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 Highway engineers encounter numerous problems during rigid pavement concreting. Thus, 
deciding on appropriate controlling measures is a crucial task. These problems affect the 
quality of pavements and increase initial cost. Experts can control them, but novices cannot. 
Therefore, this study describes the development of a novel knowledge-based system to 
control concreting problems of rigid pavements. The knowledge that includes problems 
encountered in the domain, their causes, preventive actions, solutions, and their effects was 
acquired from the experts by different methods and was presented in a classified format. The 
calcified knowledge was transferred into rules and coded in software by using Visual Basic. 
The system was tested by different users involved in highway engineering, including experts 
and novice engineers. The mean values of the overall system evaluation by the four types of 
users based on the 5-point Likert scale were 4 and 4.5 respectively. The developed system 
can be used to help highway engineers overcome the problems during concreting of rigid 
highway pavements, identify their causes, preventive actions, and effects on the 
construction process. It can also be used to help the experts formulate decisions quickly. The 
system facilitates decision making of domain experts by reducing unnecessary inputs, 
performing quick calculations, and providing classified recommendations. In addition, it can 
be used as an instructional tool for pavement engineers or highway engineering students, 
to interchange the expertise among the experts, and to transfer expertise to the next 
generation of engineers. 

 

1.Introduction 

The development of a highway system, which is a major 
infrastructure element [1,2,3], is important in improving a country’s 
economy [4,5,6,7]. Rapid urbanization has become an increasingly 
problematic feature of economic development [8,9]. Urbanization and 
a growing population require sufficient facilities for transporting 
goods and people [10,11]. Highway networks are the main facility in 
transportation systems [12,13]. Therefore, the construction of high-
quality, durable, and smooth new highways is necessary [1,4,5] to 
connect city centers with newly expanding districts and other 
locations. Pavements can be considered the most critical part of 
highway construction [14]. Pavement construction requires team 
efforts [15]. Success in construction can be achieved by applying these 
efforts intelligently at a reasonable price within a given timeframe 
[7,11]. However, highway engineers encounter several problems 
during the construction of rigid pavements [16,17,18]. Among the 
problems that occur during the construction of rigid pavements, those 
that occur during concreting are more critical as their occurrence 
leads to more complex problems. Therefore, the highway engineer 
must decide appropriate controlling measures, suggest effective 
solutions, identify causes, specify preventive actions to prevent 
recurrent problems, and anticipate the effects of uncontrolled 
problems. In addition, the adoption of preventive action for these 
problems prior to their occurrence is very helpful. Experts can control 
and solve these problems using their tacit knowledge [19,20,21] 
because diagnosing these problems and suggesting suitable solutions 
require extensive engineering experience. However, novice engineers 
cannot yet overcome such problems [13,22]. Therefore, the 
development of a knowledge-based system in this domain is  

 

necessary to help engineers overcome domain problems, suggest 
suitable solutions, avoid the causes of the  

problems, and prevent similar problems from occurrence in other 
parts of the project. Several knowledge-based systems were developed 
in transportation engineering domains such as transportation 
management, traffic control, highway project management, highway 
geometric design, and management of rigid and flexible pavements. 
Pavement management involves structural design, material 
selection, and maintenance and rehabilitation [6,23,24,25,26]. 
However, a research gap exists in the domain of rigid pavement 
construction and the problems therein, as this domain is not covered 
by a knowledge-based system. Therefore, this study aims to develop a 
novel advisory knowledge-based system to overcome concreting 
problems of rigid pavements. The proposed system contains a 
knowledge base of study domain problems, their description, 
solutions, causes, preventive actions to avoid their recurrence, and 
their effects if not controlled. 

 

2. System Building 

2.1. Knowledge Acquisition 

The knowledge was extracted from multiple sources of expertise in 
the field of rigid pavement construction. Using multiple sources 
ensures an acceptable agreement on ideas and procedures. The 
advantages of relying on multiple sources include the exclusion of 
bias towards a single view, less reliance on a single domain expert for 
knowledge elicitation, and representation of the real situation in the 
field in case of conflicting views in which further research is often 
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required. This stage mainly involved two steps: written knowledge 
acquisition and human expertise acquisition. The first step was 
implemented by detailed analysis of textbooks, manuals, guides, 
research publications, and any other written source. This acquired 
knowledge was used as the core knowledge in the development of the 
initial knowledge base. Knowledge obtained in this step was 
repeatedly refined by extensive analysis to specify the boundaries of 
the study domain as well as to understand descriptions and causes, 
preventive actions that can be adopted to avoid the occurrence of the 
problems, application of an immediate solution, and possible 
consequences if not prevented or treated. The second step was 
implemented through four sub-steps: unstructured interviews, 
structured interviews, questionnaire forms, and focus interviews.  

After the collection of filled questionnaires, experts 1, 2, and 3 were 
interviewed again to clarify their comments and to focus on specific 
details in their solutions. 
 
2.2. Classification of Domain Problems 

Through extensive review and repeated analysis of the acquired 
knowledge, the domain problems were identified and classified 
depending on their forms, locations, effects, and other common 
features. In doing so, inspectors can visually diagnose a problem or 
via tests and measurement results. In addition, the description of 
problems, their likely causes, preventive actions, instantaneous 
solutions, and possible effects if they remained uncontrolled are 
stated. Repeated classification stages were discussed with three 
experts (1, 2, and 3 in Table 1) for modification. The three experts 
reviewed the final classification during focus interviews and agreed 
that it represented their knowledge accurately. Figure 1 illustrates the 
classification diagram of the problems. The problems were identified 
depending on their characteristics, which could be visually diagnosed 
according to their appearance or through measurements and tests. 
The name of each problem summarizes its description. Experts can 
easily note such problems and quickly come up with solutions, 
whereas novice engineers cannot. 

 
Table 1    Methods adopted in human expertise 

acquisition 
E UI SI Q FI 
1 yes yes yes yes 
2 yes yes yes yes 
3 yes yes yes yes 
4 yes yes no no 
5 yes yes no no 
6 no no yes no 

E: Expert No.; UI:  Unstructured interviews; SI:  
Structured interviews; Q:  Questionnaire; FI:  Focus 
interviews(after questionnaire completion) 

 

2.3. Knowledge Representation 

To use the acquired knowledge, the knowledge is represented 
symbolically to be manipulated in an automated manner by 
knowledge-based system reasoning. Therefore, the implementation 
environment of the system must be selected prior to the selection of 
the knowledge representation method. In this study, Visual Basic was 
selected to develop the proposed system as it is an effective and 
flexible tool to develop such systems. The domain knowledge was 
represented in the form of rules. More than 250 rules were created 
and embedded within the source code of the system. When problems 
arise, experts need to collect information regarding the issue and then 
make a decision. Therefore, a forward chaining inference engine 
(which is data driven) is suitable for knowledge representation. This 
procedure works in accordance with the facts in the knowledge base 
towards the goal or conclusion. Reasoning originates from the given 
information and then continues forward with it. This approach 
depends on IF-THEN relationships. That is, if the IF condition is 
matched in a rule, the action in its THEN part shall be applied. This 
process can be modeled as IF (condition) THEN (conclusion). Two or 
more rules can be logically connected by connection terms AND, OR, 
and ELSE to form the combined rule. The connection of combined 
rules can produce composite rules. The classified knowledge, which 

represents the core of the proposed system, was prepared in the form 
of rules coded in a computer environment.  

The following example can clarify the representation of the 
knowledge by the rules: 

[IF (retarder was used in the concrete) AND (32 °C > concrete 
temperature > 27 °C) AND (32 °C > air temperature > 27 °C)] 
OR 
[IF (no admixtures were used in concrete) AND (concrete temperature 
< 27 °C) AND (air temperature < 27 °C) AND (the concrete is hauled by 
an agitating truck) AND (agitator was on dynamic mode during 
hauling)] THEN (maximum allowable time for hauling concrete = 90 
minutes) 

 

Figure 1. Classification of Domain Problems 
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3. The Structure of the System 

This section describes the structure of the system, which consists of a 
graphical user interface, working memory, inference engine, and 
knowledge base. The components of the system work jointly to 
provide the user with fast, clear, and efficient recommendations. The 
graphical interface is the only component that can be viewed by the 
user. Through the graphical interface, the user can input data and 
obtain recommendations. User inputs are contained in working 
memory via the interface. The inference engine uses inputs via the 
working memory as well as searches the rules in the knowledge base 
to match the problem description and provide recommendations.  

User interface has a special importance as it is the interface between 
the user and the system. The user communicates with the system via 
this interface. Generally, the system obtains the information needed 
to solve a particular problem by asking the user to answer questions 
or prompting the user to provide relevant information in a 
preformatted manner via the interface. The user interface was 
designed to collect the information and present the whole system 
without restricting the overall performance. It was designed with a 
good graphic to reduce the required learning time and the number of 
mistakes made by first-time users.  

Regardless of how well the knowledge base is organized or how 
effective the system’s performance is, the quality of user interface 
design alone may determine the fate of the knowledge-based system.  

The system was built by creating a new project under the Visual Basic 
environment. Visual Basic creates at least one form with each project. 
Each form includes the interface window (screen) and a code window. 
Figures 2 and 3 illustrate examples of the interface window (screen) 
and the code window respectively. The interface windows were 
designed to be clear, user-friendly, and interactive. The interface 
window includes a number of components or controls (each 
represents a tool) such as frames, labels, text boxes, images, option 
buttons (radio buttons), checkboxes, command buttons, windows 
media player, adobe acrobat reader, combo boxes, and message boxes. 
Each control was designed to perform a specific function in the form. 
Forms and controls are called objects. Visual Basic was utilized to 
design clear interface windows by using a variety of colors for 
background and texts. Changes in colors, fonts, and other visual 
effects were used to bring the user’s attention to some points. Fig. 2 
shows the test machine used in this research.  

The inference engine is the control mechanism that organizes the 
problem data and searches the knowledge base for applicable rules. 
The inference engine reaches a conclusion by matching appropriate 
rules under a set of specific facts.  

Basically, the inference engine operates as follows: IF the premise of a 
rule is true, THEN the conclusion is true. Figure 4 provides an 
example of how the inference engine works. 

 

 

 

 

Figure 2. Example of user interface window 

 

 



Mosa et all. Civil Engineering Beyond Limits 3 (2021) 12-17 
 

   

 15 

 
 

 

Figure 3. Example of code window 

 

4. System Testing 

A questionnaire survey was designed to test the satisfaction of 4 
experts in rigid pavements with the system. The rigid pavement 
experts evaluated the system by using the questionnaire described in 
Table 2. The evaluation reflects their satisfaction through their high 
ratings (more than 3). The satisfaction of experts indicates that they 
positively evaluated the user interface; this result also verifies the 
system. Table 2 summarizes the testing and evaluation of the system 
by the domain experts.  

Another questionnaire was designed to test the satisfaction of 10 
novice highway engineers with the system. The highway engineers 
evaluated the system by using the questionnaire described in Table 3. 
The evaluation reflects the satisfaction of the users through their 
high ratings (more than 3). The satisfaction of the participants 
indicates that they positively evaluated the user interface; this result 
also verifies the system. 

 

 

 

 

 

 

 

 

Table 2  Evaluation results of the system by 4 domain experts 
 

Questions Scores 
 1 2 3 4 5 Av1 

The system is easy to use     
 

 4.00 

The system runs quickly      
 5.00 

The user interface is user-
friendly 

     4.00 

The questions are helpful      4.50 
The questions are clear      4.50 
The terms are clear      4.50 
Presentation of results is 
clear 

     4.25 

Presentation of results is 
complete 

     4.50 

Obtaining explanations 
from system is easy 

     4.25 

The system is helpful to 
provide solutions 

    
 

 4.00 

The system is helpful to 
specify the causes of 
problems 

     4.75 

The system is helpful to 
adopt preventive actions 

     4.75 

The system is helpful to 
specify effects of 
problems 

     4.75 

The explanations are 
useful 

     4.25 

Generally, I am satisfied 
with the system 

     4.00 
1Av: Average 
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Table 3   Evaluation results of the system by highway 
engineers 

 

Questions Scores 
1 2 3 4 5 Av1 

The system is 
easy to use 

    
 

 3.7 

The system 
runs quickly 

     
 5.0 

The user 
interface is 
user-friendly 

     4.2 

The questions 
are helpful 

     4.5 

The questions 
are clear 

     4.5 

The terms are 
clear 

    
 

 3.8 

Presentation of 
results is clear 

    
  4.1 

Obtaining an 
explanation 
from the 
system is easy 

     4.3 

Generally, I am 
satisfied with 
The system 

     4.5 

1Av: Average 
 

 

 

Figure 4. An example of inference engine work 

 

 

5. Conclusions 

A novel system was constructed by computerization of the acquired 
knowledge using Visual Basic programming language. It involves 
sophisticated knowledge to perform the following functions: 

• As a knowledge-based system to help highway engineers 
overcome problems during concreting of rigid highway 
pavements, identify their causes, preventive actions, and 
effects on the construction process, pavement quality, and 
its future conditions. A simple graphical user interface was 
designed for the system to simplify the user’s task.  

• As a system to help the experts formulate decisions quickly. 
The system facilitates decision making of domain experts by 
reducing unnecessary inputs, performing quick 
calculations, and providing classified recommendations.  

• As an instructional tool for pavement engineers or 
civil/highway engineering students. They can learn more 
about the domain through repeated use of the system.  

• As a tool for expertise interchange among experts.  
• As a tool to transfer expertise to the next generation of 

engineers.  
• As a tool for archiving primary knowledge and human 

expertise in classified form available to all engineers in the 
study domain.  

• As a foundation for the development of other highway 
systems. 
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