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Abstract 

The construction industry is often associated with systematic defaults such as time and cost deviations. 

Public and private owners, as well as contractors, present various difficulties in achieving the 

objectives of construction projects. Some models and management systems have been proposed and 

used to help organizations and decision-makers achieve their objectives, including risk management. 

This dissertation describes a case study where a risk management model tailored from the ISO 31000 

standard was partial implemented in the construction of a school building with the Municipality of 

Loulé as its owner. The risks were identified in the case of study regarding the deviations of time using 

bibliographical research and expert consultation. For the risk analysis a semi-quantitative (Risk 

Matrix) and a quantitative (Simulation of Monte Carlo) approaches were used. The results of the 

simulation, with the possible completion dates of the school building construction and probability of 

occurrence, were presented using histogram and cumulative distribution function. The results of the 

risks with the greatest influence on the date of conclusion were presented using the tornado diagram. 

This dissertation aims at helping stakeholders in construction management to know and use a risk 

management model to make better decisions in an environment full of uncertainties such as the 

construction industry. 

Keywords: Risk Management, Construction Management, Construction, Time, Monte Carlo 

Simulation, School Buildings.  

 

1. Introduction 

At any stage of the life cycle of a construction 

project it is plagued with a number of risks due to 

their complex and dynamic nature (Zhao et al., 

2010). This follows the many stakeholders, 

internal and external factors that result in a large 

number of risks. Unfortunately, the construction 

industry has a poor reputation in the risk analysis 

when compared to other industries (Laryea & 

Hughes, 2011). 

Many industries have become more proactive and 

aware in using project analysis. Similarly, risk 

management has become widely present in all 

industries. However, and as regards the 

construction industry, risk management is 

normally not used (Klemetti, 2006). It is 

recognized that the construction industry is 

particularly vulnerable to risks compared with 

other activities and industries (Sousa, 2012). The 

construction industry operates in a very 

uncertain environment where conditions can 

change due to the complexity of each project 

(Sanvindo et al., 1992). 

Risk management is an important part of the 

decision-making process in the construction 

industry. The construction industry and its 

customers are widely associated with a high 

degree of risk due to the nature of the micro, 

meso and macro environments particular of 



2 
 

construction (Zavadskas et al., 2010). Risk 

management is a particular form of decision 

making in the management of enterprises, which 

is the subject of many books and scientific papers 

(Smith et al., 2006). 

The risk involves threats and opportunities. The 

organizations that best understand the nature of 

the risks and manage it more effectively, can 

avoid consequential unforeseen events and work 

with lower margins and less contingencies, 

freeing up resources for other projects and taking 

advantage of beneficial investment opportunities 

that might otherwise be rejected as "too risky" 

(Chapman & Ward, 2003). 

This paper aims to analyse a partial risk 

management process from the perspective of the 

owner, in this case a public body, the 

Municipality of Loulé. It is considered the case 

study of a school building construction contract 

for a Basic School 2nd and 3rd cycles (EB 2.3), a 

building project worth four million nine hundred 

thousand euros located in Loulé, Portugal. 

For the risk management it is considered the ISO 

31000 (ISO, 2009) as the base, with time as the 

main risk criteria. The methodology used in the 

dissertation is presented in Figure 1.1. 

 

Figure 1.1 - Organization of the paper 

2. Summary of knowledge 

2.1. Definition of risk 

The definition of risk may have several 

interpretations. The ISO Guide 73 (ISO/IEC, 

2009b) indicates that the risk is often expressed 

as a combination of the effect of a given event and 

the respective probability of occurrence. The 

PRAM guide (APM, 1997) defines risk as an event 

or set of circumstances that, if they occur, will 

have an effect on the achievement of project 

objectives. The risk can have a negative 

connotation; however this perception has 

changed for both negative and positive 

connotations.  The Systematic Management of 

Risk from Construction Guide (CIRIA, 1996) 

defines risk as the probability of an adverse event 

occurs while the standard AS/NZS 4360 

(AS/NZS, 2004) in defines risk as the probability 

of something happen that has an impact (positive 

or negative) in the objectives. 

The concepts of risk and uncertainty may be 

related. According to Akintoye & MacLeod (1997) 

the risk in construction is generally understood 

as events that influence the project objectives: 

cost, time and quality. Morgan & Henrion (1990) 

report that there is no risk if there was no 

uncertainty, however there may be uncertainty 

with no risk. 

2.2. Risk management definition 

There are several risk management definitions, 

but the main premise remains the same as it 

takes the risk management as a control process to 

achieve the best results in the face of 

uncertainties in an organization or project. 

2.3. The risk in the project life cycle 

According to the PMBOK guide (PMI, 2013) 

during the life cycle of the project, and in general, 

risk and uncertainty is higher in the beginning of 

the project, decreasing throughout the project 

time and as the various phases of the projects 

move forward. On the other hand, changes in 

costs are lower at the beginning increasing 

throughout the project time (Figure 2.1). 

According to Sousa (2012) the life cycle of a 

construction project consists of several stages 

with the participation of stakeholders whose 

iterations will be adjusted over time, framing 

broadly into three main phases: design, 

construction and operation. In each distinct 

phase, there is a need for a project progress 

review and identified new actions, including the 

assessment of the risk analysis as a factor for 

decision making in continuing or not for the next 

phase (Smith et al., 2006). 

The implementation of a risk management 

process later in the project life cycle is less 
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beneficial, because there are already formalized 

agreements and commitments and it becomes 

more complex to manage design changes. On the 

other hand, the implementation of a risk 

management process in the beginning of the 

project may not be possible because the scope is 

less well defined and there is little supporting 

documentation. Anyway, it is preferable to start 

the risk management process as soon as possible 

(Chapman, 1997). 

 

Figure 2.1 - Impact of risks/uncertainties and 

costs of changes over the project time (adapted 

from PMBOK, 2013) 

2.4. Risk management models referred in 

scientific work published in Portugal 

There are several conceptual risk management 

models founded in scientific papers published in 

Portugal in the construction sector. In Figure 2.2 

it is represented the percentage of the eight 

models referred to by percentage. 

 

Figure 2.2 - Percentage of risk management 

models referred to in scientific work published in 

Portugal 

In Table 2.1 is the comparison between the 

various phases of the risk management 

procedures of the models ISO 31000, PMBOK 

and PRAM models. 

Table 2.1 - Comparison of the various phases of 

the risk management processes in ISO31000, 

PMBOK and PRAM models. 

ISO 31000 PMBOK PRAM 

Context Planning 
Define 

Focus 

Assessment 

Identification Identification Identify 

Analysis 
Analysis 

Structure 

Ownership 

Estimate 

Evaluation Evaluate 

Treatment Response Plan 

Monitoring and review Control Manage 

3. Case study and methodology 

3.1. Case study 

The case study comprises a contract for the 

improvement of a school located in Loulé, 

Portugal. It is a public work with the Municipality 

of Loulé as the owner. The contract consists of 

the complete demolition of the existing school 

buildings in the intervention area, and 

construction of a new school, taking into account 

the modernization and response to current 

requirements of buildings of this nature. The 

total estimated number of users for the new 

school, including teachers, students and 

assistants is about 1200 people. 

The contract for the rehabilitation of the school 

buildings originates from a public procurement 

procedure launched by the Municipality of Loulé 

in 2017. After all formalities and taking account 

of the Public Contract Code (CCP) has been 

awarded to the contractor in 2018 for a total 

amount of 4,900.000 €. The construction is 

partial financed by the EU within the operational 

program CREC Algarve 2020 managed by the 

Commission for Coordination and Regional 

Development of the Algarve (CCDR Algarve). 

The time limit for completion of the contract is 

630 days (21 months), with the respective 

financial schedule in Figure 3.1. 
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Figure 3.1 - Financial schedule of the contract 

(millions of Euros) 

3.2. Methodology 

All organizations manage the risk in some way, 

although each organization can use different 

techniques and tools. The methodology discussed 

in this paper refers to the partial implementation 

of the generic model of risk management from 

the ISO 31000 standard. Figure 3.2 shows the 

process of risk management model from the ISO 

31000 standard. 

 

Figure 3.2 - Risk management process (adapted 

from ISO 31000, 2009) 

It is a standard with a generic process adaptable 

to all types of organizations. Sousa et al. (2012) 

adapted this process to the construction sector. 

3.3. Context and risk criteria 

According to the ISO 31000, establishing the 

context defines the scope of the risk management 

process and determines the criteria against which 

risks will be assessed, and must take into account 

the strategic and organizational objectives of the 

organization. The choice of time as the risk 

criteria is justified in view of the values, 

objectives and resources of the organization. The 

scales used to quantify risk probability and 

consequence are also considered risk criteria. 

3.4. Risk assessment 

The ISO 31000 defines risk assessment following 

three steps: 

• risk identification; 

• risk analysis; 

• risk evaluation. 

For risk identification a list of risks that may 

affect the organization's objectives is generated. 

It was performed literature review of the main 

risks inherent in construction projects. The result 

herein was a cause-and-effect diagram describing 

the risks that influence the contract conclusion 

date by category (Figure 3.3). 

 

 

Figure 3.3 - Example of cause and effect diagram 

for categorizing risks (adapted from ISO / IEC 

2009a) 

Risk analysis develops an understanding of the 

risk, serving as a base for next phases of risk 

assessment and treatment. Herein, this analysis 

comprises two steps. The first step was the 

creation of a Risk Matrix for assessment of the 

risk level by the combination of probability and 

consequences (deterministic semi-quantitative 

analysis). The second step includes the modelling 

and simulation of prioritized risks in the previous 

step using the Monte Carlo simulation (stochastic 

quantitative analysis) (Figure 3.4). 
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 Figure 3.4 - Risk analysis methodology sequence 

4. Implementation of the risk 

management process 

4.1. Establishment of the context 

The establishment of the context is aimed at 

understanding the environment in which the risk 

management process is implemented. For this 

process to be effective, it is needed to take into 

account the goals and objectives of the 

organization. 

The external and internal contexts are defined by 

the scope of the case study, which is the contract 

for the rehabilitation of a EB2,3 school located in 

Loulé-Portugal with Municipality of Loulé as the 

owner. During the construction period, the 

classes will take place in temporary facilities, 

taking into account the existing building will be 

completely demolished to build a new school. 

This is a public construction partially financed by 

European Union funds. 

The identification of stakeholders defines, to a 

large extent, the context, along with the legal and 

contractual framework that are not included in 

this document by following the common practice 

in Portugal. Figure 4.1 details the organizational 

chart implemented in the case study, including 

the identification and relationships between the 

key stakeholders of the project. With the 

transposition of the European Directive on public 

procurement (Directive 2014/24/EU) to the 

Portuguese law and the fact that there are EU 

funds involved, the context has several 

similarities with many public construction 

projects in Europe.  

The risk management process was implemented 

from the owner’s perspective . The delay in the 

completion of the contract conditions the 

recommencement of classes and can cause 

penalties by the financial entity. Thus, the main 

objective of the owner is finishing the school 

construction on time. It is intended with the risk 

management process to identify, analyse, 

evaluate and treat the risks that influence the 

completion date. 

  

 

Figure 4.1 - Organization chart with main 

stakeholders of the school building construction 

project 

4.2. Operations 

In the present paper, the implementation of the 

risk management process will be limited to the 

risk identification and risk analysis. It is adopted 

a fundamentally expert approach with the 

documented evidence available, using the tools 

described previously, namely: i) bibliographical 

research on risk identification; ii) Risk Matrix 

(deterministic semi-quantitative analysis); and 

iii) Monte Carlo simulation (stochastic 

quantitative analysis) on risk analysis. 

4.3. Risk criteria 

Time was defined as the risk criteria in the case 

study, because it is considered the more 

important and relevant aspect for the owner. The 

scales used to measure it are defined bellow. 

4.4. Risk identification 

In the identification of risk it was used 

bibliographic research on the main factors of 

time deviations in construction projects, with the 

work in this area being extensive (Divya & 

Ramya, 2015; Hisham & Yahya, 2007; Chan & 

Kumaraswamy, 1998; Pereira, 2013; Ramanathan 

et al, 2012). From the review carried out, 32-term 

deviations factors spread were identified across 

Risk Matrix
Monte Carlo 
Simulation
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seven categories: i) owner related; ii) contractor 

related; iii) consultants related; iv) materials 

related; v) equipment related; vi) workforce 

related; and vii) external factors. 

i) Owner related: 

- Late payments. 

- Availability of construction site. 

- Poor communication and coordination. 

- Changes to the project. 

- Approval and design review. 

- Award at the lowest price. 

ii) Contractor related: 

- Redo work due to errors. 

- Poor communication and coordination. 

- Ineffective planning. 

- Poor qualifications of technical personnel. 

- Financial capacity. 

- Financial capacity. 

iii) Consultants related: 

- Inadequate experience. 

- Consultants communication. 

- Errors and omission of project. 

- Not using appropriate software. 

iv) Materials related: 

- Lack of materials. 

- Delay in material delivery. 

- Modification of the materials. 

- Delays in procurement. 

v) Equipment related: 

- Equipment failure. 

- Lack of equipment. 

- Low qualification of operators. 

- Low productivity. 

vi) Workforce related: 

- Lack of labour. 

- Unskilled labour. 

- Conflicts. 

- Low productivity. 

vii) External factors: 

- Delays in inspections. 

- Adverse weather conditions. 

- Accidents at work. 

- Price increases. 

 

4.5. Risk analysis 

4.5.1. Expert consultation 

The expert consultation to support the risk 

matrix was carried out through a survey using the 

questionnaire technique. In total 22 

questionnaires were completed with 41% of 

respondents representing the owner, 36% 

representing the contractor and 23% 

representing the designer (Table 4.1). 

Table 4.1 - Sample distribution of the 

questionnaires by entity 

Entity 
Respondents 

n % 

Owner 9 41% 

Contractor 8 36% 

Designer 5 23% 

4.5.2. Risk Matrix 

The questionnaires’ results were processed using 

the correspondence tables (Tables 4.2 and 4.3). 

In Table 4.4 it is represented the risks considered 

with high level by the combination of its 

probability and consequences. The consequence 

of risk events is considered on the duration of the 

activities of the work plan. The probability 

distributions used are modified PERT (Vose, 

2008) with the estimate of three points (least 

likely, most likely and maximum (P90)) for 

durations, probability distribution of Bernoulli to 

model single event risks, and probability 

distribution of Poisson to model a risk event that 

may occur several times. 

Table 4.2 - Correspondence of scores of 

questionnaires to the probability of occurrence of 

risk events 

Frequency of 
occurrence of risks 

Punctuation Probability 

Very common 5 0.90 

Frequent 4 0.70 

Moderate 3 0:50 

Less common 2 0:30 

Rare 1 0:10 

 

Table 4.3 - Correspondence of the score of the 

questionnaires with the consequences of time 

deviation 
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Diversion 
Consequences within 

Punctuation Consequence 

Very high 5 0.80 

High 4 0:40 

Moderate 3 0:20 

Low 2 0:10 

Very low 1 0:05 

 

Table 4-4 - High level risks according to the Risk 

Matrix 

  Distribution (Days) 

Risks Prob. Min. 
Most 
likely 

Max. 
(P90) 

Availability of construction site 0,50 0 7 14 

Additional work 0,80 10 20 40 

Award at the lowest price 0,70 15 25 35 

Contractor ineffective planning 0,50 5 15 25 

Delays of subcontractors 0,70 10 20 30 

Contractor financial capacity 0,70 10 20 30 

Consultants communication 0,50 5 10 15 

Delay in delivery of materials 0,50 0 10 20 

Delays in procurement 0,70 0 12 24 

Lack of equipment 0,50 4 8 12 

Lack of labour 0,70 6 12 18 

Delays in inspections 0,70 0 15 30 

4.5.3. Monte Carlo simulation 

The Monte Carlo simulation consists of two 

phases: i) data modelling; and ii) simulation 

results. 

The modelling comprises defining the 

distributions of each risk event individually 

(probability and consequences), along with any 

correlation between the risk events, needed for 

the simulation stage. For it, the work plan was 

imported to the risk analysis software. 

Afterwards, the risk events were added to the 

work plan activities. It was considered risk events 

with a high level risk through expert consultation 

done previously (§4.5.2). Modelling risk events 

includes defining the probability of occurence, if 

it is a single event or not, and the consequence in 

the duration of the activities. 

For the purposes of modelling the correlation 

between risk events, five categories of work were 

considered: i) construction site civil construction; 

ii) special facilities; and iii) landscaping and other 

equipment. At each category was estimated 

influence of risk events mentioned above in a 

proportion of 0 to 100%. The uncertainty of 

errors and omissions in design was also 

considered in modelling, by defining the levels of 

uncertainty of quantities and allocation of 

uncertainty levels of quantities to work plan. In 

the case study was considered the uncertainty of 

errors and omissions in design as middle 

optimistic with the change of -5%, 3% and 20% 

(least likely, most likely and maximum (P90)). 

The additional work risk event is also modelled 

and considered in the risk analysis software, 

through the probability of occurrence and its 

consequence on the duration of activities. It is 

created an extra activity in the work plan with no 

duration to include this event. 

The Monte Carlo simulation was carried out 

considering 10,000 runs and a value of 1 seed in 

order to achieve a reproduction with the same 

results (Vose, 2008). The results are presented 

bellow as a histogram, cumulative distribution 

function and tornado diagram.  

Figures 4.2 and 4.3 show the histogram and 

cumulative distribution function of construction 

time ranges with probability of occurrence 

(horizontal and vertical axis respectively). There 

are 50% probability of construction finishing in 

less than 712 days and 90% probability of 

finishing in less than 786 days. 

 

Figure 4.2 - Histogram range of possible 

durations of the school building construction 

(horizontal axis) in relation to the probability of 

occurrence (vertical axis) 
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Figure 4.3 - Cumulative distribution function of 

construction time ranges (horizontal axis) in 

relation to its probability of occurrence (vertical 

axis) 

Figure 4.4 shows the influence of risk events 

(§4.5.2) on the finishing date of the project. The 

five risk events with the greatest influence are 

delays in subcontractors, delays in procurement, 

lack of labour, award at the lowest price and 

delay in inspections with uncertainty intervals on 

the completion date of completion of the project 

up to 126, 110, 84, 57 and 48 days late 

respectively. 

 

Figure 4.4 - Diagram with the influence of risk 

events on the construction completion date 

Figure 4.5 shows the influence of construction 

activities (§4.4.2.1) on the finishing date of the 

project. The five activities with the greatest 

influence are the piping electricity and 

telecommunications, HVAC piping, domestic 

sewage, water pipes, and stability with 

uncertainty intervals on the completion date of 

the project up to 172, 169, 169, 169 and 152 days 

late respectively. 

 

Figure 4.5 - Diagram with the influence of work 

plan activities on the construction completion 

date 

Figure 4.6 shows the influence of risk events 

correlation (§4.4.2.3) on the finishing date of the 

project. The five activities with the greatest 

influence are the weak financial capacity of the 

contractor, lack of skilled labour, delay in the 

acquisition of materials, poor communication 

and coordination of consultants and ineffective 

planning contractor with uncertainty intervals on 

the completion date of the project up to 35, 24, 

19, 18 and 17 days late respectively. 

 

Figure 4.6 - Diagram with the influence of risk 

events correlation on the construction 

completion date  
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5. Final considerations 

In the paper it was partially implemented the risk 

management process to a contract for the 

construction of a school building located in 

Loulé-Portugal with Municipality of Loulé as the 

owner. The principal purpose is to sensitize 

owners for the advantages of the use of risk 

management in organizations and projects.  

It was considered time as the main risk criteria, 

taking into account that the delay in completion 

of construction of the school building may 

condition classes and all its users. 

The methodology followed addressed the 

implementation of the ISO 31000 standard risk 

management model with risk analysis resorting 

to the Risk Matrix and Monte Carlo simulation. 

There are, however, several challenges presented 

in Portugal in risk management such as lack of 

awareness, integration with other management 

systems and poor legislation. If the present main 

challenges are surpassed, owners, stakeholders 

and decision-makers have a system that could 

help them knowing the risk and plan for a better 

response to the uncertainties of construction 

projects and seize the opportunities, and 

consequently achieve project goals. 
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