and envi-
ronmentally friendly solutions. The advantage of the
application of these facilities is the possibility of a
modular system design and construction, which is
conducive to low cost and construction time.

PARAMETRIC DESIGN THINKING MODEL
AND OPTIMIZATION FOR FLOATING
HOUSES
The modular floating house is an optimal solution
to the consequences of rising sea levels whereby,
its multiplication can result in a system of modu-
lar floating houses, ie. a sustainable floating set-
tlement. Designing a settlement of this type is not
easy, so it is necessary to find a unique concept/al-
gorithm by which this can be achieved and thus op-
timize the process of architectural and urban design
(Cubukcuoglu et al 2016, Caetano et al 2020).
Designing modular measures in architecture and
urbanism requires the application of auxiliary de-
sign modular grids. An auxiliary grid is a guaran-
tee against arbitrariness. The auxiliary grid satisfies
the spirit. An auxiliary grid is a tool, not a recipe.
Its choice and its expressive modalities are an insep-

arable part of architectural creation (Corbusier and
Claudius-Petit 1977). The geometry of the auxiliary
design modular grid can be identified with the geom-
etry of two-dimensional plane tessellation because
they are based on the multiplication of basic geo-
metric shapes without overlaps and gaps using iso-
metric operations of translation, rotation, axis and
symmetry of sliding reflection ( Chang 2018). If the
two-dimensional plane of tessellation is identified
with the water surface, tessellation polygons with
three-dimensional models of floating objects for res-
idential, public and commercial purposes, a modu-
lar floating house and a later settlement can be de-
signed, but the definition of connections between
modaules is missing. ie whether tessellation polygons
have common edges and what isometric operations
enable them, in order to create a compact whole with
maximum utilization of the water surface. These con-
nections can be materialized into parameters based
on the general and special needs of space users in
terms of the purpose of space, number and layout
and communication connectivity of functional units,
ie. defined design process program (Zawidzki and
Szklarski 2020).

The design process, which is based on algorith-
mic thinking, ie. the one that uses rules and param-
eters as constraints, is called parametric design. In
the process of parametric design, after the rules and
parameters are changed, an unlimited number of al-
ternative solutions can be generated in parallel (Ox-
man and Gu 2015). By applying parametric design
thinking, architectural optimization and generating
plans in software Rhinoceros and Grasshopper, an or-
derly formation can be created (Cubukcuoglu et al
2016), i.e. the universal concept of architectural and
urban design and iterations choose the shape with
the maximum area and minimum perimeter (Egor
et al 2020). A polygon that possesses the ability
to tessellation can obviously have infinitely different
shapes, but by imposing serious limitations on the
composition and task of classification and enumer-
ation, tessellation is reduced to something that can
be managed. Based on the parameters of evaluating
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the quality of the solution (parameter of nature and
urbanity; functional; constructions and materializa-
tion; social and psychological needs of users; finan-
cial profitability), an optimal geometric shape can be
selected and an architectural and urban design so-
lution developed. Finally, the application of mathe-
matics will avoid empty modularity.

A CASE STUDY KIRIBATI ISLAND

One of the states facing the consequences of ris-
ing sea levels is Kiribati, located in the central part
of the Pacific Ocean with the highest absolute el-
evation of the terrain currently 2 meters (Qu et al.
2020). The population of Kiribati has a problem with
territorial loss, health, infrastructure and economy,
which will ultimately result in the disappearance of
the indigenous people and state. According to The
Pacific-Australia Climate Change Science and Adap-
tation Planning Program (PACCSAP 2011-2015) [2],
the sealevel can increase to 87 cm by 2090 and about
50% of the island’s surface will be underwater, which
implies that a long-term solution to the problem in
the shortest possible time with a smaller financial
budget is necessary for the state’s survival. According
to El-Shihy and Ezquiaga (2019), Donner and Web-
ber (2014), immigration to an artificial island is im-
posed as a solution with moderate to high financial
resources, high durability, longer lifespan, moderate
to longer construction time, positive impact on the
environment and total impact of 72.5%. Therefore,
the advantages of this proposal are the retention of
coral reefs, the culture and identity of the people, and
the disadvantages cost and time of implementation,
which are the main parameters of valorization of so-
lutions in small island developing states such as Kiri-
bati. This state imposes itself as a good example of a
case study, where the problem can be solved by ap-
plying a floating architecture.

The subject of research in this paper will be
the parametric design of modular floating houses
and their system (floating settlement) with limita-
tion to the design network of regular (Platonic) tes-
sellation in order to find out which geometric shape
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of the module base (equilateral triangle, square or
hexagon) will suit to the state of Kiribati and its pop-
ulation. In this way, a universal architectural and ur-
ban solution (concept/pattern) can be offered to all
island and coastal states, which are facing the conse-
quences of climate change.

Research methodology
This research has the following methodology:

Stage 1: Architectural program as a list of input
data for research. The program in the architectural
design represents a clearly defined need and condi-
tions for a certain new architectural space. By their
nature, needs can be general and special, where the
human needs as a biological and social being are
general, and special needs represent needs for a cer-
tain type of built space.

The general needs of the population in Kiribati
are not fully met. As one of the countries with the
lowest standard of living and high birth rate, only
20% of the population has access to the sewage sys-
tem, and 64% of them do not have a bathroom in
their homes (Balesh 2015). Uncontrolled discharge of
wastewater leads to pollution of groundwater, which
is the main source of drinking water on the islands of
Kiribati.

Limited available resources and technical-
technological development have resulted in em-
phasizing the functionality and simplicity of the
shape and volume of buildings (Whincup 2010). The
foundations of the buildings are in the form of raised
rectangular platforms, while the volume is repre-
sented by large oblique planes covered with local
materials. A large percentage of residential buildings
is open-ended, ie. covered space that is accessible
from all sides. It is used only for sleeping, and other
activities are performed outdoors. Although nature
is their natural habitat, the population must be
modernized.

Agriculture is the main activity of the population.
Almost every household grows fruit and vegetables
for its needs, keeps animals, and 70% of the popu-
lation is engaged in fishing. According to The 2015



Population and housing census [3], fishing and local
crops are the primary food source of almost every
household in accordance with the standard of living.

Taking social needs into account, mwaneaba is
extremely important for the inhabitants of Kiribati,
as a place of tradition, rituals and significant social
events. Mwaneaba is the largest single cultural arti-
fact in Kiribati and its size signals community signifi-
cance (Whincup 2010).

Therefore, the functional units that must be pro-
vided by the program in the new floating settlement
are functional residential zones (basic housing unit
for a minimum of 4 people with a flexible structure
in terms of expanding household members and con-
tact with the natural environment, gardens and ani-
mal storage areas in their immediate vicinity nearby)
and functional public areas (areas for gathering the
population-mwaneaba, pools for fishing, walkways,
large areas of greenery). As a special part of the pro-
gram, the necessity of appropriate technologies in
terms of energy independence and ecological con-
struction can be singled out. Note: The floating island
must have a connection to the mainland due to other
public facilities.

Stage 2: Defining a basic floating object module
with a unique area. Dimensioning of prefabricated
buildings requires coordination of measures in or-
der to achieve simplicity, efficiency and economy of
construction, but also speed in the design process.
With the aim of realizing the above, the modular grid
of architectural and urban design is being identified.
Therefore, each of the functional zones of the basic
housing unit (modular floating house), ie. the en-
trance, auxiliary, main and open areas zones are rep-
resented by a module of unique dimensions, area and
volume. This would mean that the basic floating ob-
ject module must be of such dimensions that each
of the rooms of the corresponding zone can be ac-
commodated in its predetermined boundary size. By
studying all the rooms of functional zones on the ba-
sis of the area occupied by the furniture element, the
area for access and performance of activities, as a sin-
gle area of the basic floating object module is defined

as an area of 10 square meters. Within the modular
floating house, the following modules can be distin-
guished: entrance zone (free space), main zone (din-
ing room and living room, bedroom), auxiliary zone
(kitchen and bathroom) and open areas (animal shel-
ter, vegetable garden). It can be noticed that the
communicative zone is omitted because its area is re-
distributed to the premises of other zones and in that
way their area is increased.

Stage 3: Defining connections between func-
tional zones of a modular floating house in the
form of tessellation geometry parametersin para-
metric design software. The basic housing unit of a
four-member household [3] (modular floating house)
contains 7 basic modules: one module of the en-
trance zone (free space), 3 modules of the main zone
(two modules with a bedroom, one module with a
dining room and a living room), one module of the
auxiliary zone kitchen and bathroom) and two mod-
ules of open areas (one vegetable garden and one
animal shelter). The way of grouping the basic mod-
ules of functional zones will depend primarily on the
purpose of space, the complementarity of functions
and the tessellation grid, which will cause grouping
around the center area, corridor or surface assembly
without a clear constitutive motive. Mutual relations
of individual zones from the program, ie. modules
for residential purpose, which should be adhered to
in the process of designing a modular house, are de-
fined in the form of tessellation geometry parame-
ters in parametric design software (Rhinoceros and
Grasshopper) (see figure 1):
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Figure 1

Bubble diagram of
functional layout
for floating modular
house (Space
Syntax)



Figure 2

Regular (Platonic)
tessellation: (a)
equilateral triangle;
(b) square; (c)
hexagon

Figure 3

Triangle modular
floating house: (a)
Functional layout,
(b) Floor plan
design

Figure 4

Square modular
floating house: (a)
Functional layout,
(b) Floor plan
design
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+  the position of the auxiliary zone is of excep-
tional importance due to the application of self
sufficient technologies;

+ main zone modules must be connected to the
auxiliary zone (edge to edge);

+  the zone of open areas is connected to the en-
trance zone (edge to edge);

« modules of open areas zone, ie the vegetable
garden and the animal shelter must be next to
each other (edge to edge);

«  the vegetable garden, as a module of the open
areas zone, must not be covered;

+  the vegetable garden, as a module of the open
area zone, must be positioned next to the auxil-
iary zone module due to watering with technical
water (edge to edge);

«  the animal shelter, as a module of the open area
zone, must have a special rainwater collection
system and

+  the entrance zone module does not have to be
covered by a full structure.

Stage 4: Setting conditions / constraints: Design
with the minimum perimeter of a modular float-
ing house. Based on the scheme presented using
the Bubble diagram, it can be concluded that the aux-
iliary zone module and the vegetable garden, as a
module of open areas zone, have the most common
edges with other modules. Therefore, the position-
ing of the polygons of these modules is the initial step
in the design process. Then, the parameters can be
used to make an algorithm of the modular floating
house on the water surface for each of the geomet-
ric shapes of regular tessellation (see figure 2) and
by evaluating many combinations, an adequate way
of grouping residential modules within an auxiliary
modular grid of regular tessellation can be chosen.
On the end, the condition is set: the design with the
minimum perimeter of the modular floating house
(see figure 3-5).

Stage 5: Defining connections between func-
tional zones in the form of tessellation geometry
parameters in software for parametric design of
floating settlements. The space that unites modular



floating houses into a sustainable settlement on the
water surface is the public space. The modules that
are planned for public purpose are pools for fish farm-
ing, walkways, greenery and a space for gathering
residents- mwaneaba. The number of modular float-
ing houses is limited to 12 (about 50 inhabitants).
The large shape of the floating settlement means the
application of symmetry. Tessellation planning of a
floating settlement is facilitated by the following ge-
ometry parameters and isometric operations (see fig-
ure 6):

«  the space for gathering residents (mwaneaba)
occupies a central position (center of symmetry);

« walkways rely on the space for gathering resi-
dents (edge to edge);

«  greenery and walkways are alternately placed
(edge to edge);

«  pools for fish farming are connected to walk-
ways (edge to edge);

«  themodule of the entrance zone of the modular
floating house is connected to the walkways, as
modules of public purpose (edge to edge);

«  the animal shelter, as a module of the open area
zone of the modular floating house, must be po-
sitioned towards the open sea (there are no com-
mon edges with the modules that are planned for
public purpose);

+  atleast one module must be omitted between
individual modular floating houses and modules
for a public purpose (modular floating houses do
not have a common edge, all functional zones of a
modular floating house, except the entrance and
vegetable garden, do not have a common edge
with public modules) due to the insolation of
each of the houses and the privacy of the resi-
dents.

Stage 6: Setting conditions / constraints: Design
with the minimum perimeter of a floating settle-
ment. Based on the scheme presented using the
Bubble diagram, it can be concluded that mwaneaba
must be positioned in the center of the settlement,
and then connected to the modular floating houses
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by modules of walkways and greenery. The parame-
ters can be used to create an algorithm of settlement
on the water surface for each of the geometric shapes
of the regular tessellation and by evaluating many
combinations, an adequate way of grouping modu-
lar floating houses with the minimum perimeter and
modules of public use within an auxiliary modular
grid of regular tessellation can be chosen. On the
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Figure 5

Hexagon modular
floating house: (a)
Functional layout,
(b) Floor plan
design

Figure 6

Bubble diagram
and applied
tessellation
operations for
floating settlement



Figure 7

Triangle modular
floating settlement:
(a) 2D model, (b) 3D
model

Figure 8

Square modular
floating settlement:
(a) 2D model, (b) 3D
model
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end, the condition is set: the design with the mini-
mum perimeter of the floating settlement (see figure
7-9).

RESULTS AND DISCUSSION

Each geometric shape will be evaluated on the ba-
sis of realized parameters of urbanity and nature,
functional (purpose of space, layout and number of
functional zones, a communicational connection of
zones), construction and materialization, psycholog-
ical and social needs of space users and financial prof-
itability (see table 1).

Based on the research results, it can be con-
cluded that the triangle is unsuitable for all param-
eters, due to insufficient surface utilization.

A square is a geometric shape that is very
favourable in terms of function, constructive stabil-
ity, social and psychological needs, flexibility in de-
signing and creating ordered formations. However,
the position of the rainwater harvesting system does
not give good results, as well as the position of the
vegetable garden due to insufficient insolation of the
whole structure. The author team of Czapiewska et
al. 2013 [4] uses a pentagon and a square in the urban
design of settlements because they consider the cir-
cular formation to be the most stable structure, and
with their combination, it is possible to achieve that.

El-Shihy and Ezquiaga (2019) in their research
present two models of a floating module in the form
of hexagons and squares, emphasizing them as a
perfect combination for solving the consequences
of sea-level rise (the case of Abu-Qir) because the
square module allows linear expansion and forma-
tion of the traffic network while the hexagonal mod-
ule enables a strategy of dynamic expansion of the is-
land. In this research, however, the hexagon proved
to be a suitable geometric shape of the module, be-
cause it meets all the parameters and is a polygon
that can make the most of the area with the smallest
perimeter. The auxiliary zone with the rainwater col-
lection system has an ideal position because it is pos-
sible to collect rainwater from all roof planes evenly.
Another advantage of the hexagon is the possibility
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of dynamic organic (bio-inspired shape) expansion of
the floating house and settlement in case of expan-
sion of families and households. Lister and Muk-Pavic
(2015) offered a hexagonal community of six trian-
gular modules to solve the Kiribati problem and pre-
sented an artificial island by its tessellation.

We can conclude that the hexagon with an area
of 10 square meters on the side of the 2 m polygons is
suitable for the geometric shape of the Kiribati float-
ing house module. By multiplying this shape an or-
dered formation is formed, ie. a floating settlement
with the smallest perimeter and the largest area. This
data is extremely important for the population of Kiri-
bati because the perimeter of the modular house
multiplied by the height of the building gives the
area of the module panel, which is, financially, the
most profitable here due to the smaller area. The re-
search team Donner and Webber (2014) in their study
points out that the construction of an artificial island
is a solution to the problem of Kiribati and its popula-

o8
L, r'jP MODULAR HOUSE
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Table 1

Evaluation design
matrix for
equilateral triangle,
square and
hexagon modular
floating
house/settlement

Figure 9

Hexagon modular
floating settlement:
(a) 2D model, (b) 3D
model



Figure 10
Concept design

Figure 11
Architectural
visualization
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tion, where the speed of implementation and finan-
cial profitability are cited as defects. This study elim-
inates these defects by applying a modular hexago-
nal design and expands the understanding of previ-
ous studies. This solution is also suitable in terms of
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the mobility of the floating house because the hexag-
onal floating settlement can have a combination of
houses both when the weather is favourable or un-
favourable. All this is made possible by the applica-
tion of parametric design so that it can be used in the
education of students and other architects for the de-
sign of floating houses and settlements on the water.

At the end of the research, the elaboration of the
concept and visualization can be further developed
(Figure 10,11).

FUTURE RESEARCH

Parametric design is a good tool for forming settle-
ments with different types of houses so that the fi-
nal design would be less symmetrical. This paper
presents one type of modular floating house for a
family of 4 members because according to statisti-
cal data [1] it is the minimum number of members
of one household in the state of Kiribati. Future re-
search would focus on the development of floating
houses for several household members and a study
to check the suitability of the same geometric shape
due to the larger number of different floating houses
in the settlement.

CONCLUSION

Floating architecture is the architecture of the mod-
ern age. With its potential, it can help solve global
problems such as the consequences of rising sea lev-
els with which the island and coastal states are fac-
ing. Defining the parameters, as a connection be-
tween the necessary functional zones, will facilitate
and speed up the design process. By applying the
hexagon module, isometric operations of the tessel-
lation procedure and parametric design, a modular
house can be designed, and after that, a floating set-
tlement as well. This concept can serve as a universal
architectural and urban solution.
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