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Abstract  

Airport is one of the most critical infrastructures that have exhibited substantial growth and profits 

in recent years. Although airport infrastructure represents an integral part of the economy of cities, 

researchers have shown that many incidents that have led to flight disruptions have often occurred 

in airport infrastructure. Also, the maintenance cost of airport buildings has increased significantly, 

necessitating a call from professionals to investigate efficient methods of curbing the same. Hence, 

cost reduction is possible by innovating ways thanks to predictive maintenance techniques based on 

artificial intelligence. However, working on the innovation of processes that modernize maintenance 

in airport buildings takes much work due to the many causes. Incidents can be caused due to different 

reasons (Structural, Electrical, Hydraulic, Computing, Unknown, etc.) This paper tackles this 

challenge by investigating and identifying the most frequent damages and their origins in airport 

infrastructure based on a statistical study. This paper aims to determine the incidents and their causes 

in airport infrastructures that should be considered more for future research. The result showed that 

cracks are the most frequent type of damage, with 22,12% of appearance, and that wear is the most 

frequent origin of incidents in airport infrastructure, with 29,17% as a frequency of appearance. 

Also, it shows that 85,51% of cracks are located in runways. These findings help better understand 

the problem and serve as the point of departure for researchers interested in solving it. 
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1. Introduction  

 

Maintenance in airport infrastructure (MAI) is attracting huge interest from both practitioners 

and academics, knowing the increase of the total number of deteriorations is happening in 

airport buildings because of different reasons such as climate change, for example [1]. 

Therefore, maintenance practices are still poor since collecting data to inspect facilities is time-

consuming, and the budget and resources allocated for building maintenance are insufficient. 

These facts explain why the maintenance of facilities and the quality of management are still 

poor and why incidents frequently occur in aeronautical buildings. In addition, the world knows 

diverse and severe disasters creating enormous economic and human impacts in many countries 

worldwide [2]. So, this implies a financial crisis and then limited budgets to repair when there 

are any failures in airport infrastructure [3]. Therefore, to elaborate innovative methods which 

may be used as predictive maintenance techniques in airport buildings, a statistical analysis is 

needed to determine the most frequent types of damages and origins of incidents in airport 
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infrastructure. This study will enable to work on efficient methods that may improve the 

maintenance of airport infrastructure. 

 

By knowing the most frequent incidents in airport infrastructures, future researchers may focus 

on using artificial intelligence methods to predict these incidents based on their occurrences 

that were performed in statistical studies. For example, some studies were realized to predict 

cracks in structures [4]. 

 

Generally, industrial plants, including airport buildings, impact various applications. These 

include maintenance and strategic planning of their operations [4]. Most of these innovative 

methods are based on machine learning and data science and prevent downtime due to 

unscheduled maintenance, reducing costs and increasing safety since collaborative intelligent 

manufacturing will be prioritized after the Covid-19 pandemic crisis [5]. However, the 

inexistence of innovative methods based on artificial intelligence will result in time lags for 

these maintenance operations. That is why it is essential to establish the most frequent incidents 

and their origins to understand where we should prioritize future research on maintenance in 

airport infrastructures. 

 

The research presented in this paper is exploratory in nature, not causal. It does not seek to 

solve the problem of detecting damages in airport facilities. It instead aims to improve our 

understanding of the problem and the extent to which it has been resolved so far and provide a 

foundation for future researchers interested in solving it. This is why the main objective of this 

paper is to identify the most critical damage types, given how frequent and what are the origins 

of these damages. By doing this, future researchers may perform algorithms on these frequent 

incidents based on artificial intelligence. The authors identified the most frequent objects based 

on a frequency-based statistical analysis from Google public database showing the incidents 

that occur in airport infrastructures worldwide. The most critical damage types and the most 

frequent origins of these damages were ranked based on their frequency of appearance. 

More particularly, the purpose of this study, which is based on statistical analysis, is to answer 

the following research questions: 

 

- First, what steps were used in this study to perform the statistical analysis? 

- Second, what are the most frequent incidents in airport infrastructures? 

- Third, what are the most frequent origins of these incidents? 

- Finally, what is the ultimate goal of identifying these damage types and sources? 

 

To answer these research questions, the paper draws a methodology describing data collection, 

the hypothesis made for the study, and the statistical analysis. This paper is organized as 

follows: Section 3 describes the research background. Section 4 describes the research methods 

that were used in this study. Section 4 presents the statistical results of this study. Section 5 

presents the conclusion and discussions. Sections 6 and 7 deal with the conflict of interests and 

the contributions. 

 

2. Research Background  

 

2.1. Airport infrastructure   

 

Airport facilities are essential for any region in the world [6]. This demonstrates why 

researchers were solving risk assessments around airport facilities [7]. Moreover, a group of 

researchers studied airports' impact on Turkey's regional economy. They proved using the two 



Lahna et al. 

What Damages are the Most Frequent in Airport Infrastructure? 

Academic Platform Journal of Natural Hazards and Disaster Management 4(1), 34-48, 2023  36 

stages least squares method that a 1%-point increase in airline traffic per capita implies an 

increase in GDP at 0.017% [8]. Therefore, this shows the importance of airport infrastructures 

for any region worldwide. To avoid problematic incidents and ensure effectiveness in airport 

facilities, continuous innovation, and new technology are essential to provide a high-quality 

service offering and complete customer safety. Among the latest technologies, predictive 

maintenance methods are increasingly present in research, as shown in Frankfurt Airport, where 

scientists introduced RFID-based maintenance to ameliorate the planning and control of 

technicians' work [9]. In US airports, researchers were involved in maintenance activities for 

airport pavements using artificial intelligence methods [10]. Airport infrastructure can be 

divided into three main categories [11]. 

 

 a. Essential operational services and facilities 

 b. Traffic-handling services 

 c. Commercial activities 

These three main categories are detailed in Figure 1: 

Figure 1. The three main categories of airport infrastructure 

 

2.2. Gap in knowledge and research question   

 

There needs to be a substantive study that prioritizes the types of damages in airport 

infrastructures based on their frequency of appearance worldwide. However, there are related 

fields where damages are considered to estimate aircraft accidents, thanks to statistical studies 

from the academic field [12] and industrial area [13]. Therefore, the statistic of the most 

frequent types of damages and origins of incidents in airport infrastructure was not determined. 

On the other hand, some critical damage types in facilities have been identified in the literature 

[14]. But therefore, it still needs to be determined which damage types are essential in airport 

infrastructure for automated detection based on their frequency of appearance. 
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Moreover, if a damage type is critical but not frequent, detecting it automatically in future works 

is unnecessary. On the other hand, even if a damage type is regular but is not vital, this paper 

can ignore detecting it. Consequently, this paper aims to establish the frequent critical damages 

in airport infrastructure so that different algorithms based on artificial intelligence may be 

performed in priority as part of predictive maintenance methods. 

 

This work aims to bridge the knowledge gaps by answering the following research question: 

what are the most frequent types of damages and origins of incidents in airport infrastructure in 

terms of frequency of appearance? 

 

3. Research Methods   

 

The research conducted in this paper is exploratory in nature and follows the methodology 

framework depicted in Fig. 2. 

 

 
Figure 2. Research methods  
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The list of damages to airport infrastructure was obtained from the French database of incidents 

called “Aria” and from Google public database by searching the following keywords in English 

and French: 

1. « Collapse in Airport Infrastructure »  

2. « Fissures in Airport Infrastructure » 

3. « Leak in Airport Infrastructure » 

4. « Electrical failures in Airport infrastructure » 

5. « Computing failures in Airport infrastructure » 

 

After searching the following keywords in English and French, and reading all articles from 

Aria and Google, an Excel file was created to facilitate the statistical analysis by including 

different information, as illustrated in Figure 3. 

 

 
 

Figure 3. Data Collection for incidents in airport infrastructure 

 

Moreover, the list of damages was performed by ordering those elements based on their 

frequency of appearance. The output is the rank order of the most frequent types of damages 

and origins of incidents in airport infrastructures. The link to the database is 

https://github.com/lahnat/airport-infrastructure.git. 

 

3.1. Data collection and assumptions   

 

A list of 312 incidents was examined to find a statistically representative sample of damage 

types in airport infrastructure. An assumption was made to determine the sample size of the list 

of incidents needed to do a statistical analysis. This study considered only incidents from 1987 

and assumes that there have been 1500 incidents in airport infrastructure in 35 years. Therefore, 

it means that there are 43 incidents yearly. This value was estimated after computing all 

incidents in 2019 from all articles worldwide via Google public database. Plus, Yamane 

established a simplified formula to calculate sample sizes. This formula was used to calculate 

the sample sizes in Tables 2 and 3 and is shown in Equation 1. A 95% confidence level and a 

sampling error e = 0.05 are assumed for that formula [15]. 

 

                                                               S = 
𝑁

1 +𝑁 𝑥 (𝑒)2                                                          (1) 

                                    

Where S: Sample size  

           N: Total number of incidents in all airport infrastructure for 20 years 

            e: Level of precision or Sampling of error which is ± 5% 

 

Therefore, the number of disasters needed to evaluate a statistical analysis of the most frequent 

types of damages and origins of incidents in airport infrastructure is 312. 
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3.2. Statistical methods   

 

The damage types and origin categories that need to be considered are determined by 

performing a statistical analysis on the frequency of appearance of all damage types and damage 

origin categories encountered in the typically considered list of incidents. First, the frequency 

of appearance P is computed by dividing the total counts of each damage or damage origin 

category (η) by the total number of damages into all case studies (S), which is 312, as described 

in Equation 2. 

 

                                                                     P = 
𝜂

𝑆
                                                              (2) 

 

3.3. Definition of terminologies used in this study    

 

This paragraph defines the different terminologies that were found during the data collection 

process and used to compute the frequencies for damage types and damage or damage origin 

types. Figure 4 illustrates these terminologies for a better understanding and Figure 5 

demonstrates the terminologies for the types of damage origins. 

 

 
Figure 4. Terminologies for types of damages      
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Figure 5. Terminologies for types of damage origins  

 

Therefore, this section allows an understanding of all tools used to perform the statistical studies 

detailed in the next section. 

 

4. Results and Discussion 

 

4.1. Most frequent types of damages    

 

The damage type rankings are calculated in descending order for all case studies in Figures 6 

and 7. Cracking is the most frequent damage in all case studies, with an average frequency of 

around 22,12 %. Delay/Disorganization and structural collapse follow in percentages being 

21,47 % and 14,74 %, respectively. These statistics are essential since most aerospace statistics 

are performed to evaluate accidents or incidents related only to aircraft. 
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Figure 6. Frequency of damage types for all case studies  

 

 

   
 

Figure 7. Frequency of appearance in percentage based on the type of damages 

 

As regards structural damages, which are composed of cracking, “structural collapse” and 

collapse of materials represent 58,33 % of the total number of all case studies. Mainly, cracking 

represents the damage to the runways of airports, whereas structural collapse is the damage 

related to the fall of any airport infrastructure. Finally, “collapse of materials” includes all 

damages related to collapses of materials or non-load-bearing elements inside airports, such as 

the ceiling. Figure 8 illustrates the part in the percentage for each type of structural damage. 
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Figure 8. Parts in percentage for each structural damage in airport infrastructures     

 

 

4.2. Most frequent types of cracks in airport infrastructure    

 

The previous section shows that cracking represents 50% of the total structural damage. 

However, more than 85% of cracks are located in runways. Therefore, it shows that 

maintenance needs to be developed to detect this type of cracking which is predominant in 

airport infrastructure. Table 1 and Figure 9 illustrate the most frequent types of cracks in airport 

infrastructure. 

 

Table 1. A priority list of cracking types for all case studies     

 

 

 

 

 

 

 

 

 

 

Type Of Cracks Frequency Of 

Appearance (%) 

 

Sample 

Size (S) 

Runways 85,51% 59 

Walls/Ceilings 8,70% 6 

Bridge/Tunnel 2,90% 2 

Aircraft Equipment 2,90% 2 



Lahna et al. 

What Damages are the Most Frequent in Airport Infrastructure? 

Academic Platform Journal of Natural Hazards and Disaster Management 4(1), 34-48, 2023  43 

 
Figure 9. Frequency of cracking types in airport infrastructure       

 

 

Therefore, runways present a considerable risk of cracks, et a maintenance strategy needs to be 

improved to avoid delays in airports. 

 

4.3. Most frequent origins of damages     

 

The damage’s origin rankings are calculated in descending order for all case studies in Figures 

10 and 11. Wear is the most frequent origin of damages in all case studies, with an average 

frequency of around 29,17 %. Unknown reasons and hydraulic issues follow in percentages, 

13,78 % and 13,14 %, respectively. A natural disaster is the fourth origin of damage to airport 

infrastructure, with 12,18%. 

 

 
 

Figure 10. A priority list of damage origins categories for all case studies      
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Figure 11. Frequency of appearance in % based on the type of damage origins        

 

 

Therefore, the results show that better maintenance may improve the efficiency of airport 

infrastructure and reduce the number of incidents. 

 

4.4. Most evolution of damages in the airport building      

 

This study showed that the number of damages to airport infrastructure is between 15 and 30, 

except in 2020, as detailed in Figure 12. However, due to Covid-19, the graph shows that 

damages decreased in 2020 [16]. That is because of the diminution of aerospace activity in the 

world [17]. Therefore, the number of damages in 2020 is about 10 and dropped by 60% from 

2019, as mentioned in other publications [18]. 

 

 
 

Figure 12. Evolution of the number of damages to airport infrastructure          
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Furthermore, the graph demonstrates an increase in damages in 2021 compared to 2020. Indeed, 

the number of damages in 2021 equals that in 2019. That shows the aerospace activity recovered 

from Covid-19, as mentioned in different publications from different aviation organizations 

such as McKinsey [19] and ICAO [20]. 

 

4.5. Distribution of damages in airport infrastructure around the world        

 

This study illustrates the repartition per continent of damages in airport infrastructure globally, 

thanks to Figure 13. It shows that Europe has the most significant number of damages to airport 

infrastructure, with 181 out of 312, the total number of case studies considered in the study. 

Thus, America and Asia follow in the ranking with 54 and 50, respectively. 

 

 

 
 

Figure 13. Distribution of damages in airport infrastructure around the world          

 

As expected, Africa has less damage than the lack of information on the continent can explain. 

Moreover, Table 2 illustrates the distribution of cracks worldwide based on their types. Based 

on the data, structural damages (Cracking, Structural collapse, and Collapse of materials) is 

consistently ranked first in each continent. 

 

Table 2. Repartition of the types of damages around the world   

 

 

 

 

 

 

 

 

 

 

 

 

 

As regards the origins of damages, wear is consistently ranked first in every continent, as 

illustrated in Table 3. 

 

 

 

Type of damages Europe 

 

Africa Asia America Oceanie 

Cracking 22 16 13 16 2 

Delay/Disorganization 

Structural collapse 

39 

19 

1 

3 

13 

10 

13 

13 

1 

1 

Toxicity 40 0 0 2 0 

none 24 0 0 0 0 

Collapse of materials 4 0 12 5 1 

Fire/Explosion 

Hydraulic/Flood 

15 

15 

1 

0 

0 

1 

3 

1 

1 

0 

Electricity 3 0 1 1 0 
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Table 3. Repartition of the origins of damages around the world  

    

 

  

 

 

 

 

 

 

 

 

 

 

Therefore, the previous research enables us to obtain more detailed results to investigate all 

sides of this data [21]. 

 

5. Conclusion  

 

The most frequent damage types in the three most frequent damage categories (cracking, 

delay/disorganization, and structural collapse) are ranked based on their frequency of 

appearance. Also, the results demonstrated that structural disaster (cracking, structural failure, 

destruction of materials) represents 58,33 % of the total damages in all case studies. 

Additionally, the article discusses the most important origins of damage categories. The three 

most frequent origins of damages (wear, Unknown reason, and hydraulic) are also ranked based 

on their frequency of appearance. The results demonstrate that wear is predominant as the origin 

of damages with 29,17 %. Furthermore, this article shows that runway crack is the most frequent 

type, with 85,51% of the total number of cracks. Therefore, investigations are needed to 

decrease the number of cracks in runways by improving methods using artificial intelligence to 

prevent them. 

 

Therefore, the creation of data is necessary to develop new innovative technologies. However, 

the data still need to be improved in this field to ameliorate the predictive maintenance of airport 

infrastructure. The presented research has room for improvement, and some limitations of this 

study can direct future research. This study focuses on the damages and their origin, which are 

essential for future research. Future work involves the implementation of automated 

classification algorithms (e.g., Convolutional neural networks) for the most critical damage 

types to detect them as part of predictive maintenance methods. For instance, seeing cracks in 

structural and non-structural elements may be future work as part of maintenance methods. 

Therefore, the application of the findings of this paper will enable researchers to investigate 

methods for automatically detecting these damages as part of predictive maintenance methods. 
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Origins of damages Europe 

 

Africa Asia America Oceanie 

Wear 44 14 12 16 3 

Unknown Reason 

Structural collapse 

21 

30 

0 

1 

9 

2 

11 

8 

2 

0 

Natural disaster 10 2 17 8 1 

Electricity 18 2 5 4 0 

Computing 

Handling 

24 

10 

0 

1 

1 

1 

4 

0 

0 

0 

Other 24 1 3 3 0 
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