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Abstract 

 

At process industries, the hazards and risks associated to many processes and has important impact 

on business performance, the decision-making process is required to mitigate the risks with 

additional fund for resources and sometimes has significant impact on project’s budget. 

 

The main challenge for decision makers and risk analysts that the data which representing hazards 

or risks associated with uncertainties data resulted from the different stages of risk assessment 

process. Several efforts conducted in this area to identify the type of uncertainties and try to treat 

it and get optimum decisions. 

 

Fuzzy logic theory used as AI (Artificial intelligent methods) to overcome some of uncertainty 

data and easily can be applied on risk management process. 

 

This thesis examines the effectiveness of establishing heuristic model using fuzzy logic approach 

in QRA (Quantitative Risk Assessment) process. Thesis’s works started with validation the results 

of risk assessment for a case study using fuzzy approach’s; The validation process revealed some 

important factors that affect the risk assessment results accuracy such as the dimension of the risk 

assessment matrix, mean and standard deviation for likelihood and severity curves representatives. 

Based on literature review and validation’s results, A Heuristic model was developed to be used 

in different areas with different conditions that treat some of uncertainty data types and get precise 

results from risk assessment process, such results support decision makers to rank risks then 

prioritize the mitigation control actions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

1 
 

Chapter 1: Introduction 
 

1.1. Statement of the Research Problem and Objective 
 

At process industries, the decision-making process for hazards and risk mitigation are 

very important due to the consequences of undesired events that negatively impacts 

people, assets, environment and business performance …. etc. The problem is part of 

data used in risk assessment is uncertain and it is difficult to recognize. Consequently, 

the outcome of risk assessment is become not accurate and often not convincing the 

decision makers. 

 

The Thesis’s Objective is focus on developing an Effective Heuristic Model using 

Fuzzy Logic that treat some types of uncertain data in Quantitative Risk Assessment 

(QRA) stages. Although, Quantitative risk assessment is one of the most integrated 

tools which combined qualitative and quantitative methods to evaluate the risks in the 

form of numbers that can be measured, but this traditional method is not solving the 

problem of uncertainty data. Many researches utilize artificial intelligent (AI) methods 

to overcome part of the uncertainty data such as fuzzy logic theory and applied it on 

risk assessment categories, as fuzzy logic method used to treat some types of 

uncertainty such as linguistic uncertainty type.  

This thesis examines the effectiveness of using the fuzzy logic in QRA tool by 

validating the results of a case study; Gas transport at islands in the Gulf. Then 

developing a heuristic model on MATLAB simulator using the fuzzy module to be used 

in different areas or conditions.  

 

1.2. Rationale 

 

The importance of this study is to evaluate and validate using the fuzzy logic approach 

which applied on QRA and how it can affect the risk management and decision-making.  

From literature review; the previous literatures done by risk analysts or international 

organizations are not validating the results of fuzzy approach, also evaluating the 

impact of heuristic model when applied in different area on risk categories, the previous 

literatures work on the differentiation between the traditional methods and fuzzy 

approach results in QRA process. 

Therefore, this study is an opportunity to develop and evaluate the heuristic model 

aspects that will lead to improve Heuristic Model and solve a part of the uncertainty 

data, also providing a user-friendly initiating software applicable for any industry. 

1.3. Methodology 

 

This research outline ordered as following as shown in (Figure 1.1): 

In chapter 1, Introduction about the use of quantitative risk assessment and industrial 

process also the problems that associated the risk assessment process due to the 

uncertainty data. Then clarifying the objective of the thesis is to develop a heuristic 

model to treat some of uncertainty types. 

Chapter 2 Defining the system component to establish the heuristic model in risk 

assessment. The system consists of decision-making theories and models, then defining 

the heuristic process and the quantitative risk assessment process.   


