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Abstract

The enormity of the problem of construction accidents and hazards in the
Ghanaian construction industry (GCI) calls for the need to engage in relevant
research to equip stakeholders with the required knowledge to improve con-
struction health and safety (CHS) and reduce site accidents and hazards. The
complexity of the problem of accident causation explains a large number of
conceptual models developed to aid the understanding of the dynamics in-
volved in CHS. This paper involved a qualitative study to identify causes of
accidents and hazards in the GCI and underlying issues requiring remedying
and also a desk study to review Health and Safety related theories and con-
cepts from extant literature to explain and contribute to the improvement of
CHS. The paper contributes to the use of theories to advance studies on im-
proving health and safety at construction sites, especially in developing coun-
tries like Ghana, where such studies have so far attracted little attention. The
framework may enable construction stakeholders to easily identify problem
areas on site and apply required improvement measures to create a healthier
and safer construction site. The findings may provide useful knowledge to
improve CHS and reduce site accidents and hazards, and also provide a mul-
ti-theory approach for understanding the dynamics of the complexity of the
problems involved in CHS.
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1. Introduction

The intrinsic properties that characterize the construction industry contribute

largely to accidents and hazards and fatalities on construction sites [1]. The
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enormity of the problem of construction accidents and hazards in the Ghanaian
construction industry calls for the need to engage in relevant research to equip
stakeholders with the required knowledge to improve construction health and
safety (CHS) and reduce site accidents and hazards.

The construction industry in Ghana, as in other parts of the world, is huge
and a crucial segment in economic development. The importance of construc-
tion industry as one of the top contributors of the Ghanaian economy, cannot be
over-emphasized, especially as the country is one of the most active economical-
ly in West Africa. The Gross Domestic Product (GDP) of the Ghanaian con-
struction industry grew from GHS12,183 million in 2014 to GHS21,013 million
in 2019 [2], and was expected to grow to 7.4% in 2020 [3]. The industry is dom-
inated by 67.2% unskilled labor force and 24.8% semi-skilled labor force, while
8% are considered highly skilled [4]. Like other developing countries, the Gha-
naian construction industry highly depends on the labor force. Given the high
cost of adopting equipment intensive methods for construction, and the fact that
the labor force is readily available at lower cost in Ghana, the labor-intensive
approach is often preferred by contractors. The stakeholders in the Ghanaian
construction industry include clients, consultants, suppliers, statutory authori-

ties, contractors, and community or traditional authorities.

1.1. Accidents and Hazards

Accidents have been defined as any happening of an undesirable event characte-
rized by a short, sudden and unexpected event resulting from the activity of man
other than natural consequences directly or indirectly [5]. Accidents and hazards
have also been defined in various forms, but the simplest definition by Stranks
[6] is that accidents and hazards are uncontrollable occurrences which result
in injury or damage. In fact, construction work is sometimes described as
non-repetitive and ergonomically dangerous due to the lifting of heavy objects
and dangerous chemicals. These often result in high record of accidents, hazards
and injuries [7].

What distinguishes occupational accident from other accidents is the fact that
they happen in a working life context and that the main consequences are li-
mited to injuries on the workers involved. Accidents cannot completely be pre-
vented and therefore plans must be put in place to meet the unexpected. Legal
requirements are the good safety program to prevent accidents [8]. In Ghana,
the Ministry of Employment and Labor Relations employs 97 safety inspectors,
which equals one inspector per 136,371 workers [2], compared with Internation-
al Labor Organization’s (ILO) recommendation of one inspector per 40,000
workers in less developed countries [9]. Labor inspectors are usually criticized
for being insufficient to enforce compliance, poorly trained and lacking re-
sources to respond to violations effectively.

The trend in recent times is that achieving accident-free workplaces is the
concern of many countries [10]. In the global context, workplace injury rate (in-

juries per 100,000 workers), accident frequency rate (accidents per 1 million
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man-hours), accident severity rate (loss of man-days per 1million man-hours)
and occupational deceased incidence (occupational deceased per 100,000 work-
ers) can be taken as important factors to determine the effectiveness of local
safety standards [10].

On the Ghanaian situation, the percentage of construction industry to the na-
tional indicators of occupational injury is 4.7%. The accident frequency rate of
the construction industry is 65 compared with the national indicator of 43, a
percentage of 151% higher [11]. Again, Ghana Statistical Service, GSS [11] pro-
vided statistics of construction indicators of occupational injury in 2015. The
deceased incidence rate recorded in Ghana was 63 in the year 2015. However,
the construction industry recorded 86 in the same year. Thus, the Ghanaian
construction industry (GCI) recorded an increase of 137% over the national fig-
ure indicating a very high risk of the accident in the industry. The severity rate
of occupational injury nation-wide was 418, which is higher than the 346 rec-
orded in the GCI in 2015. The low severity rate in the construction industry
compared with the national indicator resulted in fewer days lost in 2015 of 9
compared with 16 nationwide [11].

According to the 2015 occupational injury report of the GCI, accidents are
highly reported and therefore records available do not represent the entire pic-
ture [12]. Some accidents may not be reported due to various reasons, such as
geographical location, communication difficulties, governmental interference,
cultural barriers etc. [13].

Accidents and hazards are in various forms and have been grouped in the
construction industry [14]. Ramachandran’s [15] classification of construction
accidents and hazards are according to the following three forms: 1) the severity
of the injury, 2) the nature of injury and 3) the cause of accidents and hazards.
According to Ramachandran [15], the severity of injury classification of acci-
dents and hazards has a sub-division classification as major accidents and ha-
zards, minor accidents and hazards or accidents and hazard. Moreover, acci-
dents and hazards classified according to the nature of injury, can be further
subdivided into death, temporary disablement, permanent disablement, and
partial disablement accidents and hazards. The third category of accidents and
hazards, according to Ramachandran [12], relates to the construction activities
that lead to the cause of accidents and hazards. The causes of such accidents and
hazards, according to Ramachandran [15], may be the consequence of equip-
ment fault, trench collapse, crane failure, construction site falls, among others.
Any construction accidents and hazards may belong to any one or more of the
above accidents and hazards classifications.

The most occurring accidents and hazards at the construction sites are caused
by crane, scaffolding, trench collapses etc. [16] [17]. In all the forms of accidents
and hazards, site falls have been recorded as the most frequently occurring on
construction sites, with 300 deaths out of 1000 deaths of construction accidents

and hazards relating to site falls [18] [19]. It is therefore important for manage-
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ment of construction organizations to provide proper measures to prevent such
accidents and hazards. It must be emphasized that each of these forms of acci-
dents and hazards can be avoided through efficient and effective health and

safety measures.

1.2. Causes of Construction Accidents and Hazards

It is essential for the successful prevention of accidents to understand their caus-
es [20]. Health and safety can effectively be managed in construction when fac-
tors that play key roles in the causation of accidents and hazards are clearly un-
derstood [6]. Moreover, accidents and hazards prevention techniques could also
be developed by understanding the major causes of accidents and hazards on
site. Causes of construction accidents and hazards according to Health and Safe-
ty Executive (HSE) [16], are summarized into four major categories as shown in
Figure 1.

Worker and work team factors relate to the communication challenges, indi-
vidual’s actions, and capabilities, according to European Statistics on Accidents
at Work (ESAW) [21]. The workplace causes also relate to welfare facilities, in-
adequacy of working space, and ground conditions including undulated and
precarious terrain or loose grounds. The environmental conditions, also include
dusty working conditions, poor lighting and sunlight reflection on concrete and
poor weather [21].

Materials and equipment relating to causes of accidents and hazards may re-
sult from the changes in the quality of construction materials, mode of the
supply, availability and adequacy of materials, lack of information regarding the
usage of materials and equipment and the use of contaminated materials. The
exposure of the construction operatives to these causes of accidents and hazards
has adverse effect on them. Manufacturers and suppliers are expected to provide
adequate information on the usage of materials and equipment on site. Moreo-

ver, suppliers are expected not to distribute faulty and obsolete equipment and

WORKER AND WORK

TEAM CAUSES WORKPLACE CAUSES

CAUSES OF ACCIDENTS
AND HAZARDS

MATERIALS AND EQUIPMENT
CAUSES

ORIGINALITY INFLUENCES

Figure 1. Major categories of causes of construction accidents and hazards. Construct:
authors.
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expired materials for construction works. The employers must ensure adequate
and availability of materials and equipment.

Accidents and hazards relating to the works design and project management
techniques are considered as the fundamental causes of accidents and hazards
[22]. In fact, inaccurate designs and poor construction supervision can cause a
newly constructed structure to fail and collapse, which can cause accidents and
hazards. Likewise, confusion between consultants and contractors over owner-
ship authority of the project can result in different instructions to workers,
which can lead to poor workmanship and result in accidents and hazards on
sites. Moreover, unplanned sites often result in insufficient working space. The
unavailability of working space restricts the allocation of working area for sto-
rage, footpath, transport route and workshop placement. In such instances,
heavy duty vehicles can knock workers down; also, there is the possibility of
double handling of materials which could result in accidents and hazards [23].
Abdelhamid and Everett [24] also identified three main causes of construction
accidents and hazards viz.: workers unsafe act, workers response to unsafe con-
ditions, and unsafe conditions. They emphasized that unsafe conditions such as
open sided floors, defective ladders, protruding ends of reinforcements, impro-
perly constructed scaffolds, unprotected explosive materials, and exposed
trenches cause great death and injuries to workers and pedestrians. Moreover, a
worker’s unsafe act also causes accidents and hazards irrespective of the working
condition. Very often, workers on site lack the right attitude towards safety, with
many workers failing to take responsibility for ensuring personal safety on site.
For instance, workers disregarding established safety precautions such as ignor-
ing the usage of personal protective equipment can lead to severe accidents and
hazards on site.

Huang and Hinze [18] also emphasized that the unavailability of protection
equipment and improper use of safety equipment contributes greatly to acci-
dents and hazards on construction sites. Moreover, failure of workers to show
positive safety attitudes causes accidents and hazards on site [25]. It is therefore
important for workers on site to comply with safety regulations and provisions.
Wong et al [17] also identified improper equipment and working platform,
wrong safety attitude and inadequate housekeeping as the underlying causes of
construction accidents and hazards. It is obvious that the poor usage of equip-
ment and bad attitude towards safety, expose the workers and even pedestrians
to accidents, hazards and injuries. Poor supervision and monitoring, and im-
proper procedures and safety guidelines can also contribute to accidents and
hazards on site.

In the Ghanaian construction industry, according to Laryea and Sarfo [26],
the major reasons for the poor state of health and safety at construction sites in-
clude lack of strong institutional framework for regulating construction activi-
ties, poor enforcement of health and safety policies and procedures, and the lack

of placing high priority on construction health and safety. Eyiah et al [27] also
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suggested that legal and regulatory challenges, among other factors, contribute
to low occupational health and safety performance in Ghana.

In summary, the review of causes of accidents and hazards reveals seven (7)
basic factors that require improvements by all stakeholders: 1) Bad Attitudes and
Behavior; 2) Lack of Competency and Skills; 3) Working Environment; 4) Con-
struction health and safety knowledge; 5) Work System; 6) Interrelationship be-
tween stakeholders in ensuring construction health and safety; and 7) Sanctions,
Motivations and Compensation. The purpose of this research is to identify, from
the perspective of stakeholders of the Ghanaian construction industry, the issues
on site requiring improvement in order to reduce construction accidents and

hazards.

2. Research Methodology

To develop a framework for improving construction health and safety at site re-
quired the identification of areas requiring improvement from underlying causes
of accidents and hazards on site. It also required the identification of relevant
health and safety theories that could explain and contribute to the improvement
of construction health and safety. A qualitative study was undertaken to identify
causes of accidents and hazards on Ghanaian construction sites in order to iden-
tify the issues requiring improvement. A review of Theories of Health and Safety
was also conducted to identify relevant theories that could contribute to the un-
derstanding of the dynamics of the issues of construction health and safety and
their improvement on site.

The qualitative approach was chosen because it reveals existing knowledge
through questions and answers, and its results are easily accessible to interpret
[28]. According to Gay et al. [29], researchers are able to gather adequate infor-
mation by acting as an interviewer who forms part of the data collection process
when qualitative approach is adopted, to give a large quantity of in-depth infor-
mation. In-depth interviews using semi-structured open-ended questions were
conducted through face to face interviews with key officers and professionals of
the major stakeholder groups: Contractors (D1K1 and A1B1), Consultant, Sup-
plier/Manufacturers and Construction Workers. The professionals in large and
experienced construction firms (contractors) in the class and categories D1K1
and A1B1, with at least 5 years working experience, were selected because these
are likely to make the effort to comply with health and safety requirements. The
other three stakeholder groups were also selected because of their active in-
volvement in operations at construction sites. For example, the suppliers were
included because they are expected to supply equipment and tool in good work-
ing conditions, and provide adequate and right information relating to the usage
of materials and equipment for site safety. Seven interviewees each from the
Contractors, Consultants, Construction Workers and Suppliers/Manufacturers
groups participated in the interview, resulting in a total of twenty-eight (28) par-

ticipants.
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Purposive sampling technique was adopted for the selection of interview par-
ticipants to have in-depth information on the phenomenon under study. The
adoption of the approach enabled persons familiar with construction health and
safety principles and management to be interviewed. Persons of management
level who are part of the decision-making within their organizations were the
interviewees. Therefore, the views of the interviewees were highly reliable and
dependable. Table 1 shows the summary of the background of the interviewees,

and Figure 2 shows the research flow of the study.

Table 1. Summary of background of interviewees.

Code A. Status of Contractors Type of Firm Years of Experience

12 years as member of
CR1 Senior Quantity Surveyor AlB1 Ghana Institution of
Surveyors (GhIS)

15 years as member of
CR2 Senior Engineer AlB1 Ghana Institution of
Engineering (GhIE)

22 years as Architect and
CR3 Project Engineer D1K1 member of Ghana Institute
of Architects (GIA)

15 holder of BS
CR4 Site Manager D1K1 .yeérs oldero ¢
Building Technology
16 holder of BSc Civil
CR5 Site Manager Al1B1 y.ears ,0 ero vt
Engineering
CR6 Project Manager AlB1 18 years as member of GhIE
CR7 Senior Quantity Surveyor D1K1 14 years as member of GhIS
B. Status of Consultants
CT1 Senior Quantity Surveyor QS firm 14 years as member of GhIS
. . Architectural
CT2 Senior Architect Fi 15 years as member of GIA
irm

QS and Arch. 22 years as Architect and

CT3 Senior Architect )
Firm member of GIA
CT4 Senior Quantity Surveyor QS firm 15 years member of GhIS
Architectural
CT5 Architect ‘rc fectura 10 years as member of GIA
Firm
Civil and
. . Structural
CTé6 Senior Engineer . . 15 years as member of GHIE
Engineering
Firm
Civil and
. . Structural
CT7 Senior Engineer R . 14 years as member of GHIE
Engineering
Firm
General Foreman 20 years Construction
CW1 A1B1 ..
(Carpenter) Technician (CTC2)
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Continued
15 years member as
CW2 Mason Foreman DIK1 i .
Construction site worker
17 years as Construction site
CW3 General Foreman (Mason) Al1B1 worker (Technical School
Graduate)
C. Construction Workers Cont’d
15 years as Construction Site
CW4 Labourer Foreman Al1B1
Worker
CW5 Steel bender Foreman DIK1 18 years as site worker
CWe c ter F A1B1 11 years Construction
arpenter Foreman
P Technician (CTC2)
14 years as Construction Site
CW7 Labourer Foreman D1K1
Worker
No. of Depots Owned b
D. <P v Activities
Suppliers/Manufacturers
MS1 More than two depots Manufacturer and Supplier of cement
MS2 More than three depots Supply of iron rods and cement
MS3 Four depots Supply of tiles Only
MS4 Five depots Supply of iron rods and cement
MS5 More than 3 depots Manufacturer and Supplier of roofing sheets
MS6 More than 3 depots Manufacturer and Supplier of roofing sheets
MS7 More than 3 depots Manufacturer blocks and concrete products

Research Design
Strategy

Method of
Research

Research Design

Identification of Review of Theories
Causes of Accident of Health and Safety
Identification of & Hazards

Improvement
Areas of Health &

Identification of
Underpinning

Safety at
construction site

Drivers of Change
Applied to
Improvement
Areas

Theory to
Improvement Areas

IMPROVEMENT
OF CHS AT SITE

Figure 2. Research flow of study. Construct: authors.
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The qualitative data was analyzed using content analysis to identify the causes
of accidents and hazards. A Pareto plot was used to identify the critical causes of
accidents and hazards, and for the identification of the issues requiring remedy-

ing.
3. Review of Health and Safety Theories

In this study, the multi-theory approach was adopted to understand the prob-
lems involved in construction health and safety. Theories of Health and Safety
were therefore reviewed to identify relevant theories that could contribute to the
understanding of the issues of construction health and safety and their im-

provement on site.

3.1. Evolution of Theories of Accident Causation

Conceptual models coupled with common themes have been developed in the
past to understand the accident phenomenon [30]. These can be traced to: sim-

ple linear models, complex linear models, and complex non-linear models [5].

3.1.1. Simple Linear Models (SLM)

The simple linear models (SLM) assume accidents to result from a series of
events or circumstances which interact linearly with each other such that acci-
dents can be prevented by eliminating at least one of the causes in the linear se-
quence [5]. It is essential in accident prevention to identify the root cause(s),
eliminate and or place barriers to prevent the cause(s).

3.1.2. Complex Linear Models (CLM)

Complex linear models (CLM) assume accidents to result from a combination of
unsafe acts and hidden hazard conditions within a system which follow a linear
path. The causes of accident may be attributed to actions of the organization,
environment and where human beings interact closest to the accident. The
model assumes that accidents can be prevented by focusing on strengthening

barriers and defenses [5].

3.1.3. Complex Non-Linear Models (CNLM)

The CNLM model relates to the emerging understanding that accident models
must be non-linear [5]. Accidents, according to the model, may result from
combinations of interactions among players within an environment. The model
is based on the new thinking that accidents can be prevented only through the
understanding of multiple factors affecting the combination and interaction of

the players and the environment [5].

3.2. Theoretical Review of Underpinning Theories/Models

According to Mensah ef al. [31], a theoretical framework is developed based on
theoretical review of the research. Although the theories may not be perfect for
explaining every accident in detail, they may explain what usually happens, and

address the most likely common underlying causes of accidents [32]. According
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to DeCamp and Herskovitz [8], a particular theory of accident explains portion
of accidents and not all aspects of the accident. The theories are themselves in-
complete in attempting to prevent accidents. It is therefore important to recog-
nize that in accident prevention, all possible causes must be addressed [32]. It is
not enough to focus on only one or two theories in accident prevention expedition.
The theoretical review of the research exposed six Theories of Health and
Safety as useful to enhance the understanding of the issues involved in accident
causation and the improvement of health and safety at the construction site. To-
gether with technological advances in safety and communication, accident cau-
sation theory and accident prevention are more advanced than ever [33]. Un-
derstanding and quantifying causation will lead to a more scientific approach

and greater cost-effective intervention strategies.

3.3. The Expositions of the Theories of Health and Safety

The health and safety theories considered suitable for underpinning this study
are Behavior Theory of Safety (BTS), comprising the Behavior-Based Safety
Theory and Attitude, Behavior and Conditions (ABC) Theory of Safety; Hei-
nrich’s Domino Theory of Safety (HDTS); Energy Release Theory of Safety
(ERTS), also known as Dr. William Haddon’s Theory; Systems Theory of Safety
(STS)/Reason’s Swiss Cheese Model; Epidemiological Theory (ET); and Human
Factor Theory of Safety (HFTS) which includes Accident/Incident Theory.
These six theories were selected due to their relevance to the management of

health and safety at site.

3.3.1. The Behavior Theory of Safety
The theory referred to as Behavior-Based Safety (BBS) Theory is sometimes
known as Attitude, Behavior and Conditions (ABC) Theory of Safety. It is a
simple sequential linear accident theory/model. Geller [34] believed in seven ba-
sic principles (Figure 3): intervention, identification of internal factors, motiva-
tion to behave in the desired manner, focus on the positive consequences of ap-
propriate behavior, application of the scientific method, integration of informa-
tion, and planned interventions [34]. The behavior of employee in workplace
safety has been identified as one of the greatest determinants in causes of acci-
dent [32], especially as employees interact among a host of varying safety issues.
The human behavior thus plays a huge role in a task performed by an employee
[34]. The task can have a negative and positive impact or be connected to the
person doing the specified task [34] [32]. According to Geller [34], managers, in
improving safety performance among employees, must identify the external fac-
tors that influence the understanding and improves the employee’s behavior.
The BBS Theory indicates that to prevent accidents on site, there is the need
to identify the internal factors of behavior of stakeholders, especially the con-
struction worker. The approach of identification must be through the applica-
tion of scientific method. The focus of such identification should be on the

positive consequences of the identified behavior. Appropriate and planned
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IDENTIFICATION
OF INTERNAL
FACTORS

SCIENTIFIC
METHOD OF
IDENTIFYING
INTERNAL
FACTORS
FOCUSONPOSITIVE
CONSEQUENCES OF
APPROPRIATE
BEHAVIOR

MOTIVATION TO INTEGRATION
BEHAVE IN A OF

DESIRED INFORMATION
MANNER

APPROPRIATE &
PLANNED
INTERVENTIONS

Figure 3. Seven (7) principles of behavior theory of safety. Construct: authors.

interventions are the tool to unearth a person’s potential, and principles guiding
motivation to behave in the desired manner are to be applied. The negative be-
havior that are likely to contribute to accidents and hazards are to be eliminated.
The environmental conditions likely to produce positive results should be pro-
moted at the construction site, and those that will lead to accidents and hazards
eliminated. The underlining principle in this theory is to integrate information
to create awareness of these factors among stakeholders.

The Attitude, Behavior and Conditions (ABC) Theory of Safety is therefore a
framework for understanding and analyzing behavior, and for developing inter-
ventions to improve behavior. Another issue which contributes potentially to
employee ill health and must be prevented, is negative workplace behavior such

as workplace bullying, which is a work-related psychosocial hazard [34].

3.3.2. The Heinrich’s Domino Theory of Safety

The Heinrich’s Domino Theory is one of the simple sequential linear accident
models. It is based on the sequence of events that leads to an incident. The fol-
lowing axioms [35] have been identified in the sequence of accident events also
referred to as dominos: the potential injury only occurs as a result of an injury
called “Final Domino”; an accident only happens as a result of personal or me-
chanical hazard; hazards only occur as a result of people’s faults; faults of people
are inherited, born, bred and educated. The theory postulates that, by removal of
any of the events likely to cause accident (an optical domino cause), the effect of
the flow of events will not lead to accident. The removal is done through training
the staff and to make them aware of danger in the workplace [35]. Heinrich [35]
is most famous for originating the concept of the “safety pyramid” and the “five
domino model” of accident causation. The latter is a sequential accident model
which has been influential on occupational safety thinking. The “domino
theory” represents an accident sequence as a causal chain of events, represented
as dominos that topple in a chain reaction. The fall of the first domino leads to

the fall of the second, followed by the third, and so on until the entire row is
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toppled. According to Heinrich, when the occurrence of a “preventable injury” is
identified from the culmination of a series of events, and this series is inter-
rupted by the elimination of even one of the several factors that comprise it, the
injury will not occur.

The five factors identified in Heinrich’s model were: domino 1: ancestry and
the worker’s social environment, which impact the worker’s skills, beliefs and
“traits of character”; domino 2: the worker’s carelessness or personal faults,
which leads him to pay insufficient attention to the task; domino 3: an unsafe act
or a mechanical/physical hazard, such as a worker error; domino 4: the accident;
domino 5: injuries or loss, the consequences of the accident.

According to Heinrich [35] the responsibility of accident prevention lies, first,
with the employer. He stresses that a truly safety-conscious manager representing
the employer, will ensure that his subordinates do as they are instructed. The
manager will always exercise his prerogative and obtain compliance, follow
through and see the unsafe conditions eliminated. Heinrich recommended strict
supervision, remedial training, and discipline as remedy for non-compliance.
From the Heinrich’s Domino Theory principles, ten steps are involved in identi-
fying causes and preventive measures of accidents and hazards. The Domino
theory postulates that 1) the background of causes of accident may be due to the
fault, errors, or carelessness of the person. 2) It requires the supervisor to stra-
tegically train, provide information and effectively supervise the worker to pre-
vent any unsafe act. It also requires 3) management commitment to providing
environment of zero build-up of energy of unsafe act, and to ensure that 4) poli-
cies for best quality practices and productivity standards are provided. To pre-
vent 5) unsafe act from causing accidents and hazards, 6) corrective actions and
7) preventive acts are to be employed. Accident and hazard usually have 8) hid-
den effects and 9) indirect cost which eventually lead to 10) injury and its asso-
ciated direct cost.

It is believed that any safety programs considering the 10 axioms will influ-
ence accident prevention [36]. In short, injuries are caused by preceding factors
and by removing the unsafe act or hazardous condition, the effect of the factors

may be neutralized, and the accidents/injuries are prevented [37].

3.3.3. Energy Release Theory of Safety

Energy release theory was developed by Dr William Haddon to identify, classify
and prevent damages caused by accidents. It is one of the complex linear models.
Haddon’s Theory provides that the transfer of energy coupled with relevant
force that may cause body injury and property damage is the cause of accidents.
According to the theory, the chain of accident-causing events may be disorga-
nized or suppressed by a strategy. Three strategies have been identified as 1)
control and prevention of buildup of energy likely to cause injury; 2) creation of
an unconducive environment for the buildup of injurious energy; and 3) produc-
tion of measures to serve as counteractive to buildup of injurious energy (Figure

4). Haddon’s theory therefore attempts to deal with prevention of damages
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Figure 4. Three strategies of energy release theory of safety.

caused by accidents, and strategies to disorganize or suppress the chain of acci-
dent events likely to cause injury.

The concept of energy damage is attributed to Gibson [38]. However, Viner
[39] attributes the concept to the discussions between Gibson, Haddon and oth-
ers. The basis of the model is that the intensity of the incident energy at the
point of contact with the recipient may exceed the recipient’s damage threshold,

resulting in an accident ([39], p 42).

3.3.4. Systems Theory of Safety

Systems Theory is a complex linear model. Over the decades, in scientific de-
scription and explanation of natural phenomena, the concept of system has been
used. A system is a set of objects and the relationships between the objects and
their attributes [40]. In a typical system, the set of all objects whose change in
attributes affect the said system and those objects whose characteristics are va-
ried by the conduct of the system is the environment [41].

In the view of DeCamp and Herskovitz [8], much attention has been given to
human errors and environmental deficiencies by most of the theories of safety.
The systems theory however, focuses differently on the relationship between
human and environments. Instead of considering persons to be prone to error,
and environment to be full of hazards, a system theory focuses on the harmony
between man, machine, and the environment [8]. The occurrence of accidents
under normal sense is extremely low. When the harmony between man, ma-
chine and the environment is interrupted or one or two of the three components
is disturbed, the relationship between the three components, chances that an ac-
cident may occur is high. The systems failures have been identified by systemic
accident models as a major cause of accident rather than just human failure [5].
It also recognized that events do not happen in isolation of the systemic envi-
ronment in which they occur.

The systems theory also examines risk taking by identifying that there is an
associated risk when someone chooses to do something [42]. However, an un-
conscious level of calculation is attached to smaller tasks and associated risks.

James Reason’s Swiss Cheese Model is the most famous systems theory on ac-
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cident causation. Originally proposed in 1990, the model considers a potential
for failure for every step in a process [43]. The model uses slice of Swiss cheese
to represent each layer of defense. The holes in the cheese also are used to
represent problems or failures in that defense. According to the model, active
and latent types of failures can occur. Whereas active failures are unsafe acts that
directly contribute to an accident, latent failures are conditions that exist to lay
dormant for a period until they lead to an accident. Lack of a policy that de-
scribes how a given work task may be completed, is an example of a latent fail-
ure.

Accident occurs when the holes in the cheese line up, and no layer of defense
can stop the problem. The problem stops and accident does not occur, when the
holes are not in line. For example, the first layer could be the policy that ad-
dresses work to be completed. The next layer could be the wearing of personal
protective equipment (PPE) by employee to complete the task. Failure of PPE
policy, or specifying the defective PPE, will lead the problem to pass the line of
defense and through the first hole. Again, where there is a policy and employee
failed to wear the PPE, or wears the defective PPE as described in the policy, the
problem will certainly pass through the next hole. Assuming there are no addi-
tional layers of defense, these conditions will allow an accident to happen. Fur-
ther, when successive layers have been provided and yet small holes exist in
them, the problems can still pass through them, making the layers ineffective.
The accidents may be prevented when effective safety training and improved
knowledge and awareness of possible accident-prone environment have been
created [8].

3.3.5. Epidemiological Theory of Safety

The Epidemiological Theory of Safety (ETS) is one of the complex linear models.
Epidemiological accident models can be traced back to the study of disease epi-
demics and the search for causal factors around their development. Gordon [44]
recognized that injuries, like disease, are equally susceptible to this approach,
meaning that our understanding of accidents would benefit by recognizing that
accidents are caused by: a combination of forces from at least three sources,
which are Host, Agent and Environment. In the causation of accident, man, who
has a principal interest is described as the host. The agent could be any means
the host or man uses to interfere with the environment. This may be another
man, equipment, appliance and any material or chemical used by the host. The
environment is the place or system within which the host and the agent find
themselves. When the environment is unsupportive, an accident may occur. In
his contribution to epidemiological accident modelling, Benner [45] moved
away from identifying a few causal factors to understanding how multiple fac-
tors within a system combined. In every working environment, the activities of
the human being and the equipment or tools they use may cause injury when the
activities interact with the environment in a manner that accident may results.

The work system resists accidents when the environment is provided with sys-

DOI: 10.4236/jbcpr.2021.92009

128 Journal of Building Construction and Planning Research


https://doi.org/10.4236/jbcpr.2021.92009

D. Osei-Asibey et al.

tems that are able to monitor and control any changes against the interaction of
the host and agent [46]. Thus, the gaps in the work system need to be identified,
and filled with the required resources. This will improve the working conditions

against accidents and hazards.

3.3.6. Human Factor Safety Theory (Ferrell’s Human Factor Model)
According to the World Health Organization [47], human factors refer to envi-
ronmental, organizational and job factors, and human and individual characte-
ristics which influence behavior at work in a way which can affect health and
safety. These factors include several specific elements such as, 1) Tasks, work-
load, and work patterns; 2) Working environment and workplace design; 3)
Workplace culture and communication; 4) Leadership and resources; 5) Policies,
programs, and procedures; 6) Worker competency and skill; and 7) Employee
attitude, personality, and risk tolerance [35]. The elements of human factor
theory are illustrated in Figure 5.

Ferrell’s model which focuses on multiple causes and specific about the causes
is distinguished from Heinrich who considers accidents with single chain reac-
tion [35].

Again, Ferrell considers accidents as the result of one human error. Overload,
incompatibility and improper activities are the causes of accidents [36]; [8]. Each
of these is a broad category that contains several more specific causes. Improper
activities are perhaps the simplest of the concepts, as it involves two straightfor-
ward sources of accidents [36]; [8]. First, it is possible that the responsible per-
son simply did not know any better, and second, that the person may have

known that an accident may result from an action, but deliberately chose to take

EMPLOYEE ATTITUDE
PERSONALITY
& RISK TOLERANCE

HUMAN FACTOR

FOR SAFETY
WORKERS COMPETENCY & WORKPLACE CULTURE &
SKILL COMMUNICATION
POLICIES PROGRAMMES & LEADERSHIP RESOURCE

PROCEDURES

Figure 5. Elements of human factor safety.
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that risk. According to Ferrell [36] and DeCamp and Herskovitz [8], the incom-
patibility cause is slightly more complex than improper activities. It involves
both an incorrect response to a situation by an individual, as well as subtle envi-
ronmental characteristics such as a workstation that is incorrectly sized.

The overload cause, which is the most complex of Ferrell’s causes, can further
be broken down into three sub-categories [36]; [8] as the emotional state of the
individual, capacity and situational factors. The emotional state of the individual
includes conditions relating unmotivated and agitated. The capacity, refers to
the individual’s physical and educational background, physical fitness, training,
and even genetics. The situational factors also include exposure to drugs and
pollutants, job related stressors and pressures which also affect one’s capacity.
Stress and pressure include the difficulty and dangerous level of the task and, the
negative or positive effects of the environment—noise, distractions, among oth-
ers. The human error may result from the three causes of accident overload, in-
compatibility, and improper activities [8].

Petersen’s Accident/Incident theory is largely an extension of Ferrell’s Human
Factor Theory [35] to include new elements to ensure health and safety at the
work place such as, Ergonomic traps which are incompatible work stations, tools
or expectations (management failure); Decision to err which results from un-
conscious or conscious desire to err (personal failure); and Systems failure or
Management failure (policy, training, etc.) [36]. A logical decision due to the
situation, an unconscious desire to err (psychological failings), and perception of
low probability of an accident occurring are reasons for people’s choice to err,
according to Petersen. These include both actual instances of an unlikely acci-
dent, as well as the natural inclination of a person to disregard his or her own
mortality [8].

The fact that everyone in the workplace is indeed “only human,” means that
they are fallible. It is only by understanding human factors, that an occupational
safety professional seeks out ways to mitigate risk with stopgap measures that
prevent accidents before they occur [36].

No dangers can be fully eliminated from a workplace, but proper education
can go a long way to mitigate risk. Initial safety training is a standard practice for
most organizations. Unfortunately, safety manuals and curriculum can be
quickly outdated. The principles of maintaining a safe workplace begin at the
top. It is the responsibility of the executive leadership team to create a ze-
ro-tolerance culture that is embraced at all levels of the organization. The

mandate to work safely should therefore not be compromised.

4. Development of the Framework

The content analysis identified eight causes of accidents and hazards as: 1) Low
level of education, 2) Bad attitude towards work, 3) Lack of Appropriate Skills,
4) Lack of communication among stakeholders, 5) Poor Working conditions

and environment, 6) Inadequate Equipment and Tools, 7) Lack of Health and
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Safety training among stakeholders and 8) Tiredness of Workers. The pareto
plot identified the critical causes of accidents and hazards, and for the identifica-
tion of the issues requiring remedying. Figure 6 shows five major causes of ac-
cidents and hazards that were found critical for remedying as: Inadequate
Equipment and Tools, Lack of Health and Safety training among stakeholders;
Lack of Appropriate Skills; Poor attitude towards work; and Poor Working con-
ditions and environment. These critical factors had scores of 20%, 18.75%,
16.25%, 12.5% and 11.25% respectively. The critical factors together formed
78.75% of the contribution of all the eight factors identified by the interviewees.
The five critical factors identified from the qualitative study were similar to those
identified from the literature except Interrelationship between stakeholders in
ensuring construction health and safety, and Sanctions, Motivations and Com-
pensation.

The five critical areas identified in the qualitative study to require improve-
ment were matched with relevant Theories of Health and Safety identified from
the literature for the development of the framework for improving construction
health and safety on site (Figure 7). The drivers of change underlying the re-
spective theories of health and safety are expected to help improve or remedy the
various critical causes of accidents and hazards. The management of the areas
requiring improvement using the identified drivers of change espoused by the
identified theories should yield the expected improvement in construction
health and safety at the construction site.

The first column in the framework establishes the areas of construction health

and safety identified in the qualitative study to require critical improvement as a

18 100%

16 90%

0,

14 80%

.2 70%

>

2 60%
S 10

8 50%
L g

40%

8 30%

4 20%

0 0%
F1 F4

F6 F7 F3 F2 F5 F8

Figure 6. Causes of accidents and hazards in the Ghanaian construction industry. Le-
gend: F1—Low level of education; F2—Bad attitude to work safety; F3—Lack of appro-
priate skills; F4—Lack of communication; F5—Poor working conditions and environ-
ment; F6—Inadequate equipment and tools; F7—Lack of health and safety training of
workers; F8—Tiredness of worker.
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Improvement Area

Inadequate Equipment
& Tools

Lack of Health & Safety
Training among
Stakeholder

Bad Attitudes Towards
Work

Lack of Appropriate
Skills

Poor Working
Condition &
Environment

Theoretical
Underpinning

System Theory of Safety,
Energy Release Theory &
Epidemiological Theory

BBT/ABC Theory & Energy
Release Theory of Safety

BBT/ABC Theory & Energy
Release Theory of Safety

Heinrich’s Domino Theory of
Safety & Energy Release
Theory of Safety

System Theory of Safety,
Energy Release Theory &
Epidemiological Theory

Drivers of Change

Top Management commitment,
investment in Equipment &
Tools;

Tdentify the gap in Work
Process, fill the gap Provide
required resource &

Education on relevant laws,
Management Practice &
Stakeholders’ Roles

Training on positive
activities/impact of
accident & hazards

Education on relevant laws,
Management Practice &
Stakeholders’ Roles

Identify Stakeholders’ capacity
needs and fill the gap of
knowledge; education on relevant
laws. Management Practice &
Stakeholders’ Roles

Top Management commitment,
investment in Equipment & Tools;

Identify the gap in Work
Conditions, fill the gap Provide
required resource &

Expected Improvement

Adequate Equipment &
tool; Improved
Management & CHS
Knowledge

Well defined
Stakeholders’ Rules &
Improved CHS
Knowledge

Positive Attitude,
Behavior & Improved
CHS Knowledge

Competent Stakeholders
& Improved CHS
Knowledge roles

Improved Working
Conditions &
Environment &
Management

Implementation of CHS
Practice

Commitment

Education on relevant laws,
Management Practice &
Stakeholders’ Roles

Figure 7. A framework for improving CHS practices on construction sites.

result of the identified causes of accidents and hazards. The second column
identifies the selected health and safety theories with the potential to improve
the critical areas identified in this study (column 1). The third column identifies
the drivers of change underlying the health and safety theories which when ap-
plied could result in the expected improvements. The expected improvements in
the various areas outlined in the fourth column will work together to achieve an
improved construction health and safety with reduced accidents and hazards at
the construction site.

The Behavior Theory of Safety (BTS) points to the fact that the behavior and
attitude of workers and other stakeholders are the greatest determinants in
workplace safety [32]. The BTS underpins the improvement areas numbers 2
and 4 which are Lack of Health and Safety training among stakeholders, and Bad
attitude and behavior towards work. When the principle of BTS is applied, it will
drive the introduction of education and training of the workers and other
stakeholders on positive attitude and behavior, and reduce accidents and ha-
zards, leading to improvement in construction health and safety on site. Human
error has been identified by most theories and models to be always a possible
cause of accidents. Training of employees carefully and continually is therefore
an effective strategy to prevent accidents. An effective and better safety training,
and improved awareness and knowledge of possible dangers can decrease the
chance of an accident occurring [8].

The Heinrich’s Domino Theory of Safety (HDTS) indicates that the removal
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of an optical domino cause prevents accident [35]. Applying the HDTS to un-
derpin the improvement area number 3 ie., Lack of Appropriate Skill, will drive
the introduction of education and training of the workers and remove any defi-
ciency in a worker likely to cause accident, leading to the expected improvement
of construction health and safety on site.

The System Theory of Safety (STS) provides that accidents arise from interac-
tions among humans, machines, and environment [41]. The STS underpins the
improvement areas numbers 1 and 5, e, Inadequate Tools and Equipment, and
Poor Working Conditions and Environment. Applying the STS will trigger
change in top management commitment to construction health and safety,
causing investment in equipment and tools, and environmental issues. Some of
the strategies to prevent accidents include safety awareness program, frequent
meetings and positive safety posters of an awareness program. This will result in
safe workplace and improve construction health and safety practices on site.

The Energy Release Theory of Safety (ERTS) underpins all the areas and
adopts strategies that can disorganize or suppress the chain of accident-causing
event. Educating stakeholders on their respective roles in ensuring construction
health and safety on site, improving working conditions as well as skills training
will lead to improved knowledge on how to prevent damage caused by accidents.
This will provide strategies which can disorganize or suppress the chain of acci-
dent-causing injuries, and reduces accidents and hazards. According to DeCamp
and Herskovitz [8], other causes of accident are socialization and sub-culture,
which underpin the importance for frequent training and safety programs. Oth-
er employees are affected by the behavior of an unsafe employee and this further
increases the risk of causing an accident and make the problem grow exponen-
tially.

The improvement of work system, Ze, improvement areas numbers 1 and 5,
are also underpinned by the epidemiological theory. Applying the theory will
identify gaps in the work process, and appropriate steps taken to fill the gap in-
cluding the provision of required resources, leading to improved site working
conditions for implementation of better construction health and safety practices.
The physical environment is an important aspect of accident causation that must
be addressed. According to DeCamp and Herskovitz [8], in addition to obvious
implications (guard rails, safety warnings, hardhats, etc.), the subtle relation-
ships between man and the environment must also be considered.

Ergonomic designs, to prevent stress and boredom but to increase productivi-
ty, can also increase a worker’s comfort and decrease the risk of accident causa-
tion [8].

DeCamp and Herskovitz [8] suggested the adoption of the Motivator-Hygiene
theory (two-factor theory of motivation) [46], to expose employees to motivators
such as positive rewards and hygiene factors including routine good working
environment. The area of motivation, compensation and sanctions was, howev-
er, not identified as an improvement area under the study. According to World

Health Organization [47], there are some job factors that result in satisfaction
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while there are others that prevent dissatisfaction. The new trend is offering in-
centives and rewards to safety-oriented workers. DeCamp and Herskovitz [8]
have recommended that managers of construction sites should appreciate and
understand the importance of maintaining a positive subculture. They must fo-
cus on training and arming themselves to counteract problem employees. They
must show keen interest in the safety program errors that cause accidents [36].
Applying the Human Factor Theory will create mutual respect and reasonable duty
of care to one another, leading to well-defined roles and responsibilities of stake-

holders, resulting in improved construction health and safety practices on site.

5. Conclusion

The qualitative study and the theoretical review in this paper have yielded a
framework that conceptualizes knowledge and capabilities relevant to the im-
provement of construction health and safety at site. The use of the underpinning
theories coupled with the application of the identified drivers of change is ex-
pected to result in improvement of construction health and safety on site, and
thereby reduce accidents and hazards. The five (5) expected improvements: pos-
itive attitude and behavior; competent stakeholders; improved working condi-
tions and environment and improved management commitment to construction
health and safety; improved construction health and safety knowledge; and ade-
quate equipment and tools should work together to provide improved construc-
tion health and safety on the construction site. This framework should enable
construction stakeholders to easily identify problem areas on site and apply the
required improvement measures to create a healthier and safer construction site.
This paper also contributes to the use of theories to advance studies on improv-
ing health and safety at construction sites, especially in developing countries like
Ghana, where such studies have so far attracted little attention. The study pro-
vides useful knowledge to improve construction health and safety and reduce
site accidents and hazards, and also provides a multi-theory approach for under-
standing the dynamics of the complexity of the problems involved in construc-

tion health and safety.
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