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Abstract 

All projects are subjected to varying degrees of uncertainty and risk because they are unique. Risk 
management of a set of specialties that make up an industrial project is one of the most difficult 
challenges. It is up to the project manager to develop the ability to predict events, seize opportunities 
or assess threats, allowing mitigation measures to be implemented in a timely manner. The main 
objective of this research was to verify the influence of the application of a risk management 
methodology in the project objectives. The methodology implemented is based on the risk 
management process described in the sixth edition of PMI's PMBOK Guide.  A baseline model for 
risk identification, assessment and response planning was developed. For monitoring, a Mapping 
Risk was developed whose project risks are mapped according to probability and impact, allowing a 
better understanding of the evolution of risk throughout the life cycle of the project. The case study 
was carried out in a Portuguese industrial organization, which provides several services in heavy 
metalworking. This research aims to contribute to the dissemination of risk management, mainly in 
the metalworking sector, where the lack of integration of risk management with the organizational 
processes is a reality. 
 

Introduction 

Industrial projects are characterized by being quite complex, involving several specialties such as 
civil, mechanics, electricity, safety, environment, among others. These are projects with very low 
margins but with high risks (Gepp et al., 2014). With the increasing internationalization of 
companies, industrial projects began to be developed in very volatile contexts that sometimes lead to 
failure (Gepp et al., 2014). The leap into the global market forced Project Managers (PMs) to take on 
new challenges in a completely heterogeneous and unfamiliar context. Both uncertainty and risks are 
present and can cause irreparable damage to the defined value criteria (PMI, 2017). In industrial 
projects, whose margin is reduced, good management of time, cost and quality is vital for the 
sustainability of organizations (Gepp et al., 2014). If a project fails its value criteria due to the 
associated penalties, it may jeopardize the benefit of a number of other projects (Gepp et al., 2014). 
The integration of risk management is essential in order to minimize losses and increase profitability 
(MacLeod and Akintoye, 2013). It is estimated that between 2014 and 2019, direct losses due to lack 
of risk management for the current large-scale cluster of projects may exceed $1.5 trillion in 
worldwide (Mckinsey & Company, 2013). The risks of a project arise from the existing uncertainty at 
various levels (Perminova, Gustafsson and Wikström, 2008). Uncertainty becomes risk when 
information becomes more reliable, allowing the Project Manager (PM) to estimate probabilities 
(Perminova, Gustafsson and Wikström, 2008). From historical data or the experience of PMs and 
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experts, it is possible to calculate the likelihood of the risk to occur, and the consequence or impact 
that such event on the objectives set for the project (ISO, 2012; PMI, 2017), so it can be said that the 
risk can be controlled (Perminova, Gustafsson and Wikström, 2008). A study by the authors Girardi 
et al. (2017) states that projects in which risk management is emphasized, perform better. 

 
On the other hand, the clients began to launch a weighting factor for the evaluation and selection of 
companies, depending on whether or not they have any risk management process. Until a few years 
ago, only the large industrial construction companies were able to respond to this new requirement. 
Risk management techniques and tools are rarely used due to lack of knowledge and hesitations 
(MacLeod and Akintoye, 2013). These changes led to the realization of this research in a Portuguese 
industrial organization with 10 years of existence and with 90% of turnover from the central 
European market.  
 
This paper is structured in six sections. The first section is an introduction and refers the importance 
the risk management in enterprises. The second section is about project risk management and 
presents briefly the bodies of knowledge that refer this subject. The research methodology is 
presented in the third section. The fourth section describe the objectives and the context. The fifth 
section describe the development of the risk management methodology. Finally, the last section 
(section six) presents the conclusions and future research. 
 
The objective is to contribute to risk management knowledge through the implementation of a risk 
management methodology in a medium-sized metalworking organization, contributing to the 
improvement in the management of projects of this type. 
 

Project Risk Management 

Organizations are constantly restructuring their internal processes, implying new ways of managing 
projects. Organizations are also continuously seeking efficiency in procedures and effectiveness in 
results because resources are scarce. ISO 31000: 2012 recommends the risk management process to 
be integrated into organizations (ISO, 2012). It is the PM that will manage the entire project life 
cycle, being responsible for its success. It assumes commitments with the organization, shareholders 
and other stakeholders, who will benefit from the final result, whether tangible or intangible. The PM 
is required to perform well as a risk manager (Roberts, 2004). According to the IPMA - ICB4 
standard, the PM must have the capacity to manage project risk, knowing how to integrate 
knowledge, skills and ability (IPMA, 2015).  The PM should have a holistic view and be able to 
identify future events. The PMBOK (Project Management Body of Knowledge) considers risk as an 
uncertain event that, if it occurs, will affect one or more project objectives (PMI, 2017). If the event 
improves the results of the project objectives then it is called opportunity. If the event has a negative 
impact, it is called a threat (PMI, 2017). Throughout the risk management life cycle, the PM will 
have to make decisions such as escalate, avoid, transfer, mitigate or accept threats. But if an 
opportunity is identified, he/she can decide to escalate, exploit, share, enhance or accept. Knowing 
which the best decisions to make is critical for whoever is running a project. The PMBOK describes 
risk management as a process consisting of 7 steps: plan risk management; identify risks; perform 
qualitative risk analysis; perform quantitative risk analysis; plan risk responses; implement risk 
responses and; monitor risks (PMI, 2017). ISO 31000: 2012 first advises the creation of a structure to 
support the organization in the implementation of the risk management process (ISO, 2012). The 
process includes 5 steps: establishing the context; risk assessment; risk treatment; communication and 
consultation; monitoring and review (ISO, 2012, p. 21). The Prince2® methodology mentions a 
process consisting of 5 steps: identify; assessment (estimate and evaluate); plan; implement; 
communicate (OGC, 2009). 
 
Several authors such as Odimabo and Oduoza (2018), Marcelino-Sádaba et al. (2014) or Hosny, 
Ibrahim and Fraig (2018) contributed with guidelines for risk management in construction projects. 
However the level of risk is represented in a table, which makes its visibility difficult. In this paper 
we mapped the risks in a graph, so the visibility of the risk level is clearer, contributing to a better 
monitoring of the risks. 
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Research Methodology  

As mentioned before, industrial 
project has a negative result, this will influence the results achieved by other projects, affecting the 
organization. However, medium-sized
process by claiming that it is unnecessary and that resources can be applied in other project activities 
(Raz and Michael, 2001). This study intends to show that the implementation of a risk management 
methodology helps the operational management of industrial projects, using a case study. 
 
According to the Research Onion model of the authors Saunders, Lewis and Thornhill 
research followed a line of pragmatism, analyzing the phenomena for which the researchers tend to 
have their own understandings, seeking to propose suggestions for improvement. A subjective 
position was taken in which the interpretation may vary according to the world point of view and the 
“real” observable phenomena. A deductive approach was established, applying as a strategy a case 
study. To obtain the data, mixed methods were applied. The time horizon was cross

represents the flowchart of the methodology of the risk management process implemented
 

Fig. 1: Flowchart of the risk 

In a first phase, a review of the literature, including existing theories, was carried out with the 
objective of gathering contributions and identifying potential gaps. 
performed to support to identification 
should be considered in the organization's risk database. In a second stage, participatory observations, 
questionnaires and analysis of the organization's internal documentation were used. Infor
meetings with the PM enabled the gathering of information from past events and the transmission of 
knowledge gained from experience. The questionnaires were developed for two purposes
conclude if PMs have the culture of risk analysis in the proj
of the organization; and 2) to identify the events that occur more frequently in the projects. 
with the director of the production unit, the information and purpose of the questionnaires were 
distributed to the 12 PMs of the business unit. A specific open
techniques, namely the Delphi method
www.tricider.com. It is a platform where the
revealing their ideas and/or voting on the ideas of other participants. The collection of this initial 

As mentioned before, industrial projects are very prone to have a very low profit margin. If any 
project has a negative result, this will influence the results achieved by other projects, affecting the 

sized organizations do not invest in integrating a risk management 
process by claiming that it is unnecessary and that resources can be applied in other project activities 

. This study intends to show that the implementation of a risk management 
methodology helps the operational management of industrial projects, using a case study.  

According to the Research Onion model of the authors Saunders, Lewis and Thornhill (2009)
research followed a line of pragmatism, analyzing the phenomena for which the researchers tend to 
have their own understandings, seeking to propose suggestions for improvement. A subjective 

he interpretation may vary according to the world point of view and the 
“real” observable phenomena. A deductive approach was established, applying as a strategy a case 
study. To obtain the data, mixed methods were applied. The time horizon was cross-sectional. 

represents the flowchart of the methodology of the risk management process implemented. 

Flowchart of the risk management process 

In a first phase, a review of the literature, including existing theories, was carried out with the 
objective of gathering contributions and identifying potential gaps. A literature review was also

ication of possible events that may occur in industrial projects that 
should be considered in the organization's risk database. In a second stage, participatory observations, 
questionnaires and analysis of the organization's internal documentation were used. Infor
meetings with the PM enabled the gathering of information from past events and the transmission of 
knowledge gained from experience. The questionnaires were developed for two purposes

PMs have the culture of risk analysis in the projects, characterizing the state of maturity 
identify the events that occur more frequently in the projects. 

production unit, the information and purpose of the questionnaires were 
the business unit. A specific open-source platform for brainstorming 
method, among others, called Tricider, was used through the website 

www.tricider.com. It is a platform where the participants, anonymously, access through a link, 
revealing their ideas and/or voting on the ideas of other participants. The collection of this initial 

have a very low profit margin. If any 
project has a negative result, this will influence the results achieved by other projects, affecting the 

management 
process by claiming that it is unnecessary and that resources can be applied in other project activities 

. This study intends to show that the implementation of a risk management 
 

(2009), this 
research followed a line of pragmatism, analyzing the phenomena for which the researchers tend to 
have their own understandings, seeking to propose suggestions for improvement. A subjective 

he interpretation may vary according to the world point of view and the 
“real” observable phenomena. A deductive approach was established, applying as a strategy a case 

onal. Fig. 1 

 

 

In a first phase, a review of the literature, including existing theories, was carried out with the 
literature review was also 

possible events that may occur in industrial projects that 
should be considered in the organization's risk database. In a second stage, participatory observations, 
questionnaires and analysis of the organization's internal documentation were used. Informal 
meetings with the PM enabled the gathering of information from past events and the transmission of 
knowledge gained from experience. The questionnaires were developed for two purposes: 1) to 

ects, characterizing the state of maturity 
identify the events that occur more frequently in the projects. Together 

production unit, the information and purpose of the questionnaires were 
source platform for brainstorming 

through the website 
access through a link, 

revealing their ideas and/or voting on the ideas of other participants. The collection of this initial 
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information (inputs) allowed delineating the model for recording the identified risks, as well as the 
remaining steps that make up the process of risk management. Two types of data sources were used: 
primary data, obtained from questionnaires, and secondary data, obtained through organization and 
literature documentation. The rest of the process will be explained in chapter 5. 

 

Objectives and Context 

This research was carried out in a Portuguese metalworking organization. The organization was 
founded in 2009 and has been growing solidly, due to a strong internationalization strategy. It 
provides detailed engineering, manufacturing, industrial assembly and technical assistance services 
for petrochemicals, refineries, steel mills, cement plants, mines and processing plants, representing a 
turnover of around 90%; the remainder derives from training and engineering services.  
 
This paper describes the characteristics of the pilot project, the implementation of risk management 
and the results obtained. To contribute to the improvement of risk management, the following 
specific objectives were established: 

• To define the methodology of the risk management process adapted to an industrial pilot 
project;  

• To create the necessary templates to implement the process; 

• To implement the methodology and analyze the results. 

 
According to the PMBOK Guide, there are 4 fundamental reasons for the beginning of a project: to 
comply with legal or regulatory requirements; to create or to improve processes; to implement 
business strategies and; to attend needs (PMI, 2017).  
 
In this case it is because of the customer's need for a steel industry in northern Belgium.  
 
The project came about due to the collapse of 2 sections of a hot air extraction duct in the ore 
synthesis sector. Section 1 just changed position and the goal was to return it to the starting position. 
As for section “S”, due to the seriousness of the damage, it was necessary to provide a new section by 
placing it in its initial position.  
 
The project took place in two countries, Portugal and Belgium. Detailed engineering, procurement 
management, pre-fabrication and transport took place at the organization's headquarters in Portugal 
and the assembly was done at the client's facilities in Belgium. 
 
This study began when the project was awarded by the client on 28th of May, 2018, so there was no 
interference by the researchers during the preparation phase of the technical-economic offer. 
 
The organization defines the objectives of the project, case by case, according to the requirements 
given by the client. In the selected pilot project, the deadline was the main constraint associated with 
the annual stops of the steel industry, so the main objective was to meet the deadline.  
 
The fulfillment of the planned cost was also a goal with the same weight, caused by a low negotiation 
before the award. The third objective was the safety of workers, which is a common goal with the 
client. Finally, the scope and the quality were established, both with the same weight.  
 
Without interfering with the organization's procedures, the main objective was to analyze the 
potential results of the implementation of the risk management methodology in the pilot project. The 
main requirement was to implement simple procedures, using already developed and accessible tools 
and frameworks. 
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Development of Risk Management Methodology 

The PMBOK was the guideline for the development of the risk management methodology, as well as 
the Practice Standard for Project Risk, both guidelines released by the Project Management Institute 
(PMI, 2017). The PMBOK is a guide that gathers best practices for implementing the risk 
management process in an organization. It defines the process in 7 steps: plan risk management; 
identify risks; perform qualitative risk analysis; perform quantitative risk analysis; plan risk 
responses; implementation risk responses and; monitor risks. ISO 21500: 2012, ISO 31000: 2012 and 
ISO Guide 73: 2009 were consulted as a complement. The quantitative risk analysis made will not be 
detailed in this paper due to the lack of space. 

 

Risk Management Plan 

This activity describes all the steps and their implementation sequence. Before developing the risk 
management plan, the necessary information was collected using documental analysis and meetings 
according to Table 1. 
 

Table 1: List of sources of information 

 

Documental analysis 
Terms and conditions 
Commercial proposal 
Kick-off meeting minute 

Meeting with business  
management 

Goal setting 
Definition of value criteria 
Definition of the scale of assessment for probability 
and impact 
Definition of the weight scale for value criteria 

Meeting with project director 
Stakeholder analysis 
Analysis of the selected project management team 
Analysis of possible project risks 

 

After studying the specifications to understand the scope, the project charter was elaborated, where 
high level risks, assumptions, issues and dependencies were recorded. Next, the objectives, value 
criteria, evaluation scales, the techniques and tools to be applied were defined. The management plan 
included the information shown in Table 2. 
 

Table 2: Information in the risk management plan 

 

Project description 
Introduction 
Project description 
Stakeholders identification 

Objectives 
Project objectives 
Risk management objectives 

Events Significant changes in the project 

Methodology 

Identification 

Evaluation 
Qualitative 
Quantitative 
Response Plan 

Implementation  

Monitoring and control 
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Identification of risks 

This is one of the most important steps. If this step fails, the following steps will fail 
2018b). A risk, if it occurs, has an impact on one or more project objectives. If it does not affect any 
objective it is not a project risk. Using
the documentation of the pilot project
developed, where 11 categories w
identified. 
 
Anonymous questionnaires were 
platform, two separate surveys were carried out on a group of 12 PMs from the business unit to 
which the pilot project belongs. 

The first questionnaire allowed collecting 5 events that have occurred in previous projects. As the 
result was not satisfactory, a second que
being one of the most used tools in the stage of risk identification 
managers. From the result of this questionnaire, 12 events were 
in the organization, reproduced in 
 
 

 

Table 3: List of 

 

Item # 

1 Lack of coordination/communication

2 The outsourcing companies inability to respond

3 The organization’s inability to meet the project deadline.

4 Lack of complete project information and

External

Country Socio/Cultural

Templates 
RBS 
Risk Register 
Risk Mapping 

This is one of the most important steps. If this step fails, the following steps will fail 
risk, if it occurs, has an impact on one or more project objectives. If it does not affect any 

Using the analysis of the documentation from previous projects and 
the documentation of the pilot project, a Risk Breakdown Structure (RBS), represented in Fig

where 11 categories were defined, serving as a basis for grouping the risks that were 

 applied to identify the risks. Using the Tricider open-source digital 
separate surveys were carried out on a group of 12 PMs from the business unit to 

The first questionnaire allowed collecting 5 events that have occurred in previous projects. As the 
result was not satisfactory, a second questionnaire took place using a checklist of 82 possible events, 
being one of the most used tools in the stage of risk identification (Raz and Michael, 2001)
managers. From the result of this questionnaire, 12 events were identified as more frequently stressed 
in the organization, reproduced in Table 3. 

Fig. 2: Pilot project RBS 

: List of events that occurred in the organization 

 Occurred event 

(positive or negative) 
Impact

/communication capacity within the project team. > Time

inability to respond. > Time

The organization’s inability to meet the project deadline. 
< Quality

> Cost

Lack of complete project information and customer specifications. > Time

RBS

Internal

Management 
and Organization

Resourcing and 
Logistics

Security Quality

Environmental

Project

Technical

Site/Facilities

This is one of the most important steps. If this step fails, the following steps will fail (Hillson, 
risk, if it occurs, has an impact on one or more project objectives. If it does not affect any 

previous projects and 
Fig. 2, was 

as a basis for grouping the risks that were 

source digital 
separate surveys were carried out on a group of 12 PMs from the business unit to 

The first questionnaire allowed collecting 5 events that have occurred in previous projects. As the 
stionnaire took place using a checklist of 82 possible events, 

(Raz and Michael, 2001) by project 
frequently stressed 

 

Impact 

Time 

Time 

< Quality 
Cost 

Time 

Project

Execution

Commercial
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> Cost 

5 Many changes to the project for lack of detailed settings. 
> Time 
> Cost 

> Scope 

6 
Poorly estimated productivity due to non-consideration of the site 
(seasonal, environmental, climate, etc.). 

> Cost 

7 Inability to manage outsourcing contracts due to its quantity. 
> Time 
> Cost 

< Quality 

8 Lack of internal human resources to develop the project. 
> Time 
> Cost 

< Quality 

9 
Lack of human resources "in situ" to sub-contract, forcing the 
displacement of complete teams. 

> Cost 

10 
No team has been appointed to prepare the technical work file during the 
execution of the project. 

> Time 

11 Inexistence of basic services "in situ" for the technical teams. > Cost 

12 Increase the project scope by hiring additional works by the customer. 
< Costs (fixed 

or indirect) 

 
 
Table 4 presents the 37 risks identified for the project under study. 
 

Table 4: List of risks for the pilot project 

 

Item # 

 

Identified risks 

(positive or negative) 

  

1.5 Customer culture for "business" and type of contract. 

1.6 Contract financing by the customer. 

2.1 The scope definition is poorly detailed or incomplete. 

2.2 Poorly defined deliveries. 

2.3 No time to develop the Integral Project Plan. 

2.4 The schedule is little detailed and ill-defined. 

2.5 Pressure to deliver the project with accelerated schedule. 

2.7 Poorly defined project team priorities. 

2.8 The project competes in funds and resources with other projects. 

2.9 Overworked functional and/or technical work units. 

2.11 Inexperienced team with little or inadequate training. 

2.13 Lack of coordination/communication capacity with the client. 

2.14 
Lack of coordination/communication capacity within the project 
team. 

2.16 Business Unit critical decisions out of time. 

2.18 Unplanned workload for the Project Manager. 

2.19 
Constantly change the priorities of the organization with impact on 
the project. 

2.20 Possible problems with local administrative laws or regulations. 

3.1 Total project deadline is inacceptable. 

3.3 Binding dates subject to penalties. 

4.1 Specifications are incomplete. 
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4.2.6 Calculated estimates of man-hours insufficient for prefabrication. 

4.2.9 Specific performance / product quality tests. 

4.3 Lack of detailed settings. 

4.4 Outsourcing does not meet the quality standards of the organization. 

4.5 There are assumptions to the project on technical issues. 

4.11 
Calculated estimate productivity insufficient (seasonal, 
environmental, climate, etc.). 

5.1 The acquisition strategy is not defined. 

5.2 
Lack of support for purchasing departmental planning due to work 
overload. 

7.1 Unavailability of human resources to develop detailed engineering. 

7.2 
Specific training (local language, management techniques, 
negotiation techniques, new software …) is required from the project 
team. 

7.6 
Lack of partnerships with carriers to move parts with non-standard 
dimensions. 

8.1 Lack of resource designated to develop quality technical dossier. 

9.1 The project is developed in steelmaking with specific specification. 

9.3 Requires specific certifications / licenses for workers. 

9.5 Works at height. 

9.10 The project site is safe from theft. 

9.16 Restriction of space in the parts assembly area. 

 

 Qualitative Evaluation 

The main objective of the qualitative analysis is to prioritize risks by the magnitude of the damage 

that can result in the defined (objective) value criteria. For the pilot project, time, cost, safety, scope 

and quality were selected in descending order of importance. The PMBOK advises as one of the 

techniques for risk calculating, to apply the probability and impact matrix (PMI, 2017). In order to 

estimate the probability of occurrence of the risk, the following question is asked: how frequently 

does the event occur? To estimate the impact of risk on the value criteria, the question is: what is its 

consequence? The researchers chose the word “event” to consider both threats and opportunities. The 

result allowed prioritizing the risks of greater magnitude. In order to estimate the probability, a 5-

point Likert scale was used: very low, low, medium, high, and very high, represented in Table 5. For 

the impact, each value criterion was analysed individually, according to  

 
 

 

 

Table 6. 
 

Table 5: Scale for Probability 

 

 Probability 

Scale 
Very low 
(<20%) 

Low 
(<20% e 

40%) 

Medium 
(>40% and < 

60%) 

High 
(> 60% and < 

80%) 

Very High 
(>80%) 

Probability 1 2 3 4 5 
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Table 6: Scale for Impact 

 

 Impact  

Criterion 
value 

Very low Low Medium High Very High 

1 2 3 4 5 

Time 
Insignificant 
deviation 

< 5% 
deviation 

5%-10% 
deviation 

10%-20% 
deviation 

> 20% 
deviation 

Cost 
Insignificant 
increase 

< 2% 
increase 

2%-5% 
increase 

5%-10% increase 
> 10% 
increase 

Safety 

Nearly 
imperceptible 
degradation 

Increased 
risk of 
incidents 

Increased 
risk of 
minor 
accidents 

Increased risk of 
serious accidents 

Increased risk 
of very 
serious 
accidents 

Scope 

Almost 
imperceptible 
decrease 

Affected 
areas of little 
importance 

Affected  
important 
areas   

Reduction of 
scope 
unacceptable for 
the client/ 
Increasing of 
scope 
unacceptable to 
the company 

Inappropriate 
project final 
product  

Quality 

Nearly 
imperceptible 
degradation 

Affected 
only the 
most 
demanding 
applications 

Quality 
reduction 
requires 
customer 
approval 

Reduction of 
quality 
unacceptable  

Unusable 
project final 
product  

 
In the impact variable, we considered the weighted average for the value criteria according to the 
importance for the organization and for the project, in which the following weights represented in 
Table 7 are attributed. 

Table 7: Defining the weight for the value criteria 

 

 Value Criteria  

Time Cost Safety Scope Quality 

Weight Factor 0,3 0,3 0,2 0,1 0,1 

 
This formula was applied for to calculate the level of risk: 
 
 Probability x Impact (1) 
 
After obtaining the probability and impact matrix for the 37 risks identified in the project, the risks 
were mapped on a chart for a better understanding. Fig. 3 shows the 37 identified risks, with 13 risks 
due to their magnitude, located in the yellow, orange and red bands. 
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Fig. 3

Through Fig. 3, the PM has a better perception of the risks and can better follow their evolution and 
behavior throughout the execution of the pilot project.
 

Response and Contingency Plan

 

 

 

 

Table 8 lists the response plan selected for the 13 priority risks, as well as the contingency measures. 
The plan contains both qualitative measures, through
measures, using the calculation of an economic contingency reserve.
estimates, Monte Carlo simulat
researchers used decision trees with the integration of Expected Monetary Value (EMV). The last 
column shows the owner of the risk, who had the responsibility of putting the response plan into 
action.  
 
After the award, at the stage of 
department and the North plant were analyzed.
compliance with the contractual deadline due to the lack of capacity of both parties to respond. As a 
measure, it was decided to negotiate a new date for the completion of the project, assuming the cost 
of the extension of the yard. On the other hand, no penalty was awarded on the part of the customer. 
The criterion of success of the client was zero work accidents, so he agreed to the 
pressures on the activities. 
 

 Risk Monitoring 

In monthly meetings to monitor the schedule and cost, 

mitigation measures to priority risk was monitored

and the possibility of new risks were

3: Risk Mapping for 37 identified risks  

, the PM has a better perception of the risks and can better follow their evolution and 
behavior throughout the execution of the pilot project. 

Response and Contingency Plan 

lists the response plan selected for the 13 priority risks, as well as the contingency measures. 
The plan contains both qualitative measures, through action in the project itself, and quantitative 
measures, using the calculation of an economic contingency reserve. For risks associated with 
estimates, Monte Carlo simulation was used. For risk associated with decision making, 

used decision trees with the integration of Expected Monetary Value (EMV). The last 
column shows the owner of the risk, who had the responsibility of putting the response plan into 

After the award, at the stage of restructuring the project, the availability of the engineering 
department and the North plant were analyzed. It was concluded that there was a risk of non
compliance with the contractual deadline due to the lack of capacity of both parties to respond. As a 

otiate a new date for the completion of the project, assuming the cost 
On the other hand, no penalty was awarded on the part of the customer. 

The criterion of success of the client was zero work accidents, so he agreed to the new date, avoiding 

In monthly meetings to monitor the schedule and cost, the efficacy of the implementation of 

priority risk was monitored. The impact of materialized risks on the 

ere analyzed.  

 

, the PM has a better perception of the risks and can better follow their evolution and 

lists the response plan selected for the 13 priority risks, as well as the contingency measures. 
action in the project itself, and quantitative 

For risks associated with 
. For risk associated with decision making, the 

used decision trees with the integration of Expected Monetary Value (EMV). The last 
column shows the owner of the risk, who had the responsibility of putting the response plan into 

availability of the engineering 
It was concluded that there was a risk of non-

compliance with the contractual deadline due to the lack of capacity of both parties to respond. As a 
otiate a new date for the completion of the project, assuming the cost 

On the other hand, no penalty was awarded on the part of the customer. 
new date, avoiding 

implementation of 

he impact of materialized risks on the objectives 
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Table 8 shows that as the measures were implemented, the risk probability and/or impact lowered. 
 

 

 

 

Table 8: List of priority risks: response and response plan 

 

   Response and Contingency Plan  

Risk 

ID# 
Risk Description Response Measure  Tools Risk owner 

2.4 
The schedule is little 
detailed and ill-defined. 

Mitigate 
To restructure the pilot 
project with realistic dates. 

 
Project 

Manager 

2.5 
Pressure for to deliver the 
project with accelerated 
schedule. 

Avoid 
To negotiate new end date. 
Integrate contingency 
reserve. 

Reserve contingency for 
the cost of the yard 
extension. 
Technique: decision tree 
with minimized EMV. 

PM 

2.8 
The project compete in 
funds and resources with 
other projects. 

Mitigate Subcontracting 

Reserve contingency to 
subcontract. 
Technique: tree decision 
with minimized EMV. 

PM 

2.9 
Overworked functional 
and/or technical work units. 

Avoid 

Reinforcing with the South 
factory, introducing fast 
tracking in the pre-
production activities. 

 
North 
factory 

manager 

3.1 
Total project deadline is 
inacceptable. 

Avoid Risk Measure 2.5  PM 

3.3 
Binding dates subject to 
penalties. 

Avoid Risk Measure 2.5  PM 

4.1 
Specifications are 
incomplete. 

Mitigate Risk Measure 2.8  PM 

4.2.6 
Calculated estimates of man-
hours insufficient for 
prefabrication. 

Mitigate 

To recalculate the necessary 
man-hours; 
To integrate contingency 
reserve; 
To monitor weekly man-
hours consumed. 

Man-hours contingency 
reserve. 
Technique: Monte Carlo 
simulation. 

PM 

4.11 

Calculated estimate 
productivity insufficient 
(seasonal, environmental, 
climate, etc.). 

Mitigate Risk Measure 2.5  PM 

7.1 
Unavailability of human 
resources to develop detailed 
engineering. 

Avoid Risk Measure 2.8  PM 

8.1 
Lack of resource designated 
to develop quality technical 
dossier. 

Avoid 
To assign a responsible 
person 2 months after 
starting the project. 

 PM 

9.5 Works at height. Avoid 
To implement safety 
measures and collective 
solutions. 

 
Safety 
officer 

9.16 
Restriction of space in the 
parts assembly area. 

Mitigate 
Change the engineering 
solution for creating work 
platform. 

 
PM 

 
As of September, some risks began to be closed or were considered expired because the time period 
in which they could materialize had been exceeded. But there were risks that actually materialized. 
These risks are listed in Table 9. 
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The most significant impact of the occurrence of these risks was cost. With the negotiation of the 
deadline with the addition of 11 weeks, the objective of the time was fulfilled.
August, technical monitoring started to be biweekly, which allowed improvements in the solutions 
(decision making), bringing economic benefits to the project.
means of transportation of pre-fabrication from maritime to terrestrial, incr
award of 4 more jobs (capture opportunities), which optimized the fixed costs of the assembly team 
and shipyard, and a constant monitoring of the consumption of materials, led to the release of 
economic reserves of some tasks that were

The most significant impact of the occurrence of these risks was cost. With the negotiation of the 
deadline with the addition of 11 weeks, the objective of the time was fulfilled. From the end of 

monitoring started to be biweekly, which allowed improvements in the solutions 
(decision making), bringing economic benefits to the project. Solutions such as the exchange of the 

fabrication from maritime to terrestrial, increased scope with the 
award of 4 more jobs (capture opportunities), which optimized the fixed costs of the assembly team 
and shipyard, and a constant monitoring of the consumption of materials, led to the release of 
economic reserves of some tasks that were over-budgeted. 

 
 

The most significant impact of the occurrence of these risks was cost. With the negotiation of the 
From the end of 

monitoring started to be biweekly, which allowed improvements in the solutions 
Solutions such as the exchange of the 

eased scope with the 
award of 4 more jobs (capture opportunities), which optimized the fixed costs of the assembly team 
and shipyard, and a constant monitoring of the consumption of materials, led to the release of 
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Fig. 4: Risk monitoring for the months of

 

Table 9: Risks that materialized during the pilot project

 

ID#  

2.5 Failure to meet the initial project deadline.

4.1 Surcharge for hiring a service company to produce detailed drawings.

4.2.6 
Non-compliance with the estimated consumption of man
products. 

 

Conclusions and Future Work

During the project closure, the results of the established value criteria were analyzed and are listed in 
Table 10. Some more relevant conclusions can be mentioned:

 

 

Risk monitoring for the months of June, July, August, September, October and 

November 2018 

 

Risks that materialized during the pilot project 

Consequence of the risk materialization 

Failure to meet the initial project deadline. 

Surcharge for hiring a service company to produce detailed drawings. 

compliance with the estimated consumption of man-hours for prefabricated 

Future Work 

During the project closure, the results of the established value criteria were analyzed and are listed in 
Some more relevant conclusions can be mentioned: 

 

 

October and 

hours for prefabricated 

During the project closure, the results of the established value criteria were analyzed and are listed in 
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• In the estimation of man hours, the percentage of variation considered for the calculation of 
the 3 points, using the PERT technique, for a 95% confidence level, was -5% for the most 
optimistic value and +10% for the most pessimistic value, having as reference the most 
probable value; 

• After the monitoring of man-hours, the actual deviations in percentage (%) of hours 
consumed were as shown in Table 10; 

• In order to predict a contingency reserve value that would cover the effective cost of man 
hours, the variation should have been -5% for the most optimistic value and +30% for the 
most pessimistic value; 

Table 10: Evaluation of the result of the project according to the value criteria 

 

Value 

criteria 
Successful criteria Project results Observations 

Time 

- To comply phase 1+2 
by November 29th, 
2018. 
- To comply phase 3 in 
less than 48 hours. 

Criteria fulfilled  

Cost 
Gross project margin 
deviation < 5% 

There were deviations greater 
than 5% in cost, in pre-
fabrication activities. 
However the predicted BAC 
was fulfilled, but the gross 
margin was lower. 

The deviation in man 
hours: 
North Plant: 60.2%. 
South Plant: 52.8% 
Ongoing work: 0% 

Safety 
0 serious accidents or 
very serious 

Criteria fulfilled  

Scope 

Customer satisfaction 
for the ability to 
respond to new work 

Increased scope through 4 more 
jobs contributing to an 
improvement in gross margin. 

Optimization of 
resources (teams 
displaced) allowing a 
dilution of fixed costs 
by increasing billing. 

Quality 
0 nonconformities 
passed by the client 

Criteria  fulfilled  

 
 

Since only one pilot project was monitored, it would have to be tested in other projects if the estimate 
of man-hours is close to the actual one, after performing this activity. In industrial projects, it is one 
of the activities that have more variability between the estimated and the consumed, hence the 
importance of monitoring. 

Despite all the vicissitudes, the project fulfilled the criterion of cost by the fact that there was a good 
management of resources consumption, mitigating measure of the response plan. It was proved in 
this case study that a methodology of risk management implemented helps the PM to make informed 
decisions. And, above all, to make decisions in advance so as to avoid or mitigate the impact of the 
risks, contributing to the fulfilment of the value criteria. When the company took over the project 
with a deadline of 15th September, 2018, it was practically announced its failure regarding the 
compliance with the deadline criterion, but quoting a phrase from the author David Hillson (2018a, p. 
3) “when we consider how much risk to take, fear of failure should never prevent us from taking the 

right risks, as long as we effectively manage the resulting risk exposure”. 

 

Risk management is a process of predicting future events, starting with the simple question “What if 
...?". Implementing risk management in an organization allows to create a risk database. 
 

Education Excellence and Innovation Management through Vision 2020

5660



 

 

With this information added to the lessons learned, it allows searching for solutions as well as 
implementing them, in order to avoid repeating these risks, creating a cycle of knowledge and 
continuous improvement similar to Deming's quality management model (plan, do, check and act ). It 
was shown that risk management helps to effectively monitor project objectives. 
 
The paper mentions the benefits observed in the pilot project, but it is not done to the scale of the 
organization, being a limitation of this work. Since the stages of risk management are put in practice 
by individuals, these steps are influenced by their attitudes. Their attitudes may be of risk-averse, 
avoiding taking any risk, of being tolerant, or even risk-seeking, due to the adrenaline effect of being 
always “on the alert” (Hillson, 2005). 
 
Little is known whether emotional intelligence influences the attitude to risk, and therefore, the 
challenge for new research on the influence of emotional intelligence in managing the complex 
project risks. 
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