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Abstract— The construction industry has a very important role to the growth of a country. The unique characteristics
and dynamic nature of the construction industry lead to a dangerous condition and prone to accidents. The death rate
due to accidents in the construction industry in 2015 increased by 4% compared to 2014. The number of occupational
accidents in Indonesia from year to year experienced a trend of an increase of 5%. Unsafe behavior of workers was the
main cause of 88% of accidents in the construction site, 10% due to unsafe conditions, and 2% due to the unavoidable
things. In addition, the complexity of construction equipment and unsafe environment significantly determined the
type of accident and severity of injuries. This study aims to propose the probability model to predict the construction
worker accidents in construction projects. To improve the accuracy of the assessment of workplace accidents,
Bayesian Belief Networks used as a study analysis to represent the relationship among unsafe factors such as unsafe
behavior factors, unsafe environment and unsafe equipment that lead to accidents. The data was collected through
project site survey, questionnaire, and interview to OSH Managers in ten construction projects. The validation is done
by applying the model on four case of a high rise building. This finding shows both the probability and accurate
prediction of work accidents with APE mean is 4,564 that is useful to assist the practitioners and all stakeholders
especially those directly involved in construction industry and to get some recommendations steps and preventive
actions in order to minimize the occurrence of fatal work accidents and improve occupational safety and health (OSH)
as well as to contribute knowledge about the factors that influence the occurrence of accidents.
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neglected [7]. The number of occupational accidents in
Indonesia from year to year experienced a trend of an
increase of 5% [7]. Unsafe behavior of workers was the
main cause of 88% of accidents in the construction site,
10% due to unsafe conditions, and 2% due to the
unavoidable things [9-13]. In addition, the complexity of
construction equipment and unsafe environment
significantly determined the type of accident and severity
of injuries [19].
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To improve the accuracy of the working
accident in construction project, the Bayesian Belief
Network used in this study. Although most of previously
mentioned studies have wused structural equations
modeling (SEM) [22], [25] , fault tree analysis, event
tree for modeling unsafe behavior, but these methods can
not accommodate updating realtime events. BNN is
another choice which can be used in this regard. BBN
are a powerful and flexible tool for graphically modeling
the causal interrelationships among some variables. The
effectiveness of BNs in structuring causal graphical
models has been making it a prominent tool in assessing
and managing safety and health at workplaces.
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Bayesian  Belief Networks (BBN) is
probabilistic graph that combined probability and graph
theory to explain the variables that have a high degree of
linkages. BBN have several advantages which make it a
promising tool for these purposes. BBN is very useful for
prediction and diagnosis; this feature is very important in
safety interventions because they are commonly
expensive and their effects can only be observed in the
long term. BBN capable to predict the effectiveness of an
intervention strategy is a process known as “belief
updating” by introducing new evidences, which is an
important and unique advantage of BBN over other
methods. The Bayes theorem is the basis of belief
updating with new evidences [14].

Many studies have attempted to address issues
related to construction workers accident. Some studies
developed models to identify root causes of accidents
based on the retrospective data [9-10], [26]. Recently,
several studies have focused on identifying the critical
factors and paths that influence construction worker
accident.

Bayesian Belief Networks has been applied in
many studies due to its ability to draw a conclusion by
identifying the consequence which is expected from the
uncertainty before building effective intervention [15]. A
study conducted by Jitwasinkul used Bayesian analytical
technique to improve secure working behaviour. A
research done by Nguyen (2016) which focuses on the
quantitative studies that uses Bayesian Belief Networks
to develop prognostic approach to measure the risk of
working accidents at heights. Mohammadfam uses
Bayesian Belief Networks propose a model to develop
and improve safe behavior in some of the electricity
construction in Iran.

This study aims to to propose the probability
model to predict the construction worker accidents in
construction projects based on Bayesian Belief Networks
that can be updated in real time according to conditions
in the field. Whereas the purpose of more detailed
research, namely:

1. To identify significant factors affecting the work
accident of construction project.

2. To identify the relationship between significant factors
affecting the work accident of construction project.

3. To inference probability and measure the accuracy of
the construction worker accident prediction model of the
construction project.

In addition, the output of this research is also to
get the prediction of working accidents accurately in

order to assist the practitioners and all stakeholders
especially those directly involved in construction
industry and to get some recommendations steps and
preventive actions in order to minimize the occurrence of
fatal work accidents and improve occupational safety
and health (OSH) as well as to contribute knowledge
about the factors that influence the occurrence of
accidents.

II. RESEARCH METHODOLOGY

Unsafe Condition

Unsafe Behaviour

parent node

Construction

Worker Accidents child node

Figure 2. BBN simple structure of construction workers
accident

Probabilistic modeling construction worker
accident of the construction project consisted of several
steps : Step 1. Created a model using Bayesian Belief
Networks (BBN). Bayesian Belief Networks is a model
to represent the uncertainty and probability theory to
manage uncertainty. The most basic Bayes equation is
[16-18]]:

P(YlX) — PX/Y)xP(Y) (1)

P(X)
P(X) is the probability of X, and P(Y) is the probability
of Y, and P(YIX) is the probability of X when Y is
known events have occurred.

BBN describes the causal relationships among
variables through the graphical model is a DAG
(Directed Acyclic Graph). BBN consist of nodes that
represent the variety of the domain, and arcs representing
dependency relationships between nodes. Figure-2 shows
the structure of a BBN simple, the node at the top of the
arrow is called child nodes. Each node has a probability
value in the form CPT (Conditional Probability Table)
which is a quantitative component of Bayesian Belief
Networks.

Table 1. Description of High Rise Building Construction Project

Description Project A Project B Project C Project D
Project type Building project Building Project Building Project Building Project
Owner Private Company =~ BUMN Company =~ BUMN Company Private Company
Project scope 50 floors 38 floors 55 floors 40 floors

Source : Secondary Data, 2017
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Figure 3. The conceptual BBN-based model for predicting construction workers accident (Building A)

accident of construction project. b) Factors through a
method of filtering Focus Group Discussion (FGD).
c¢) Obtaining significant factors to the work accidents in
construction project. The most significant factors
affecting the work accident of construction project based
on the results on a literature review, location survey,
questionnaire and an interview with construction expert
(HSE Manager) namely : 1) regulatory requirements,
[19-21], the framework of regulations, codes, standards,
and guidance governing the industry and the profile and
actions of the regulator. 2) design for safety, [19-22], the
process of design of the structures to ensure
constructability, operability and safety during the design
and construction phases by external parties (A/E,
suppliers, etc.) or by the contractor. 3) corporate culture,
[19-21], the values, beliefs, norms, assumptions,
experiences, traditions, business principles, ways of
operating within an organization that influence the
behavior of its members. 4) Safety and Health (S&H)
Management, [19], [23], [21], the management system
which encompasses safety policies, procedures, the
description of roles and responsibilities for safety, and
performance measures to ensure, encourage, and
evaluate safety performance 5) preplanning, [19], [21]
the system that designs and structures work activities and
assigns and allocates right resources to perform these
activities 6) management and supervision, [19-21], the
system that ensures human and other resources are
adequately managed, supervised, and motivated 7)
training, [19-25], the system that ensures the skills and
capabilities of the workforce are matched to their job

are available, conform to best practice, meet the usability
needs of the operator/worker, and are inspected and
maintained. 9) safety equipment and PPE, 21], [23], the
extent to which safety equipment/personal protective
equipment (PPE) are available, conform to best practice,
meet the usability needs of the worker, and are inspected
and maintained. 10) safety awareness, [24], [26], [27],
[13], [21], the extent to which a worker perceives the
hazards and risks associated with working at heights and
acts safely. 11) environmental condition, [27], [24], [28],
[26], [11], [29], [20], [21], The extent to which internal
factors (such as noise, vibration, pressure) or external
factors (weather, humidity, etc.) have an effect on the
workplace activity. 12) worker’s skills,[30], [21], the
skills, experiences, and capabilities of the worker needed
to perform a particular task safely and expectedly. 13)
worker’s health and physical condition, [24], [26], [27],
[13], [21], worker’ physical and spiritual mood when
he/she is working. 14) unsafe environment, [33], is a
physical and technical condition of an unsafe
environment. 15) unsafe equipment, [22], is an unsafe
condition of the equipment caused by improper
installation, configuration and operation. 16) unsafe
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Figure 4. The BBN model for predict construction worker accident based on realtime condition (Building A)

behavior, [26], [29], [23], [12], [2], [31], [25], [14], program. Step2. Model Validation, namely 1) the

defined as any behavior engaged in by an employee
without considering safety rules, standards, procedures,
instructions, and specified criteria in the system that can
negatively influence the system safety or endanger the
employee himself or his colleagues unsafe condition. 17)
unsafe condition, [9], [22], [33], is a condition in which
the physical layout of the workplace or work location,
the status of tools, equipment, and/or material are in
violation of contemporary safety standards. 18)
construction worker accident, [Hinze, 1997], an
unplanned, undesirable, unexpected, and uncontrolled
event. d) Calculate the probability of construction worker
accident through an inference process of models with
elimination variable using BBN. This step using Bayes

application of the model to high rise building of the
construction project (case study). 2) the measurement of
model accuracy is calculated using statistical formulas
Absolute Percentage Error (APE).
APE = |M| x 100 )
yt
where
yt = prediction value at year-z,
yt = actual/real value at year-¢
t = prediction period (year).

If the value of APE < 30 , the accurate
prediction models tobe used [32]. 3) Discuss the results
of the model validation.

Table 2. Results of the Average for Projects of High Rise Building A, B, C, and D

Project Name Project of | Project of Project of Projectof | APE
Building A | Building B | Building C | Building D | Mean

The APE value of the construction workers 8,17 0,31 8,10 5,06 5,41
accident for fatal category
The APE value of the construction workers 7,32 0,97 6,65 3,91 4,71
accident for majors category
The APE value of the construction workers 3,22 0,42 7,30 3,34 3,57
accident for near-miss category
APE Mean 6,23 0,56 7,35 4,10 4,564
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III. RESULTS AND DISCUSSION

A. Structure of Bayesian Belief Network Model

The most significant factor affecting the
construction worker accident on the implementation of
the construction project based on the literature review,
location survey, interview (expert opinion) and
questionnaires, namely 1) regulatory requirements, 2)
design for safety, 3) corporate culture, 4) safety and
health (S&H) management, 5) preplanning, 6)
management and supervision, 7) training, 8) operational
equipment, 9) safety equipment and PPE, 10) safety
awareness, 11) environmental condition, 12) worker’s
skills, 13) worker’s health and physical condition, 14)
unsafe environment, 15) unsafe equipment, 16) unsafe
behavior, 17) unsafe condition, 18) construction worker
accident. Conceptual model based on BBN to predict the
probability of construction worker accident is presented
in Figure 3. In figure 3, the construction worker accident
is influenced directly by unsafe behaviour factors and
unsafe condition.

The relationship among uncertainty factor is
determined by the matrix dependency method through
interview with construction expert (HSE Manager).
Matrix method is used to describe the relationship
between the parent nodes and the child nodes.
Futhermore, the model parameters are determined that
the probability quantitative factors affecting the
construction worker accidents with questionnaire,
interview, and expert opinion.

B. Description of case studies

BBN model validation is done by applying the
models in the case of high rise building construction
project A, B, C and D in the city of Surabaya, Indonesia.
Description of the project is presented in Table-1.

C. Prediction result of construction worker accidents

The model is applied to the high rise building
A, B, C, and D project.

The validation is done by applying the BBN
model validation on four case of a high rise building. In
Figure 3 presents a model BBN project to predict the
probability of the building A project of construction
worker accident. The result of construction worker
accident of the construction project is presented in
Figure-3.

In the case of high rise building construction
project A where real time conditions occurring indicate a
major cause of work accident due incompetent trained
workers, inadequate/unsecured design for safety.

Figure 4 shows The BBN model for predict
construction worker accident based on real time
condition. Probability values of BBN output for building
A,B,C, and D are presented in Figure 5,6.

D. Model Accuracy

The model accuracy is calculated using
statistical formulas APE, calculation results were
presented in Figure 7, it shows that the value of APE<30,
proposed model is accurate. Value of the average APE
for four building construction projects are presented in
Table 2. The result of prediction of work accidents in
construction projects is presented in Figure 7.

Probability Value of Construction Worker Accident Based on
BBN Prediction Model
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Figure 5. Probability Value of Construction Worker
Accident Based On BBN Prediction Model
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Figure 7. APE Calculation Results for Model Validation
The Construction Worker Accident

Based on the result of model validation, the BBN models
are proposed to predict the construction worker accidents
gave good accuracy with APE mean is 4,564. This model
can be used as the alternative method in predicting work
accidents and as the recommendation steps as well as
prevention to minimize the fatal work accidents.
According to [16], [18], et al (1998), BBN has
some main benefits such as (1) BBN provides big
flexibilities in capacity to receive input and give output,
(2)BBN has the ability to allow the value of the variable
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to be entered known as the input or to evaluate the ability
of the variable as output of the system (3) BBN can
count easily the probability events before and after the
evidences recognition and renew the diagnosis and
prediction (4) BBN can be developed using experts’
opinion and does not need historical data (5) BBN also
allows variables to be added or removed without
significantly affecting the rest of the network since the
modifications to the network can be isolated and (6)
BBN provides insight of the relationship among the
variables from the process due to the graphic display.

IV. CONCLUSIONS

Significant factors that directly affect the
construction worker accident based on Bayesian Belief
Networks are 1) unsafe behaviour , 2) unsafe condition.
BBN models used as a study analysis to represent the
relationship among unsafe factors that lead to accidents.
The BBN model that has been built to predict
construction worker accident illustrated that the
relationship between the factors is not independent but
interrelated as the prediction model proposed. Based on
model validation result, the construction worker accident
prediction gives good accuracy with APE mean is 4,564.
Bayesian Belief Networks model is prediction model that
can accommodate the updating of realtime events
that is useful to minimize the occurrence of fatal work
accidents and improve occupational safety and health
(OSH), therefore required factors’ identification that
influences work accidents in construction project.
Finally, future research may need to consider different
types and sizes of projects to investigate further the
effectiveness of using the BBN approach to predicting
and mitigating construction worker accident.
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