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INTRODUCTION

“…the concept/perception of modular construction is cheap, 
temporary and lightweight…  with our product, there has 
been a deliberate policy of over-design.  It needs to feel like 
a building.  You can’t tell that it is a modular building….” 
Colin Harding (co-founder of Verbus)

The use of shipping containers as building units has been widely 
reported, including 2008 ACSA Proceedings [35]. The re-use of 
existing containers in buildings solves simultaneously the environ-
mental issues of steel container waste and reduced embodied en-
ergy for construction materials.  

An alternative approach for container buildings is to use new, pur-
pose-made manufactured units.   These units are based on the ISO 
standard container platform but fabricated to better suit typical 
room sizes.  While not waste-saving in the same way as buildings 
made from re-used units, the units are self-contained, with simple 
robust connections, that are easy to disassemble.

Buro Happold consulting engineers have led the design of freight 
container buildings in Europe, starting with Container City in 2001 
by Urban Space Management, followed by the Travelodge & Pre-
mier Inn hotels from 2003 – 2009 with Verbus, the Nomadic Mu-
seum in 2005 by Shigeru Ban, the pan-European Hotel product in 
2006 by KKA Architects, ‘MySpacePod’ by Will Alsop in 2008, and 
more recently, the temporary event hotel product for ‘SnoozeBox’ 
in 2011 - 2012.

This paper is written in three parts; using case studies it charts 
some key architectural, technical and product development is-
sues of containerized buildings.  Part I - Container Architecture, 
describes the history of freight transport, leading to the large-scale 
availability of redundant containers, the social and economic fac-
tors for containerized buildings. Part II - Container Technology, de-
scribes standard unit configurations and the European technical 
certification and code requirements for steel modular units. Part 
III - Product Design and Parametric Digital Architecture, discusses 
issues of prototyping, standardization, customization and platform 
design.  It also looks at recent models for scalable building designs 
that optimize geometric components, quantities, cost data and car-
bon footprint.

PART I –  CONTAINER ARCHITECTURE

Intermodal Freight Transport

The shipping and railway industries used “intermodal” container 
boxes to transport furniture from France to England as early as the 
1890’s, over 50 years before the modern intermodal container with 
its characteristic twist locks emerged in 1956. [21]. 

The container is the central product of an automated system used 
to deliver goods anywhere in the world with minimal costs and com-
plications.  Such is the imbalance of trade between producers and 
consumers that it is less expensive to abandon containers at the 
point of delivery rather than transport them back empty.  Added to 
this have been global fluctuations in world trade and shifting prefer-
ences in sizes of containers for shipping [21], which has resulted 
in a surplus  of steel units in many ports. The Dry Freight container 
is the most common, and in 2005 it was estimated that there were 
at least 125,000 units in the UK and 700,000 empty units in US 
ports alone [23] [19].

Container Buildings

Architects have observed that stacked units in ports look like neigh-
borhoods and provide a type of ready-made construction system [19].   
Redundant reclaimed containers, also called ‘deadheads’ [4], have 
been adapted and assembled with other more conventional building 
elements to create low cost, low carbon footprint buildings.  Although 
there is no shortage of containers for re-use, their take-up for con-
struction has been relatively small. With the units’ external appear-
ance left exposed they present an uncompromising aesthetic: a kind 
of ‘cosmopolitan building block’ [19], and the standard dimensions of 
a container, determined by shipping and transport requirements, do 
not immediately suit habitation use. This has led to some novel ap-
plications and configurations of units [19]. Fortunately the standard 
container has a robustness and rigidity that suits modification.

Social and Economic Factors for Containerized Buildings

Kotnik describes the cultural development of the container building 
as  ‘bottom-up’ [19]; containers were first used as shacks and shelters 
in low economy countries before they became popular with architects.
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Containers have been successfully deployed in areas prone to ex-
treme environmental conditions [23] and used as emergency shel-
ters and medical centers such for post-hurricane housing [6] [11].

Container buildings are cheaper than most modular building sys-
tems, which in Europe can be anything from 5 to 20% more costly 
[24] than traditional on-site construction.  Modular buildings bring 
other commercial benefits to a project such as program savings, 
more predictable quality, and reduced snagging, but other factors 
may come into play in the choice of modular units, such as issues 
of access, and local availability of skilled labor.  

Case Study 1 – Uxbridge Travelodge

The Uxbridge Travelodge is an eight storey hotel building com-
pleted in 2006. The site was located adjacent to a 24-hour bus 
terminus.  All site deliveries including the container modules 
had to be delivered across the main access road, and at no time 
could a bus be delayed by more than 10 minutes during site 
deliveries.  Due to its layout, the building required additional 
steel framing and some non-standard units. The building took 
16 months to complete.  It was clad in traditional brickwork.

 
Large hotel operators who are ‘repeat-order’ clients [9] [30] may 
be looking for a module supplier who can bring long-term value, 
maintain a consistent output, and develop strong commercial rela-
tionships with their framework contractors.

Some permanent building types: student accommodation and bud-
get hotels have a shorter life-cycle than commercial and residential 
buildings.  Contributing factors include unplanned urban expan-
sion, extreme climate events, and transitory worker populations.  
This has led to some clients taking a greater interest in building 
adaptation and the possibility for demountablilty and relocation; 
qualities offered by containers.

Case Study 2 – Tempo Housing.

The largest container development in the world is 1000 re-
used units for a student housing development at Keetwonen, 
near Amsterdam, Denmark, which was fully completed in 2006. 
(www.tempohousing.com 2010).  The housing is temporary and 
designed to be dismantled. The extended lease ends in 2016.  
Tempo housing have also built other residences including a re-
locatable five storey worker housing development in Holland, 
due for relocation in 2013.

 
These buildings have a financial profile more similar to 
manufactured products.  The buildings are ‘semi-permanent’ and 
the characteristics of a commodity, a measured depreciation and 
a quantifiable end-use value.   Due to the projected rise in energy 
costs, re-used is likely to become a more significant factor in the 
future choice of building systems.

PART II – CONTAINER TECHNOLOGY 

Intermodal Steel Building Units (ISBU’s)

Intermodal Steel Building Units or “ISBU’s” are re-used containers 
converted for building use.   Units are commonly 8ft (2.4m) wide and 
20 or 40 ft (6.1 or 12.2 m) long.  There are also ‘High Cube’ that 
are 48 to 53 ft (14.8 to 16.3 m) long.  These types of modules are 
used in low-rise construction, and modified to suit normal room sizes 
by joining units together, with partial removal of side panels.  Unit 
arrangements are sometimes combined with other structures such as 
open-plan steel frames.  

Case Study 3 - Container City, Urban Space Management

Contractor Urban Space Management developed the residential 
and office building ‘Container City’, in 2001 (www.containercity.
com 2010) the first major UK project to re-use containers, and 
it was completed in just five months.  The containers  are left 
exposed with a ‘Lego’-like aesthetic [4]. The success of the first 
container city project led to a further floor of units being added 
to the original building and another separate building being add-
ed on the same site in 2002 [35]. Urban Space Management 
followed this project with a college building and a sports hall in 
collaboration with Architects Scabal [4].

 
The alternative form of container buildings constructed using pur-
pose-made units are closed-cell, factory finished, volumetric units, 
varying from 8 to 14 ft (2.4 to 4.3 m) in width and 20 to 53 ft (6.1 
to 16.3m) in length.  They are stacked to form multi-storey struc-
tures. As with other volumetric construction systems they have the 
advantage of being built and fitted out under factory conditions, but 
made with the universal ISO components.

Case Study 4 – Verbus System

The Verbus System, a collaboration between contractors George & 
Harding and Buro Happold, have built seven Travelodge and Pre-
mier Inn hotels in the UK between 2003 and 2009.  The commer-
cially manufactured modular building units are made and fitted-
out at the CIMC factory in Guangdon Province, China.

These oversized units with bolted and corner connections, are 
shipped to Europe on a standard container ship and transported 
to site on standard container transport vehicles.  The units are 
fabricated in batches of around 75 to 150 units and take one week 
to fabricate and two further weeks to fit-out.  The CIMC factory at 
Shenzen is normally fabricate up to 2000 units per week. 

The requirement for non-standard containers has been intermit-
tent, typically every 6 months. The module production line benefits 
from being part of mature and much larger manufacturing plant.
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This has meant it can more easily  respond to the stop-start de-
mand for container buildings.

The hotel buildings are two to eight stories high with floor areas 
varying between 25,000 ft2 and 74,000 ft2. Despite the distances 
involved, the overall production cost of shipping container units 
is comparable to traditional construction.  This is due to the low 
cost of materials and labor in East Asia and the very low cost of 
container transport. 

  
Where the container is enclosed in external cladding, insulation 
is placed outside the container. Further insulation may be used 
inside the container for acoustic isolation and fire protection. The 
container is a warm frame and its watertight steel shell can be used 
as the vapor barrier.

Technical Performance & Detailing

Compared to most building systems, container architecture is very 
recent [21] [19]. The design and detailing of new construction sys-
tems often emerges from existing building typologies [14], and con-
tainerized construction shares some of its detailing with existing 
systems, and some of its detailing is completely original. 

For prefabricated units to be certified in Europe: ‘CE marked’, the 
performance characteristics are described in the Guidelines for Eu-
ropean Technical Approval [15].

Among the ‘Essential Requirements’ in ETAG 023 there are at least 
four key characteristics for containers: ER1 - Mechanical resistance 
and stability, ER2 - Safety in case of fire, ER5 - Protection against 
noise, and ER6 - Energy economy & heat retention [15].

ER 1 - Mechanical resistance and stability

The requirements are for safe transmission of vertical and horizontal 
loads, and prevention of collapse.  In containerized construction, ver-
tical load is transferred directly through the corner columns, which 
are restrained laterally against buckling by the steel infill panels. 
Horizontal loads are transferred through the sidewalls of the contain-
ers for buildings up to 11 stories or for higher buildings through a 
combination of braced steel cores and the container walls. Like many 
cellular buildings, containerized buildings use frames to transfer sup-
port loads from the modules to more open plan areas. In the event of 
collapse of the module or its support, containers are linked horizon-
tally, so that the weight of the units can be carried by adjacent units.  
This is similar to the way that other volumetric building systems work.

ER 2 - Safety in case of fire

Fire resistance, the statutory time that a structure that although 
weakened, still remains stable after a fire has taken hold, is defined 
through code requirements An alternative method is achieved by 

calculating a temperature-time response of materials with an ac-
tual fire load using a thermal model. The complex interaction of 
material strengths, stiffness and load paths can be evaluated by 
design calculation and finite element thermal modeling, leading to 
the estimation of a reduced strength for a given time period [36].

Case Study 5 – Hull Premier Inn

The Premier Inn owned hotel in Hull is the tallest structure in 
Europe to include containers as part of its permanent load bearing 
structure. A 6 storey modular structure sits above seven-storey car 
park and hotel reception. The regulatory 2-hour fire performance 
was re-negotiated with building control inspectors through a ‘fire 
engineering’ approach permissible under UK regulations.   A pre-
dicted fire load with fire evacuation strategy combined with an 
analysis of steel temperature gains on the steel in the containers 
led to a 50% saving on fire boarding protection in the units.

 
ER 5 - Protection against noise

Buildings are susceptible to high levels of external noise and prob-
lems with internal noise transmission.  Airborne sound tests mea-
sure the reduction in noise through walls and floors for sounds at 
a number of different frequencies with a standard reverberation 
(decay) time, and adjusted using a sound reference curve to es-
tablish a single minimum figure at 500 Hz which is a frequency 
level corresponding most appropriately to human hearing. Impact 
sound tests measure the sound level in a room below a floor that is 
subjected to a standard impact source. Direct sound transmission 
occurs through a separating structure, but there is also flanking 
transmission through building elements adjacent to the separating 
structure being measured. 

Acoustic Criteria
UK Building Regulations Part E

Measured on-site noise levels
DnTw + Ctr

Airborne Noise: Separating 
Walls 

> 50 dB
(min value 43 dB)

Airborne Noise: Separating 
Floors 

> 54 dB
(min value 45 dB)

Impact Noise: Separating 
floors 

< 55 dB
(max value 62 dB)

Figure 1 Shows the noise performance on recent container build-
ings.   Containerized construction benefits from isolation, materi-
als layers and cavities similar to other volumetric systems, but its 
greater mass also means that it can match the performance of more 
massive construction. 
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Case Study 6 - Heathrow Travelodge.

Completed in 2007, this hotel was built directly under the flight 
path of the second runway at this major international airport.  Peak 
external noise levels above the building were measured to be 100+ 
dB.  The building modules and external envelope accommodated 
triple glazing and additional acoustic insulation layers. The roof 
was covered with a concrete slab for sound reduction.  This was 
supported off the units without additional strengthening.

 
ER 6 - Thermal Performance

Thermal performance of building systems is calculated for the con-
servation of fuel and power. Under UK national regulations, aspects 
will include not just the fabric performance, but also mechanical and 
electrical systems and the regulations specify minimum requirements. 

In containerized construction there are two different basic build-
ups of insulation materials. In containers where the external sur-
face of the container is left exposed, the walls are effectively a cold 
frame, and insulation layers have to be built up inside the con-
tainer, including a vapor barrier on the warm side of the insulation. 
This becomes problematic when the external shell of the container 
passes through an envelope to become an internal wall and has to 
be insulated. Often circulation spaces outside containers are not 
totally enclosed in order to avoid this issue. 

Case Study 7 – MySpace Pod, Will Alsop

MySpace Pod is a prototype student pod with a similar configu-
ration to Tempo Housing with exposed container walls. A signifi-
cant design challenge with these types of structures is to estab-
lish a continuous thermal barrier in order to avoid a cold-bridge 
forming where the external surface of the container enters the 
interior, which would otherwise result in significant heat loss and 
internal condensation.

 
PART III – PRODUCT DESIGN & PARAMETRIC DIGITAL ARCHITECTURE 

Freight Container Product Design

Freight containers come from a customizable product family of 
modular elements [27] with interchangeable sub-assemblies and 
component groupings to an ISO standard configuration. Containers 
are described as having a platform architecture; a platform being a 
collection of assets with component designs that are shared by mul-
tiple products [34].  As a product family on a common platform, 
these containers meet a variety of market needs [31].  

Customisation and Platform Design applied to  Buildings 

Container buildings use the platform concept for the container 
units and building designs.  In this standard building configura-

tion, a platform architecture approach is being used at two dif-
ferent levels: the ISO standard platform for the containers, and 
the whole building platform made up of varied configurations of 
modular building elements.

ISBU’s use pre-assembled components of the container such as 
the rails, walls and corner fittings that create a volumetric box, and 
it is then further modified for building use, with insulation, linings 
and internal fittings and finishes added to suit the required internal 
environment [29].

The units are assembled into the whole building, where the final 
shape of the building is determined by the arrangement of mod-
ules, in response to the overall building site plan, the client brief 
and the financial model for the number of habitable spaces that 
need to be provided.  In product design terms this is similar to a 
configurational product family design where a platform is made up 
from a number of modules that can be added or removed to gener-
ate variety [32] [33].

The development of purpose made building units based on a con-
tainer platform can be described as a top-down approach in product 
development terms [32] because of the deliberate decision to use 
an existing universal platform.  Similarly, the re-use of contain-
ers is a ‘bottom-up’ process [32] that has emerged and developed 
through trial and error followed by a rationalization of the design.

Building Information Modeling & Parametric Designs

A further development of the customized container product has 
been the development of a standard building configuration for ho-
tels and other residential buildings, based on a ‘complete building’ 
platform with customizable architecture with clear advantages for a 
parametric approach to building modeling and production.

Case Study 8 – Pan European Hotel Product

Buro Happold collaborated on a ‘pan-European’ branded build-
ing product with KKA architects based around an optimized con-
figuration of the Verbus System components.  The client for the 
hotels was a budget airline company serving multiple flight des-
tinations at smaller out-of-town airports in Europe.  The airline 
recognized that their flight patterns could change over time, and 
were therefore interested in a more easily demountable hotel 
building.  The product was designed to an advanced stage with 
full prototypes manufactured in China and shipped to the UK.  
However, the project was not taken beyond the prototype stage.

 
Parametric Designs  

Building Information Models (BIM) are used to generate and ma-
nipulate building information using 3D parametric data for geomet-
ric components and their layouts, allowing building information to 
be generated automatically.  BIM works by using data with object 
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orientated representations that can be extracted and manipulated 
to show the best building arrangements and therefore improve the 
decision making process [2].

ISBU’s with their container platform lend themselves very well to 
a design using parametric models.  This is in effect a scalable ap-
proach to platform design [37], with some constant variables and 
others scaled in one or two directions, to generate variable forms 
within the same product family.

Case Study 9 – SnoozeBox Event Hotel

A self-contained flexible hotel product adapted from single-use 
standard shipping containers.  The building can be set up in 48 
hours.  The system uses proprietary products and standard con-
tainer components, as well as some purpose-designed elements, 
such as the off-grid plant services and collapsible external circu-
lation stairs and balconies.

 
Parametric models have become increasingly sophisticated, having 
Building Object Behaviors (BOB) with domain expertise embedded 
into arrangement of elements [16] [38]. 

This approach has parallels to agile product development practices [1] 
where economies in variety, cost control and production are achieved 
in mass customization of a standard product by actively quantifying 
the costs of variety of solutions during the different stages of the 
design and production processes, and comparing this data with their 
design flexibility for modularization and customization. 

During the design process, parametric data can be used to assess 
costs based on element sizes, materials and location.  These values 
can be further refined by considering subjective factors such as 
commercial competition and quality [12].  An additional dimension 
to optimization of parametric design and cost data is the use of 
carbon data to determine building carbon footprint [38].  The com-
bined data for cost and carbon can be assessed iteratively through 
feedback loops in order to reach optimized solutions.

CONCLUSIONS

The container is multi-dimensional design solution meeting techni-
cal requirements for building use that is predicated by the adap-
tion of a pre-existing industrialized product. Containerized build-
ings have a hybrid construction typology based on a combination 
of standard container frameworks, volumetric building technologies 
and more conventional building construction techniques.

Only re-used containers offer the advantages reduced carbon foot-
print, but newly manufactured units are robust, highly adaptable and 
easily transported.  The purpose-made units benefit from a product 
family architecture based on an ‘open’ existing platform design, pro-
duced in a mature manufacturing environment.  Its ease of trans-
portation combined with low manufacturing costs makes it a viable 

commercial alternative to many modular and traditional systems.

ENDNOTES

1. 	 Anderson, D. and Pine, J., 1996. Agile Product Development for 
Mass Customization: How to Develop and Deliver Products for Mass 
Customization, Niche Markets, JIT   Build-to-Order, and Flexible 
Manufacturing.  New York: McGraw-Hill

2. 	 AGCA 2006. The Contractor’s Guide to BIM.  Edition 1.  The Associ-
ated General Contractors of America.

3. 	 Anderson, D. and Pine, J., 1996. Agile Product Development for 
Mass Customization: How to Develop and Deliver Products for Mass 
Customization, Niche Markets, JIT   Build-to-Order, and Flexible 
Manufacturing.  New York: McGraw-Hill

4. 	 Building Design, 2009. ‘Scabal’s sports hall for Dunraven secondary 
school in Streatham, London’. Building Study 12 June 2009 by Ellis 
Woodman.

5. 	 CABE, 2003. Design and Modern Methods of Construction – Review.
6.	  Christensen, P. and Worzala, E. 2010 Teaching Sustainability: Ap-

plying Studio Pedagogy to Develop an Alternative Post - Hurricane 
Housing Solution Using Surplus Shipping Containers JOSRE Vol 2 
No. 1- 2010

7. 	 CIB (1998) “Construction Industry Board Fact Sheet on Standardisa-
tion and Preassembly”. February 1998

8. 	 CIB (2010) “CIB Publication 329, New Perspective in Industrialisa-
tion in construction – A state-of-the-art report”, Girmscheid G. and 
Scheublin F.(eds.)

9. 	 CIRIA (1999) 176 Standardisation and Preassembly.  Adding value to 
construction projects.

10. 	 Christensen, P.  and Worzala, E., 2010. Applying Studio Pedagogy to 
Develop an Alternative Post-Hurricane Housing Solution Using Sur-
plus Shipping Containers.  JOSRE Vol 2 No. 1- 2010.

11. 	 Containers to Clinics, 2010. Clinics shipped from US to Haiti.  http://
www.containers2clinics.org Website accessed 22/07/2010.  Various 
US patents have been lodged for temporary shelters, including con-
tainers transporting emergency relief supplies, that have hinged or 
knock-out panels for extending the sides into a collapsible portable 
shelter.

12. 	 Daschbach, J.M. and Apgar, H., 1988.  Design analysis through tech-
niques of parametric cost estimation.  Management Consulting & Re-
search Inc., Sanra Barbara, CA (U.S.A.).

13. 	 Egan, J., 1998. Rethinking Construction: The Report of the Construc-
tion Task Force. Department of Trade and Industry.

14. 	 Emmitt, S., 2002. Architectural Technologies. Blackwell Publishing, 
Oxford.

15. 	 ETAG, 2006. European Technical Approvals Guidelines Of Prefab-
ricated Buildings. ETAG 023, European Organisation for Technical 
Approvals, Brussels. Section 2.1 p 9, Section 6 Table 4, pp 38-39. 
The term “prefabricated” in the ETAG indicates, “the products are 
manufactured using industrial series production or a process similar 
to series production on the basis of a pre-designed system”.

16. 	 Ghang Lee, A., Rafael Sacks, A. and Eastman, C.M., 2005. Specify-
ing parametric building object behavior (BOB) for a building informa-
tion modeling system.

17. 	 Gibb, A (2000) “Standardisation and Preassembly – distinguishing 
myth from reality using case study research”. Construction Manage-
ment & Economics Volume 19, Issue 3, 307-315. 

18. 	 Groak, S., 1992. The Idea of Building.  Thought and action in the 
design and production of buildings.  E&FN SPON.

19.	 Kotnik, J., 2008. “Container Architecture: this book contains 6441 
Containers”. Barcelona: Links International.

20. 	 Kronenburg, R., Lim, J. and Yunn Chii, W., 2003.  Transportable 
Environments 2 London; New York: Spon Press, 2003.

21. 	 Levinson, M., 2006. “The Box.  How the Shipping Container Made 
the World Smaller and World Economy Bigger”. New Jersey: Princ-
eton University Press. Intermodal denotes multiple modes of trans-

INDUSTRY INNOVATION



69 -  2012 ACSA Fall Conference

portation. Initially used for domestic transfer of goods in North Amer-
ica it was later adopted for overseas exports and was progressively 
standardized worldwide by the International Standards Organization 
(ISO) from 1968. The full impact of containerization on the world 
economy is difficult to quantify, but few economists predicted the 
impact of a system that effectively reduced the cost of international 
transportation from 30 percent per item to practically nil.  Given that 
container ships can unload and reload in 24 hours, and redistribute 
goods efficiently through the rail and road network in a process that 
took weeks and months using break-bulk method it has become very 
cost effective to manufacture goods overseas.

22. 	 LOT-EK, 2003. Mobile Dwelling Unit. Scoates, Christopher, LOT/EK 
Architecture, and Walker Art Center. New York, NY: Distributed Art 
Publishers, 2003.

23. 	 Marshall, 2009. Sustainable Design and Construction of a Library for 
Disabled Children of Jamaica.  International Journal of Service Learn-
ing Vol 4, No1, pp. 1-19, 2009

24. 	 NAO, 2005. Using modern methods of construction to build homes 
more quickly and efficiently. National Audit Office.

25. 	 ODPM, 2003. Sustainable Communities, Building for the Future. 
ODPM, London.

26. 	 ODPM, 2004. Office of the Deputy Prime Minister: Housing, Plan-
ning, Local Government and the Regions Committee - Eighth Report 
- The Role and Effectiveness of the Housing Corporation 29 June. 
ODPM, London.

27. 	 Pine, B.J., 1993. Mass Customization: The New Frontier in Business. 
Harvard Business School Press, Boston, MA.

28. 	 Robinson, A., Austen, S. and Gibb, A., 2011a. Efficiencies in Design 
and Manufacturing for Construction using Shipping Containers.  AR-
COM Conference, UWE, Bristol.

29. 	 Robinson, A., Austen, S. and Gibb, A., 2011b.  Design and Building 
Performance of Intermodal Shipping Container Construction.  10th 
International Detail in Design in Architecture Conference, Istanbul.

30. 	 Robinson, A., Austen, S. and Gibb, A., 2012.  Standardization of 
Specification Driven Buildings with Series and Repeat Order designs.  
ARCOM Conference, Edinburgh.

31. 	 Simpson, T. W., 2003.  Product Platform Design and Customisation: 
Status and Promise, Artificial Intelligence for Engineering Design, 
Analysis & Manufacturing (2004), Cambridge University Press.

32. 	 Simpson, T. W., Maier, J. R. A.  and Mistree, F., 2001.  Product 
platform design: method and application. Research in Engineering 
Design 131(2).

33. 	 Syed, M., 2010.  PhD Thesis Untitled, Chapter 1 - Platform-Based 
development of product families.  Loughborough University.  Unpub-
lished.

34. 	 Ulrich, K.T. and Eppinger, S.D., 2003.  Product Design and Develop-
ment. (third ed.) McGraw-Hill, London.

	 The interchangeable standard sub-assemblies with component group-
ings create a variety of different transportation units to ISO configu-
ration: standard dry freight container, ‘flat-rack’ folding containers, 
insulated containers, refrigerated containers (“reefers”), open top 
‘bulktainers’, open-sided containers for pallet loading, rolling floor 
containers, ‘swap-body’ containers (with self-supporting legs) and 
tank containers for bulk liquids.  All have the same support frame, 
ISO dimensions and corner fittings in common, but they offer the cli-
ent choice through a catalogue of pre-engineered design solutions.

35. 	 Zal, F.H. & Cox, K., 2008.  Pre.Fab: Myth, Hyoe + Reality.  ACSA 
Conference 2008.

36. 	 Purkiss, J., 2007. Fire Safety Butterworth-Heineman, Oxford. Fire 
resistance of protected steel using boarding and spray is based on the 
thermal gradient in the protection materials and thermal conductiv-
ity of steel to prevent temperature in the steel reaching ‘failure’ at 
around 550 - 620 degrees centigrade. The calculation of fire resis-
tance is dependant on fire growth, duration and temperature, interac-
tion between structural members and their loads, and the changes in 
material properties.

37. 	 Meyer, M.H. and Lehnerd, A. P., 1997. The Power of Product Plat-

forms: Building Value and Cost Leadership. New York: Free Press.
38. 	 Bank, L., Thompson, B, and McCarthy, M., 2011. Decision-making 

tools for evaluating the impact of materials selection on the carbon 
footprint of buildings.  These models can be used to assign not just 
geometrical data, but consider other performance data and charac-
teristics including costings. New integrated decision-making tools are 
being considered by the industry to assess and optimize options that 
consider the full performance of the building as well as its structure.  
These tools require a holistic approach with systems level thinking 
that accurately represent the complex behavior and use of buildings.

CUSTOMIZED CONTAINER ARCHITECTURE


