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Summary 

The paper refers to an experimental application of methodologies and tools of eco-design, 
life-cycle service design and life-cycle assessment, for the integrated design of 
a footbridge. The main objective of the work was to demonstrate the real possibility of 
developing a design solution that can simultaneously meet needs of static security 
(structural design), useful life optimization (life-cycle services design), environmental 
impacts evaluation (life-cycle assessment) and their minimization through the correct 
configuration of building elements. Secondary objective of the study was to evaluate 
potential changes in the environmental behaviour of the footbridge during its whole life 
cycle, in the case should change the useful life and the materials used. The study was 
developed with regard to the more meaningful life cycle stages. The production, the 
construction and assembly, the maintenance and disposal. 
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1 Introductory remarks 

The design experience described hereafter has been developed in the field of the activities 
of the European research programme COST-C25 (Sustainability of Constructions:  
Integrated Approach to Life-time Structural Engineering, Work Group 3-Life-time 
structural engineering), directed towards a closer examination of the design themes 
connected with the application of the concept of the service life of the building (ISO 
15686/2001), considering particularly the aspects regarding the optimization of structural 
performance, the control and checking of durability, the management of maintenance 
activities and deconstruction of the technical elements [1]. 

To this end, the work group identified three interrelated areas of research, that 
contribute in equal measure to the definition of the design choices. The identifying of 
structural design methods which are able to hold in due consideration the durability of 
building materials; the maintenance of performance in the course of the whole life-cycle; 
the identification of ecological design and assessment criteria of the environmental 
sustainability (ISO/TS 21931-1/2006). The durability of a material or protective treatment, 
in fact, influences both the quantity of material used and the number of restoration 
interventions during the whole life-cycle of the artefact. Furthermore, the greater or lesser 
durability produces some environmental effects, both because of the increase in the 
resources used and waste produced for replacement, and for the quantity of material used 
overall. 
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2 Study object 

The aim of the study was identified in a pedestrian crossing located in a former industrial 
site close to the Pompei archaeological area. The crossing project is part of a reconversion 
programme of the industrial site itself, originally destined for a paper mill, which envisages 
its reuse as a tourist-cultural destination. 

 
Fig. 1 Overview of the footbridge project (▪) 

2.1 Materials and structural typology 

From a structural point of view, the crossing adopts a net-like, double-beam typology, with 
an arched upper current. The choice of the arched conformation is tied in with the will to 
optimize the static performance of the various elements of the network, minimizing its 
dimensions. In fact, the arch is a structural element based on the transfer of the axial 
compressive stress, and its position at the top of the network only goes to emphasize its 
functioning. Furthermore, the progressive tapering off of the upper current towards the 
supports allows for the progressive reduction of the length of the vertical bars which are 
inclined in contrast with a right truss (Warren type, see Fig. 2). 

The choice of materials, too, was carried out by trying to take into consideration the 
environmental aspects connected with the duration of the materials and the reversibility of 
the building systems. To this end, it was considered important to privilege the use of 
metallic materials, for their predisposition to use of dry-joint systems (bolting) and for their 
easier dismantling, separability and recyclability at the end of their life. In fact, the 
threading die of steel allows the recycling in Europe of about 35% of the material produced 
annually, with a reduction of about 75% of process energy needs and a consequent 
reduction in new mines in contrast with virgin steel [2]. 

 
Fig. 2 Comparison of the two frame solutions 

 
Fig. 3 Graph of compression stress (▪) 

2.2 Life time structural design 

The structural design was carried out according to regulatory requirements at European 
community level [UNI ENV 1993-1/1994 and 1993-2/1997) hypothesizing a useful life of 
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50 years. The result of the calculations and structural checks has restored the opportunity 
to adopt two UPN 140 profiles (minimum section 2 UPN 120) for the upper current, two 
UPN 100 profiles for the lower current, two UPN 50 profiles for the vertical bars.  
However, preference was given to the adoption for their uniformity of two UPN 100. It 
should be noted that already in this phase the adoption of a planning strategy orientated 
towards the reduction of resource use would have suggested the use of minimum 
calculation profiles, with a saving of about 21% on materials (-15.42 kg/ml out of a total of 
74.40 kg/ml). 

Instead, the programmed duration (50 years) affected considerably the choice of the 
type and thickness of the coating. In fact, the case study turns out to be located in an 
external environment with a high degree of corrosiveness (Industrial areas and coastal 
areas with moderate salinity, C4 type). On this basis and with reference to the duration of 
the artefact, it was possible, therefore, to establish thickness, coating layers and restoration 
cycles necessary to guarantee the preservation of the durable sections, taking into account 
the most common types of protection (paint and thermal galvanization). On the basis of 
regulatory indications (ISO 12944/1998 and 14713/2009), such minimum thicknesses 
correspond respectively to 280 µm in the case of paint and to 185µm in the case of 
galvanization. However, while the indicated thickness is directly connected with the 
duration of the protective layer in the case of galvanization, an assumption which coincides 
with the duration of the artefact, in the case of paint the duration turns out to be variable 
depending on the class of durability adopted, which varies between low (5 years) and high 
(over 15 years). Furthermore, from regulatory references it turns out that, for the category 
of corrosiveness identified an annual loss of about 50-80 µm is foreseen, and for this 
reason, even though reference is made to the higher class, it becomes necessary to envisage 
at least two restoration interventions (one about every 17 years) for this type of treatment. 

2.3 The environmental behaviours 

The identification of the project variables described above has allowed the passing onto the 
formulation of building choices through a further checking of the environmental impact 
potentially produced. In particular, attention has been placed on the extraction and material 
production, on the treatment of the building elements (cutting, painting or galvanization), 
construction and maintenance, final disposal of the structure, according to the LCA method 
[3]. With regard to the management of waste, it was thought to consider the more common 
system, the recycling, in contrast with the environmentally more favourable one of reuse, 
for which the building market is not even now very equipped. 

The environmental analyses carried out according to the eco-indicator 99 method,  
egalitarian version, on the basis of inventory data drawn from the ecoinvent database, give 
some very interesting data [4]. The solution in painted steel, despite the necessity of 
repeating the protective treatment no less than twice, highlights an environmental impact 
equal to about half of that produced by the galvanized solution. In particular, the latter 
solution presents high risk for the preservation of the ecosystem connected with the 
gradual release of zinc in the atmosphere. Instead, not very important are the differences 
which concern the other impact categories, attributable mostly to transport from the place 
of pre-assemblage to the construction site. The environmental gain which is attainable 
through the recycling of material at the end of its life should be noted, represented in 
particular by the possibility of avoiding the transfer to a dumping ground and the extraction 
of virgin raw materials (avoided product). 
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Fig. 4 Environmental life cycle evaluation of the two different treatment, eco-point score  

(Basti A., Milano P. elaboration) 

Conclusions 

The results of the work have demonstrated the real applicability of the integrated design 
process, and the necessity of an careful consideration of design factors related to the choice 
of materials, the protective treatments and their durability, the number of planned 
maintenance activities and the choice of different management strategies of demolition 
waste, may significantly change the environmental behaviour of the artifact itself. 
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