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Abstract  
The teaching of the constructive process of an infrastructure has a high component in the field of civil 
engineering; it has an important impact of the decisions made while constructing in the success of the 
project. In this context, our goal was to implement an educational-tool for managing construction 
works in the Civil Engineering Degree Program, in order to improve and complete the student integral 
formation. For that, the tool was coded in “Python” language program, which is easy to handle and 
simulates the construction processes of an infrastructure, checking each sub-task. During the classes, 
with this educational-tool, the students: (1) learn the initial information required for a complete 
construction, such as weather and structural conditions, (2) learn the hierarchical structure of a civil 
engineering infrastructure, and (3) analyse how the structure is verified and constructed. This 
innovative educational tool is an advance in the student's learning of the complete construction 
process of a civil engineering infrastructure and allows the students to interact with the structure as if it 
were a real case. Moreover, this methodology facilitates the transition between the university and the 
labor market. 
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1 INTRODUCTION 
Civil engineering works are one of the key elements in the field of expertise of civil engineers. They 
involve different steps that can be achieved with different levels of complexity: from the overall study at 
the design phase to the maximum level of detail at the investment project. In any case, it is important 
for the students to be aware of the impact of the management of the construction phase on the overall 
civil infrastructure (Fig. 1).  

   
Figure 1. (a) Construction of a breakwater (maritime civil infrastructure);  

(b) Construction of a cable-tayed bridge (bridge typology). 

Traditional approaches to teach the overall construction procedure of an infrastructure have been 
done by means of visual classes (i.e. photographs, power points, videos, etc.) or by visiting real cases. 
Also, the number of teaching hours devoted to these practical lessons is generally much lower than 
those focusing on theoretical aspects. Although these methods are valid and necessary, our 
experience indicate that the student generally do not get a complete understanding of the impact of 
the decisions made while constructing on the success of the project. Hence, during last years we have 
been working in a user-friendly integrated tool for managing construction works that can be easily 
modified and applied to different types of infrastructures. In order to develop this tool in a programing 
language both easy to handle and extensively employed in work environments and research, the 
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“Python” language was adopted. This language is open source, so it is possible to distribute and use it 
in the educational sector.  

Although civil engineering works can be very different depending on the type of infrastructure (Fig. 1), 
our methodology can be easily applied to any of them since they share many of their characteristics. 
For example, dividing the works in tracks or working with volumes and daily advance lengths are 
terms that are used in any civil engineering work.  

This work is structured as follows. Sections 2 and 3 describe the educational-oriented tool of the 
construction process of civil engineering infrastructure and its application to the case of breakwaters, 
respectively. Finally, Section 4 details the conclusion drawn based on early results observed in 
student learning and the benefits of this tool. 

2 TOOL FOR MANAGING CONSTRUCTION WORKS 
Considering the complexity of the construction works linked to the academic education framework, it is 
necessary to incorporate a practical tool that properly simulates the construction processes of an 
infrastructure.  

The aim of the developed tool is to show step by step the constructive sub-tasks of a civil 
infrastructure, and the initial information that is required for its complete construction as well as to 
evaluate: (a) the execution time of the different sub-tasks, (b) the impacts of the possible stoppages 
during the construction and (c) the total cost of the works including the possible damages suffered 
during the construction process. 

To understand how a civil infrastructure operates, it should be divided into different components that 
are linked and related with each other following a construction sequence. Thus, the hierarchical 
structure of a civil work is divided into  (Fig. 2): The Section, each physical part of the infrastructure; 
the Sub-task, each general job required to execute the section; and the Work unit, each elemental unit 
of work that constitutes a sub-task. Every Work unit must have its corresponding equipment 
associated. 

 
Figure 2. Hierarchical structure of a civil engineering infrastructure. 

The developed tool is organized in three different sections: (1) the input data, where students can 
introduce a wide range of constructive processes, (2) the verification process through the simulation of 
the construction work using the input data and (3) the output data, where the students can check the 
obtained results and learn how a real civil work is developed.  

2.1 Input data 
The information introduced by the students to carry out the verification of the construction process is 
divided into two categories:  

1 External agents: 

a) Weather conditions. 

b) Soil conditions. 

2 Work conditions (Fig. 3): 

c) Shape of infrastructure: students can define the different physical parts of the infrastructure 
(Sections), as well as its length and typology.  

d) Structural and functional parameters: students can define how the work will be built. The 
most relevant inputs related to the structural and functional parameters are: 
 The number of sub-task responsible for the construction of each section. 
 The number of work units that constitutes a sub-task.  
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 The volume of material of the different parts of the work. 
 The equipment of each work unit (number, performance, working hours per day, 

operability thresholds, machinery and labor cost, etc.) 
 The material, maintenance and indirect costs of the work 

2.2 Verification process 
During the verification process, the developed tool simulates the progress of the civil work taking into 
account the simultaneously evolution of all the sub-tasks (see Fig. 4). Step by step during the 
simulation, the tool classifies the state of each subtask in: (1) not started; (2) started; (3) working; (4) 
working by restriction (conditioned by other sub-task); (5) operational stoppage or (6) damage. Once 
the sub-task has been classified, the tool assigns an executed or losses volume depending on the 
state of the sub-task for this state and update the advanced length. At the end of the step, the tool 
checks if the executed volume of the sub-task has already reach 100% of the total volume. If so, the 
verification of the sub-task is finished. On the contrary, the tool verifies the next sub-task for this step 
until all the sub-tasks have been verified. Then, the verification of this step finishes and the tool starts 
the verification of the next step. 

 
Figure 3. Input data required for verification of the construction process of a civil engineering infrastructure. 
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26 Módulo 5. Planificación, organización, procesos y medios para las diferentes fases de
proyecto: construcción y conservación - reparación durante la vida útil

5.4.2.6.4. Verificación de las subfases del tramo para el estado de mar h1

Inicializadas las variables de salida, la herramienta recorre mediante un proceso iterativo2

cada una de las subfases constructivas del tramo que se está verificando para cada estado de mar.3

4

El proceso de verificación de las subfases de un tramo para un estado de mar se muestra en5

la figura 5.4.6.6

!"

Figura 5.4.6: Organigrama del proceso de verificación de las distintas subfases constructivas de
un tramo para un estado de mar en el alcance de anteproyecto

En cada estado de las series climáticas, la herramienta realiza una clasificación a nivel interno7

de cada subfase (véase apartado ??) en relación al valor de los agentes en ese estado y los valores8

constructivos introducidos. Tras la clasificación, la herramienta asigna a la subfase un valor9

de volumen ejecutado o volumen perdido en función de la clasificación de la subfase para dicho10

estado. Posteriormente la herramienta comprueba si el volumen ejecutado por la subfase es igual11

o superior al volumen total a ejecutar por la subfase. En caso negativo se pasa a la verificación de12

la siguiente subfase. En caso afirmativo la subfase se clasifica como acabada. Se comprueba si13

la subfase se encuentra protegida por las subfases siguientes y en caso afirmativo la subfase se14

clasifica como finalizada (acabada + protegida) y la herramienta lo elimina del proceso iterativo y15

 
Figure 4. General scheme of the verification process of the different constructive sub-tasks  

of a section of a civil infrastructure. 

2.3 Output data 
After the verification of the construction phase with the input data entered by the students, the tool 
shows the following output data for each sub-task of each section of the infrastructure (see Fig. 5). 
These data are grouped in: 

• Execution times, which shows the execution time of each sub-task and each section is shown. 

• State of the sub-task, which shows the state of each sub-task at each step during the 
construction phase is shown. 

• Volumes, which represents the theoretical and real volume executed by each sub-task is 
shown. 

With this tool, students can learn to asses: (1) the initial information (structural parameters and 
external agents) which determines the construction process of civil engineering infrastructure; (2) the 
constructive sub-task that are responsible for the construction of each section and its relation between 
them, (3) the form of execution of each section of the infrastructure; and (4) the possible damage and 
operational stoppages that take place in any civil engineering infrastructure during the construction 
process. This innovative educational tool is an advance in the student's learning of the complete 
construction process of a civil engineering infrastructure and allows the students to interact with the 
structure as if it were a real case. 
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Figure 5. Output data for each sub-task of the infrastructure obtained from the calculation tool. 

3 APPLICATION EXAMPLE 
Although civil engineering works can be very different depending on the type of infrastructure, our 
methodology can be easily applied to any of them. As an example of application, the tool has been 
tested for the case of the maritime work: breakwaters (see Fig. 6 and Fig. 7). 

 
Figure 6. Maritime work: mound breakwater. 
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Figure 7. Maritime work: vertical breakwater. 

In particular, it has been possible to apply the educational-tool in the “Maritime and Coastal 
Engineering” subject of the Civil Engineering Degree Program. Students have tested, in class, the tool 
for the case of two typologies of breakwaters: (1) mound breakwater and (2) vertical breakwater. From 
their previous knowledge, students can play with the input data and the initial conditions that influence 
the maritime work development. This innovative educational methodology means not only an advance 
in the student's learning of the complete construction process of a civil engineering infrastructure, but it 
also allows students to interact with the structure as if it were a real case.  

For the construction of these breakwaters, students have to carry out two construction strategies: (1) 
advance in series and (2) advance in parallel. The latter allows them to know and obtain the two 
situations in which the maritime work could be developed, i.e., maximum cost and execution time 
(serial advance), or minimum cost and time (advance in parallel). In both cases, students can interact 
and play with the following input data: 

 Construction of a breakwater in Cádiz Bay (Southwestern of Spain): 
1 Weather conditions: Climate data (wave, wind, etc) 
2 Shape of Infrastructure: 

o Typology: rubble mound breakwater (see Fig. 8). 
o Number of section: one. 
o Length of section: 500 m. 

3 Structural and functional parameters (example with a sub-task):  
o Sub-task. Discharge of materials in the core: 

 Volume: 200.000 m3  
 Equipment: split barge 

 Performance: 145 m3/h 
 Machinery Cost: 350 €/h 
 Labor cost: 350 €/h 

 Number of working hours per day: 12 
 Number of working days per month: 30 
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After they introduce the input data in the tool, the verification process is made for each sub-task and 
the output data is provided for the two strategies. Nevertheless, if students change one of the input 
data, the results of the construction process, in particular the execution time and the cost will be 
different.  

For these input data, the following output data are obtained: 

• Advance in series (worst situation): 

o Execution time of section: 21,4 months 
o Execution time of sub-task: 7 months 
o Number of hours sub-task works: 800 h 
o Number of hours sub-task works delayed: 0 h 
o Number of hours sub-task suffers losses: 947 h 
o Number of hours sub-task does not work for operability: 459 h 
o Volume executed: 189.108 m3 
o Average volume of material lost during an event (storm in this case): 17.051 m3 
o Total cost: 13.090.240 euros 

 
Figure 8. Constructive process of a rubble mound breakwater. 

• Advance in parallel (best situation) 

o Execution time of section: 4.9 months 
o Execution time of sub-task: 4 months 
o Number of hours sub-task works: 618 h 
o Number of hours sub-task works delayed: 4 h 
o Number of hours sub-task suffers losses: 125 h 
o Number of hours sub-task does not work for operability: 0 h 
o Volume executed: 189.000 m3 
o Average volume of material lost during an event (storm in this case): 87.115 m3 
o Total cost: 3.224.321 euros 
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With this simple example, the student can learn the influence of the input data on the construction 
process. A simple variation in the execution strategy can lead to increases in the final cost and 
execution time equal to 10 and 4, respectively. In conclusion, construction procedure of an 
infrastructure can not be just taught using slides and photos; students should also be able to know and 
define all the input variables and check the results according to the defined construction strategies. 
This innovative tool can help in the teaching-learning process for civil engineering students 

4 CONCLUSIONS 
This work has dealt with the implementation of an educational-tool which properly simulates the 
construction processes of an infrastructure, in order to improve and complete the student integral 
formation in the field of civil engineering construction. This tool has been coded in “Python” language 
program, which is easy to handle and extensively employed in work environments research. 

The integrated tool for managing construction works can be easily applied to any of civil infrastructure, 
since many of their characteristics are common. For example, dividing the works in tracks or working 
with volumes and daily advance lengths are terms that are used in any civil engineering work. The 
educational-tool verifies step by step the constructive sub-tasks of an infrastructure, and the initial 
information that is required for its complete construction, as well as to evaluate: (a) the execution time 
of the different sub-tasks, (b) the impacts of the possible stoppages during the construction, and (c) 
the total cost of the works including the possible damages suffered during the construction process. 

In particular, the tool has been tested for the case of breakwaters (maritime works) in the “Maritime 
and Coastal Engineering” subject of the Civil Engineering Degree Program. Students have tested the 
tool for the case of two typologies of breakwaters. They have proven to be capable to cope with many 
of the main challenges that are presently facing field engineering, such as the impact of the decisions 
made while constructing in the success of a project. 

These practices have improved the way of teaching the construction process of a civil engineering 
infrastructure and the students have been able to play and interact with the structure as if it were a 
real case, improving their learning and establishing their knowledge. Engineering solutions to real 
problems are turning into complex decision-making processes, where different disciplines should 
interact to provide sustainable management construction. Consequently, updates on education to 
provide engineers with the appropriate tools to manage such situations are strongly demanded. 
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