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ABSTRACT 

Risk assessment is a process of categorizing and measurement of risk related outcomes from a specific incident 
and in a particular scenario. While risk itself is considered as the combination of likelihood and severity of the 
consequences of hazards. Typically, the qualitative approach of risk based inspection (RBI) is applied in oil and gas 
industries to measure the risk levels of hazards. But with this qualitative approach sometime the risk ranking ties among 
the different factors can lead to problem in selecting the most critical factor.  To address the problem, this study aims to 
develop a fuzzy logic-base risk assessment model using a quantitative approach of RBI that will assist to mitigate the risk 
ties in risk ranking process of hazard. In this proposed model, fuzzy membership functions and ranges have been assigned 
for likelihood, severity of consequences and for total risk levels. A case study on ammonia hazard is presented to 
demonstrate the vitality of the proposed fuzzy risk assessment model with samples of four categories (people, environment, 
asset and reputation) from an oil and gas industry. The outcomes of this study indicate that the developed model has a 
strong potential application in oil and gas industry in assessing the severity levels of risk, and resolving risk ranking ties. 
 
Keywords: risk assessment, oil and gas industry, quantitative risk assessment, fuzzy logic. 

 
INTRODUCTION 

It has been observed from recent literature that 
risk assessment has been considered as a critical factor in 
oil and gas industries, the investigation of risk assessment 
factors assists the oil and gas industry to minimize the risk 
related issues. Additionally, it can cause personal injuries 
of workers, environmental damages, degradation and 
destruction of the assets, strategically these factors have 
high effects on the reputation of the industry. It has been 
established from past studies that the risk assessment 
process is a combination of likelihood and consequence of 
the hazard. The literature suggested that generally there 
are three approaches to calculate the risk level; qualitative 
approaches, semi-quantitative approaches and quantitative 
approaches (Pokoradi, 2002, Radu, 2009, Arunraj and 
Maiti, 2007). Basically, the qualitative risk assessment is a 
complete process of hazard analysis, this process, identify 
and provide comprehensive information with some 
relative decisions in order to categorize the probable 
hazards and risks. The common use of this approach is to 
investigate the compliance assessment. While the semi-
quantitative approach is applied to categorizing the 
equipment/components, whereas to conclude final risk 
scores are achieved by using different methods. The 
quantitative approach applied to measure the risk, in this 
approach the numerical values being used for any specific 
hazard (Ramona, 2011; Altenbach, 1995). 

Considering the above arguments some 
objectives have been set to develop a model and validation 
of that model with some set of data taken from oil and gas 
industry. To fulfill the aims, this study incorporated the 
quantitative risk assessment approach with fuzzy logic to 
evaluate the risk and reduce the risk ranking ties involved 

with four categories of hazard (people, environment, asset 
and reputation).  
 
FUZZY LOGIC IN RISK ASSESSMENT 

Fuzzy logic (FL) has been formulated by Zadeh 
in 1965 (Zadeh, 1965). It is based on the set of 
mathematical principals to represent knowledge based on 
degrees of membership and degrees of truth. It reflects 
towards the thinking and intellectual capabilities of people 
in giving models and different circumstances. 

The use of FL approach in risk assessment has 
been covered a range of application such as; assessing of 
earthquake risk, assessing of environmental risk, assessing 
of project risk, safety risk assessment and supply chain 
risk assessment (Chan and Wang, 2013). 

The advantages of fuzzy logic are to be modelling 
the complex problem where linguistic variables are used to 
express the specific logic rules. The basic structure of a 
fuzzy inference system is based on these processes; 
fuzzification, inference engine and defuzzification. The 
detail fuzzy inference system is shown in Figure-1. In 
terms of risk assessment, FL has been virtuous approach in 
dealing with operational risk, where the assessment is 
often based on the expert opinion (Hellmann, 2001, 
Markowski and Mannan, 2008). 

Moreover; during the fuzzification process, the 
membership functions are defined as “the input variables 
which have been applied to their actual values”. In 
inference process the truth-value for the foundation of 
each rule is computed, and it will apply to the concluding 
part of each rule. These sets of rules are generated from 
engineering knowledge with the collection of IF-THEN 
statement. IF the severity of people is catastrophic AND 



                               VOL. 11, NO. 5, MARCH 2016                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3050 

the likelihood of people is Unlikely, THEN the risk will be 
high (Wang, 1999). The catastrophic, unlikely and high 
are characterized by the membership functions. In the 
process of defuzzification the values are estimated for 
weighting and averaging from the dependent variables 
which based on a single output fuzzy crisp number after 
applying the fuzzy inference rule. Also, in defuzzification 
process the aggregated membership functions can simply 
represent the value of the overall risk as a fuzzy system 
(Klir and Yuan, 1995; Lee, 1990; Ross, 2009; Sii et al., 
2001). 
 

 
 

Figure-1. The structure of fuzzy logic (Pokoradi, 2002). 
 

In this study a risk assessment of ammonia 
hazard in oil and gas industry is used as a case study. The 
Ammonia hazard has been categorized under four 
categories (people, environment, asset and reputation) and 
it is based on the qualitative approach. The fuzzy logic 
approach has been adopted to the transformation of 
qualitative risk evaluation data set into fuzzy value. 
 
METHODOLOGY 

The methodology used for developing of the 
fuzzy risk assessment model is shown in Figure-2. 
 

 
 

Figure-2. Methodology for fuzzy risk assessment model. 
Step 1 
This step is based on data collected, and a set of data is 
required to validate the proposed model. An excel based 

template has been created to assist data collection and later 
it was sent to responded to assess the risk of hazard 
through likelihood and consequence with their existing 
method. The received data were qualitative and based on 
ammonia hazard which comprises these four categories; 
people, environment, asset, and reputation. Further, the 
data has been transferred in fuzzy value and used in the 
proposed model to evaluate the total risk which will assist 
to reduce the risk ranking ties among four categories. 
 
Step 2  

The Matlab was used to apply fuzzy logic 
Toolbox to develop a fuzzy risk assessment model. The 
model has been assigned the input (likelihood and 
consequence) and output (Risk) variables and selection of 
a ‘‘membership function’’ for input and output variables. 
In this fuzzy risk assessment model the Gaussian type of 
membership function has been used to derive the fuzzy 
values for the input quantitative data, as it has been quite 
proven that this type of membership function is the most 
natural and popular choice for risk assessment (Abul-
Haggag and Barakat, 2013). A membership function is a 
curve and it defines how the values of a fuzzy input and 
output variables are represented in degrees of membership 
or degrees of truth between 0 and 1 (Simoes, 2010). 

In place of risk assessment, Table-1 and Table-2 
has been used to determine the likelihood and 
consequence for four categories (people, environment, 
asset and reputation). The risk matrix shows in Figure-3 
has been used to generate the inputs (likelihood and 
consequence) and output (Risk) in the model. The risk 
matrix has been applied by oil and gas industry to evaluate 
the overall risk of hazard by qualitatively. 

 
Table-1. Likelihood categories. 

 

   Categories Description 

Almost Certain 
Continuously experienced/several 

times per year 

Likely 
Occurs regularly / more than once 

per year 

Possible Occurs occasionally 

Unlikely Occurs infrequently 

Remotely Occurs very rarely 

 
Table-2. Consequence categories. 
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Figure-3. Risk matrix. 
 
Step 3 

The qualitative data were transferred in fuzzy set 
values in the risk matrix to evaluate the overall risk as 
shown in Table-3. The input membership functions of 
likelihood categories such as; Remote, unlikely, possible, 
likely and almost certain with assigned ranges from 0 to 
10 shows in Figure-4.  

Figure-5 shows the input membership functions 
for consequence categories (people, environment, asset 
and reputation) have been categorized in five membership 
functions such as: Insignificant, minor, moderate, major 
and catastrophic with assigned ranges from 0 to 10. 

The total risk has been categorized into four 
membership functions; Low, medium, high and very high. 
Ranges have been assigned from 1 to 100 as shown in 
Figure-6In this research, we have proposed fuzzy risk 

assessment model rules which contain linguistic variables 
related to the risk ranking. The OR, AND logical operation 
has been used in rule base for fuzzy inference system. We 
have implemented with 2 inputs with 1 output. A set of 
twenty-five aggregation rules have been settled and 
determine that how the risk level change under the 
different scenarios. The rules in the rule base are the 
combination of likelihood, consequences and total risk 
which are based on the risk matrix shown in Figure-3.  
 

Step 4 
Calculation of risk level is done by interpreting 

the final output risk score. However, the fuzzy rules and 
risk rating can be modifiable according to company’s own 
risk criteria. 

Table-3. Fuzzy sets for risk matrix. 
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Figure-4. Input membership function “Likelihood”. 

 

 

Figure-5. Input membership function “Consequence”. 
 

 
 

Figure-6. Output membership function “Risk Level”. 
 
RESULTS AND DISCUSSIONS 

Ammonia hazard in oil and gas industry has been 
used as a case study. For validation of proposed fuzzy risk 
assessment model, the hazard data set has been evaluated 
under four categories; people, environment, asset and 
reputation. 

The process of risk assessment for qualitative and 
proposed fuzzy risk assessment model for these categories 
are shown in Tables 4-7. Additionally; simulation was 
performed to compare the calculation results of qualitative 
risk assessment and the proposed fuzzy risk assessment 
model. 

 
Table-4. Likelihood and consequence process for people. 

 

Qualitative process Proposed model process 

Consequence Likelihood Consequence Likelihood 

Consequence of people Is 
catastrophic = 5 

Likelihood of people  is 
unlike = B 

Consequence of people is 
catastrophic = 9 

Likelihood of people is 
unlike = 3 

 
Table-5. Likelihood and consequence process for environment. 

 

Qualitative process Proposed model process 

Consequence Likelihood Consequence Likelihood 

Consequence  of 
environment is moderate = 

3 

Likelihood of environment  
is possible = C 

Consequence of environment  
is moderate = 6 

Likelihood of environment  
is possible = 6 
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Table-6. Likelihood and consequence process for Asset. 
 

Qualitative process Proposed model  process 

Consequence Likelihood Consequence Likelihood 

Consequence of asset is 
insignificant =1 

Likelihood  of asset is 
unlikely = B 

Consequence of asset is 
insignificant =1 

Likelihood  of asset is 
unlikely = 3 

 
Table-7. Likelihood and consequence process for Reputation. 

 

Qualitative process Proposed model process 

Consequence Likelihood Consequence Likelihood 

Consequence of reputation is 
major = 4 

Likelihood  of reputation  
is possible = C 

Consequence of reputation is 
major = 8 

Likelihood  of reputation 
is possible = 6 

 
Figure-7 shows how aggregating membership 

functions (input and output) indicate the risk level in a 
fuzzy risk assessment method. It illustrates one of the test 
category “people” for its likelihood and consequences 
when calculating risk. It shows that if Likelihood of 
people is 9 AND consequences of people is 3 THEN the 
risk will be 54.2. The relationship between likelihood, 
consequence and risk are shown as a graphically surface is 
shown in Figure-8. It shows the three dimensional plot of 
two inputs and one output that indicating the risk matrix. 
The plot shows that when likelihood and consequence 
increases, the risk will be higher. 
 

Figure-7. Aggregated deffuzified value for category; 
people. 

 
 

Figure-8. Graphically surface of risk matrix. 
 

Table-8 shows the comparison results of 
qualitative risk assessment and proposed fuzzy risk 
assessment model of four categories; people, environment, 
asset and reputation. In qualitative the risk assessment 
result of category people “5B” and category reputation 
“4C” both are indicating the “High” risk level, and it is 
difficult to decide the most critical factor from both people 
and reputation. The results from proposed fuzzy risk 
assessment model are indicating the “High” risk level of 
category people with “54.2” and category reputation with 
“67.9” output risk level score.  

It is found that the risk result of both methods is 
“High”, but the results from proposed fuzzy risk 
assessment model are more precise and defined in details 
with their final risk score. It shows that the reputation is 
more crucial than people; therefore “reputation” should be 
given more importance than the “people”. Through this 
way the proposed fuzzy risk assessment model will assist 
RBI engineers to categorize the risk levels comfortably.  
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Table-8. Risk assessment Comparison between qualitative and fuzzy risk assessment model. 
 

 
 
CONCLUSIONS 

In this paper, a fuzzy logic-based risk assessment 
model has been proposed for oil and gas industries to 
categorize the risk level and assist to mitigate the risk 
ranking ties of hazard. The input parameters under 
consideration were likelihood and severity of consequence 
of four different categories; people, environment, asset and 
reputation. The model can be used to rank the categories 
with their output risk level score. The case study data 
indicate that the final risk result has been achieved due to 
the proposed model is more detailed and decisive. As 
compared with the existing risk ranking method, our 
proposed model is able to provide the risk level score 
more precisely and accurately and will also assist to 
reduce the risk ranking ties wherever possible and it can 
integrate the opinions of experts in a more accurate way 
and can rank the risk levels quantitatively. 
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