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Technical features, environmental impacts and architectural 

applications 

Abstract. In this paper, an innovative steel reticular system (named 
AJ), dismountable and reusable, is presented. It consists of modular 
spatial elements made of stainless steel connected by means of special 
spherical joints. The approach adopted in the design, based on the idea 
of “reusability”, allows the environmental impact of the system to be 
reduced. The reuse strategy limits the production of waste from 
building demolition and reduces the environmental costs in terms of 
raw materials and energy consumption. Three different applications, 
developed at different scales, are presented. The first (small scale, 
related to conservation issues), is an anti-seismic structure in an 
historical building. The second (large scale, associated with energy 
issues), is a structure supporting a wind turbine. The third is an urban 
scale application and concerns sustainable mobility issues; it is a cycle 
lane designed for the sides of the Thames River in London.  

Keywords. Reusable structures; modular systems; environmental 
sustainability. 

 

1. Introduction  

One of the most significant issues in environmental sustainability is the 

reduction of construction and demolition waste, which poses problems in 

terms of management and energy consumption (besides carbon dioxide  
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emissions) due to transportation and waste re-processing. To date, measures 

in place to address these problems have mainly been applied to 

manufacturing industries, resulting in legislation in Europe, emphasising the 

“extended producer responsibility” policy (Directive 2000/53/EC). This 

approach has made the producers responsible for the treatment and disposal 

of post-consumer products (Otsuka et al, 2001) and forced them to give 

greater attention to the end-of-life of the products.  

In recent years, the building sector has assumed an increasingly relevant 

role in the waste problem. In 2008, it was ascertained that more than 30% of 

the total solid waste produced in Europe was due to the demolition of 

buildings (Monier et al, 2011). However, there has been little discussion on 

how to reduce the environmental impact of structural systems, which 

according to previous research findings (Cole et al, 1996) account for 24% 

of the total initial embodied energy of buildings.  

Structural engineers have the technology to tackle the waste problem, 

however do not always utilise it. Studies conducted by the University of 

Cambridge (Allwood et al, 2010) and Toronto (Gorgolewski et al, 2006) 

suggest there are many strategies available to reduce the environmental 

impact of structures. One of these is the “reuse approach”, consisting of the 

direct reuse of structural elements, usually made of steel, without adopting 

melting or other energy-intensive processes. Besides limiting the production 

of waste from building demolition, the reuse of structural elements reduces 

the environmental costs in terms of both raw materials and energy 

consumption. Having been tested on a set of case studies, this strategy 

revealed to be challenging from an environmental point of view (Milford et 

al, 2011).  

The idea of reusing structural elements has led to an interest in the 

“design for disassembly” approach: 

“the design of buildings to facilitate future change and the eventual 

dismantlement (in part or whole) for recovery of systems, components and 

materials” (Guy, 2003).  

The main features of design for reuse are flexibility and adaptability, which 

lead to modular structural systems with reversible and dismountable joints. 

In this paper, a structural system following the “design for disassembly” 

approach is presented. It consists of tubular bars and wires made of stainless 

steel connected by means of special spherical joints to form spatial 

structures. They are intended to be easily dismantled and rebuilt elsewhere 

and in different configurations.  

This type of structure has been known for building applications for 

approximately 200 years, although it only became popular in the 1950s 

(Eekhout, 1989). Even the dismantability feature cannot be considered a new 

issue: applications developed in the Netherlands in the late 1980s (such as  
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the Octatube space built in 1988 for Beyersdorf in Almere) were only 

intended to last for a short time and then, be dismantled and reused. 

The structural system presented is innovative because it is flexible (it 

allows the design of free-form modular structures with individually selected 

mesh), reusable (the joints are designed to allow the structure to be 

dismantled and the elements recovered) and repairable (the components are 

replaceable). These features make the system significantly challenging from 

an environmental point of view. Furthermore, the modularity of the 

components is also challenging from an economical and technical 

perspective. 

2. Technical features of the AJ system  

The AJ system is a spatial structural system made of bars and wires 

connected by spherical or cylindrical joints designed to satisfy complex 

problems related to reticulated structures on free-form surfaces.  

It is made of a limited number of standardised components which are 

divided into four main categories: 

 Bars. These are the main structural element of the AJ reticular system and 

are mainly designed to bear compression loads. There are tubes of three 

different sizes (external diameter 50, 75 or 100 mm) with a female thread at 

both ends. The bars are made by hot extrusion and machined by CNC lathes. 

The terminal is integrated with a crown designed to insert external shrouds. 

Finally, bars with free ends may be closed with special caps. 

 

 

 

 

 

 
a. b. c. 

Figure 1  The different type of bar terminals of AJ system 
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 Wires. These components are designed to bear tension loads and may have 

two different types of terminals. The first, (Figure 2a-b) allows a connection 

to nodes (either spheres or cylinders). The second, (Figure 2b) enters the 8-

way crown characterising the bar terminal of type C, allowing the assembly 

of integrated shrouds. 

 
a. b. 

Figure 2  The different type of wire terminals of AJ system 

 Nodes. In the AJ system, which uses the CAD-CAM procedure, nodes can be 

spheres or discs, depending on the geometrical configuration of the spatial 

structure. They are made by investment casting and may have different radial 

sizes: the spheres (Figure 3a) may be 200-150-100-75-50 mm, while the discs 

(Figure 3b) may be 200-100-150-50 mm (with thickness of 50-30-20 mm). 

Threaded bores, characterised by spherical or polar coordinates respectively, 

are made in the surface and the coordinates are customisable depending on 

the needs of the designer and are performed on a CNC machining centre. The 

spheres may also be used to designed external hinges (Figure 3c). 

 

 
a. Sphere 

 
 

b. Cylinder 

 

 
c. External hinge 

Figure 3  The different type of nodes of AJ system 
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 Surface connectors. Table 1 shows the applicability of existing node 

connectors for free-form structures compared to the AJ spherical node. 

 

Table 1 Applicability of Node Connectors for Free-Form Structures 

Node Connector 
Accommodation of Local 

Geometry 

Transferability of 

Internal Forces 
Applicability 

Version Connection 

Horizontal 

Angle 

U1 

Vertical 

Angle 

V1 

Twist 

Angle 

W1 

Normal 

forces 

Bending 

Moment 

Free-form 

Structure Type 

SBP-2 Bolted + + 0 + + + 
Geom. Opt. 

Struct. Opt. 

WABI-1 Bolted ++ ++ + +++ +++ 
Geom. Non Opt. 

Struct. Non Opt. 

OCTA1 Bolted ++ +++ ++ ++ ++ 
Geom. Non Opt. 

Struct. Non Opt. 

MERO4 Bolted ++ ++ + ++ ++ 
Geom. Non Opt. 

Struct. Non Opt. 

MERO4 Welded ++ +++ ++ +++ +++ 
Geom. Non Opt. 

Struct. Non Opt. 

AJ 
Bolted 

Machined 
+++ +++ +++ +++ +++ 

Geom. Opt. 

Struct. Opt. 

 

SBP-2 was designed by Schlaich Bergemann & Partner in 1998 (Figure 4a). 

OCTA-1, was developed by Octatube Space Structures BV (Figure 4b). 

MERO 4 was developed for the roof of the New Fair in Milan, probably the most 

advanced node for free-form surfaces available on the current market of standard 

systems (Figure 4c). 

AJ is an advanced application of CAD-CAM in architecture. The AJ system has the 

original feature of being machined CNC according to the geometrical characteristics 

of the free-form surface. 

 

 

 

 

 

 

 

 

a. b. c. 

Figure 4  The different types of existing node connectors 
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 Spiders. These components allow to connect to the structure external 

elements, such as façade or floor surfaces. There are four types of spiders 

(Figure 5), depending on the angle covered (180° and 90°) and the 

connection mechanism. They can be connected either to the nodes or to the 

bars. In the first case, they are linked to the spheres though a screw. In the 

second they are coupled and hence, can grab the bars. These components are 

obtained by investment casting production and can have three sizes in 

accordance with the size of the bars. 

 

 

Figure 5  The different types spiders and connections in AJ system 

3. Supported design tools 

The AJ system is essentially aimed at architects and civil engineers who 

wish to take advantage of both its flexibility and sustainable features. In 

order to provide them with a tool allowing to incorporate the AJ system 

easily in the design phase, a commercial software will be developed to allow 

structural optimisation of the design.  

The aim of the software, based on structural optimisation methods, is to 

find the best possible configuration given a limited number of structural 

profiles (steel tubular sections) and constraints. This permits the user to 

establish loading conditions and create a three-dimensional model. It is 

worth noting that because the AJ system focuses on sustainable issues, “the 

optimal” solution pursued by the software should involve not only functional 

and economic issues (the most cost-effective shape) but also environmental 

ones (the most energy-effective structure).  

In terms of architectural features, the supported design tool will be 

compatible with common computer-aided design software and integrate 

them, allowing designers to calculate and quickly redraw their structures. 

The flexibility of the AJ system combined with the software will allow 

architects to design technically feasible structures with a high level of 

freedom (in terms of shape-finding process). 

Another crucial aspect is related to the dismantability of the AJ system. 

With the help of the proposed software, designers will be able to take  
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advantage of the availability of reused profiles when developing new 
structures. Furthermore, by means of the software itself, be aware of the 
many design possibilities offered by the recovered elements.  

Finally, by combining structural analysis to Life Cycle Assessment 

techniques, the software will provide a rough estimation of the energy 

savings achievable through structural element reuse thus encouraging 

architects and civil engineers to adopt an environmental-friendly approach to 

their work. 

4. Possible applications 

Three different applications of the AJ system have recently been studied, 

demonstrating its applicability to different scales of design and different 

engineering problems. These studies showed strong performance in terms of 

reuse. The reuse scheme below demonstrates the optimisation level. 

4.1. SMALL SCALE 

This first application of AJ system is a small scale problem concerning 

the conservation of an historical building. It is a project that will be realised 

in 2014, in the church of Monte Carmelo in Loano (Savona, Italy). 

4.2. LARGE SCALE 

The large scale application is a work in progress and requires a more 

detailed design. It consists of a wind turbine (Figure 6, centre) operating in a 

downwind mode so that the wind passes the tower before striking the sail-

blade rotor.  

4.3. URBAN SCALE  

An urban scale application of the AJ system has been studied in London 

in view of the recent transformations the city is undergoing in order to 

address urban transport sustainability issues.  
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REUSE SCHEME 
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Figure 6  Three applications of AJ system  
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The modularity and flexibility of the AJ system allows the realisation of 

an elevated pedestrian/cycle path with a high level of freedom in the design 

process. Furthermore, the lane is covered with a steel mesh allowing users to 

directly experience the environment - including being suspended over the 

Thames (Figure 7). The main idea is to promote a sustainable means of 

transport on an urban scale, taking advantage of a structural system which is 

itself sustainable. In addition, if the cycle path was no longer to be used, it 

could easily be dismantled and the components reused. 

 

 

Figure 7  The cycle lane designed by OBR in London 

5. Conclusions 

In this paper, an innovative modular system for steel truss structures has 

been presented. Due to the stainless steel used and the technical design of the 

joints, it allows the design of completely dismountable structures. Its 

structural components (bar, wires and joints) may thus be reused multiple 

times in numerous configurations. Even if made of steel, this feature means 

the AJ system is a highly sustainable product, capable of contributing to the 

reduction of building waste and of raw material, energy and CO2 

consumption. Three different examples (developed on different scales, 

placed in different locations and facing different design issues) demonstrated 

the effective applicability of the AJ system in real architectural practice. 
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