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1 Introduction 

Transport infrastructure plays an important role in every-

day life, particularly road and railway infrastructure, which 

carries the majority of passenger and goods transport. 

However, this infrastructure is aging, and more than half 

of the bridges and tunnels have exceeded their designed 

service life, creating a risk to safety. The lack of mainte-

nance due to insufficient budgets exacerbates the prob-

lem, and there have been close to 30 major failures of 

transport infrastructure in the past two decades [1], [2], 

[3]. 

Recent technological developments have clear potential to 

support paradigm shift from corrective maintenance to-

wards risk-based/predictive maintenance through data-in-

formed decision-making. The most promising develop-

ments are already taken up by local communities and have 

been identified as major trends for the future. Acknowl-

edging that successful development, roll-out and imple-

mentation of standardisation is only possible with thor-

ough understanding of the full context, the H2020 CSA IM-

SAFE project evaluated the main barriers and opportuni-

ties that need to be overcome to enable well-functioning 

monitoring and maintenance of transport infrastructure, in 

particular road and railway bridges and tunnels and other 

relevant transport infrastructure assets. 

The paper aims to identify and assess these barriers and 

opportunities based on different factors in eight European 

countries (Austria, Germany, Italy, Norway, Poland, Por-

tugal, Spain, The Netherlands), and then aggregate them 

at the European level to enable optimal maintenance sup-

ported by timely and accurate information obtained from 

structurally implemented monitoring of transport infra-

structure. Finally, the article highlights the importance to 

consider different scenarios and their potential environ-

mental constraints in order to ensure that the exploitation 

opportunities are successful and sustainable in the long-

term. 

2 Description of the methods and approach fol-

lowed in this paper. 

The prioritisation of main barriers and opportunities has 

been done through the study of PEST (Political, Economic, 

Social and Technological) and SWOT (Strengths, Weak-

ness, Opportunities, Threats) analyses as well as several 

workshops performed with some IM-SAFE partners. PEST 

analysis identifies external political, economic, social, and 
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technical factors that impact the safety and functionality 

of a system. In general, a PEST-analysis may include both 

positive and negative factors, however, in IM SAFE project 

focus was put on the negative barriers. In contrast, SWOT 

analysis considers both internal and external factors to 

identify strengths, weaknesses, opportunities, and threats 

to the system. The study also involved workshops with 

partners and experts to collect inputs from a wide range 

of sources. The full description of PEST and SWOT analyses 

performed in the project can be found in the project re-

ports [4], [5]. Paper presents a summary of these factors. 

3 Barriers for harmonised standards adequate 

monitoring, safe operation and optimal 

maintenance transport infrastructure 

3.1 Need for standardisation 

The IM SAFE project emphasizes the need for standardi-

zation in monitoring infrastructure to gather relevant in-

formation for evaluating the condition of structures and 

assessing their performance. Condition- and risk-based 

maintenance strategies should be embedded in infrastruc-

ture management systems to maximize safety, availabil-

ity, and cost-effectiveness over the lifetime of infrastruc-

ture. The project aims to harmonize rules between EU 

countries by identifying barriers to consensus and devel-

oping and implementing new harmonized standards. The 

new standards should provide guidance on analyzing and 

utilizing monitoring data, ensuring full availability of infor-

mation, promoting long-term risk-based maintenance 

strategies, and guiding asset owners in using inspection, 

testing, and monitoring for risk management [6], [7], [8]. 

The new European standards should cover the following 

actions: 

 provide engineers with guidance on the analysis and 

utilisation of the monitoring data for the safety assess-

ment and for providing the necessary information for 

the risk management of infrastructure structures such 

as bridges and tunnels. 

 enable full availability of the information gathered 

from inspections, testing and monitoring for the safety 

assessment. 

 promote the implementation in the long term of risk-

based predictive maintenance strategies for bridges 

and tunnels 

 provide asset owners with guidance on the use of in-

spection, testing and monitoring for the risk manage-

ment of bridges and tunnels 

3.2 Political barriers 

Political aspect of PEST analysis focuses on the areas in 

which factors such as e.g. (local, regional, national or in-

ternational) government policy and/or changes in legisla-

tion may affect standardisation. 

 Political involvement 

The short-term nature of the political arena forces politi-

cians to take actions that profit their voters now and not 

in 20 years, which may lead to sub-optimal solutions. Ren-

ovating a long-serving facility may go unnoticed. Even 

though the environmental awareness among voters is ris-

ing, there may be still more appealing the goal to launch 

new spectacular projects than to invest in the lifetime of 

an existing bridge or tunnel. 

 Local, regional and national organisations 

Public transport infrastructure is often owned by several 

local, regional and national organizations in a country and 

may be managed and maintained by other organizations 

such as consultancies and contractors. It could be a chal-

lenge to coordinate implementation of the same standards 

of monitoring among different actors, in absence of appro-

priate information systems and communication between 

stakeholders.  

 Unclear jurisdiction over the asset 

Another common issue, in some regions, is the unclear ju-

risdiction over the assets; in Italy, e.g., there are almost 

1500 bridges whose control is parcelled out among prov-

inces, municipalities or consortia. The difficulty of verifying 

the ownership of these infrastructures and the consequent 

fragmentation of the assets management are additional 

aspects that cause the interventions and renovation plans 

to advance slowly. 

 Political changes 

Elections are held regularly in EU member states as they 

are democratic countries. Quite often there is a political 

change with new political parties taking over responsibility 

that could change all the previous plans without giving 

continuity, affecting, among others, the infrastructure 

plans that need to be more medium and long-term plans.  

 Laws and regulations 

Current technical regulations in EU members states do not 

impose any obligation to use monitoring systems as part 

of infrastructure maintenance. Lack of precise laws, regu-

lations, and standards put a lot of pressure on the individ-

ual engineer that are to make decision on difficult prob-

lems that have large impact on regional economy and 

safety for the users of transport infrastructure. 

3.3 Economic barriers 

Economic aspect of PEST analysis target past, current, and 

future economic issues, e.g. cost, financing (both public 

and private), insurance, taxes, economic growth, inflation 

and recession. 

 Aging infrastructure 

A lot of Europe's infrastructure facilities was designed and 

built following guidelines that were developed when the 

economy and cost for maintenance labour was quite dif-

ferent from today's situation. This means that solutions 

that had low investment cost were favoured over solutions 

with increased service life. In today's situation this results 

in high maintenance costs. A lot of the infrastructure has 

now already reached its design-life but are still in daily use 

and are still a valuable part of the infrastructure. 

492
 25097075, 2023, 5, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/cepa.2145 by C
ochrane N

etherlands, W
iley O

nline L
ibrary on [05/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



 

 

 Short perspective in contract with private compa-

nies 

The duration of a contract between private road operator 

and infrastructure owner may influence the perspective of 

the private company, that size the economic investments 

plan according to the time it must be guarantor of the as-

set's safety and service performance. 

 Long term contracts 

Some maintenance is contracted in long term contracts 

that might be difficult to renegotiate and implement new 

ways of monitoring or maintaining infrastructure. If a dis-

trict has a wide range of contracts type this might have a 

negative effect on the efficiency of the asset management. 

 Value and cost is separated in time and between 

different stakeholders 

Infrastructure performance is perceived by the users more 

relating to periodically occurring closures (need for inter-

ventions, maintenance) or serious structural failures than 

the time in which infrastructure assets provide safe and 

standard usage. 

 Knowledge of the real situation could be hard to 

handle when available budget is inadequate to 

support interventions 

If the budget prevents large rehabilitation project it might 

be tempting to avoid inspections that will highlight severe 

problems related to the transport infrastructure. However, 

this strategy will be problematic from a moral (and also 

legal) point of view. 

 Economic corruption 

The need of maintenance and monitoring interventions on 

infrastructures, both for the strategic importance in world-

wide mobility and the direct impact of an incorrect man-

agement to the modern economy, is a sensitive objective 

for corruption strategies, that often occur in different fields 

of public investments. Many national and EU regulations 

and control systems are in place to prevent corruption and 

focusing on transparency. 

3.4 Social barriers 

Social factors that may be considered include socio-cul-

tural elements such as attitudes and shared beliefs of end-

users (society), policymakers and other stakeholders, and 

their resistance against changes. 

 Risk awareness 

When it comes to very rare incidents that are related to 

bridge failure with the corresponding large consequences, 

the risk awareness in the general population is over-stim-

ulated. In the absence of these events the awareness of 

the risk is less than the real risk, after such an event the 

awareness is bigger than the real risk. 

 Education of specialists and skilled workers 

The education of engineers and skilled workers is not in 

balance with the current needsTo be able to take ad-

vantage of new methods for monitoring and asset man-

agement it will be necessary to increase education capac-

ity for new engineers and skilled workers and also to focus 

on continuous education programs to increase knowledge 

among current employees. 

 Administrative decision making could be too slow 

In many regions the final decision to close infrastructure 

in dangerous condition is not made directly by the tech-

nical expert making the inspection. Since the decision 

could have large economic consequences the decision to 

close is taken by local, regional or national authorities.  

 Difficult to learn from failures due to legal issues 

Large failures with fatalities will most of the time be inves-

tigated, but the scope of the investigation will often be on 

the legal side to identify organisations or persons that 

could be blamed for the accident and to less extent is the 

focus on learning what happened and what could be 

changed to prevent future failures. This lack of openness 

about mistakes will prevent learning and unnecessary 

funding is spent repeating mistakes. 

 Willingness to invest in research 

Research funding for projects on maintenance of transport 

infrastructure has been relatively low compared to the big 

value of the infrastructure.  

 Conservative organisations 

People and organizations are in general not very willing to 

change the way they perform their work, and the infra-

structure organisations are maybe more conservative than 

other industries (at least this is the general assumption).  

3.5 Technological barriers 

Technological component of PEST analysis considers the 

specific role and development of technologies, access to 

existing technological solutions, skills of professionals, re-

search, innovation and emerging technologies. 

 Variable and harsh climatic conditions 

Europe has several regions with relatively harsh climatic 

conditions that often require extra maintenance for infra-

structures. The challenge lies in prediction what infrastruc-

ture is more exposed to climate related extreme loadings. 

 Number of assets makes it hard to keep them well 

tracked 

The amount of infrastructure objects like tunnels and 

bridges in Europe is very high. Just the city of Hamburg by 

itself has almost 2500 bridges of varying size. A country 

like Switzerland have more than a quarter of the road net-

work in tunnel or on a bridge. 

Thus, the number of tunnels and bridges are quite high 

and make it difficult to keep a good control about the con-

dition and to optimize the maintenance effort.  

 Digitalisation of existing data 
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Meaningful data gathered from the inspections, structural 

monitoring and testing are necessary to identify and eval-

uate deterioration and systemic deficiencies of the key 

structural elements and materials, which –in combination 

with increased loads and resilient threats– make the struc-

tures vulnerable to catastrophic consequences of major 

failures or collapses. 

Many existing bridges are not yet designed in a 3D model 

[9]. The data required for maintenance and repair is also 

usually only available in paper form and in various docu-

ments. Access to all the necessary data is therefore diffi-

cult and there is a risk of information being lost.  

4 SWOT Analysis of Harmonising Standards for 

Adequate Monitoring, Safe Operations and 

Optimal Maintenance Transport Infrastruc-

ture 

4.1 Strengths 

This section reflects the benefits of harmonized standards 

for maintenance of transport infrastructure. Such stand-

ards can aid in the enforcement of laws and regulations for 

the sector, reduce infrastructure lifecycle costs by enabling 

preventive maintenance, and prevent catastrophic failures 

by promoting predictive maintenance. Standardized 

maintenance and monitoring can also help establish and 

improve lessons learned by collecting data and making it 

available to those involved in standardization. Further de-

tails can be found as follows: 

 Contribute to the enforcement of laws and regulations 

for the sector. Harmonized standards can help work-

ing towards laws and regulations for maintenance of 

transport infrastructure. 

 Enables reduction of infrastructure lifecycle costs trig-

gered by the execution of preventive maintenance of 

infrastructures, which is made possible by continuous 

monitoring of their deterioration. 

 Enables the prevention of catastrophic failures replac-

ing reactive maintenance with predictive mainte-

nance, promoted by data gathering from monitoring 

systems and thus not waiting for a failure or clear de-

terioration of the infrastructure. 

 Standardized maintenance and monitoring will help 

establish/improve lessons learned. Collecting data, by 

monitoring systems, and decisions taken based on 

them and with information about the consequences of 

these, making this information available to the agents 

involved in the standardization of the system. 

4.2 Weaknesses 

Within this factor, challenges related to infrastructure 

maintenance and management are under discussion. 

These challenges include the separation of value and cost 

between stakeholders, lack of standardization in monitor-

ing procedures across countries, resistance to change, dif-

ficulty in renegotiating maintenance contracts, varying 

characteristics of different types of infrastructure, lack of 

predictive modelling due to limited monitoring data, po-

tential loss of detail in standardizing protocols, need for 

specialized staff to understand new regulations, and the 

difficulty of predicting maintenance needs. Further details 

can be found as follows: 

 Countries have their own standards, experiences, cul-

ture and way of working. No common ground for mon-

itoring standard(s) yet.  

 People and organizations are in general not very will-

ing to change the way they perform their work, and 

the infrastructure organisations are maybe more con-

servative than other industries. 

 Each stakeholder has a unique economic and 

timeframe schedule. Related to the duration of 

maintenance contracts. It may be the case that the 

maintenance contract has been recently awarded and 

does not include this standard, making the financial 

offer inconsistent with new tasks required for the ex-

ecution of the contract. 

 Difficulty of harmonization for different types of infra-

structures. The standards in place may not fully ac-

count for the varying characteristics of different types 

of infrastructure such as tunnels, viaducts, and roads.  

 Difficult to predict due to lack of current references. 

Predictive modelling for infrastructure maintenance 

will be difficult until enough monitoring data is gath-

ered.  

 Standardizing protocols in different countries can lead 

to a loss of detail in each country’s approach. As a 

general standard may not consider the specific needs 

of each country and infrastructure. 

 Need for specialized staff to understand the new reg-

ulation. It would require hiring specialized personnel 

to implement the new standard or training existing 

personnel to be proficient in the new standard. 

 Prediction is hard. Analysis of time series is not yet 

possible. No pictures available, hard to combine pic-

tures 

4.3 Opportunities 

This section discusses the benefits of digitalization and 

standardized maintenance protocols for infrastructure 

maintenance. Digitalization allows for more efficient mon-

itoring, integration of new sensor technology, automation, 

improved data collection, and prediction of infrastructure 

availability and weather impacts. Standardized protocols 

support appropriate budget allocation and help predict 

maintenance needs. Additionally, efforts to prevent cor-

ruption and increase research funding for maintenance 

projects are important. Overall, these developments can 

lead to more cost-efficient maintenance and improved in-

frastructure safety. Further details can be found as fol-

lows: 

 Contribution to employment stabilization due to 

maintenance standardization. The possibility of pre-

dictive maintenance entails the knowledge of what 

maintenance will be needed in the next period; there-

fore, it is possible to know how much human interven-

tion will be needed in each time. 

 An increasingly important technical factor is the effi-

cient use of digitalization. It is seen as an enabling 

technology for new ways of monitoring and data pro-

cessing to get more detailed insights about the struc-

tural health of bridges for better and more cost-effi-

cient maintenance. 

 It allows the introduction of new digital traditionally 

considered unfeasible by the sector. The potential for 
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utilizing new sensor technology is identified as one im-

portant trend in IMSAFE project.  

 It enables the integration process of the sensor tech-

nology to be more cost-effective and even quicker. 

Better and cheaper communication systems and sen-

sors are being developed allowing the inspection of 

bigger targets and also simplifying the inspection of 

infrastructures. For example, the use of drones for the 

inspection of high-altitude bridges, where previously 

specially trained people were needed to climb the 

bridge towers.  

 Enables automation of the entire process. Automation 

is feasible, less time consuming, cheaper in the end. 

The data can be stored and used for research, such as 

learning more about weather-dependent perfor-

mance.  

 It enables cooperation between different stakeholders 

and enables a common maintenance platform. Also 

enables to design of information platform for a variety 

of stakeholders. It is needed to manage cooperation, 

share information on a common platform. Is new for 

sector. 

 Enables improved data collection (Data quality im-

provement). The increase in data collection by the in-

frastructure monitoring system will lead to an increase 

in both the quantity and quality of data collected. 

 Standardized protocols on monitoring and mainte-

nance procedures supports an appropriate budget al-

location (Procedures are less sensitive to political 

changes or budget reduction). i.e. It will be possible 

to know where a maintenance action is needed, and 

how much will need to be invested. This will allow for 

proper economic planning by all stakeholders. 

 Helps to predict the availability of infrastructure (I.e. 

forecasting jams due to construction works). Thus, by 

helping to predict the availability of assets and even 

assess when it would be best to perform maintenance, 

considering the annual user estimate demand. 

 Can help predicting how climate change impacts on 

infrastructure. Due to the experience of the normal 

deterioration of an infrastructure during its life cycle 

(behaviour of materials), it will be possible through 

the monitoring system to detect anomalous behaviour 

attributable to unpredictable weather. 

 To study in depth the effects of deterioration of mate-

rials and consider it to improve the prevention capa-

bilities. Collect accurate information on the current 

state of the infrastructures and link with the status of 

materials which compose each infrastructure. 

 While efforts are being made to prevent corruption in 

Europe, and it is generally limited, there may be some 

countries that resist implementation due to pressure 

from certain stakeholders. Increased transparency 

and strict enforcement of anti-corruption laws will 

continue to reduce the problem. 

 Research funding for projects on maintenance of 

transport infrastructure has been relatively low com-

pared to the big value of the infrastructure. It is nec-

essary for infrastructure owners to influence on the 

budgets for research to be able to increase the effort. 

4.4 Threats 

This section deals with the challenges associated with 

standardizing monitoring and inspection of transport infra-

structure in Europe. These challenges include political in-

volvement, legal issues, lack of flexibility, uncertainty as-

sociated with material deterioration, and difficulties in 

creating a cohesive framework that addresses gaps with 

existing standards. Despite these challenges, standardiza-

tion can lead to more efficient and effective monitoring and 

inspection, reducing the need for reactive maintenance 

and increasing safety. However, the unique nature of each 

structure and the uncertainty associated with unforeseen 

events may require more flexible and adaptive approaches 

to standardization. Further details can be found as follows: 

 Citizens increasingly expect infrastructure owners to 

assess the situation, even if the budgetary situation 

does not always allow for quick action when negative 

situations are discovered.  

 Political involvement in transport infrastructure man-

agement can be problematic due to, for example, lack 

of technical competence, short-term political objec-

tives and ideological influences. 

 Monitoring is always an individual decision and the 

possibilities for generalisation /standardisation are 

limited. Monitoring (and inspection) with the objective 

to acquire relevant and correct information about the 

structural integrity, requires a sequence of decisions 

about the type, location, timing of measurement, and 

decisions about data handling and analysis. These de-

cisions are difficult to take and require multidiscipli-

nary expertise. 

 Ignorance of responsibility to advise in critical situa-

tions (When negative situations are revealed). A 

standardized system for monitoring and inspection in 

Europe would make it harder to hide behind the “we 

did not know about the problem” and make infrastruc-

ture owners responsible for the conditions. However, 

responsibility could be hide behind the new standard. 

Engineers faced with difficult choices could use the 

standards as tools to argue for better monitoring, 

enough budgets and better solutions. 

 Reduction of maintenance budget due to the effective-

ness of harmonization. The effectiveness provided by 

the standard through the harmonization of monitoring 

tasks can lead to a reduction in the budget because 

problems are detected before reactive maintenance is 

required, which generally has a higher economic and 

time cost. Therefore, public entities could decide to 

“adjust” their budget.  

 Each country has a standard as a reference and could 

create its own ad-hoc standard. There is a possibility 

that, once this standardization has been completed, it 

may not meet all the expectations of the countries and 

they will adapt this regulation and create their own. 

 Gap of the new standard with current related stand-

ards (including quality standards to be considered). It 

is important to address any gaps between the new 

standard and existing related standards to ensure that 

there is a cohesive and consistent framework for ad-

dressing the issues covered by the standards. 

 Non-viability of standardization due to increasingly 

uncertain environments (Crisis, wars, inflation, tech-

nological disruption, etc.). Standardization can be a 

valuable tool for promoting efficiency, interoperability, 

and safety in various industries. However, in some 

cases, standardization may become non-viable due to 
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increasingly uncertain environments. 

 Lack of flexibility of standardization in the case of un-

foreseen events (I.e. Natural Disasters). The observed 

and predicted climatic changes are likely to cause new 

challenges to the infrastructure especially caused by 

increased intensity of rainfall. The challenge lies in 

prediction what infrastructure is more exposed to cli-

mate related extreme loadings. In such uncertain en-

vironments, it may be necessary to adopt more flexi-

ble, adaptive approaches to standardization.  

5 Main trends for future best practices 

Regarding PEST and SWOT analysis, several key trends 

has been extracted: first trend unifies different scenarios 

in a "big picture" requires a broad agreement between a 

multitude of different actors, who must contribute their 

experience and knowledge to a joint vision that leads to a 

standard of standards. The second trend is related with 

technology, in which a wide range of measurement possi-

bilities seems to be available for active infrastructure mon-

itoring. This will be one of the main drivers on which new 

maintenance protocols will be supported. 

Another important outcome of the dialogue with the local 

and Pan-European CoP’s was the identification of trends 

for future best practices [6]. These are:  

 Trend 1: Risk-based maintenance management and 

condition-based preventive  

 maintenance strategies  

 Trend 2: Risk-based inspection and condition survey 

planning  

 Trend 3: SHM with novel (non-remote) technologies: 

distributed sensing, wireless  

 and energy-efficient sensor technologies  

 Trend 4: Autonomous sensing incl. drone inspections  

 Trend 5: Remote sensing  

 Trend 6: Implementation of IoT and data analytics  

Given the wide variety of practices and different level of 

application of the trends, it would be beneficial to share 

lessons learned, share the knowledge and unify the crite-

ria, methods and regulations in Europe to assure the resil-

ience of the infrastructures and optimize the maintenance 

practices.  

6 Potential Scenarios to foresee exploitation op-

portunities emerged after the implementation 

of a new related standard 

The implementation of a new standard can create oppor-

tunities for exploitation, but these opportunities are not 

immune to environmental constraints. Several factors can 

affect the deployment and acceptability of these opportu-

nities. Therefore, it is important to explore these circum-

stances using tools such as SWOT and PEST analysis. By 

building different operational scenarios, the various fac-

tors can be combined into hypotheses, allowing for the 

simulation of contextual conditions under which these ex-

ploitation opportunities could emerge. With this infor-

mation, forecasting when and how to proceed with these 

opportunities will become significantly more accurate, re-

ducing the risks associated with their deployment. It is im-

portant to consider these environmental constraints in or-

der to ensure that the exploitation opportunities are 

successful and sustainable in the long-term. By doing so, 

businesses can adapt to changing circumstances and cap-

italize on emerging opportunities while minimizing poten-

tial risks.  

After a comprehensive review of the potential factors that 

might impact upon all three scenarios, the most relevant 

ones considered for this analysis are included in Table 1. 

In this regard, general description of Optimistic Scenario, 

Most Likely and Worst Scenario has been conducted in this 

section. As an example, the best scenario could be a great 

acceptance expected from all the actors involved in 

maintenance, a massive support from the political govern-

ments and economic prosperity in Europe among others 

features combined.  

Table 1 Main factors considered for potential scenarios 

 

 

Figure 1 Steps towards (decision making leading to) the most opti-

mistic, most likely and most pessimistic scenario 

 The most optimistic scenario  

Considers full support from the governments where it is 

established, the support of local administrations to adopt 

its solution, favourable laws and regulations, and political 

stability that outlines minimal changes over several legis-

latures. This scenario would also envisage a financial com-

mitment to R&D and innovation in inspection tasks, a non-

ageing infrastructure (with minimal upfront maintenance). 

On the other hand, it would be considered that the deci-

sions of the administrations are agile and that the climatic 

conditions are stable and predictable. Also, it would con-

sider that there is not a great variety of technological as-

sets deployed and the state of digitisation allows for full 

integration with new solutions. 

 The most likely scenario  

Envisages partial support from the governments where it 

is established, partial support from local administrations 

to adopt its solution, favourable laws and regulations in 

some of the countries and changing political mandates 

 

Area Most Relevant Factors 

Political Factors 

Political involvement 

Local, regional and national 

organisations 

Political Changes 

Transparency 

Laws and regulations 

Economic Factors 

Aging infrastructure 

Limited budget and sub-optimal 

use of funding 

Economic corruption 

Social Factors 

Administrative decission making 

could be too slow 

Conservative organisations 

Technological Factors 

Variable and harsh climatic 

conditions 

Number of assets makes it hard to 

keep them well tracked 

Digitalisation 
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(some long and some very short). This scenario would also 

contemplate a financial allocation for R&D&I in inspection 

tasks but with a high demand, a mixed infrastructure, 

some recently built and others more than 50 years old. On 

the other hand, it would consider that the decisions of the 

administrations are agile in the smaller EU countries (not 

in the larger ones) and that the climatic conditions are var-

iable (for cycles of several years). It would also consider 

that there is no variety of assets deployed (with different 

state of technological maturity) and the state of digitisa-

tion is very diverse, being low for non-relevant bridges and 

high for newly built bridges. 

 The most pessimistic scenario  

Involves a resistance from the governments where it is 

established, the non-responsiveness of the authorities to 

adopt its solution, unfavourable laws and regulations in 

some of the countries and volatile (usually short or very 

short) political mandates. This scenario would also envis-

age an economic scenario with hardly any subsidies, an 

ageing infrastructure, most of which is more than 50 years 

old. On the other hand, it would consider that the decisions 

of the administrations are slow and that the climatic con-

ditions are unstable, with intense cold/hot snaps. It would 

also consider that there is no asset deployed and the state 

of digitisation is practically non-existent throughout the in-

frastructure, despite its importance. 

7 Conclusions 

European standards should guide the monitoring strategy 

and data analysis for ensuring the safety of infrastructure 

structures such as bridges and tunnels. The implementa-

tion of a new standard can create opportunities for exploi-

tation, but it is important to consider the potential envi-

ronmental constraints that could impact their deployment 

and acceptability. By conducting a comprehensive analysis 

of potential factors using tools such as PEST and SWOT, 

businesses can build different operational scenarios and 

simulate contextual conditions to forecast when and how 

to proceed with these opportunities. This can significantly 

reduce risks and ensure their long-term success and sus-

tainability. 

Overall, it is important to consider these scenarios and 

their potential environmental constraints to adapt to 

changing circumstances, capitalise on emerging opportu-

nities, and minimise risks. 
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