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ABSTRACT 

One of the major challenges in construction projects is the mismatch of risk concepts in HSE and project 
management as a result of negligence in HSE matters on the part of project managers. The current study was aimed 
to clarify the risk management principle as an important domain of PMBOK and to present an integrated HSE risk 
assessment tool according to PMBOK. This cross-sectional study was done to analyze 21 risks of the four types of 
HSE risks using PMBOK in one of the biggest construction projects in 2019. The risk matrix including likelihood 
and severity was the basis of this integrated risk assessment model. The severity of consequences includes four types 
of impacts (impacts on project’s costs, timing, quality and human force), and also the weighting coefficient of each 
dimension was applied based on the importance of each consequence. The results showed that among 21 identified 
sources of risk, nine sources were at a high level (3rd level) and only one source was at a low level (1st level). 
Moreover, it has been founded that among the four types of HSE risks including work breakdown structure, project 
costs, quality, and emergency situations in construction projects are at the highest level. In cases that there was no 
money allocated for hiring supervisor, expert, and HSE officer considering different project phases has been 
evaluated as the highest source of danger. The current study provided an appropriate alternative for commonly used 
risk assessment methods in construction projects because it made a whole change in projects managers’ and HSE 
members’ points of view and presented a new attitude toward risk identification, consequence analysis, and the 
usage of PMBOK project management standard in the risk management process in construction projects. 
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INTRODUCTION
Nowadays one of the major reasons for 

economic development and growth in a society is the 
advances in civil and construction projects and the 
establishment of necessary infrastructures in a 
community. The concept of the Project Management 
Body of Knowledge (PMBOK) was emerged to 
provide the required guidelines in project 
management by describing the methods and 
processes in order to successfully generate the 
required output within the agreed time, cost, and 
quality standard [1]. PMBOK draws attention to nine 
major domains of management including integration, 
timing, expenses, quality, human force, 
communication, maintenance, and risk management 
[2]. According to Steven Pender's findings, PMBOK 
can make a big difference in the domain of project 
management. Since risk management closely related 
to the major basics of a project such as a cost, time, 
and quality. So, it can be effective in the profitability 
of projects and goal achievement [3]. 

Construction is one of the most hazardous, 
dangerous, and eventful industries [4-5]. The 
existence of occupational accidents in construction 
projects including “fall from the height and slip, 
throw objects, and friction” not only causes direct 
and indirect costs and unfortunate social 
consequences, but also results in legal proceedings, 
organizational credibility loss, a decline in project 
quality, and etc. Therefore, organizations with a 
relatively low incidence have more efficiency [6-7]. 
Consequently, health, safety, and environment (HSE) 
risk assessments are effectively used to identify and 
discover crisis points in projects. Moreover, 
identification and classification of crisis points based 
on the risk level have an effective role in the 
presentation of suitable solutions, for instance, 
preventive actions and providing safe conditions for 
construction activities [8-9]. Previous studies showed 
that using the project management models and 
combining them with safety concepts in construction 
projects can reduce safety risk levels and provide a 
better description of existing hazards in working 
environments [10-11]. 
Corresponding author: Ahmad Soltanzadeh 
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A lot of research regarding HSE risk 
assessment has been carried out which is resulted in 
more than ten different risk models with their own 
advantages and disadvantages [12-15]. Surprisingly, 
despite the different risk assessment methods, no one 
of them was unable to show a slight change in the 
prevention of risks happening in construction projects 
or a sensible reduction in construction accidents. 
Thus, to minimize this dilemma, in the present study, 
we tried to create a common language between the 
project manager, site supervisor, and other units with 
the HSE unit.  

Having considered these issues, this study 
has been designed and carried out with the purposes 
of clarification of risk management principle as an 
important domain of PMBOK and presentation of an 
integrated HSE risk assessment tool according to 
PMBOK. 

MATERIALS AND METHODS 

This cross-sectional study was designed 
based on an analytical-descriptive framework in one 
of the biggest construction projects in the west of 
Tehran, Iran in 2019. The number of workers 
working on the studied project was 1100 people.  

Project Management Institute (PMI) under 
the guidance of PMBOK defined risk management 
planning, risk identification, qualitative & 
quantitative analysis of risk, responses to risk, 
monitoring, and risk control for a six-phase-project 
risk management process [16]. Considering the 
purposes of this study, only three initial steps 
including planning, identification, and qualitative 
analysis have been presented. 

First Step; Planning and developing a risk 
management algorithm: 

The tools and techniques used in this phase 
included: continuous scheduled meetings with the 
project manager, HSE manager, risk experts and units 
involved in the field of implementation such as 
electricity, mechanics and key stakeholders. The 
output of this stage including the content of the HSE 
resource management program were as follows:  
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The methodology, role and responsibility of 

each member of the meeting in HSE risk 
management, HSE risk management budgeting and 
the frequency of the resource management process in 
the project, how to performed quantitative and 
qualitative risk assessment, the structure of the risk 
assessment matrix, HSE risk management report 
format and the necessary follow-ups until the 
implementation of the HSE risk management system.  

In this phase, the structure and format of the 
risk management process and all the cases in which 
there may be differences between the HSE risk 
management team were discussed, and on this basis, 
all aspects of the HSE risk management process were 
presented in an integrated manner [17].  

 

Second Step; Identification of risk’s sources: 

This step includes identification of HSE 
risks in the construction project. A new method for 
HSE risk identification has been introduced in this 
study; as a result, the risk identification process is 
started from the perspective of the project 
management process, and risks were divided into 11 
categories: HSE risks related to (1) project’s work 
breakdown structure (WBS), (2) project’s costs and 
equipment, (3) project’s quality, (4) emergency 
response, (5) HSE management, (6) human resources, 
(7) design phase, (8) operation phase, (9) legal 
actions, (10) changes in technology or instructions, 
and (11) communication. Since a wide range of 
categories exist, only four of the most important 
risk’s categories were studied that including HSE 
risks related to (1) project’s WBS, (2) project’s costs 
and equipment, (3) project’s quality, and (4) 
emergencies [18, 19]. 

 

HSE Risks in the WBS of the project: 

WBS negligence is one of the generally 
ignored risks in the risk management process which 
has a negative impact on project timing and 
ultimately leads to accidents. For example, according 
to the existing requirements, special training for 
working at heights is required considering their work 
amendments. So, it can be easily planned, if this issue 
is observed in the WBS of the project [18]. 

 

HSE Risks associated with project's costs: 

Various studies showed that one of the root 
causes of accidents in the construction industry is the 
issue of investing in project safety. For example, the 
reluctance of managers to allocate funds in the 
implementation of the fall protection system and the 
implementation of vertical and horizontal lifelines in 
the installation of steel structures [19]. 

 

HSE Risks related to project's quality: 

Improving the quality of materials, 
equipment, machinery and even personal protective 
equipment will have a great impact on reducing the 
volume of accidents. For example, one of the main 
causes of accidents in milling and sawing is the low 
quality stone plate usage, which causes accidents 
[18]. 

 

HSE Risks related to emergency situations: 

HSE risks in this category can bankrupt any 
organization. In contrast, proper management of these 
risks can significantly reduce the damage to the 
organization. Among the significant risks mentioned 
in this section is the non-implementation of the 
emergency response plan (ERP) [18]. 

 

Third Step; Qualitative Risk Assessment: 

This step includes a qualitative assessment 
of identified risks. Risk assessment depends on two 
factors: the likelihood of occurrence and the impact 
on the project’s goals. In the present study four basic 
items were used to measure consequences resulting 
from risks: (1) the imposition of financial expenses 
on projects, (2) the impact on project’s timing, (3) the 
impact on the quality of project task completion, and 
(4) human force importance. 

Because of the inequality of aforementioned 
factors impacts, a weighing factor (WF) is set for 
each of the 4 items by HSE experts so that the 
obtained Risk Index (RI) can be assumed close to 
reality. The severity factor is based on the weighing 
factor of each item. The weighing factors including  
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impact on the project’s costs (cost), impact 

on the project’s timing (timing), impact on the quality 
of the project-task completion (quality), and impact 
on the human force (human force) were set 0.47, 
0.41, 0.37, and 0.9, respectively. 

According to ISO 14971, risk is the 
combination of likelihood and severity (consequence) 
[20]. In this study likelihood  is ranging from 1 to 5, 
including; (1) unlikely, (2) seldom, (3) occasional, (4) 
likely, and (5) definite. Similarly, consequence is 
ranging from 1 to 5, including; (1) insignificant, (2) 
minor, (3) moderate, (4) critical, and (5) catastrophic.  

As the consequence of each item is the 
product of total sum of severity items and their WF,  

 
 
 

the 1st, 2nd, 3rd, 4th and 5th level of consequences was 
related to final score of consequences 1-4, 5-8, 9-12, 
13-15 and 16-19, respectively. To classify risk levels 
as a decision-making criterion, control actions and 
suggestions were used from one of the most common 
methods including (1) low-risk level (the green area),  
(2) medium-risk level (the yellow area), and (3) high-
risk level (the red area) (21). Additionally, the risk 
matrix has been shown in Table 1. 

 
 

 

 

Table 1. Risk matrix based on PMBOK approach 

 Likelihood 

Se
ve

rit
y 

 1 2 3 4 5 

1 1 2 3 4 5 

2 2 4 6 8 10 

3 3 6 9 12 15 

4 4 8 12 16 20 

5 5 10 15 20 25 

 
 

 

RESULTS  

In the identification step, 21 risk sources in 
four categories were identified (Tables 2 to 5). In the 
qualitative risk assessment stage, first the numerical 
value of the likelihood factor and then the items of 
intensity and weighting coefficients were determined 
and based on this, the risk index was calculated. 

It was apparent from the analysis of five 
HSE risk sources within the project’s WBS that four 
sources require heightened awareness and specific 
procedures (level 2), and one source can be managed 
by routine procedures (level 1) (table 2).
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Table 2. Risk assessment results in the WBS of the Project 

Risk Identification Qualitative risk assessment 

Risk Source 

Li
ke

lih
oo

d 
Le

ve
l 

Severity 

R
is

k 
In

de
x 

C
os

t 

Ti
m

in
g 

Q
ua

lit
y 

H
um

an
 F

or
ce

 

Se
ve

rit
y 

sc
or

e 

Se
ve

rit
y 

Le
ve

l 

1. Failure to set the time for periodic testing after 
recruitment (personnel working in high-risk places 

in WBS). 
3 2 2 1 5 11.89 3 9 

2. Failure to set the time to secure all workplaces 
before the start in WBS. 

4 2 2 2 5 10.7 3 12 

3. Failure to set the time for periodic testing after 
recruitment (personnel working in low-risk places in 

WBS). 
2 2 1 1 2 8.48 3 6 

4. Failure to set vocational training time related to 
working in height for all personnel working at 

height. 
3 2 2 1 5 11.65 3 9 

5. Lack of legal permission for disposal and, burying 
wastes from the municipality. 2 2 1 1 1 5.78 2 4 

 
 
 
According to the assessment results of six 

risk sources related to the project costs and 
equipment (Table 3), four sources require immediate 
actions (level 3) and two sources require heightened 
awareness and specific procedures (level 2). The 
highest risk index related to project and equipment 

costs were related to late payment of employees’ 
salaries causing occupational stress and the failure to 
focus on tasks and fail to provide safe standard 
equipment and machinery (crane, tower crane, lift 
truck, and high-risk devices) (RI=16).
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Table 3. Project and equipment costs risk assessment 

Risk Identification Qualitative risk assessment 

Risk Source 

Li
ke

lih
oo

d 
 L

ev
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Severity 

R
is
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de
x 
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t 

Ti
m
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g 

Q
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y 
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e 

Se
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rit
y 
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l 

1. Not allocating enough budget to provide standard 
personal protective equipment on the part of 
contactors 0.66 

2. Not implementing HSE improvement projects 
(implementation of horizontal and vertical life line 
system on a metal scaffold, the use of safety fuse for 
all electrical panels and etc. 

3.1 6 

3. Lack of allocation of money for Periodic 
examinations. 2.54 2 

4. Late payment of employees’ salaries causing 
occupational stress and the failure to focus on tasks. 3.27 6 

5. Fail to implement safety-culture activities 
(encouragement, posters, training courses). 1.32 

6. Fail to provide safe standard equipment and 
machinery (crane, tower crane, lift truck, and high-
risk devices). 3.27 6 

 
 
Based on the findings of Table 4, four 

sources require heightened awareness and specific 
procedures (level 2), and two sources of quality-
related risk include lack of maintenance schedule for 
machinery 

 
 
 and the use of poor quality pipe, fastener, connector, 
and other components of scaffold (heavy scaffold) 
had the highest risk index and needed immediate 
control measures. 
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Table 4. Quality risk assessment  

Risk Identification Qualitative risk assessment 

Risk Source 

Li
ke

lih
oo

d 
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Severity 

R
is
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Ti
m

in
g 

Q
ua

lit
y 

H
um

an
 F

or
ce

 

Se
ve

rit
y 

sc
or

e 
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y 
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l 

1. Lack of personal protective equipment (except for 
the falling protective equipment). 3 2 2 1 3 9.76 3 9 

2. Lack of falling protective equipment with the high 
quality. 

4 2 2 1 5 11.56 3 12 

3. Lack of maintenance schedule for machinery. 3 3 3 3 5 12.78 4 12 

4. The use of poor quality pipe, fastener, connector, 
and other components of scaffold (heavy scaffold). 

4 3 3 3 5 14.13 4 16 

5. Lack of standard working platforms. 3 2 2 2 5 11.53 3 9 

6. Fail to provide standard electrical devices, welding 
and cutting equipment. 

4 2 2 2 5 11.24 3 12 

 
 

 
The results of table 5 showed three sources 

including lack of first aid equipment (RI-12), lack of 
identification of emergencies in accordance with the 

project’s situation (RI-16) and lack of suitable 
emergency reaction team (RI-12) demand priority 
control actions (level 3). 
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Table 5. Emergencies risk assessment 

Risk Identification Qualitative risk assessment 

Risk Source 

Li
ke

lih
oo

d 
Le

ve
l Severity 

R
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y 
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1. Lack of first aid equipment 3.23 2 

2. Lack of a safe place (muster points) 
0.29 

3. Lack of identification of emergencies in accordance 
with the project’s situation 2.57 6 

4. Lack of suitable emergency reaction team 2.57 2 
 
 
 

DISCUSSION  

The findings have indicated that among the 
four types of risks, and 21 sources of risk, nine 
sources are at high risk which indicates high levels of 
safety risk in the studied construction project and has 
been matched with other studies [22]. HSE related 
accidents and risks in the construction industry have 
different consequences such as different types of 
injuries and diseases, disability, or even death, as 
well as many direct and indirect costs for related 
organizations and working groups [4, 23, 24]. 
Determining the various causes of occupational 
accidents and determining the importance of paying 
attention to these risks is one of the most important 
measures to improve the status of HSE in 
construction projects. Therefore, the role of the risk 
management process in identifying potential sources 
and assessing the resulting risk will be very important 
and sometimes vital. Analysis of such accidents has 
also shown that weakness in the process of risk 
assessment and control can be one of the basic and 
important causes of occupational accidents in 
construction projects [25]. 

 

 
 
However, some studies have indirectly 

addressed the training risks, repairs and maintenance 
risk, quality of personal protective equipment, 
improving the attitude and understanding of HSE 
supervisors, and the quality of equipment in accident 
prevention [6, 14, 26-28], studies that can assess the 
sources of project major risks from the perspective of 
project management are limited. These sources of 
risk can have significant human, economic, social, 
and even political consequences for large 
construction projects. On the other hand, this is the 
first time that a model is designed to assess the risks 
of four categories in a construction project, including 
HSE risks in WBS, project’s costs, quality, and the 
reaction in emergencies, and 21 risk sources of these 
four category. 

It should be noted that during the present 
study, the weight of risk from different sources of 
risk has been considered. However, in many previous 
studies, only two factors, likelihood and severity, 
were addressed. Furthermore, the results of some 
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studies have shown that different factors affect the 
amount of HSE risk; HSE risks impact on the quality 
by Husin et. al. [14], HSE risks’ impact on costs by 
John A. Gambatese et. al. [29], and HSE risks’ 
impact on human force by Garrett et. al., [30] are the 
examples of such studies. Based on PMBOK project 
management standard, consequences of some 
parameters including the imposition of additional 
costs on the project, the impact on project’s timing 
and quality, the credibility loss of the organization, 
human force importance, and human force injuries 
are not deniable in construction projects [18, 31]. 
Additionally, each parameter has different effects. 
For example, the impacts of accidents on human 
force are not the same as the impacts on quality. 
Thus, weighing factors are necessary to determine the 
importance of each parameter.  

Analysis of five HSE risk sources within the 
project’s WBS demonstrated that four sources require 
heightened awareness and specific procedures (level 
2), and one source can be managed by routine 
procedures (level 1) (table 2). Findings showed that 
the highest risk index in this sector is related to the 
lack of proper planning to secure workplaces (RI-12) 
and also the lack of attention to the importance of 
training for working at height before the start of the 
project (RI-9). Previous studies have also shown that 
most accidents in the construction industry are related 
to people and equipment falling from heights [32]. 

According to the assessment results of six 
risk sources related to project costs and equipment 
(Table 3), four sources require immediate actions 
(level 3). The highest risk index related to the project 
and equipment costs were related to late payment of 
employees’ salaries causing occupational stress and 
the failure to focus on tasks and fail to provide safe 
standard equipment and machinery (crane, tower 
crane, lift truck, and high-risk devices) (RI=16). 

Based on the findings of Table 4, four 
sources require extra awareness and specific 
procedures (level 2), and two sources of quality-
related risk include lack of maintenance schedule for 
machinery and the use of poor quality pipe, fastener, 
connector, and other components of scaffold (heavy 
scaffold) had the highest risk index and needed 
immediate control measures. 

The cost is a significant risk assessment and 
risk prioritization factor based on the evaluated data.  

 
The safety precautions and risk assessment failure 
will impose large financial costs on the project, for 
example, the penalties resulting from non-compliance 
with HSE regulations, compensation, medical 
expenses, the rise in insurance rate, indirect costs due 
to low efficiency, damages to equipment, etc. [18]. A 
high-risk index can be due to the impact on the 
project’s timing. The death of a major member of the 
project, the delay for his/her replacement, the delay 
for fixing and starting a new device, and long delays 
because of non-compliance with HSE regulation by 
authorities are some good examples of this category 
[28]. According to the findings and the results of 
other studies, the quality of the project is seriously 
affected by construction accidents [33]. Additionally, 
different consequences may affect the project 
whenever an accident happens for a simple worker, 
project manager, or the head manager. 

The results of Table 5 showed that three 
sources need priority control actions (level 3) 
including lack of first aid equipment (RI-12), lack of 
identification of emergencies in accordance with the 
project’s situation (RI-16), and lack of suitable 
emergency reaction team (RI-12). These findings 
highlighted the need to develop a comprehensive risk 
management algorithm tailored to the type of 
activities in the construction industry with a focus on 
accurate hazard identification and risk assessment. 

One of the limitations of the present study 
was the time constraint for studying all dimensions of 
the PMBOK project management standard. 

Despite the innovation in HSE risk 
assessment on the basis of PMBOK (including 
classification of risks and their sources according to 
project management approach in construction 
projects, making a new useful analysis method of 
consequence and severity of risk’s sources, and show 
the importance of weighing factor in accordance with 
each evaluated parameters), researchers in future can 
investigate other different dimensions of PMBOK or 
assessment the risk source in accordance with other 
management standards like PRINCE2 and OPM3. 
Additionally, they can study the usage of this model 
in other projects to solve prioritized risks. 
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CONCLUSION 

This study may provide an appropriate 
alternative to commonly used risk assessment 
methods in construction projects considering its 
major impact on the projects managers’ and HSE 
members’ points of view and presented a new attitude 
toward risk identification, consequence analysis, and 
the usage of PMBOK project management standard 
in the risk management process in construction 
projects. Therefore, the use of this integrated method 
for risk assessment of construction projects is 
suggested. 
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