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ABSTRACT

Vertical housings have been developed to solve housing quality degradation due to rapid urbanization. These
housings are often lack of privacy and comfort, since the lay-out mostly consists of one open plan space with
limited area. This paper presents a lightweight and multi-purpose partition to improve the living quality in
vertical housings. The lightweight characteristic is intended to minimize structural loads, while the multi-purpose
property allows the partition to be transformed into some furniture for spatial efficiency. A literature review and
material surveys were performed prior to material selection and the design process. Then, physical model
experiments were carried out to simulate the installation process and the transformation process of the partition
modules into some furniture. Result show that the partition’s weight is only 11-36.7% of the common partition
wall, and when installed, the transformable property enables an adaptable space which can be adjusted to the
occupants’ different conditions.

Keywords: adaptable space; do it yourself; lightweight material; modular construction; transformable partition.

INTRODUCTION

Rapid urbanization and concentration of economic activities in big cities have caused degradation of housing
quality. As an essential need, dwelling is important to house human activities, as protection from l'Il'ill
environment and climate, and to self-actualize and gain respect from others (Julistiono, 2011). However, rapid
development of public and commercial buildings has caused not only the scarcity of land fcnlousings, but also a
significant increase of land and house prices. Meanwhile, globalization and urbanization has encouraged more
and more people to work and live in the city with the hope to improve their economy and living quality.
Currently, 56% of the world’s population lives in urban area, but this percentage will rise to 60% and 80% in
2030 and 3050 respectively (Al-Khodmany, 2018). Thus, for most middle and low-income people, housing has
become a major problem. Some stay in low-quality houses, or even informal houses in slum area, causes
unhealthy environments with poor quality and unsustelinle houses among the city’s neighbourhoods. While the
rest live in sub-urban area, since it is more affordable, with the consequence of having to commute to the city
centre every day and being burdened with transportation cost.

To ensure a healthy living environment in big cities, there has been massive development of vertical
housings. Vertical housings in many scales have become solution for housing problems in big cities. In Hong
Kong for example, the land scarcity is so crucial that mid and low-income flats with very small area units can be
seen everywhere. In India, the government has implemented an affordable houses program with low-cost
modular housing units to solve the increasing number of homeless people (Husain & Shariq, 2018). In Indonesia,
one million houses program has become one important focus of infrastructure development since 2015, as stated
by President Joko Widodo.

Over the last 5 years, Indonesian Government has developed hundreds of low-income vertical housings
(called ‘rumah susun’) in big cities in Indonesia. Ministry of Public Work and Public Housing has targeted the
development of 550,000 housing units between 2014 and 2019. Up to 2017, 31 488 housing units has been
fulfilled through development of 456 vertical housings. This number is estimated to increase into 52,000 housing
units in 2019 (Simorangkir, 2018), which means that the target is still far away to be achieved. Most
developments are in Java Island, with 30 % developments in Jakarta. Aside from maintaining existing vertical
housings, the Provincial Government of Jakarta has planned to build 7 new vertical housings and revitalize 3
existing vertical housings in 2019 to facilitate 6043 housing units for low-income communities (Tambun, 2019).




Similarly, Surabaya Government has developed 18 vertical housings since 2016 for low-income communities
(Putra, 2016).

To minimize the house price, most vertical housing units have very limited area and hence they lack comfort.
In Indonesia, there are various types of vertical housings; ‘rusunami’ (low-income housing units that belong to
the occupants), ‘rusunawa’ (low-income housing units which are rented by the occupants), and subsidized
apartments. Although having different names, these housing units have similar characteristics, they have very
limited area to minimize the unit price. The government’s standard sizes for low-income units are ranging from
18m? to 36m?, whereas for middle-income apartments, the units” area is ranging from 45m? to 54m’ (Adisurya,
2016). According to the standard of Department of Public Works, the minimum area required for each person is
7m?. Hence, 18m? unit is sufficient for a family consisting of 2 people, but it is inadequate for a family of four.
Reality shows that a large variety of the numbers of occupants has been founded in most low-income vertical
housings. Thus, the typical unit may not be adequate for some families. Besides having very limited area, these
units usually comprise only one open plan space to accommodate various activities. For example, the lay-out of
18m? housing units frequently consists of an open plan space (3m x 4.5m), a bathroom (1.5m % 1.5m), and a
balcony (1.5m x 1.5m) (Figure 1). Hence. the 3m x 4.5m space should be used for sleeping, eating, studying,
and working all in that one space, and thus the space is lack of privacy and comfort. A separate bedroom is only
possible if the unit area is more than 24m?>.
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Figure 1. Typical lay-out for vertical housing with 18 m? housing units.

Moreover, replacing landed houses with vertical housings may not be satisfactory for some low-income
families. Traditionally, people get used to live in landed houses. Implementing vertical housing concept will
require a change of the living habit. With vertical housing, the land will become a social belonging. Some
families will live far away from the land, and thus lose a chance to interact with natural environment (landed
garden). Furthermore, since in a vertical housing, all units have a typical lay-out, these units may not be suitable
for different conditions of the occupants. Some families may consist of a couple, but others may consist of four
members, some may have young-aged children, while others may have teenagers.

Considering that the aim of building vertical housings is to improve the living quality of middle and low-
income community, it is important to design the vertical housings to ensure better living quality for the
occupants. The limited area of the units as well as the typical open plan layout applied may produce new
problems. Therefore, to ensure a satisfactory living quality, 1deally a vertical housing unit (even with a typical
lay-out) can be customized to accommodate different conditions of the occupants. Moreover, it should be able to
ensure the occupants’ privacy, health, and comfort.

Additionally, a sustainable house should be design with the capability to respond to the changing needs of its
occupants. This means that the house lay-out can be adapted to the developing needs of its occupants.
Throughout years, the condition of the occupants may change. A couple can have a child, or children, the
children will grow and thus an extra room may be needed. Oppositely, a grown-up son/daughter may get married
and decides to live separately. A sustainable house should have certain adaptability and flexibility to prolong the
building lifespan (Julistiono, 2011).

The objective of the research presented in this paper is to design a lightweight and multi-purpose partition to
improve the living quality in vertical housings. The lightweight property is intended to minimize the structural
loads, since originally most housing units are designed with open plan lay-out without considering additional
structural loads of partition walls. Furthermore, a lightweight partition enables customized lay-out since it is easy
to be constructed or dismantled by the occupants themselves and hence supports ‘do it yourself” technology.
Meanwhile, multi-purpose characteristic means that the partition can be transformed into some furniture to
increase space efficiency in a limited area of each housing unit. Therefore, by proposing a lightweight and multi-




purpose partition, it is expected that an adaptable space in each vertical housing unit can be achieved, and thus
although with typical and limited area, these units can function efficiently and satisfy the occupants’ needs.

RESEARCH METHODOLOGY

The research was started by setting the research background, research problem and objective, as well as the
research methodology. The research problem is to design a lightweight partition which can be transformed into
some furniture to accommodate various activities in limited area of vertical housing units. The objective is to
improve the living quality in limited area of typical vertical housing units, as well as to allow customized lay-out
of the units to accommodate distinct conditions of the occupants.

Before the design process, criteria of the designed partition was defined:

e The sheet material is used to allow the partition to behave as a modular construction.

. The partition module produced should be lightweight enough, so that it can be assembled by the occupants
themselves, without additional support from professionals.

. The material used is neat in appearance and thus the partition is aesthetic enough to be used without
finishing process.

. Although lightweight, each partition module should be sturdy enough, to be function as furniture as well as
interior partition.

. The partition modules can be assembled into a partition with a dimension of 3m wide by 3m high, to suit an
18m? vertical housing unit (low-income units’ smallest area).

After the criteria set, the research was begun with literature review and site surveys, to obtain information
regarding similar research found and to find possible materials used. From site surveys, alternative materials
were chosen, and then the best possible material was decided. Then, design process was performed to design the
partition modules, as well as the best possible construction to assemble the modules with ‘do it yourself®
technology.

Once the material has been chosen, the design drawing was created. Then, the physical models were
produced to model each designed module and the assembling process. Two phases of modelling were included in
the research; physical model with 1:10 scale and real physical model with 1:1 scale. The 1:10 model is intended
to examine the transformation process of each module into the furniture, as well as the assembling process of the
modules into a partition. While the 1:1 model is required to test the design resulted in terms of its strength,
functional practicality, and lightweight characteristic.

LIGHTWEIGHT WALL MATERIALS AND TRANSFORMABLE FURNITURE

Recently, modular construction and lightweight partition have been developed as solutions for economical and
sustainable housings. By utilizing modem prefabrication methods, modular consBcli()n can be built in a very
limited time, and thus it is work and cost efficient with superior quality (Ferdous et al., 2019; Generalova et al.,
2016; Jin et al., 2018). Furthermore, a modular construction enables an adaptability in the house lay-out through
the implementation of a knock down andfor incremental construction. In here, a lightweight partition is
beneficial to minimize the structural loads and to produce an easy to assembled/ dismantled construction.
Installing a lightweight partition in a vertical housing unit will allow the occupants themselves to participate in
the construction process or in the space adaptation process when it is needed.

Lightweight Wall Materials

Following the trend of modular prefabricated houses as a low-cost housing solution, recent research has focused
on improving the performance of existing partition walls in term of their weight or finding alternative
lightweight materials.

1. Lightweight concrete

Lightweight concrete has become popular and replaced the use of concrete and bricks for house construction.
The benefits include reducing structural loads, improving thermal performance and durability (Bremner, 2008).
Lightweight concrete panels and blocks in various brands (Table 1) have been used widely to produce a
lightweight construction.

Research has been found on finding alternative materials for lightweight concrete wall, such as using straw
waste to replace aggregate in concrete mix (Widayanto et al., 2011) and bamboo reinforced concrete wall
(Himasree eral., 2017).




Table 1. Lightweight wall panels from various brands.

HERI Grand Elephant Wallplus
Density 790 kg/m’ 650 kg/m’ 700 kg/m’
Wall panel thickness 75-15¢em 75-20 cm 5-12c¢cm
Wall panel width 60 cm 60 cm 61 em
Wall panel length 24-33m 4-6m 2.44m

2. Partition board

Partition board have been widely used for indoor partition walls. The advantage is reducing structural loads since

these sheet materials are lighter compared to lightweight concrete.

. Gypsum board, known as drywall or plasterboard, is made of gypsum wrapped in between two sheets of
paper. It is widely used for interior partition and ceiling. The advantages are easy installation, fire
resistance, sound isolation, durability, economy, and lightweight. It is available in 9mm, 12Zmm, and 15mm
thicknesses.

. Kalsi board is made of a mixture of silica sand, cement, and cellulose fibre. It has a strength as cement and
flexibility as plywood. It is available in 3-20 mm thicknesses. The benefits are its strength but elastic
characteristic (can be bended at certain degree) and durability, as well as non-toxic property and
recyclability.

3. Ecowall

Following the rising awareness of sustainable design, many studies have focused on finding alternative wall
materials which are environmental friendly, consume low energy and low resources to produce, or recycled
materials. An example of eco wall is POLLI-Brick, which is an innovative material, made of recycled
Polyethylene Terephthalate Polymer, founded by Miniwiz. From mere recycled bottles, Miniwiz created a 3D
honeycomb interlocking structure which is translucent, naturally insulated, and durable (Figure 2), used in nine
storeys high EcoARK Pavilion (Wang, 2017).
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Figure 2. POLLI-Brick Wall at EcoARK Pavilion, Taiwan (Wang, 2017).

Since recent research has focussed on finding lightweight wall alternatives (Mateus et al., 2013; Novaisetal.,
2019), lightweight wall/partition in various sizes and materials have been widely offered by industries. However,
most have no adaptability or multi-purpose property, and the installation required specific skills. In this research,
it is intended that the designed partition has multi-purpose characteristic and can be installed by the occupants
themselves.

Transformable Furniture

The limited area of indoor spaces has encouraged development of transformable furniture, which is a type of
furniture that can be transformed into different functions. The objective is to accommodate distinct activities
with multi-purpose and space-saving furniture. For example is a sofa and shelf (Hays & Mason, 2018) or a
working desk (Rogers, 2016) which can be transformed into a comfortable bed as a great solution for a space
that functions as a living room/study room as well as a bedroom (Figure 3).
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Figure 3. Examples of transformable furniture (Hays and Mason, 2018; Rogers, 2016).

The benefit of transformable furniture in saving the space has given inspiration to implement the
transformable partition concept in the design process, so that the designed partition is not only lightweight, but
also multi-functional.

DESIGN PROCESS
Material Survey

The design process was preceded by surveys to various building material suppliers to find possible lightweight
sheet material to be used. Below are some possible materials considered.

1. Bamboo laminated board

It is made of layers of bamboo strips, glued and pressed together, to produce a thin sheet material with
approximately 1 cm thickness. Bamboo laminated (Figure 4a) is commonly available in the form of short board,
with 25-33c¢m wide and 55c¢cm long. The weight of one sheet board is 2.3kg. Although natural bamboo is still
more popular and widely used as building materials, for exterior and interior components respectively, the use of
bamboo laminated has increased, for furniture products as well as floor, wall, and finishing materials.

2. Air-conditioner insulation sheet

During the site survey, this material is founded as an alternative due to its lightweight but sturdy characteristics.
It is an AC insulation or AC ducting material, comprises aluminium sheet and foam materials (Figure 4b). This
material is an excellent insulation, it is very lightweight and durable. The dimension of each sheet is 2cm in
thickness, 120cm wide, and 4m long. The weight is approximately 1.48kg/m’.

3. PVCsheet

It is widely used for doors, windows, and furniture. The benefit of this Poly Vinyl Chloride (PVC) sheet is its
lightweight and easy to handle properties (Figure 4c). It is strong, waterproof, and resistant towards termite,
corrosion, and fire. It is available in dimension of 1.22m x 2.44m and 3-20 mm thickness range. The weight of
each 2cm sheet is 1.4kg.

Figure 4. Bamboo laminated board (a), AC insulation sheet (b), and PVC board (c),
and their example applications.




Design and Drawings

From three above materials which were surveyed and observed, PVC sheet was chosen, due to its lightweight
character, neat and aesthetic appearance (even without finishing), as well as the material availability and its
practicability as partition and furniture materials.

Considering the common dimension of low-cost housing units, a Im x Im module was chosen for each
designed partition module, so that the modules can be assembled into 3m high partition wall with various width
according to the width of the housing unit. In the design process, the partition is assumed to be 3m wide and 3m
high, consisting of 9 partition modules. To achieve a multi-purpose function, 4 modules were designed.
including a plain partition module and 3 transformable modules (Figure 5) for 3 distinct activities in the house:

. Transformable module 1 is a partition module which can be transformed into a desk, to accommodate
studying or working activities for the children or parents.

. Transformable module 2 is a module that can be converted into a shelf, hence it is useful to keep some
books, toys, drinks or food.

. Transformable module 3 is a module which can be transformed into a cupboard to store clothes or other
belongings.

With the 4 designed modules, various arrangements of partition can be produced. Figure 6 shows an example of

3m x 3m customized partition produced by 4 designed modules.

Transformable
Module 1

a partition module
transforms into
a desk

Transformable
Module 2

a partition module
transforms into
a shelf

Transformable
Module 3

a partition module
transforms into
a cupboard

double action
hinge

Figure 5. Three designed transformable partition modules.

Considering that PVC sheet cannot be screwed, the sheet was layered with sheets of multiplex. For the plain
module, the laminated sheets of multiplex and PVC sheet were attached to both sides of the square wood frame
to produce the module. The tongue and groove joints were designed and implemented in the construction, to
allow the modules to be assembled such as a jigsaw puzzle. To install the partition, first the base beam and the




timber post should be located in the proper position. Then, 3 modules can be assembled from the bottom into the
top with tongue and groove joints. After that, another timber post is attached to secure the construction, and then
3 other modules can be assembled, following with another timber post attachment. Joints between the modules
are shown in Detail A, B, and C (Figure 7). A specific hinge, called double-action hinge was designed for the
transformable module 3, in which the cupboard doors should be able to be opened or closed neatly (Figure 7d).

Figure 7. Detail A (a), B (b), C(c) show the joints between modules, and the double action hinge for transformable
module 3 (d).

Physical Model Experiments
After design and drawings were completed, the physical model experiments were performed.

1. 1:10 Physical model

This was produced to actualize the 4 designed modules, as well as to simulate the assembling process of the 9
modules into a complete 3m * 3m partition wall (Figure 8).

Figure 8 1:10 scale Physical Model in flat partition (left) and multi-purpose (right) modes.




2. 1:1 Physical model

A physical model with a scale of 1:1 was created to examine the actual construction of the modules (Figure 9).
Due to limited research budget, the model was constructed with 2m x 3m wall dimension, consisting of 3 plain
modules, and 3 transformable modules. This model is useful to simulate the real transformation process from a
flat partition mode into a multi-purpose mode (when each module functions as furniture), to observe the
practicality of the conversion process, as well as the construction details and the weight of the designed modules.

Figure 9. 1:1 scale Physical Model.

RESULTS AND DISCUSSION

After 1:1 scale physical model was completed, the 4 modules were weighed, to examine the lightweight
characteristic of the designed partition. Result shows that the plain module’s weight is 27.5kg, while the weight
of each transformable module is approximately 38kg. To examine the lightness of the partition, the weight of the
modules was compared with the weight of the partition walls constructed with several common materials. In here,
the plain module was the one to be compared since the common partition wall can not be converted into furniture
such as the 3 designed transformable modules.

Table 2 Weight comparison of different wall materials.

Designed . Hebel lightweight
;gll: i:lft; plain module (IB;(:?: L:f::l]lq concrete panel (10cm Gran((: (I)Ecl;pr]::\ir;;];anel
) (10cm thick) thick)
Weight of
Imx 1Im 275 kg 250 kg 108 kg T5kg
module/wall

Table 2 shows that the plain PVC module is very lightweight, compared to the wall partition with the same
dimension, constructed using common wall materials. The weight of the plain module is 27.5kg, which is only
11% of the brick wall, 25.4% of Hebel lightweight concrete panel, and 36.7% of the Grand Elephant panel.

The transformation process of each transformable module has been simulated through 1:1 scale physical
model to ensure its practicality. The tongue and groove joints between modules allow the 4 modules to be
assembled into a wall partition with various configuration, according to the house occupants’ distinct conditions,
producing a customized, multi-purpose, and adjustable partition.

CONCLUSION

From this research, it can be concluded that using PVC partition to replace the common wall partition is very

beneficial in reducing the construction weight.

e  The plain module is proven to be very lightweight, as shown at Table 2, that for each Im x 1m plain
module, the weight is only 11-36.7% of the common wall partition.




o The average weight of 3 designed transformable modules is 38kg, which is only 15-50% of the common
wall partition.

This lightweight characteristic will ensure the possibility of the designed partition to be constructed and

dismantled by the occupants themselves with ‘do it your self” concept.

The multi purpose characteristic of the transformable modules is beneficial in increasing the space efficiency
in very limited space. Hence, through the installation of this designed partition, a customized lay-out can be
achieved even with a typical vertical housing unit. Consequently, it will not only humanise the vertical housing
to function more comfortably, but also give a chance for the occupants to organize their own unique interior
spaces.

It is realized that to improve the quality and functionality of the assembled partition, this research needs to be
continued further in the future. Several areas to explore further include finding alternative frame material for the
partition modules to minimize the weight further, observing the panel durability over time and the practicality of
conversion process to test and evaluate the multi-purpose characteristic of the modules, and testing the accoustic
quality of the partition produced.
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