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Project management in construction industry, in many cases, is
imperfect with respect to the integration of Occupational Health and
Safety (OHS) risks. This imperfection exhibits itself as complications
affecting the riskiness of industrial procedures and is illustrated
usually by poor awareness of OHS within project teams. Difficulties
on OHS regularly came about in the construction industry. The
integration of OHS risk is not systematic in construction areas in spite
of progressing laws and management systems. As project safety and
risk evaluation in construction industry is an important issue, thus, the
way of doing evaluation and liability estimation is necessary. In this
paper, we propose a new systematic approach based upon Latin
Hypercube Sampling (LHS) for integrating occupational health and
safety into project risk evaluation. This approach tries to identify and
evaluate reinforcement effects in a systematic approach for
integrating OHS risks into project risk assessment. Furthermore, the
proposed method allows evaluating and comparing OHS risks before
and after the mitigation plan. A case study is used to prove the
workability, credibility of the risk evaluation approach and
uncomplicated integration of OHS risks at a construction project. This
approach enables continual revaluation of criteria over the direction
of the project or when new information is obtained. This model
enables the decision makers such as project managers to integrate
OHS risks toward schedule plan and compare them before and after
the mitigation plan. The mentioned model is found to be useful for
predicting OHS risks in construction industries and thus avoiding
accidents over the path of the project.
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1. Introduction

society. That was resulted in by the combination

Liao and Perng (2008) and Niza et al. (2008) have of many causes such as high-risk characteristic of
discussed on the subject matter of construction congtruction work and poor knowledge of
work and high-risk occupational area in modern construction workmen. Cooke (1997) and Gam

bates, et al. (2008) have mentioned the most

*

efficient method to enhance safety performanceis
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uncertainty before its occurrence. Therefore,
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Langford et a. (2000) and Jung et a. (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
apart 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 a., 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 occupationa 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 anaysis 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 modd 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)>. 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
(1S031000 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
conseguences 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 potentia to cause,
persona injury, fatalities, or property damage’’.
Term of safety management has been defined in
PMI® by both heath 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 arole in the project such as specialistsin 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

%Project Management Body of Knowledge: areference

work on project management,
edited by the Project Management Institute (PM1®).
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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 caculating and
prioritizing risks at the end of the evaluation
phaseis:

Risk (i) = Probability Undesirable event
(i) x 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 a (1979). It was further
developed by Iman et a. (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 equa 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):

(HTIl{I;()l(M —n)) N-1_ (M1) 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 generaly
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 al 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, Vus, is related to the
variance of the points of Monte Carlo sample,
VMC! by

Vigs < M%t_)lvmif 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, especialy 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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4. Methodology
This paper proposes a conceptual model for
integrating occupational health and safety into
project risk evaluation based upon Latin
Hypercube Sampling (LHS). We have considered
a model of risk composed of three eements
detailed below and the conventional steps of risk
management. The proposed approach is divided
into three phases of (1) risk identification; (2) risk
evaluation and (3) mitigation actions. Our analysis
is based upon a model of risk composed of three
principal elements: the risk factors, the undesired
occurrence (event), and the impacts of undesired
occurrences. The proposed conceptual model
allows the decison makers such as project
manager to compare the impacts of mitigation
actions before and after mitigations. In order to

control OHS risks, all of these elements must be
identified and different causal links likely to
appear in an area of study must be cleared up as
well as their procedures and the conditions that
trigger them. It should be noted that the project
surroundings is made up of controllable variables
such as the efficacy of health and safety measures.
Aubert and Bernard (2004) presented a similar
approach without specifying the impact of an
undesirable event. The causdity links are
identified by the evaluators and determine how
the potential impact of a risk will be evaluated.
Each link (i) between a factor, an event and an
impact thus defines a possible route of
concretization of a risk as an event having a
negative impact.

I'-Z\ (U 4
Fis /
F,;/

Category of factors F,

e

EventE, [mpact |,
Event E; [mpact I,
I
|
!
\
EventE, [mpact |,

Category of factors F,

Fig.1. The links in a risk factors approach to risk analysis; example inspired from Aubert and Bernard

(2004).

Badri et al(2012) proposed a conceptual model for
integrating occupational health and safety into
project risk evaluation based upon multi-criteria
comparison (AHP). As mentioned in Forman and
Selly (2002) AHP is not a magic formula or
model that finds the right answer. Rather, it is a

process that helps decision-makers to find the best
answer. This evaluation was limited to the causal
links that they identified in the first phase of the
proposed approach without evaluating
reinforcement effects between risk factors. Their
research didn't have comparison of risk factorsin
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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.

-

Pre-mitigated
plan

~

Anayze Pre-
mitigated plan with

Latin Hypercube

oEf Ir:'gk facliors Undesirable event Impacts of Sampling
e S BB, By B>|  undesirable
events
Risk strategies: Com_p_ari son of
Threats (avoid,transfer, reduce, accept) Pre-mitigated plan
Opportunities (exploit, facilitate, enhance, reject) and POStI-mItI gated
plan
( Post-mitigated \
plan
Analyze Post-
OHSrrisk factors Undesirable event Impacts of mitigated plan with
F1,F2,....Fn E.E, E undesirable Latin Hypercube
9 1,B22,....En 9 vents Sampllng

\

_/

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
Headlth 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 Heath 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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Fig.3. Case study: Installation Void Glasses on a Geometrical Structure

5-1. Phase 1: Risk Rdentification

Risk identification necessarily involves in the
identification of the elements of the risks. The risk
model includes three elements: (1) risk factors, (2)
undesirable events and (3) the impact of
undesirable events (Aubert and Bernard 2004,
Badri, A.; Nadeau, S.; Gbodossou, A. 2012). To
identify these mentioned items the team used
organized systematic method of risk analysis. Fig.
shows causal links, in which each arrow
represents possible OHS risks related to the
project.

5-2. Phase 2: Risk Evaluation

In this research, the Pertmaster software is
introduced. It is similar to the most planning
software as it uses Latin Hypercube Sampling
(LHS) for simulating project time/cost and
develops more readlistic project completion time.
This project planning software uses LHS analysis
for schedule risk analysis capability. It can
produce a histogram, probability density function
and cumulative probability curve (primavera

systems, 2004). Risk analysis using Pert Master
Software alows a project manager to analyze a
Critical Path Method (CPM) project schedule
using probability distributions of the task
durations. To run risk anaysis in Pert Master,
firstly it is necessary to set up a CPM schedule,
which includes entering tasks and milestones and
adding logic to define task relationships.
Secondly, the risk duration distribution on each
task is set up, which means that each task is
assigned minimum, most likely, and maximum
durations. The task relationships and OHS risks
are added to the related tasks. In Pert Master
software we use risk register to:

o Define risks (threat and opportunity)
including risk owner, causes, effects, status,
probability and cost, time and custom impacts
and fields.

e Track any detailed actions used to mitigate
the probability and impact of risks using a
mitigation plan.

e Map risks to tasks and Work Breakdown
Structures (WBS) items.
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e Define the impact a risk has on each task or
WBS item it is mapped to.

e Quantify the schedule, cost, performance and
environment impact caused by the risks on the
project.

Compare Pre-Mitigation and Post-Mitigation
scenarios.

Lifting and handling glass materials

Working at heights \\

Working in confined spaces

Delays

Phisycal

Hazards

Safety crane and
forklifts

Difficult to use personal protective equipments at
heights

Workplace physical factors (light,
temperature and thermal stress)

Performance

N Lack of safety equipment for the glass
transition

Chemical >

Mists and vapors e.g. spray paint

Environment

Hazards

structure

Fumes e.g repair welding for installation glasses on the

Hazards

Stress
Psycological / Working

condition

Fatigue

Factors Undesirable events

Impact

Fig.4. Case study: Links Between Undesirable Events, Their Risk Factors and Their Impact.

In our research, we used triangle distributions for
risk analysis according to the expert's view. The
most utilizable likelihood distributions described
in the project management literature for modeling
uncertainty are Beta and Triangle (Hayse 2010).
Triangle distributions can be represented by three
approximations of optimistic, pessimistic, and
most likely values. Van Dorp and Duffey (1999)
stated that the choice of Beta or Triangle
digtribution to model activity duration has a

somewhat small effect on simulation results for
total project duration. When a risk plan is built,
the mitigation actions are added as new tasks to
the built risk plan. After mapping the risks to the
tasks in the project, the pre-mitigated and post-
mitigated risk plans can be built. Building a risk
plan creates a new schedule that contains the cost
and schedule impacts. The pre-mitigated model is
built using the probabilities and impacts
associated with the pre-mitigated mappings while
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the post-mitigated model is built using the
probabilities and impacts associated with the post-

mitigated mappings. Table 1 shows the pre-
mitigated and post-mitigated plans.

Tab 1: Case study: mitigation plan (Pre-mitigation plan, Response, Post-mitigation plan)

Rk Precitiice Respnse Pt it
Tk Probilty| ol Cost P EoivoementSeoe | Type [Pobaiy| Sl Cost Prommaee
Litg 2o unlin s el g ln [N 8| x R | L[ L [N| X
Voringt bghts E(w([x| 8| N R | M [ M O[N| X
Workignconfned spacs Bl & @ wid | N [ XN N
Sey crne nd ok M| B |w N | N Rbw| L | B [W| N
Dét toweprodprovtiveequipmensatbeigns | M | L[N N [ N [SMaep| M [ L [N| X
T e———— R at| M [ L [N] N
b Loty eppont e s s M| M N[ N | N R | L | M [N| X
Thea s ad vapurs . spry it LI NN N | M [6faem| L [ NN N | ¥
] Fuovsg v fimatiimgasntesmne | W [ N [N N | a0 [ w [ N [N] ¥ |
: Sinss Bl M N[ M | N |sfnbe| L [ M [N] M | ¥ |6
Wk conditons B[N [x] B | N Rbe| L[ N[N B [ ¥ |2
Fatins 'R R wid| N [ XN N | ¥ o
The overall impact of arisk is set to the highest of impact = N, Environmental impact = N,

al impacts. Each risk impact is given a numeric
value: Negligible=0, VL=1, L=2, M=3, H=4,
VH=5. The highest of al the impacts of these is
used to determine the overall impact. In this case
study, a risk register has 4 impact types and 5
impact values (VL, L, M, H and VH). For
instance, if a risk is assessed as follows: Cost
impact = H, Schedule impact = N, Performance

Numerical impact = 4 then, the overall impact is
set to H. The overal impact is then combined
with the probability to select the risk score from
the probability and impact scoring grid (figure 5).
If the Probability of the risk is above H then the
risk score would be 24 (figure 5). In the score
column, the red squares are the sign of being more
risky while the yellow ones are less risky and the
green ones are acceptable.

Fig.5. Case study:

5-3. Phase 3: Mitigation Actions

A hazard is a situation, a condition or a thing
that may be dangerous to the safety or health
of the workers. There are many ways to

risk matrix

control  worker's exposure to hazards
(occupational health and safty-tool kit for
small business 2011). Delay of progress still
happens in projects during construction

International Journal of Industrial Engineering & Production Research, December 2015, Vol. 26, No. 4



Yahia Zare Mehrjerdi, Ehsan Haqgigat

Conceptual Model Development using Latin Hypercube. . .

237

process. Chris (1988) mentioned that over
80% of projects exceed their scheduled time
even with the employment of software
methods. When delay occurs, contractors can
implement mitigation actions to minimize the
effects of the delay factor. For reducing
identified risks some actions in administrative

and engineering controls and personal
protective equipment (PPE) are implemented.
The plans which are helped to control OHS
risks listed in a breakdown structure. Fig. 6
represents the nine mitigation actions being
proposed to control OHS risks in this case
study..

Mitigative
Actions
I | I
Engineering Administrative Personal Protective
Controls Controls Equipment (PPE)

Try to eliminate the hazards like:

|| *Workingin confined spaces by dividing glass
parts inschedule plan

| |Providetrainingand supervision
for workers

Includesgloves, protective clothing,
respirators, hearingandeye
protection, hard hats, safty harnesses

sallocation enough time for workers torest

Try to reduce the hazards such as

Use safe work procedures

Trainingtoworkers for PPE

susing smaller packages to reduce the weight of
itemsthat have to be manually handled

Isolate the hazards: forinstance

| | suseanenclosedspray booth forspray painting

sUse trolleys or hoists to move heavy loads place

|| Ensureregular maintenanceof -
machinery and equipment

UsingPPE ina clean and fully
operational conditions

gaurds around moving parts of machinery

Fig.6. Case Study: Mitigation Actions

6.Comparing Plan Distributions
The data of case study has been anayzed
where the sample in figure 7 shows three s-
curves representing the plan without OHS
risks (pink curve), pre-mitigation model with
OHS risks before mitigative actions (blue
curve) and post-mitigation model with OHS
risks, when mitigative actions has been
implemented in the case study (green curve).

As mentioned before, this paper is about the
application of LHS sampling and creates
awareness for dealing with OHS risks which
can delay the project completion time. We use
Latin Hypercube Sampling Instead of Monte
Carlo for the evaluation of the data of the case
study. Each diagram is obtained based upon
the LHS technique. The gap between the three
curves can be interpreted as being an estimate
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of the schedule benefit that is expected to be
gained from the mitigation at the P80. In this
case study, we could reduce the time of
project for 40 days with the implementation
of the mitigative actions which mentioned in
section 5.3. Fig.7 indicates that if we didn't
consider OHS risks in this project a a
confidence level of 80 % the project delays 56

actions this delay time reduces to 16 days and
a gap between these two times (40 days)
indicates that our mitigative actions were
beneficial for this case study. The standard
deviation of each plan aso has shown in
Figure 7. In this study, we just analyze the
impact of OHS delay factors which can delay
the project completion time.

days but after implementing mitigative
Distribution Analyzer
= gy P P Dudin w g Pkl Dui = vy e P Diin
— o
Variaion 18 Variation 40
amnn% 4/ Vargton > :
2
g
o
4
a
[}
2
iy
F}
:
]
v
H
i Jl| 1 .
T T T S L T L O T R R T
MO0 MmN W n B AW BDND N DN DN N
Shon Dt o | Dtemisicpotaity Miinom Meimum Mesn Seced % St e Vce Deemiic e
| e v a4 S ®oW
\idmgp Pos-mtee] - el -Duaon @ 141 a4 U I TR V) (TR
veidmpp- e - Dt U a8 I I T 0
0 g

Fig.7. three s-curves from different plans show the effect of mitigation on the project
uncertainty with the 80% highlighted.
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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 alows 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
evauating 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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