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Langford et al. (2000) and Jung et al. (2008) have 
pointed that safety risk analysis is a based upon 
when safety management is built and risk 
evaluation becomes an essential task which forms 
a part of safety management systems.  
Aksorn and Hadikusumo (2008), Aneziris, et al. 
(2008) and Visscher (2008) are suggestig to 
improve safety performance and safety 
professionals where they are the key for carrying 
out the site assessments. Thus, safety 
professionals’ understandings and conceptions of 
safety risks will influence the quality and 
credibility of risk assessment (Fung, et al., 2010). 
Elimination of occupational risks leads to the 
success of projects (Fung, et al., 2010, Baril-
Gingras, 2006). Some also used linear assignment 
for ranking the risks that is a deterministic 
approach (Sayadi and et al. (2011), Arish and et 
al. (2009). Others have used system dynamic 
approach for quantitative risk assessment 
(Nasirzadeh, et al., 2013) and FMEA approach 
and system dynamics for new product 
development (Zare Mehrjerdi and Dehghanibaghi, 
2012). The purpose of this article is to present a 
new systematic approach for the evaluation and 
comparison of OHS risks before and after 
mitigation actions. In this regard, a new procedure 
for integrating occupational health and safety into 
project risk evaluation based upon Latin 
Hypercube Sampling is proposed. Hence, the 
proposed approach is based upon known 
techniques and tools as such as Latin Hypercube 
Sampling instead of Monte Carlo analysis, expert 
judgment, and the analysis of accidents and 
incidents. 
This paper is organized as follows: section 2 
discusses the risk and risk management where it 
gives its importance to the approach proposed, 
The Latin Hypercube Sampling is outlined in 
Section 3. Section 4 presents the methodology 
including the conceptual model of the proposed 
systematic approach. A case study is presented in 
section 5. Comparing plan distribution is the topic 
of section 6. Finally, author’s conclusion and 
directions for future research is provided in 
Section 7. 
 

2.Risk and Risk Management 
Kendrick (2003) indicated that uncertainty can be 
explained as the occurrence that its likelihood of 
the event sets between 0 and 1. As mentioned in 
PMBOK®Guide (2008a) risk appears because of 
uncertainty. Uncertainty can be delineated by 
probability distributions. Beta or triangle 

distributions are regularly used for modeling 
uncertainty. Project Risk Management includes 
the processes of conducting risk management 
planning, identification, analysis, response 
planning, and monitoring and controlling a project 
(PMBOK®Guide 2008a)2. Liu and Guo (2009) 
explained that the key step and basis of risk 
management process is risk identification and its 
extended challenges (Hagigi and Sivakumar 
2009). OHSAS 18001 (2007) has stressed that by 
lowering risk probability or its severity, we can 
reduce the risks. Risk is clarified as the impact of 
uncertainty on the achievement of targets 
(ISO31000 2009). It is defined also as an innate in 
the occupations of man and all companies (Badri, 
Gbodossou and Nadeau 2012). Risk is a 
combination of the probability and the 
consequences of the occurrence of a specified 
dangerous event (OHSAS 18001, 2007). “OHS 
Risk’’ is the significance of a hazard, in terms of 
the probability, and severity of an injury or illness 
occurring as a result of the hazard. In chapter 3 of 
the construction extension to the PMBOK®Guide 
(2008b), PMI® gave an overview of the project 
safety management processes. This procedure 
includes ‘‘all activities of the project 
sponsor/owner and the performing organization 
which determine safety policies, objectives, and, 
responsibilities so the project is planned and 
executed in a manner that prevents accidents, 
which cause, or have the potential to cause, 
personal injury, fatalities, or property damage’’. 
Term of safety management has been defined in 
PMI® by both health management and safety 
management. All aspects of project management 
interact with project safety management 
(Construction Extension to the PMBOK ®Guide 
2008b).To manage and identify OHS risk 
associated with a project, an organization requires 
involvement and participation of each person who 
has a role in the project such as specialists in risk 
analysis, stakeholders, end users, experts, 
customers, risk management team, project team 
members, and the project manager (Hare and 
Cameron 2006 ). Qualitative assessment remains 
essential in prioritizing OHS risk (e.g. collecting 
data, modeling techniques and expert opinion). 
Qualitative assessment is often supplemented by a 
quantitative review to the extent possible. 
Following risk assessment, the process is 
completed by adopting a risk control action plan 

                                                 
2Project Management Body of Knowledge: a reference 
work on project management, 
edited by the Project Management Institute (PMI®). 
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integrated into the project management process as 
an indicator measuring the effectiveness of the 
approach (PMBOK®Guide 2008a). In project 
management, according to Aubert and Bernard 
(2004) risk is defined as the combination of the 
probability of occurrence and the impact of an 
event. The equation as it was suggested by Aubert 
and Bernard (2004) for calculating and 
prioritizing risks at the end of the evaluation 
phase is: 
 

Risk (i) = Probability Undesirable event 
(i) × Impact Undesirable event (i) 

 
3.Latin Hypercube Sampling Theory 

Latin Hypercube Sampling (LHS) is a statistical 
approach for originating a sample of credible 
aggregations of parameter values from a multi 
dimensional distribution. The method was first 
described by McKay, et al (1979). It was further 
developed by Iman et al. (1981). When trying a 
function of N variables the range of each variable 
is divided into M equally probable intervals. M 
sample spots are then placed to satisfy the Latin 
hypercube requirements; note that this forces the 
number of divisions, M, to be equal for each 
variable. Furthermore, note that this sampling 
plan does not require more samples for more 
variables; independence is one of the main 
utilities of this sampling plan. Another benefit is 
that random samples can be taken one at a time, 
remembering which samples were taken so far. 
Maximum number of combinations for a Latin 
Hypercube of M divisions and N variables 
(dimensions) can be calculated with the following 
formula as proposed by Iman et al. (1981): 
(∏ ሺܯ െ ݊ሻெିଵ

௡ୀ଴ ) N-1= (M!) N-1 

 

3-1. Latin Hypercube Sampling vs Monte 
Carlo Simulation 
Statisticians have developed different methods to 
sample from distributions.  If we could do an 
infinite number of iterations in our simulation, 
these approaches would produce equal results. 
Nevertheless, since we use a finite number of 
iterations, sampling methods do not produce 
equivalent results. A sampling method is 
considered more effective than another if it 
approximates a distribution with less iteration 
(Kaut and Wieland, 2001). There are two popular 
sampling methods of Monte Carlo Simulation and 
Latin Hypercube Sampling. Sampling is the 
procedure by which values are randomly drawn 
from the chosen distribution. As mentioned by 

Kaut and Wieland (2001) Monte Carlo simulation 
draws samples from the full range of the 
distribution on each draw. It is a completely 
random sampling technique. Most observations 
drawn are closer to the mean and create 
clustering.   
The tails (areas of high uncertainty) are generally 
underrepresented in the sampling, whereas in 
Latin Hypercube, samples from all parts of the 
distribution, lessening clustering. It is not entirely 
random (is a stratified sampling method). Latin 
Hypercube divides a distribution into intervals of 
equal probability and randomly draws from each 
interval and ensures that all portions of the 
distribution are sampled including the tails (areas 
of high uncertainty). Owen (1997) have proven 
that the variance of the number of the points (n(t)) 
of Latin hypercube sample, VLHS, is related to the 
variance of the points of Monte Carlo sample, 
VMC, by 
 

௅ܸுௌ ൑
௡ሺ௧ሻ

௡ሺ௧ሻିଵ ெܸ஼if n(t)>1	

Hence, Latin Hypercube Sampling is more 
efficient than Monte Carlo sampling because it 
requires less iteration. The master key to Latin 
Hypercube Sampling is stratification of the input 
probability distributions. Stratification divides the 
cumulative curve into identical intervals on the 
cumulative probability scale (0 to 1.0). The 
sample is then randomly taken from the 
stratification of the input distribution. Sampling is 
forced to represent values in each interval, and 
thus is forced to recreate the input probability 
distribution. As a more effective sampling 
method, Latin Hypercube offers great benefits in 
terms of increased sampling effectiveness and 
faster run-times (because of fewer iterations). 
These profits are especially noticeable in a 
personal computer based simulation environment 
such as Pert master software. When running a 
simulation, it is important that all areas of the 
input distribution get sampled, especially the low 
probability (high uncertainty) areas.  If not, 
uncertainty will seem less than it actually is. As 
mentioned by Iman, R. L. (2008) Latin Hypercube 
aids the analysis of situations where low 
probability outcomes are represented in input 
probability distributions  
This property of Latin Hypercube sampling 
allows having better and more accurate evaluation 
of OHS risks. Stratification of the input 
probability distributions enables the evaluation of 
conditions where probability results are low. 
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an attempt to identify and evaluate reinforcement 
effects. In the following subsections of the paper, 
in the structure of a case study we describe and 

analyze in more details the 3 phases of the 
proposed approach used to manage OHS risks.

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 2.Conceptual model for modeling of risk 
 

5. Case Study 
This study tries to avoid and mitigate the effects 
of OHS delay factors which might harm the 
completion of project on time. This project has 
been implemented in Iran. In this study, OHS 
integration was limited to the tasks handled by the 
Health and Safety department that manages and 
promotes worker health and safety. This case 
study is about the installation of Void glasses on a 
geometrical structure. In this project as mentioned 
above 3 phases of project risk management (risk 
identification, risk assessment, mitigation actions) 
which are illustrated bellow has been 
implemented.  

 
In the structure of a case study, the proposed 
approach, conceptual model for integrating 
occupational health and safety into project risk 
evaluation based upon Latin Hypercube Sampling 
(LHS) was described and analyzed in 3 phases. In 
this project, we analyze the impact of OHS delay 
factors which can delay the project completion 
time. With the aim of project manager and the 
experts of Health and Safety department OHS 
risks were identified and controlled. Also risk 
evaluation and compering of pre and post-
mitigation plans are conducted by Pert master 
software. 
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7. Conclusion and Further work  
The feasibility study focused on technical, 
economical and environmental aspects and 
did not integrate OHS with the conventional 
risks. This research tried to create awareness 
for dealing with the OHS risks which can 
delay the project completion time and calls 
for applying risk management for 
construction projects. The mentioned model 
is found to be beneficial for predicting OHS 
risks in construction activities and thus 
preventing accidents over the course of the 
project. This model allows the decision 
makers such as project managers to integrate 
OHS risks toward schedule plan and compare 
them before and after mitigative actions. The 
research can be extended subsequently for 
evaluating the effects of delay on the cost and 
the quality of the work. Also in the case 
study the application of LHS instead of 
Monte Carlo method is considered and it 
allowed having better and more accurate 
evaluation of the OHS risks. 
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