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ABSTRACT 
 
Current trends in building industry show that container architecture emerged as one of the simple yet practical 
alternatives to fulfil the people’s needs for instant housing, comfortable workplace or even for recreational facilities.  
This is due to the numerous benefits that have been associated with this type of architecture, which offers large useable 
area within small building footprint and it can be provided with low construction cost at shorter time, but with huge 
structural strength. In fact, the container also has advantages in terms of modularity and transportability, which make it 
as a popular type of building used for retreat residence, cabin resort or site office. Despite these benefits, the tendencies 
of the building consultants or end users to design it with a very weather-tight of solid steel envelop and minimal size of 
openings for security and safety reasons in some ways have affected the quality of vistas towards or outwards the 
container, its indoor environmental quality and occupants’ health and comfort on the whole. Therefore, a series of 
literature surveys have been conducted to investigate the potentials and constraints of implementing this building 
container as one of the contemporary architectural styles, particularly in the distressing atmosphere of the hot-humid 
tropics. These potentials and constraints are discussed in this paper based on several main aspects that encompasses its 
structural strength, modularity and transportability, cost and construction technique, and its compatibility with the local 
climate condition. 

  
Keywords: Cabin building, container architecture, green building, indoor environmental quality, thermal comfort.  
 
INTRODUCTION 
 
Due to the advantages of having the simplicity of construction and ideal strength to withstand extreme weather 
conditions, container building has always been considered as one of the most appropriate type of architecture to fulfill 
people’s need for emergency shelter and transportable workplace. However since the last decade, the container building 
is no longer just associated with the temporary buildings, but it has emerged as one of the preferred architectural types 
for various kinds of building including residential and dwellings, public buildings, and other types of non-permanent 
structures like prototypes, mobile dwelling or portable units [1]. This is resulted from the risen awareness among the 
environment-related researchers, building professionals, developers, builders and end-users that the advantages of the 
container architecture should not only be limited to its prefabrication or modular characteristics, but should also be 
associated with its other strength in terms of durability, availability, transportability and low cost factors. In fact, 
various studies recognized its huge potential and benefit in prompting sustainable construction technique by the 
recycling of used ISO shipping containers [2, 3]. 
 
These advantages have prompted many building designers to construct various unique and outstanding examples of 
container architecture worldwide, including those which have become landmark for certain places like Container City I 
and II built in 2001 & 2002 as artist studios and dwellings in London, The Cubes as temporary house built in 2002 in 
Scotland and Keetwonen Student Housing which was built in 2006 from 1000 units of reused containers in Amsterdam, 
which all of these places are located in the humid temperate climate [1, 4]. In hot temperate climate, some famous 
examples are two-storey Redondo Beach House which was built in 2006 in Southern California, US and Container of 
Hope built in 2011 in San Jose, Costa Rica, while Chalet Du Chemin Brochu in Quebec, Canada and Nackros Villa in 
Sweden are the innovative container buildings that have been constructed in the cold climate region [1]. Moreover, 
several empirical studies have been conducted to investigate the suitability and effectiveness of the container 
architecture in these types of climates. This includes the study by Kaveh and Mahdevi [5] which compared the building 
performance between ordinary and container classrooms in Austria, and Silva [6] who investigated the potential of 
using Intermodal Steel Building Unit (ISBU) as low-income housing unit in Puerto Rico. On the other hand, Bernardo 
et al. [7] studied about the feasibility of the building container in terms of structural strength while Giriunas et al. [8] 
investigated the structural limitations of the shipping containers by using finite element computer modelling in their 
effort to develop structural guidelines for ISO containers used for non-shipping applications. In New Zealand, Olivares 
[9] conducted a comparative life cycle analysis of the container architecture used for residential structures in 
comparison with other traditional timber and concrete buildings.  
 
Although the container building is widely accepted by the people and has been considered as a practical building type 
for those climates, its implementation in the hot humid tropics is still not widely spread and not well recepted by the 
locals. Several negative perceptions are associated with its suitability and acceptability to be adopted in tropical 
climates like the uncertainties on the availability of the container sources that can influence the cost of construction, the 
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compatibility of its construction technique with the knowledge and skills of the local builders and its effectiveness in 
ensuring comfortable indoor environment in the distressing atmosphere of the hot-humid tropics. Therefore, this paper 
discusses the potential and constraints of implementing the container architecture in this type of climate, covering the 
aspects of its advantages and disadvantages in terms of strength, durability and life span; modularity and 
transportability; availability, cost and construction technique; and its practicality as sustainable building that suits the 
local climate conditions. 

 
Types and physical features of containers 
 
Since the first modern container was introduced by Malcolm McLean in 1956 to replace the ‘break bulk system’ and 58 
units of such type containers were sailed by his ‘Ideal-X’, the first container vessel from the Port of Newark to Houston, 
the container box and system has experienced some changes and development in terms of standard size and functions 
[10, 11]. However, this intermodal freight container has not changed much since then in terms of physical features and 
types, which generally can be classified into 6 main kinds i.e. end!opening, side!opening, open!topped, collapsible, 
‘hangertaivers’, ‘flatracks’ and air conditioned!refrigerated ‘reefers’ [10].  
 
In 1970 which is about 15 years after its invention, the modern shipping containers finally have been officially 
standardized by the introduction of the International Standards Organization (ISO) which the most common sizes used 
since then are 20’, 40’, 20’ High Cube (HC) and 40’ HC and 45’ HC [12, 13, 14]. To date, these standards are still 
applicable worldwide which the exact dimensions and load capacities of some of common types ISO Containers are 
shown in Table 1.  

 
Table 1: Size and Dimensions of Common Types ISO Container (Steel Dry Container) 

 

Model 
Length (m) Width (m) Height (m) 

Volume 
(m3) 

Empty 
Weight 

(kg) 

Max 
gross 
mass 
(kg) 

Net load 
(kg) In-

ternal 
Ex-

ternal 
In-

ternal 
Ex-

ternal 
In-

ternal 
Ex-

ternal 

20’ 5.898 6.058 2.352 2.438 2.385 2.591 33.1 2400 30480 28080 

40’ 12.032 12.192 2.352 2.438 2.385 2.591 67.5 4000 30480 26480 

40’ HC 12.032 12.192 2.352 2.438 2.698 2.896 76.2 4200 30480 26280 

45’ HC 13.556 13.716 2.352 2.438 2.698 2.896 86.1 4800 30480 25680 
(Source: Based on the fact from Evergreen Marine Corp. [15]) 
 
Based on the Table 1, it is clear that although the 40’ ISO Container is relatively light compared to the combination of 2 
units of 20’ ISO Containers, but its strength is found to be weaker and more fragile compared to the latter. This fact 
plus the cheaper cost of the 20’ ISO Container might be the reason why the 20’ container is always be the preferred 
choice for constructing building, although it is not the cheaper item in terms of cost of per square meter of floor area 
[9]. Regarding the ideal height, most of the researchers and industry players recommended that the container with 8’9” 
height (1’ higher than normal container height) or commonly known as high cube (HC) is more suitable to be used for 
building since the space between the ceiling and the roof could be used for hiding the duct work, plumbing and 
electrics, while at the same time can provide minimum clear ceiling height of 2.40m, which complies with most of the 
worldwide national building by-law regulations [7]. 
 
Basically, the ISO container is made of ‘COR-ten’ steel which is corrosion resistant steel, with the 2mm thickness of 
corrugated steel panel walls and roof [14, 16], supported by four steel corner posts and I-beams structure for flooring 
that is covered with a plywood [17]. For the refrigerated containers, the steel walls are replaced with the Fiberglass 
Reinforced Panels (FRP). Typically, the opening with double leaf door of the ISO Container is located in one of the 
smaller faces, as can be seen in Fig. 1. 
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Fig. 1: Typical Shipping Container Exploded View. Source: [18] 
 
In construction industry, there are many examples of the contemporary buildings worldwide which are constructed from 
the refurbishment of the used ISO Shipping Container, or also known as cargo container or Conex Box [14]. Apart from 
the re-used of shipping container, there is a specific type of container which is solely built for building construction and 
storage, called Intermodal Steel Building Unit (ISBU) or GreenCube [14, 19]. Although this new and purpose-made 
building container is not intended for shipping, but the ISBU is still comply with the standard platform of the ISO 
Containers, but with some fabrications to suit typical spaces for human habitation [14, 20]. For this purpose, the 
building container is usually modified to be combined with other units with partial removal of sidewall panels or 
combined with other structures like open-plan steel frame. For this type of container, certain values of insulation layers 
are usually installed outside or inside of the sidewalls for the purposes of indoor comfort, acoustic and fire protection. 

 
Potential and constraints of container architecture in the tropics 
 
After more than 6 decades of its development, the modern container has evolved from its primary function for shipping 
goods, to storage products, and now as one type of the human habitation. Although there are quite a number of written 
documents which discussed about its evolution and development [1, 9], but there is no strong evidence which clearly 
shows who is the first person who have recycled the typical intermodal freight container into livable structure, or the 
first one who introduced the concept of container architecture [9]. However, this uncertainty cannot restraint its 
popularity to be one of the favorite architectural types nowadays, with various examples of containers buildings are 
built worldwide based on the design by some renowned architects like the portable Nomadic Museum by Shigeru Ban 
in 2005, ‘MySpacePod’ by Will Alsop in 2008 and Caterpillar House by Sebastián Irarrazaval in 2012 [21, 22].  
 
Like other architectural types, the container building also has some advantages and disadvantages which determine its 
potential and constraints to be used in particular areas. Based on the previous studies and its recent development, the 
strength and weaknesses of the container architecture and its influence on the potential of its implementation in the hot-
humid tropics are discussed based on these specific factors: 
 
i) Strength, Durability and Life Span 

 
In terms of strength and durability, it is reported that the standard ISO container can withstand up to 6 units of fully 
loaded 24-tons stacked containers [23]. This advantage makes it possible to be used for constructing multi-storey 
building with low maintenance costs [24]. In tropical countries, the iconic buildings like Container Home which used 6 
stacked 40’ recycled containers in Bukit Tinggi, Pahang, Malaysia and The Contertainer which consists of polyclinic 
and library in East Java, Indonesia are some examples of the multi-storey bungalows and public buildings which are 
built from the containers, as can be seen in Fig. 2. 
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Fig. 2: Multi-storey Container Buildings in Hot-Humid Tropics; Left) Container Home in Bukit Tinggi, 
Malaysia, and Right) The Contertainer, East Java, Indonesia [Source: 25, 26] 

 
However, although it is considered as a physically strength structure, but it has a constraint in term of freedom of 
design, when previous reports recommended that in order to maintain its strength and to avoid torsion due to wind 
loads, the vertically stacked containers should be placed along the same axis which in some ways has limited the 
innovation and creativity in building design [27]. The studies also showed that the container architecture will lost its 
inherent strength when its sidewalls need to be cut in order to be combined with other units of containers to fulfil 
specific needs of internal spaces [24]. In fact, it also has some weaknesses in terms of life span when a number of 
reports revealed that it can stand for only 15 to 50 years, which is only half of the conventional buildings [9, 28]. 
Another consideration that should be taken into consideration when converting the ISO Container to the habitable 
building is the fact that in time, the flat roof of the container which is supposed to be water tight will get beaten in [29], 
which the effect could be worsen in hot humid region where the rainfall is frequent. 

 
ii) Modularity and Transportability 

 
One of the major disadvantages that always be associated with the container building is about its uncompromising 
aesthetic resulted from the steel-box looking feature which is look more like a product that maximize the function rather 
than a building [1, 20]. This low aesthetical value and uninteresting appearance of this 8-sided rigid box is more 
obvious when it stands alone. However, if some units of the container are combined, arranged and creatively composed 
as a whole building, it has huge potential to be a unique and outstanding architectural feature [1, 19, 30]. In tropical 
areas, some buildings like Bamboo Grove in Costa Rica and Container Hotel in Kuala Lumpur, Malaysia are the 
examples of how the modular characteristic has been positively employed by some architects. In fact, due to this 
modular characteristic, the container building is relatively easier and faster to be assembled and dismantled compared to 
the conventional buildings to fulfil the instance needs of the particular areas [13, 27]. In addition, it also has advantage 
in terms of expandability, which it is not only can cater for specific need of the users and but also can allow high 
density solution for particular community who are in dire need for dwelling [24]. 
 
Concerning transportability, various literatures clearly showed that one of the major advantages of container building is 
it can easily be moved or transported from one site to other site in shorter time. This is resulted from the main intention 
or objective of the invention of container itself, which is to ease and faster the movement of goods from one destination 
to other destination by making it compatible with various modes of transport systems [11, 31]. Due to this advantage, 
the container building has always been used as site office, emergency housing or even as a mobile clinic [32, 33]. In 
US, its military has employed this transportability advantage of container since 1970’s when it was used as soldier 
dwelling in Vietnam, and in 1991, the US military has used it as a transportable cell to transport Iraqi prisoners during 
the Gulf War, with the hole is made to container for the ventilation purpose [14, 19]. In hot-humid tropics, the use of 
container building is quite frequent in disasters areas, where it is usually used as NGO site offices or emergency shelters 
for landslide, typhoon and flood victims. However, although the container building has advantages in terms of 
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modularity, transportability and can practically be used in extreme environmental conditions prone areas [34], but 
various reports showed that its suitability to be used in one particular area is also depends on the topography of the site, 
where the sloping site is found to be not very suitable to place the container building [9].  
 
iii) Availability, Cost & Construction Technique 

 
Many studies showed that due to the imbalance trade, there is abundance of used containers left in the major ports 
around the world, especially in the importing countries. This is because it is not economical to send the empty container 
back to the origin countries since the cost of the new container, especially in Asia is relatively cheap compared to the 
transportation cost of shipping it back [11]. Therefore, the availability of the ISO container in the importing countries 
like US and Europe is highly available. This ISO Container has not only reduced almost 97% of the transportation cost 
compared to the ‘break bulk’ or general cargo system [9], but also can potentially offer relatively low construction cost 
due to the recycling of the used material if it is recycled to a habitable structure, as compared to conventional building 
[35]. 
 
The relatively low building cost is also due to the simplicity of its construction, the mass production and its shorter 
construction period which in turn could result in reducing the building cost on the whole [9]. However, in the hot-humid 
region, the availability of the used ISO Container is quite uncertain and the cheap cost is unguaranteed, since many of 
the countries in this region are the third world and exporting countries where huge portion of the world products are 
manufactured there due to the cheap land and labour cost. In fact, numerous studies showed that the construction 
technique of the container is not as simple as perceived, because it needs a lot of skilled workers for welding and steel 
work, requires special machinery and also employs unconventional method like using a crane to place, assemble or lift 
the containers [24]. This could be a constraint for some countries like developing nations in the hot-humid region where 
such construction method and techniques are not a common skill among the contractors and builders who are 
comfortable with the conventional construction method and intensive labour force. This new techniques in some ways 
will increase the construction cost of the building container on the whole. Moreover, extensive refurbishment with the 
installation of the insulation layers, finishes, fittings and services are needed to ensure the comfortable indoor 
environment of the building containers in the hot humid tropics, and these modifications will surely need relatively high 
cost of modification as compared to the container building in other climates. 
 
iv) Sustainable Building & Indoor Comfort 

 
A plethora of projects have shown the potential and suitability of the container to be a practical and outstanding 
architectural feature, especially in the temperate and cold climate regions. This architectural type is widely accepted by 
the end-users in those regions and often regarded as one of the sustainable or green architectural alternatives that can 
provide low carbon footprint building due to the recycling of used ISO Containers [20]. This recycling approach is not 
only has reduced the numbers of steel container waste in their major ports [36], but also has been considered as a 
significant strategy to reduce embodied energy for construction materials [37]. However, recent studies showed that the 
advantage of container architecture in terms of reducing embodied energy, especially by the recycling of used ISO 
Shipping Container is uncertain since major refurbishments which require energy like the replacing of floor, 
sandblasting of the structure and the cutting of steel for openings are needed before one used-container can be 
comfortably lived by human [27]. In fact, by comparing it with traditional timber and concrete buildings in New 
Zealand, Olivares [9] revealed that the usage of the ISO shipping containers in buildings consumed higher energy (per 
square metre) and released more carbon dioxide (CO2) into the atmosphere (per square metre) as compared to both 
traditional buildings. 
 
Moreover, although the container architecture is highly accepted in the western countries, some studies showed that its 
effectiveness in terms of providing comfortable indoor environment in the hot-humid tropics is not very convincing due 
to its compatibility with the local climate conditions. Be it the ISO Container or purpose-made building container unit, 
both types of container in their standard form are mainly made of steel, which factually has a high heat conductivity and 
prone to condensation due to high moisture content if it is not sufficiently insulated [24]. This means that in the hot and 
humid conditions of the tropics which governed by the high humidity level of more than 70% in average and hot 
outdoor air temperature which easily can exceed 32°C during daytime [38, 39, 40], major modification works are 
needed to ensure thermally comfortable indoor environment of such type of architecture. For this purpose, it should be 
refurbished not only by installing appropriate layers of insulation for controlling thermal, acoustic and fire protection, 
but also by equipping it with suitable vapor barriers, internal fittings and finishes that suits the local climate [41]. 
Moreover, some steel cutting and welding works are also needed to provide sufficient openings for cross ventilation, 
especially if the container building are intentionally built for the low income group in the tropics who usually do not 
resort to air-conditioning for cooling, but only depends on natural ventilation with the assistance of mechanical fan to 
reduce the cost of living. Alternatively, Al-Obaidi et al. [42, 43] revealed that using reflective surface with hybrid 
turbine ventilator for roof without insulation constructed from aluminum sheets in hot and humid region helped to 
reduce the attic air temperature as well as the load of heat gain at the indoor environment. Therefore, this indication can 
give a good example to improve the using of natural ventilation in the container buildings in the region of hot and 
humid tropics. 
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CONCLUSION 
 
Literature surveys have showed that the container building has huge potential to be one of the major architectural types 
that can offer durable, practical, cheaper and comfortable living space in shorter construction period, particularly in 
temperate and cold climate regions. However in the hot-humid tropics, its implementation is still not widely spread due 
to the several uncertainties regarding the availability of the ISO container sources that can affect the capital cost, its 
specific construction technique which is quite unfamiliar with the common skills of the local builders, and its physical 
features which is not only very compatible with the hot and humid conditions of the region. However, these constraints 
that limit its potential to become one of the preferred architectural alternatives in the tropics could be outweighed by its 
advantages in terms of modularity, transportability and durability, provided that appropriate installation and 
modifications are made to the container building to ensure its comfortable indoor environment, especially for those who 
are in dire need for habitable space.  
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