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Abstract. Managing occupational health and safety on Moroccan construction sector represents the ﬁrst step
for projects’ success. In fact, by avoiding accidents, all the related direct and indirect costs and delays can be
prevented. That leads to an important question always asked by any project manager: what are the factors
responsible for accidents? How can they be avoided? Through this research, the aim is to go through these
questions, to contribute in occupational health and safety principles understanding, to identify construction
accidentology and risk management opportunities and to approach the case of Moroccan construction sites by an
accurate diagnosis. The approach is to make researchers, managers, stakeholders and deciders aware about the
criticality of construction sites health and safety situation. And, to do the ﬁrst step for a scientiﬁc research
project in relation with health and safety in the Moroccan construction sector. For this, the paper will study the
related state of art namely about construction sites accidents causation, and will focus on Reason’s ‘Swiss cheese’
model and its utilization for Moroccan construction sites health and safety diagnosis. The research will end with
an estimation of an accidents fatality rate in the Moroccan construction sector and a benchmarking with the
international rates. Finally, conclusions will be presented about the necessity of Occupational Health and Safety
Management System (OHSMS) implementation, which shall cover all risk levels, and insure, at the same time,
that the necessary defenses against accidents are on place.
Keywords: Construction / occupational health and safety / accident / fatality / risk / project management /
construction site / Morocco / Swiss cheese model

1 Introduction
Recently, the Moroccan construction sector started to
integrate gradually into a new approach based on the
principles of sustainable development. An approach that
required special consideration of working conditions,
health and safety, through the elimination of accidents
risk. Indeed, “an installation should not be considered
sustainable if an injury or death occurred during its
construction, maintenance or use” [1].
Nowadays, posting the “Number of days since the last
lost time accident occurred” is not a fashion that a project
manager choose to follow. In fact, this important factor
affects directly and indirectly the cost and duration of
projects. That makes the determination and control of
factors responsible for site accidents the ﬁrst step for
project success. In this optic, the ﬁrst part of this research
will start with a literature analysis through papers, books,
and articles in order to have a good reference about the
* Corresponding author: tbakeli@gmail.com

level how occupational health and safety is highlighted
throughout the world, and point out the huge importance
of managing health and safety performance in construction
sites. It will be also an opportunity to focus on factors
responsible for site accidents by using the Reason’s model
[2]. Finally, one of the most basic and important health and
safety codes, developed by the International Labour
Organization [3] will be presented.
Based on the Reason’s Model approach [2], the second
part of our research will be devoted to compare between
Moroccan and international construction sites’ accidents
statistics, safety data and practiced standards. That will
represent an accurate diagnosis of Moroccan construction
sites health and safety in different levels: organisational,
management and preconditions. The described situation
will be conﬁrmed, then, using an estimated fatality rate
that is calculated based on the available references because
of the non-accuracy of data in Morocco related to accidents
statistics on construction sector. That will serve for a
comparison, in term of construction accidents fatality
rates, between Morocco and different countries in the
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world, and will conﬁrm that Moroccan construction sites
are not only very far from the International standards, but
are also characterized by a high level of risk in term of
accidents

2 Background literature
2.1 Deﬁnitions
Health and safety include the laws, rules, and principles
that are intended to keep people safe from injury or disease
at work and in public places [4].
Occupational health and safety (OHS or OSH) is
deﬁned as the science of the anticipation, recognition,
evaluation and control of hazards arising in or from
workplace that could impair the health and well-being of
workers. That includes also taking into account the
possible impact on the surrounding communities and the
general environment [5]. In project management, it can also
be named HSE: Health, Safety and Environment, in this
case Environment protection is included.
Accident is deﬁned as any unplanned event that results
in injury or ill health of people, or damage or loss to
property, plant, materials or the environment or a loss of a
business opportunity [6].
Near Miss is an event not causing harm, but has the
potential to cause injury or ill health [6].
A hazard is the potential of a substance, activity or
process to cause harm [6]. In fact, Water on a staircase can
constitute a hazard, because someone may slip on it, fall
and hurt itself.
A risk is the likelihood of a substance, activity or
process to cause harm [6]. It is a “two-part concept” which is
composed of likelihoods, expressed as probabilities,
frequencies or in a qualitative way, and the effect that
can be described in many different ways.
Risk management is deﬁned as a three-staged process
[7]. First, identiﬁcation of hazards, which are the potential
of substances, activities or processes to cause harm [6].
Second, assessment of the risks related, which are hazards’
likelihoods to cause harm [6]. Finally, implementation of
appropriate risk controls as given by the National Institute
for Occupational Safety and Health (NIOSH) in the United
States through hierarchy of actions [7] shown in Figure 1.
2.2 Factors responsible for site accidents
Construction is commonly called industry because it
concretizes projects as per design. However, a construction
site cannot be managed like factory because it is constantly
changing, involving many sub-contractors, and executing
various works. That makes workers on site facing everyday
simultaneous factors that can cause new hazards and lead
to risks that can potentially cause accidents and near
misses.
The state of art about the subject of construction site
accidents’ factors numerates, not exhaustively, project
nature [8], construction method [8–10], site restriction
[10,11] project duration [10,12], design [13,14], subcontracting [15], Procurement system [14], training [8], client
proﬁle [8]. These factors can be grouped into ﬁve levels:

Fig. 1.

Hierarchy of controls pyramid [7].

– organizational level: it includes all the factors related to
decision makers, legislation, policy makers, clients, senior
management of projects, designers, etc;
– management level: it includes all the factors related to
production management through several departments
(maintenance, human resources, operations, etc.);
– preconditions level: it is about factors and conditions
linked to the level of motivation of employees, their
knowledge, their training, the equipment used and the
way in which things are being done;
– unsafe acts level: it is related to human comportment;
– defences level: it includes protective measures according
to hazardous conditions (work at height, excavation,
etc.).
On the other hand, accidents factors can be organized
according to the following eight risks:
– work at height;
– lifting;
– energy isolation;
– mobile equipment;
– conﬁned space;
– excavations;
– hazardous materials;
– electrical works.
In reality, it is very complex to understand how an
accident happens on a construction site. Because it
implicates understanding the interaction between the
various factors in different levels. In fact, every factor
can be the source of at least a hazard that can happen
simultaneously with another. In this optic, many studies
was conducted to develop models of accident causation,
which can help to identify systems’ defects and then put in
place the necessary corrections.
Reason developed a model of accidents causation,
known as the ‘Swiss cheese’ model [2], which explains
deeply the combined effect of the various accident factors
already seen. In fact, construction site accidents can be
traced back using what Reason calls ‘latent condition
pathways’; they are a sort of “holes” existing on ‘Swiss
cheese’ slices that are placed side by side as presented in
Figure 2. Every slice is one of the factors levels. Indeed, the
‘latent condition pathways’ are, in reality, circumstances
with risks and safety outcomes caused by an accident factor
in the level. Reason deﬁnes the concept of accidental
trajectory as being the trajectory on which each level’s
holes are aligned [2].
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Fig. 2. Reason’s ‘Swiss cheese’ model [2].

In the same way, the Matrix presented in Figure 3
shows that on each Reason’s Model level, there are factors
that can lead to accidents. If the same types of factors
happen in the same time on all the levels, there is a big
chance that accident occurs because accidental trajectory
is systematically formed.
For example, in Figure 3, it is represented in red an
accidental trajectory related to work at height risk. Indeed,
an accident such as fall of height can certainly happen, if we
have in the same time failures in all the following levels:
– Organizational level: design team did not make any effort
to avoid work at height.
– Management level: there is no adequate material such as
controlled scaffolds installed, which makes the employees
climbing a structure to arrive to working zone.
– Preconditions level: employees working at height are not
trained.
– Unsafe acts level: employees are not disciplined and does
not believe in what the foreman says.
– Defences level: employees are not using suitable protection devices like harness.
Another example of accidental trajectory is represented
in Figure 3 in green, which is related to conﬁned space risk.
Indeed, an accident related to conﬁned space such as
asphyxiation can certainly happen, if we have in the same
time failures in all the following levels:
– Organizational level: lack of regulations.
– Management level: site manager does not believe that
conﬁned space is a safety risk.
– Preconditions level: site activity is ongoing without
coverage or leadership (Absence of foreman, supervisors…).
– Unsafe acts level: although the employee noticed that
communication device is damaged, he acceded the
conﬁned space.
– Defences level: the employee acceded to conﬁned space
without having in his own a gas mask.
In other words, and according to Reason’s model,
when many unsafe acts and unsafe conditions occur
simultaneously which is the case of construction sites,

only some of them result in accidents. This implies that if
it is possible to control the unsafe acts and unsafe
conditions, it will be possible to eliminate accidental
trajectories. In fact, Near misses control, here, is playing
an important role because it is able to give an idea about
the holes which are site conditions (according to
Reason’s model) that are potentially about to cause
accident.
Moreover, adopting Reason’s model, to analyse construction sites accidents causation, allows also understanding that the number of holes in each of the levels and the
wideness of each whole increase during the life cycle of the
project. In fact, it is simply understandable that a project,
starting with conceptual phase, passing through engineering and procurement, to continue with construction, is
experiencing progressive and continuous changes, involving more resources, more contractors, and giving rise to
more work, more coactivity and more design complexity.
Therefore, accident factors, hazards and risks related get
more and more numerous. In fact, this leads to an analogy
with an important research presented by Behm which
explains, according to Figure 4, that the ability to inﬂuence
safety decreases signiﬁcantly during the project lifecycle
[16,17].
To put it in a nutshell, coming back to hierarchy of
controls, if project manager can decide to eliminate or
substitute the risk during engineering phase that will be
very difﬁcult during construction phase. In addition, if
construction management is able to put in place engineering controls during early construction phase, only
administrative controls and personal protective equipment
(PPE) or collective protection equipment (CPE) remain
conceivable when construction is ahead.
According to the previous analyse, it is clear that
accidents can be avoided in the very early stage of projects,
if health and safety management is considered by the client,
by decision makers, and by the designers. For that a proper
risk assessment and risk management analyse shall be
conducted before beginning of construction, and maintained during construction phase.

4

B. Tarik and H.A. Adil: Int. J. Metrol. Qual. Eng. 9, 6 (2018)

Fig. 3. Reasons’s Model Matrix representation: accidents factors levels.

2.3 The code of practice on the provision of health
and safety items on construction sites
ILO produced in 1992 The Code of practice on health and
safety on construction site [3] with a view to provide
guidelines to its members in the implementation of the
health and safety practices on construction sites for all
workers. That is by giving necessary guidance on a
technical, administrative and legal framework for the

duty-holders to comply with their legal obligations in
protecting employees’ health and safety and all who can be
affected nearby. Of course, that gave birth to different
legislations and regulations in term of occupational health
and safety that is presented in Table 1.
In short, we present the way some countries have
reacted toward the establishment of references for health
and safety prevention and organisms to insure their
necessary promotion.
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Fig. 4. Project time/Safety inﬂuence curve [16].

Table 1. OHS organisms & regulations by countries.
Countries

Organisms

European Union
UK

European agency for safety and health at work
Health and safety executive (HSE)

USA

Occupational safety and health administration
(OSHA)
Safe work Australia (SWA)
Canadian centre for occupational health
and safety (CCOHS)
Ministry of Health

Australia
Canada
China

3 Comparison between Moroccan and
international construction practices in term
of health and safety
Thanks to its proactive policy of improving the business
climate and the aim to position itself as a platform for
access to African markets, Morocco is undergoing a major
development and witnessing a huge construction boom in
public sector, infrastructure projects, and investments. In
parallel to this growth, the situation of occupational
health and safety should have the same speed. Actually, it
is believed that the integration of safety and health
measures into construction projects and the reduction of
the number of accidents can contribute signiﬁcantly to
their ﬁnal cost, and efﬁciency. That is through, for
instance, the reduction of direct costs and delays caused
by work stoppages after accidents, and indirect costs
caused by affected companies reputation and insurance
fees.
Hence, the objective of this part of the research is to
compare between Moroccan and International construction practices in term of health and safety. In the
meantime, Reason’s model approach will be followed in
order to have an accurate diagnostic of the Moroccan
construction sites health and safety situation and challenges.

Legislations, regulations, codes
EUOSH directives
Health and safety at work etc. Act 1974
(HASAWA)
Occupational safety and health act, 1970
Commonwealth work health and safety act, 2011
Provincial or federal labour codes
Work safety Act, 2002

3.1 Moroccan construction sites organization level
The ﬁrst remark on Moroccan construction sites organization is the absence of a law that controls construction
activity. In fact, the text of law 66-12 of August 25, 2016
[18], took a very long time to be developed and voted.
Before this date, the situation was, and continues to be, if
the law is not strictly applied, “anarchic”.
Moreover, the client is having a big part of responsibility,
being the only one who decides about the project policy. In
fact, being the one who pays, he is the ﬁrst to choose how the
project will be designed, who will take over the project
leadership, and how it will be executed. That makes health
and safety, seen as a loss of time or a “luxury”, and the last
thing that client and project leaders think about. The same
situation is reﬂected on constructors and sub-contractors
that are obliged to follow clients and project leaders policies
to be able to get projects and resist to the high competitively
that is clearly noticed in the Moroccan construction market.
In term of legislations, the evolution of actions related to
occupational health and safety in Morocco was analysed, and
compared with other countries. This is summarized on the
time line of Figure 5. Some of the deducted conclusions can be:
– the Moroccan efforts in term of legislations, compared to the International, took a long time and
adopted a special approach. In fact, Morocco choose
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Fig. 5. Time evolution of Moroccan and International OHS regislations.

to start with the production of standards known as
NM 00.5.800/801 which are a “copy-past” of other
standards [19,20], with no legal authority, and no
organism to insure its application. It would be rather
if the example of many other countries were followed
through the creation of institutions responsible of
putting in place human, medical, scientiﬁc, documentary, technical and legal resources able to
enhance safety and health at work;
– Australia took also a long time to react
toward occupational health and safety. However, it
made a signiﬁcant improvement in term of safety
legislation.

To sum up, it is clear according to this part of the
research that the organization level of Moroccan construction sites is backward compared to the International. It
contains also many gaps susceptible to be ‘latent condition
pathways’ for accidents according to the Reason’s Model.
3.2 Moroccan construction sites management and
precondition levels
The unsafe acts and conditions arise from the basis of
Moroccan construction sites’ structure. On the one hand, it
is noted that almost all these projects consists of a
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Table 2. Comparaison between Moroccan and International construction sites fatality rates.
Countries

Fatality rate (per
100 000 employees per year)

UK
USA
Australia
Irland
France

1.62
10.10
3.29
9.80
9.34

Europe

21.00

References
Health and safety executive (HSE), 2015 [25]
U.S. Bureau of Labor Statistics, 2017 [26]
Safe work Australia (SWA), 2013 [27]
Health and safety authority, 2014 [28]
Institut national de recherche et
de sécurité, 2014 [29]
European Commission, 2014 [30]

heterogeneous workforce, whose proﬁle varies between
skilled and unskilled workers. They are never sure to keep
their jobs at the end of construction activity. This
contributes to their precariousness and does not allow
them to become professional and thus to be trained in
matters of safety. On the other hand, and although the site
is equipped with safety shoes, harnesses or helmets,
workers are reluctant to use them because of their
unconsciousness, their fatalism and their misunderstanding of the role of personal protective equipment. In
addition, the cost of safety is not often taken into account
when concluding contracts. This makes the presence of
PPE on site very rare.
Other factors explain the enormous risk of accidents in
construction sites. Indeed, it is noteworthy the neglect of
safety standards during construction activities. That is
because the OHS regulation in Morocco is very recent, and
the authorities for its implementation are absent, despite
the existence of three police forces (District prefecture,
communes and urban agencies) whose missions are to
inspect construction sites and to verbalize in case of
violation. In addition, the absence of statistics, the lack of
involvement of business leaders, the concern for productivity and schedule, and the decentralization of on-site
productivity management are other factors that makes the
situation worst.
In brief, it is clear that the management and
preconditions levels of Moroccan construction sites are
full of gaps that are likely to be ‘latent condition pathways’
for accidents according to the Reason’s Model. In addition,
the proﬁle of the workforce makes also the unsafe acts level
in the same situation. Then, the risk of occurrence of
accidents is very high, and linked directly to the defences
that may be present on site (PPE, strict safety management, procedures…). Such defences are also very rare on
Moroccan construction sites and are even not taken into
consideration.
3.3 Moroccan construction sites accidents rates
The latest ofﬁcial declarations of Houcine El Ouardi,
Moroccan Minister of Health, on December 18, 2013
unveiled a site work related fatality rate in Morocco of
47.8 per 100 000 employees per year [21]. A rate that can

How high is Moroccan
fatality rate
13.8
2.21
6.8
4.1
2.4
1.06

not be conﬁrmed because of non-accuracy of data in
Morocco related to accidents statistics on construction
sector.
Through this paragraph, a referenced estimation
of Moroccan construction sites fatality rate will be
discovered.
First, the following equation will be used:
Fatality rate
¼

Fatal accidents ðConst: SectorÞ
 100 000:
Total employment ðConst: SectorÞ

The ILO statistics, putting Morocco in the region of
Low- and middle-income countries of the African region
(AFRO), estimates that 25% of the total work related
fatalities is happening in construction sites [22]. Then, the
previous equation becomes:
Fatality rate
¼

0:25  Fatal accidents ðGlobalÞ
 100 000:
Total employment ðConst: SectorÞ

The Moroccan Haut-Commissariat au plan, on its note
on the labor market in Morocco of between 2000 and 2014,
conﬁrmed that 9.3% of global total employment are in
Construction sector [23]. That means:
Fatality rate
¼

0:25  Fatal accidents ðGlobalÞ
 100 000:
0:093  Total employment ðGlobalÞ

Then,
Fatality rate = 2.69  Fatality rate (Global).
The most recent available data about Moroccan global
work related fatality rate exists in a Dissertation of Pardee
Rand Graduate School. Indeed, it estimates the Moroccan
Global Fatality rate in 2013 to 8.3 fatal accidents per
100 000 employees per year [24]. That gives for the
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Fig. 6. PDCA cycle applied to Occupational health and safety
management.

Moroccan case, in 2013, an estimation of 22.33 fatal
construction sites accidents per 100 000 employees per
year.
This rate is compared with rates from different regions
in the world and seems to be extremely high according to
Table 2.
Moreover, construction sites fatalities’ rates are only
the tip of an iceberg, the same analysis can show that the
rates of major injuries and lost time accidents are having
the same tendency. However, what makes the analysis very
difﬁcult for the Moroccan case is the non-availability of
standardized statistics and accidents records on construction sites.
Finally, the National institute of living conditions at
work (INCVT), which is a, recently created, state
institution responsible for the implementation of regulatory measures in order to strengthen safety in Moroccan
workplaces, conﬁrms this situation. In fact, according to
their last report issued after the EU-North African
seminary about strategies for safety and health at work,
in 2012 only, 5600 construction site accidents were
registered and the cost of one accident in Morocco varies
between 2000 and 20 000 MDH [31].

4 Conclusion
All in all, the literature review that was carried out in this
paper has shown that, more the international efforts on
construction sites occupational health and safety were
important, less the work on health and safety in Morocco
has been undertaken. Besides, what makes the situation
worst is the lack of accurate data to support eventual
serious diagnosis. In the other side, and based on the
Reason’s model, it is obvious that, at all the levels, there are
dangerous gaps that can make, at any time; the Moroccan
construction sites a scene of serious accidents. Hence, it is
high time to work on an Occupational health and safety
management system (OHSMS), which shall cover all the
levels seen previously, and insure, at the same time, that
the necessary defences are implemented.

One of the ways that would allow to design such a
OHSMS can start with the Shewart-Deming cycle, or
PDCA cycle (Plan, Do, Check and Act) [32]. Indeed, an
analogy can be developped with project management
quality approach for managing Health and Safety on site,
by working on the 4 following components:
– planning: by focusing on risk analysis, work organisation,
stafﬁng plan, risk controls;
– execution: by studying method statements, allocating
suitable material for work, insuring site management,
and putting in place the necessary human and material
resources for a safe work;
– control: by insuring a continuous site supervision,
checking the execution of work as per contractual safety
speciﬁcations, method statements and risk analysis
action plans;
– lessons learned: By avoiding that, detected failures and
non-conformities be repeated and capitalizing for the rest
of the project and next projects.
However, safety management actions being, in general,
not billed, not a deliverable, and not totally regulated, its
implementation shall start with decision makers’ policy.
That policy shall include necessarily clear engagements and
objectives related to Occupational health and safety and
shall identify the norms and regulations that will be
followed on site. That why, for Occupational health and
safety management, it is necessary to add Management
Policy to Shewart-Deming wheel, and to place it in the
center of the cycle, as presented in Figure 6, because it is
exactly the center of any approach related to Health and
safety management and the basis of all subsequent actions.
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