
Design and environmental load assessment
of multi-use construction kits for temporary applications 

based on 4Dimensional Design

ir. arch. Wim Debacker

www.vubpress.be

supervisors: Prof. dr. ir. W.P. De Wilde

Prof. arch. H. Hendrickx

Presentator�
Presentatienotities�
Dear president, vice-president and members of the jury,
today I would like to present you my PhD work, entitled …�
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Design and environmental load assessment
of multi-use construction kits for temporary applications 

based on 4Dimensional Design

Presentator�
Presentatienotities�
This presentation will begin with a short introduction, wherein the scope and the aims of the study are detailed;
afterwards the design process and environmental assessment of the multi-use construction kits are explained;
and finally some feedback is given, through conclusions and further research�
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“current built environment is characterised by an INEFFICIENT use

 
of material and 

energy resources”

“we need EFFECTIVE design measures to create healthy and sustainable building 
solutions”

Presentator�
Presentatienotities�
I would like to begin this presentation with a double statement:…that is…
“current built environment is characterised by an INEFFICIENT use of material and energy resources”
Looking at the place buildings and constructions take in our lives and the industrial way of using (or consuming) them:
“we need EFFECTIVE design measures to create healthy and sustainable building solutions”
�
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Total waste generation in EU-25: 
1400 million tons per year

Source: EUROSTAT & EEA
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Presentator�
Presentatienotities�
The INEFFICENT use of material and energy is easily observed by looking at the tons of waste and greenhouse gasses emitted every year.
Buildings and constructions are DIRECTLY responsible for 24% of EUROPEAN waste, mainly due to demolition, and +/_ 25% of GLOBAL CO2 emissions due to electricity and heating;
but ALSO manufacturing of components produces waste and greenhouse gases. Let’s not forget the increasing deforestation for timber and construction of new buildings, or the related transport of building materials and products. 
It is thus fair to say that the building sector has an important impact on the natural environment. �
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5SCOPE

CURRENT DESIGN VIEW

Presentator�
Presentatienotities�
Making the buildings more healthy and sustainable begins at the design phase;
however, current design view is characterised by a LINEAR way of thinking (a CRADLE-TO-GRAVE), wherein the designer has only a limited responsibility (10-year liability) and mainly focuses on the CONSTRUCTION phase.�
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6SCOPE

LIFE CYCLE THINKING

Presentator�
Presentatienotities�
An alternative perspective is LIFE CYCLE THINKING, wherein ALL phases of the built environment are looked at;
not only the use of the building, but also pre-use and post-use constraints are dealt with.
This is often represented by a CLOSED-LOOP model…
but even this model gives a partial view: it does not tell which end-of-life or reinvestment options a designer should take to close the loop!�



ISBN 978 90 5487 548 2

7SCOPE

LIFE CYCLE THINKING

Presentator�
Presentatienotities�
That’s why in this PhD work an integrative LIFE CYCLE MODEL is developed, wherein ALL options are depicted and a distinction is made between 3 interrelated cycles:
that is the cycle of building materials, components (or elements) and the building. (To understand this complex model, the three cycles can be looked at separately.) �
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LIFE CYCLE THINKING

+

Design for DISMANTLING (material reuse)

Design for DECONSTRUCTION (component reuse)

Design for ADAPTABILITY & VERSATILITY (building reuse)
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Design for QUALITATIVE USE

Presentator�
Presentatienotities�
This integrated life cycle model is also used to define some important design strategies;
besides designing for qualitative USE of the building, other strategies focus on closing the cycles,
by REUSING materials, i.e. DESIGN for DISMANTLING, components, i.e. DESIGN for DECONSTRUCTION, and BUILDINGS, i.e. DESIGN for ADAPTABILITY and VERSATILITY.�
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4DIMENSIONAL DESIGN

“…it refers to an ATTITUDE of the designer, 
through which he uses his horizontal knowledge to 
provide an artefact with a sustainable character”

“

 

a 4D designer accepts that not only building 
materials and components degrade over time, but 
that also the context of the building will CHANGE”

“he/she has to provide a DYNAMIC answer, wherein 
buildings , components and materials support the 
process of changing events, instead of creating END 

PRODUCTS”

Presentator�
Presentatienotities�
This brings us to what 4D Dimensional Design is!
“…it refers to an ATTITUDE of the designer, through which he uses his horizontal knowledge to provide an artefact with a sustainable character”
“ a 4D designer accepts that not only building materials and components degrade over time, but that also the context of the building will CHANGE” SOMETIMES UNEXPECTEDLY
“ that’s why he/she has to provide a DYNAMIC answer, wherein buildings , components and materials support the process of changing events, instead of obstructing it, by creating END PRODUCTS”
�
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4D APPROACHES

“Cradle-to-Cradle” approach (McDonough & Braungart)
design for DISMANTLING 
(material reuse)

SAR approach (Habraken)
design for ADAPTABILITY & VERSATILITY 
(building reuse)

Hendrickx-Vanwalleghem approach (VUB)
design for DECONSTRUCTION 
(compoment

 

reuse)

Presentator�
Presentatienotities�
Some well known 4D approaches are CRADLE-TO-CRADLE or SAR, wherein respectively the design is oriented to REUSE materials and BUILDINGS�
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Presentator�
Presentatienotities�
A relatively new approach is the HENDRICKX-VANWALLEGHEM approach,
Here the focus is put on REUSING sub components of buildings which can evolve in time. 
The main idea is to design construction kits, made of COMPATIBLE basic elements; i.e. simple linear, plane or volume elements
you can compare it with different Meccano sets, but here all materials and scales are integrated.
To achieve compatibility between all basic elements, their shape and dimensions need to be standardised…�
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Presentator�
Presentatienotities�
This standardisation/coordination is given by the so-called GENERATING SYSTEM. It is represented by a fractal model, made of basic shapes and a series of halved or doubled dimensions.
It helps to develop design catalogues for each type of basic elements, wherein all compatible solutions are depicted.�
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14AIMS OF THE STUDY

PROOF OF CONCEPT of HENDRICKX-VANWALLEGHEM DESIGN APPROACH:

-

 
study the technical feasibility

-

 
determine the related environmental benefits and drawbacks

CASE STUDIES: TEMPORARY CONSTRUCTIONS

-

 
Peace Supporting Operations (PSO)

-

 
Mobile Transitory Dwellings (MTD)

Presentator�
Presentatienotities�
This brings us to the AIMS of THIS PhD STUDY: 
The purpose of this PhD research is  a proof-of-concept of the HENDRICKX-VANWALLEGHEM approach by:
- studying the technical feasibility of the HENDRICKX-VANWALLEGHEM approach” and
- determining the related environmental benefits and drawbacks
This is done through case studies. All of them relate to temporary constructions, where ADAPTABILITY, REUSE and MAINTENANCE (i.e. TRANSFORMATION) are important design constraints
Two cases are selected:
accommodation for peace supporting operations
 mobile transitory dwellings in Belgium�
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15DESIGN OF MUC KITS

-

 

ADAPTABILITY
-

 

CONSTRUCTION and DECONSTRUCTION
-

 

MAINTENANCE
-

 

REUSE of CONSTRUCTIONS and COMPONENTS
-

 

TRANSPORT
-

 

COMFORT

-

 

STRUCTURAL CAPACITY
-

 

COST
-

 

ENVIRONMENTALLY SOUND

DESIGN REQUIREMENTS

Presentator�
Presentatienotities�
Before designing building solutions, a set of REQUIREMENTS are set up, according to a LIFE CYCLE PERSPECTIVE. 
the first six REQUIREMENTS are qualities, assessed via MULTI-CRITERIA analysis
the last three constraints are CONSTRAINTS, assessed in a quantitative way�



ISBN 978 90 5487 548 2

16DESIGN OF MUC KITS

PEACE SUPPORTING OPERATIONS

Presentator�
Presentatienotities�
Looking at existing solutions for PSO accommodation, none of them is designed according to a life cycle perspective. They often lack in maintenance, reuse and/or adaptability!  �
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17DESIGN OF MUC KITS

MOBILE TRANSITORY DWELLINGS

Presentator�
Presentatienotities�
The same conclusions are made when existing solutions for mobile transitory dwellings are evaluated!
THERE IS THUS ROOM for IMPROVEMENT! 
Using the same constraints, new designs were made!�
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18DESIGN OF MUC KITS

girderpanelframe + mechanical connections

Presentator�
Presentatienotities�
This led to the design of MULTI-USE CONSTRUCTION kits for both cases. 
The same type of elements are used for multiple configurations (like a MECCANO):
girders and frames are used for the skeleton, panels are used for the outside skin and internal walls and floors.
The most important elements are the mechanical connections, since these elements make disassembly and transformation possible
�
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19DESIGN OF MUC KITS

PSO

PSO
MTD

MTD

Presentator�
Presentatienotities�
For both cases a basic multi-use construction kit is designed, wherein not only site applications are configured, but also the way elements are transported (from and to the site):
either in a ISO container or an other compatible solution.�



ISBN 978 90 5487 548 2

20DESIGN OF MUC KITS

Presentator�
Presentatienotities�
The skeleton of all constructions is made of (cold-formed) steel profiles, which are either made in one piece or with an ADAPTOR, to make dimensional changes possible on the site.
These elements can be connected to other components, such as corner elements to configure bearing FRAMES.�
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21DESIGN OF MUC KITS

Presentator�
Presentatienotities�
ADAPTORS are conceived to provide multiple compatible frame configurations�
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a

b
c

d

e

Presentator�
Presentatienotities�
using the girders and the frames together, an TRANSFORMABLE module is conceived. 
Finally girders, frames and adaptable modules are combined into multiple skeleton configurations.
DETAILING consisted of designing connections for each possible BUILDING KNOT: 
new lock systems are invented, but also traditional bolt connections are used.�
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Presentator�
Presentatienotities�
The skeleton is made of one material. This is not the case for the panels, which are composed of multiple layers, each having another function.
The design of the panels consisted of different infill layers attached to an adaptable frame. The dimensions of the panels can change, but also the layers.�
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24DESIGN OF MUC KITS

Presentator�
Presentatienotities�
The major detailing issue of the panels was to provide wind and water tight jointing. This resulted in a new dry joint, inspired from the automobile industry.�
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25DESIGN OF MUC KITS

kitchenette -

 

bathroom for 
studio

bathroom for flat

kitchen for flat

Presentator�
Presentatienotities�
For the transitory dwellings prefabricated WET CELLS are designed, which integrate all necessary sanitary and kitchen facilities. These mini-containers are made of similar panels and frames.
They are transported in an ISO 20ft container and are plugged into the dwelling on strategic locations 
�
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studio 1 person studio 2 persons

family flat

Presentator�
Presentatienotities�
As a result multiple dwelling configurations are proposed:
studio’s for 1 person or a couple, or a temporary flat for big families.�
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office

sleeping accommodation

transport container

canteen

Presentator�
Presentatienotities�
for PSO: several offices, sleeping accommodation and a canteen is designed.
Special attention is given to the design of the transport container.
(I will use the  office configuration to explain how the environmental assessment is performed.)�
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28ENVIRONMENTAL ASSESSMENT OF PSO KIT

LCE:
-

 

whole life cycle
-

 

only energy

LCIA:
-

 

whole life cycle
-

 

resources and emissions

∆EX:
-

 

USE excluded
-

 

resources

ASSESSMENT METHODS

Presentator�
Presentatienotities�
To assess the ENVIRONMENTAL LOAD of the designed building solutions THREE methods have been used:
LIFE CYCLE ENERGY, where the whole life cycle, but only energy is considered
LIFE CYCLE IMPACT ASSESSMENT, where the whole life cycle is considered, different resources, but also emissions are evaluated
A TOOL WHICH IS DEVELOPPED IN THIS PhD work and monitors the CONSERVATION of EMBODIED resources (minerals, land, water and energy). Less data is needed, since the use phase is excluded, but the consumption, and is more straightforward to communicate than LCIA.�
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ENVIRONMENTAL ASSESSMENT OF PSO KIT
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Presentator�
Presentatienotities�
The evaluation of the construction kits is done by comparing different configurations with existing solutions. This means a reference case had to be defined.
Life cycle energy analysis of the reference case (for example for a PSO office) learned us that most energy in existing solutions is consumed during the operating phase. 
A first design measure was thus to lower the operating energy by switching to a medium insulation level, heating /cooling devices and natural ventilation. Energy consumption dropped considerately, but consumption of material resources, such as minerals, increased.

Thanks to the MECCANO kits material resources are further conserved:
configurations can be deconstructed into components and sub components, which means that sound elements can be reused, even if another neighbouring element fails
furthermore, life spans of components increase, since maintenance is facilitated.
�
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Presentator�
Presentatienotities�
These environmental benefits can translated into two INDICATORS: 
the first one is MAXIMUM CONSERVATION OF EMBODIED RESOURCES (here energy and minerals)
the second one is the ACCUMULATED CONSERVATION OF EMBODIED RESOURCES over the whole life cycle. �By using the MECCANO CONSERVATION IS MAXIMISED!!!!�
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Presentator�
Presentatienotities�
Similar conclusions can be drawn through a complete LCA:
1/3 of load reduction is performed by reducing operating energy;
designing for disassembly and maintenance doubles this!
This means that for the studied temporary applications life cycle energy and, in particular, conservation of resources are appropriate assessment tools.�
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32FEEDBACK

1.

 
Combining life cycle design measures

2.

 
Design of a Meccano

3.

 
Detailing is a key element

4.

 
Design and assessment are used in 
an iterative way

5.

 
Integrative life cycle model

CONCLUSIONS

Presentator�
Presentatienotities�
This brings us to the conclusions:
1. One of the most important lessons of this PhD work is the need to combine different strategies to lower the environmental load of the studied temporary applications. It is not enough to lower operational energy; other concepts such as design for REUSE (including disassembly and maintenance) deserve EQUAL importance for the temporary applications studied here and also more conventional ones.
2. That’s why the HENDRICKX-VANWALLEGHEM approach was a good starting point. By designing a MECCANO, made of compatible basic elements, not only reuse of components is made possible, but also reuse of materials and constructions. The approach is easily combined with other approaches, such as CRADLE-TO-CRADLE or eventually SAR.
3. These dynamic features are, however, not possible without the necessary attention for detailing. Especially the design of mechanical connections, dry jointing and layering of panels was important for the studied temporary applications
4. Although “Design” and “assessment” are presented as two separate parts in this PhD, they were used in an iterative way to provide feedback and reorient the design.
5. In both parts the integrative life cycle model was a useful tool; it helped to determine the design requirements, and to see where other existing solutions failed. It also helped to position design approaches and strategies and, last but not least, to develop the assessment technique of “conservation of resources”�
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1.

 
enlarging the design spectrum:

– vertical: material & processes 
selection; suppl. accessories; 
prototyping & testing

– horizontal:

 

other design typologies; 
retro-fitting and renovation

2.

 
generating system in H-V approach

3.

 
enlarging the assessment spectrum:

– data acquisition
– life cycle costing

FURTHER RESEARCH

Presentator�
Presentatienotities�
Further research:
the design spectrum can be both enlarged in a vertical way as a horizontal one. 
The design of the studied temporary applications can be enhanced by a more detailed research about other building materials and manufacturing processes, especially renewable ones; also supplementary features can be added to the basic kits, such as sloped roofs, stairs, etc.; prototyping is needed to test the structural as well as the physical performance of the new connections and dry jointing.
Also other design typologies can be looked at. Several Master theses showed that the Hendrickx-Vanwalleghem approach is also interesting for more fixed constructions, such as dwellings and offices. Perhaps the biggest challenge is to retro-fit and renovate existing buildings in a way they become transformable/adaptable as well.
Looking at other typologies, more detailed research must be done concerning the generating system (in the H-V approach). Which basic dimensions? Which operator? Is a single fractal model economically feasible and culturally acceptable?
The assessment was sometimes obstructed due to the lack of qualitative data. To make LCA studies more conclusive, OPEN SOURCE DATA and eventually the creation of a CENTRAL LIBRARY are essential 
In this PhD work the focus was put on the ENVIRONMENTAL assessment of temporary solutions. Equally important is the economical assessment of the construction kits. This can be done by LIFE CYCLE COSTING; the same integrative life cycle model can be used, by changing material resources into financial ones.�
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