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Abstract— Nowadays, there is a strong attention onto the study of modern buildings and infrastructures to 
define a paradigm for conceptual design that meets criteria such as demountability, inspectability, and 
maintainability. Concepts that are common, from the earliest stages, in mechanical engineering and industrial 
design but still not fully considered in the design of civil infrastructures. These criteria are synergic with modern 
requirements such as resilience, sustainability, circular economy, and lifecycle analysis. 

This paper presents the results of an applicative research based on the design of a pedestrian bridge whose 
concept starts from the above stated principles. Just like a coffee pot, design stems from creativity but is addressed 
by the above requirements to provide a systemic arrangement of components and simplify the lifelong management 
stage. By varying the importance of the single criteria, the analysis leads to different results and structural shapes in 
a range that goes from static redundancy to controlled lability. The paper focuses on the role of demountability, 
inspectability, maintainability as well as resilience, sustainability, circular economy, and lifecycle analysis, in the 
context of the conceptual design of a pedestrian bridge project and establishes a set of guidelines for the design 
principles deriving from this innovative approach. The proposed methodology is the systemic design applied using 
macro-flow diagrams and synthesis maps that are visual representations of processes, key concepts, relationships 
between them and their effects on results. 

Main findings and observations regard the efficiency of this method in design early stages as well as the 
simplicity of application in the study of project variations and interactions between the disciplines involved. 
 
 

Keywords — demountability, inspectability, maintainability, pedestrian bridge, systemic design, structural 
design, resilience, sustainability, circular economy, lifecycle analysis, creativity, systemic arrangement, and 
life-long management. 
 

I. INTRODUCTION AND BACKGROUND 

Designing a bridge involves a combination of creativity and engineering. Nevertheless, additional design 
criteria, such as demountability, inspectability, maintainability are also necessary. These factors are 
common in mechanical engineering and industrial design but are still not fully considered in the design of 
civil infrastructure. Below, in figure 1 is reported the Bialetti Moka instruction manual where these 
criteria are clearly defined.  
 

 
Figure 1. Bialetti Moka instruction manual 
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Broadly, these topics are related to requirements such as resilience, sustainability, circular economy, and 
lifecycle analysis. 
Recently, the multifactorial and multiparametric design processes are the subjects of in-depth analysis 
aimed at defining effective application methods for the evaluation of the different parameters and their 
influence on the overall system. 
Different approaches are available in the literature that allow the study of complex systems in 
engineering. Among these the most common are the follows. 

 Model-based design (MBD). 
It is a model-centric approach to systems, using virtual system modeling standards and mathematical 
models. These methods offer accurate and detailed results in the advanced stages of design but often 
require an unsustainable design effort when applied in the early stages of the project when the variables 
involved should be easily governable and adjustable in relation to the different disciplines involved.[1] 

 Risk-based design 
It is an approach to engineering design that considers the potential risks associated with a project or 
specific aspects throughout its lifecycle. This method involves identifying potential hazards and assessing 
the probability and severity of the associated risks. Then, the design is modified to reduce the risk to an 
acceptable level, based on the level of risk tolerance of the stakeholders. 
One of the key benefits of risk-based design is that it helps designers to identify potential hazards early in 
the design process, before they become costly and difficult to address.  
In structural design are the probabilistic methods that are spreading more and more but that offer the 
vision only of one aspect of the design without giving the possibility to the designer to evaluate their 
interaction with other targets or project criteria.[2] 

 Systemic-level design 
System level design is the process of designing a complex system, which may be made up of multiple 
subsystems, components, and interfaces. It involves identifying the requirements, functions, and 
performance criteria of the system and then developing a design that meets these specifications. 
The goal of system level design is to create a system that is efficient, effective, and meets the needs of the 
stakeholders. It requires a multidisciplinary approach that may involve engineers, designers, architects, 
and other experts who have skills in various discipline interested in the design process. 
The method of system level design typically involves the following steps: 
-requirements analysis: identify the requirements of the system, including the inputs, outputs, functions, 
and performance criteria 
-architecture design: develop a high-level architecture that describes the structure of the system, including 
its components, subsystems, and interfaces. 
-component design: design the individual components of the system 
-integration: integrate the components and subsystems and test the system to ensure that it meets the 
requirements 
-verification and validation: verify and validate the system against the requirements to ensure that it is 
reliable, effective, and efficient. 
When this method is applied in the early stages of a project, i.e., a specific level, where there are still many 
uncertainties and variables that can change and evolve quickly it implies to recognize the 
interconnectedness of all elements within a system and seeks to understand the system as a whole, rather 
than focusing solely on single parts or requirements [3,4] 
The process involves mapping out the system, identifying key drivers and variables, and analyzing 
feedback loops and patterns of behavior. 
The goal of systemic design is to identify factors and to create interventions that can positively impact the 
system, rather than just addressing isolated problems or effects. It involves a long-term perspective and 
recognizes that solutions must be adaptable and flexible to account for changing conditions and 
unforeseen consequences. 
In this study, we aim to apply this approach to conceptual structural engineering design of a pedestrian 
bridge, considering the entire structure and its interaction with the environment as a system rather than 
focusing solely on its individual elements or requirements. 
 
Through this method, the interdependence between different parts of the structure, and the impact of the 
structure on the architecture, equipment installations and durability (i.e. maintenance and inspection), can 
be clearly identified and recognised. Therefore, the methodology is well suited to the early stages of 
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project design and can be easily integrated with other methods, including those mentioned, in the later 
stages of in-depth analysis and where an analytical calculation of the structures is necessary. 
By varying the importance of a single criterion, the analysis can lead to to different results and structural 
shapes in a range from static redundancy to controlled lability. For this reason, the final aim of this work 
was to identify how conceptual design should be conducted systemically to define multiple criteria that 
can lead to a target-oriented design. 
Specifically, the decisive criteria for this analysis are the followings. 
 Geometric limits 
 Robustness 
 Inspectability 
 Maintainability  
 Sustainability 
 Demountability 
 Installation of systems 
 Resilience  
The last three criteria can be included, as previously stated, in the so-called design for adaptability [5]. 

II. APPLICATIVE CASE STUDY 

We applied the proposed method to a real case study developed by Zanini Gozzi Sagl office: the design 
competition for a new pedestrian and bicycle bridge at the Delemont railway station in Switzerland [6] 
The competition opened in August 2022 and closed at the end of September 2022. 
The overall goal was to propose a new pedestrian and bicycle bridge connecting the city centre to an 
eco-district under development, while also enabling access to the railway platforms by bicycle and on foot 
(see masterplan and competition area in figure 2) 
Several constraints were listed in the competition programme, including the minimum height over the rail 
tracks, the maximum height below the high-voltage cables, the planimetric position and the required 
width. One of the most important requirements was that the bridge should be adaptable in the future to 
railway platform movements. 

 
Figure 2. The masterplan and competition area  
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III. METHOD  

The design method we propose in this study reinterprets the steps mentioned for systemic-level design 
and it follows a precise procedure related to the specific conditions. 
It includes the targets we aimed to comply with during the design, which were defined in the early stages 
of problem comprehension. 
The following key steps were developed for the footbridge design. 
 

1. Comprehend and define the function (purpose and requirement). 
The first step was to understand exactly the purpose of the bridge, as well as the requirements it needed to 
meet. This included factors such as determining whether it was only for pedestrian use or if it was to be 
cyclable (as in our case), whether a covered or uncovered bridge would be most appropriate, the nature of 
the connections to the railway platforms (stairs, lift), and the access points, such as stairs and ramps. 
This step also involved obtaining engineering data, such as the maximum load capacity, extreme event 
conditions, the length of the span and the number of supports, the height of the bridge, and the expected 
lifespan of the structure [7] 

2. Analyse the context. 
The landscape and urban context were analysed to comprehend the needs of the city and the public, as 
well as to determine how the bridge could be integrated into the existing bicycle-lane system and its future 
development. 
This analysis then led to a study of local construction culture (baukultur [8]) and the social context. 
In this step, we faced topics such as sustainability, lifecycle analysis, resilience in terms of being 
adaptable to future transformation (i.e. railway platform relocations, new bicycle lanes, new cities, and 
public necessities), installation deployability and demountability. 
The first two steps involved mapping out the system and identifying the key drivers and variables. 
These preliminary measures led to the third step, in which we performed the effective design by analysing 
feedback loops and patterns of behaviour. 

3.  Systemic design  
At this point, we started to perform the systemic design, considering the seven targets (Figure 3) raised in 
the earlier design steps and analysing the different structural strategies related to those. 
To more easily manage the various structural strategies and study the static systems, no analytical 
assessment or FE method was performed. Instead, coherently with the proposed method, we took a visual 
approach [9] and applied a static graphic study [10]. 
We chose this line because early design stages require rapid and efficient analysis so they can be 
discussed and comprehended by the entire design team, especially the architect, who was particularly 
interested in the overall shape and footprint in the urban landscape. 
 

 
Figure 3. Design process macro- flow diagram 

 

IV. SYSTEMIC DESIGN AS MULTITARGET DESIGN 

Here, we describe the synthesis of the systemic approach we adopted in the design process, which can be 
visualised using diagrams and graphs. 
Systemic design can be managed using tools and toolkits that enable and accelerate systems methods for 
advanced design. 
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Generally, the most common tools used are gigamaps, introduced in 2009 by Birger Sevaldson at the Oslo 
School of Architecture and Design [11], and synthesis maps [12], which represent the evolution of 
conceptual maps. 
These tools are effective for synthesising and defining the process, but for the structural design, we 
considered the synthesis map to be more efficient because they are more representative of the precise 
pattern and flow of the target’s importance and connected effects. 
The synthesis map is shown in Figure 4. This explains how each target influences the final shape and how 
the targets are related to each other, as well as identifying material of choice. 
The beam and truss solutions were analysed, except for the structural elements that did not satisfy the 
geometric limits and robustness criteria. 
Both satisfied the basic requirements, but since resilience was essential in this case, due to the competition 
regulation requirements for access to the railway platforms and the division between pedestrian and 
bicycle use, the truss solution was excluded. 
The support arrangement was analysed, including two or four supports.  
This analysis invoked both resilience and sustainability. When resilience was considered the priority, the 
two support solutions were more interesting, but when sustainability (i.e. material use and structure 
cross-section) was the priority, the four support option won. 
Maintainability, inspectability and installation were more connected to the bridge cross-section, involving 
the selection of one box girder or two separated beams. In terms of installation deployability, two separate 
beams were more efficient because they could be integrated with the surrounding equipment. 
Furthermore, they could be easily connected to the pillars using a ‘V’ shape, since this could accept either 
vertical or horizontal loads (robustness). 
The material that could efficiently satisfy each target was steel, this is also in line with the choice of 
material that best meets sustainability requirements. Several studies show that this is the construction 
material is suitable for disassembly and reuse with an hight potential to reduce the CO2 footprint in new 
structures. [13,14] 

 
 

Figure 4. Systemic design synthesis map  
 
The system was composed of a kit of defined elements that could be arranged in different positions.  
according to the actual requirements and could be changed in the future. 
In Figure 5, we illustrate the different arrangements. 
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Figure 5. Demountable system and different arrangements 
 

In addition, this system efficiently satisfied the provisional arrangement during construction without 
stopping the rail traffic and avoiding complex site facilities as much as possible. 
The construction phases are shown in Figure 6. 

 
 

Figure 6. Montage system 
 
 
The final solution is shown in figures 7 and 8. In figure 9, the more-detailed drawing explains some 
technical details that were studied and shown to be coherent with the overall conceptual design. 
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Figure 7. Final solution front view 
 

 
 

Figure 8. Final solution section 
 

 

 
 

Figure 9. Final solution render 
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V. DEMOUNTABILITY, INSPECTABILITY, AND MAINTAINABILITY FOCUS  

The concepts of demountability, serviceability and maintenance were included as essential design targets 
from the outset. The design concept also considered the choice of individual elements that could be easily 
assembled and disassembled. 
The decision to split the beams allowed the intermediate space, in which the floor bracing was provided, 
to be used as a laying area for the installations, making them easily accessible and inspectable. 
The profiles of both the beams and the V-pillars were closed-box-shaped and airtight.  
The support details and connections were all bolted and accessible for visual control and periodic 
tightening according to the maintenance plan. 
The static concept of shifting supports meant the structure was dimensioned according to robustness 
criteria.  
The same is efficient when considering the overall structure as made of compartmentalised zones 
according to each single part of the composition.  
In this way, delocalised failures are contained in the elements, avoiding progressive failure accomplishing 
to robustness requirements. 
The concept also meets maintenance requirements as well facilitating element substitutions involving 
transient situations in the static scheme. 
The possibility of installing equipment made it possible to provide an integrated monitoring system from 
the outset. 
The footbridge is in fact equipped with dormant accelerometers to be activated according to the 
maintenance and control plan. 
These will be periodically activated for dynamic identification to check the overall stiffness. 

VI. CONCLUSIONS 

In the overall context of construction design, this type of approach is introduced as a method that allows to simply 
control and manipulate the different design paradigms that can guide an efficient project. It wants to answer to 
necessity to manage a high complex process, giving a method that can be easily controlled and understood by the 
involved actors reducing the risk of chaotic as well as inefficient design. 
The main idea of this paper is to apply the method in the context of conceptual design of structures that is the 
substance of the design process and when the fundamental decisions are agreed between the stakeholders. It regards 
experience, technical approaches combined with intuition and sensitivity towards the different involved discipline 
and requirements.  
This analysis highlights the fact that traditional paradigms such as form follows function [15] and form follows 
forces [16] today are reductive although remaining criteria that can be contained within the process and can be 
related to other project requirements that are defined in the applicative case study of a footbridge, and it explains 
how these criteria relate each other as well to the overall system in the final design result. 
The main findings are basically two. First, we propose a precise procedure raised from a concrete and applicative 
example showing the main steps preliminary to the effective systemic design. 
The procedure is fast and efficient for the early stages because it involves visual and conceptual analysis instead of 
long analytical and mathematical assessments that can be integrated in the successive steps. 
Secondly, we produce the synthesis map that is a concrete result of the specific case study in the early stages of 
conceptual design and summarize the process until the final design proposal. 
The synthesis map is an effective tool that can be used by the designer (engineers, architects, and specialist) to 
easily change the importance of various factors as well as their effect on results; that toll should be kept updated and 
coherent throughout the whole design process. 
Since it can be used by each designer involved in the process, it can be enriched or changed until the final solution, 
showing interesting results and potentials that deserve to be deeper investigated. 
In literature the approach includes more than solely technical aspects but also social, economic, cultural, and 
environmental factors that affect the system. 
For that reason, this specific study should be furthermore developed adding, to the cited target, social and cultural 
aspects, that in the competition were not defined, but they can be integrated when specialists on the topics are 
involved in the team process.  
One important potential to be considered is undoubtedly that the proposed approach is not reduced to the useful life 
of the designed structure, but by meeting sustainability and life cycle requirements, this can indorse very actual 
structure requirements such as design for adaptability, disassembly, reassembly, future re-use of both the entire 
constructed complex and individual elements, offering a visual result of future situations. 
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Another possible future development is to extend the systematic design to more complex infrastructures such as 
road bridges and viaducts to offer practical and operational design guidelines considering the different targets 
required today for a new structure as well as retrofitting of existing constructions. 
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