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ABSTRACT

Malaysia is one of the countries that have been influenced by the growth of the global railway
network as a vital tactic for railway sustainable infrastructure by enhancing the country's
internal transportation system and increasing economic competitiveness. Not knowing the
safety management barriers lead to calamity of in sustainable e environment health and
safety. Therefore, it is essential to identify the barriers in safety management practices in
railroads for sustainable projects. This study was conducted in the objectives of to investigate
safety management barriers for railway construction projects. Using the purposive
samplings, 25 numbers of Scopus Indexed journal regarding Safety Culture and Railway
Safety Management gathered and was finalized from year (2018 - 2024). The qualitative
data analysis (Thematic Data Analysis) and quantitative data analysis (Frequency Analysis)
has been implemented to dissect the main barriers in railway construction landscape. The
results indicated that the most significant variables lack awareness of the benefits of IR 4.0
has the frequent mention in these studies, as the safety practices can be enhance using the
IR 4.0 tools for example using the Unmanned Aerial Vehicle, Building Information Modelling
and Terrestrial Laser Scanner. It is believed to improve on technological management can
solve the problem on uneven transparency and safety project plan issues and leads to
sustainable construction projects.

Keywords: Safety Management Barriers, Railway Construction, Sustainable
Construction Project

1. INTRODUCTION

Malaysia is a developing country in Asia with a population of 32.7 million (Department of
Statistics, 2020). Transportation has long been considered one of the main forces behind
economic activity throughout civilizations. Transportation is the capacity to transfer people,
things, and information transitorily between multiple places of origin and destinations via a
single or multiple points of interchange via a network in space (CIDB, 2019).

Malaysia is a developing country; (Gheisari et al, 2019), thus it is still learning about
sustainability. In managing projecting development versus demand, the Malaysian government is
determined to comprehend the exponential growth of Klang Valley urbanite the center of Kuala
Lumpur which is extending southward to mix with new townships and corridors, including rail
infrastructure (Lin et. al, 2018). However, to gear up with the rapid large railway infrastructure
development plan, the safety management practices often being the factor that jeopardies the
wellbeing of railway construction management. Supported by the Department of Occupational
Safety and Health (DOSH) reports that, as of November 2022, 6719 incidents had been
documented across all industries. 148 of these occurrences are handled by the construction
sector. Out of all industries with high-risk sectors, the construction sector had the largest number
of fatalities with 59 overall (Du et. al, 2021).
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2. LITERATURE REVIEW

Around 50% of capital stock investment in major developing countries is allocated to the
construction sector. Creating job opportunities and generating new income sources are critical
for societal progress, regardless of individuals' education levels (Al- Ashmori et. al, 2021). In
Malaysia, construction projects are divided into two main sectors: public and private. The Public
Works Department (PWD) oversees public-sector projects, while the Construction Industry
Development Board (CIDB) regulates both public and private projects. Over the last two decades,
the construction sector's contribution to GDP has grown to 3-5%, playing a vital role in national
development (Horvath, 2019). Development efforts focus on improving living standards,
conserving natural resources, and combating climate change. To promote social and economic
progress, the Malaysian government has heavily invested in infrastructure development,
allocating US$13 billion or 3.66% of GDP to infrastructure under the Malaysia Plans in 2019
(Davidson et. al, 2020).

Literature on sustainable infrastructure highlights a focus on developing tools for evaluating
green infrastructure, such as indicators, criteria, sub-criteria, weighting, and certification
processes. This area has received significant attention in recent research on Malaysia's
sustainable infrastructure projects (Ahmad et. al, 2020). The implementation of resilient
infrastructure throughout all stages of the project cycle has been identified as a key component
of achieving economic, environmental, and social sustainability (Al-Ashmori et. al, 2020).

Rail transportation, which uses wheeled vehicles on tracks to transport passengers and goods,
has become the most significant and efficient mode of public transportation worldwide (DOSH,
2018). To achieve complete sustainability in Malaysia's construction sector, three core elements
of environmental, social, and economic development which are essential (Misiurek et. al, 2017).
While sustainability has long been a focus of Malaysia's construction industry, many skilled
workers, despite their understanding of sustainable practices, often neglect these approaches due
to factors such as higher initial costs, increased labor demands, resistance to adopting non-
traditional methods, and a lack of strict legislation (Fei, 2020).

In Malaysia, many construction projects are in hazardous environments, which significantly
elevate the risk of accidents. Factors such as the unique nature of the construction industry,
human behavior, unfavorable site conditions, unsafe work practices, machinery, and procedures
which are often influenced by inadequate safety management are commonly identified as
contributors to accidents within the sector (Horvath, 2019). Typically, construction site accidents
stem from a lack of expertise or experience, insufficient management commitment to safety and
health, and limited safety awareness (Kim et. al, 2019). More specifically, incompetence,
inexperience, poor top-level supervision, or individual negligence are frequent causes of such
incidents. A key underlying issue is the absence of a strong safety culture, as reflected in unsafe
behaviors (Lingard et. al, 2017).

Assumptions on safety barriers is always on poor equipment maintenance and a lack of ability to
understanding of the job are common causes of accidents. Even though most incidents go
unreported, a labourer may be given first aid or other medical care if needed. Most of the time,
advanced medical care or perks are not accessible. However, the real barriers are vague and staff
members concede that accidents are a part of their job and claim that they are unavoidable due
to their own incompetence. Nonetheless, because there is a chance of monetary damages and legal
action, serious workplace accidents that cause a worker's death can be reported (Sanni-Anibire
et.al, 2020). Selections at the top of the hierarchy of practice ought to be given priority. However,
the only realistic option for reducing the risk is frequently to alter and or establish routines and
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procedures. As aresult, it can be said that an organization's safety barriers must be identifies first,
then the procedures must be consistent for safety to be successful generally.
3. RESEARCH METHODOLOGY

This research is primarily derived on a concept on a review of the literature. Additionally, it aids
in the establishment of the safety barriers in the railway engineering sector, which guides the
avoidance of accidents and supports Malaysia's sustainable construction industry. Using the
purposive samplings, 25 numbers (N=25) of Scopus Indexed journal regarding Safety Culture and
Railway Safety Management gathered and was finalized from year (2018 - 2024). The research
observed the most main element selected by the authors used by assessing 6 local journal and 19
international journals. Later, using the qualitative data analysis (Thematic Data Analysis) has
been implemented to dissect the main barriers in railway construction landscape. The themes
then have undergone the process of quantitative data analysis (Frequency Analysis) toward the
safety barriers involved. The results and discussion were further discussed at the next chapter.

4., RESULTS AND DISCUSSION

Table 1 shown the Safety Barriers in Railway Construction. The major safety barrier in
construction is lack of awareness of the benefits of IR 4.0. Most businesses are concerned about
whether the facilities and technology are appropriate at this early point in IR 4.0 [26]. In the era
of digital transformation, IR 4.0 is progressively changing the construction sector [31]. It is
projected that IR 4.0 will significantly impact the construction market and industry, improve
operational processes, impact the entire product lifecycle, and increase a company's
competitiveness. The benefits of Industry 4.0 for the construction sector can be divided into four
major categories: (1) worker participation, (2) hazard prevention and control, (3) management,
and (4) education and training. There are also concerned with the cost-benefit analysis,
effectiveness, and efficiency of the facilities and technologies. Another challenge in IR 4.0 is
managing and analyzing huge amounts of data and transforming that data into meaningful
knowledge. One issue that hasn't been fixed throughout IR 4.0 deployment is transforming the
useful data that comes from multiple smart devices into a common format (Kim et. al, 2019). For
safety to progressively become an essential component of construction project operations, it
should start with the establishment of an appropriate structure of governance at the national
level to support the implementation of safety programmed. An essential component of this
governance structure is the creation of OSH laws and their effective enforcement.

Table 1. Safety Barriers in Railway Construction

Theme Barriers References Frequency
Worker Staff are lack of technical skill and (Lingard et. al, 2017), 3
Participation knowledge. (Magaldi and Berler,

2019), (Misiurek, 2017)
Lack of financial resources. (Lingard et. al, 2017), 3
(Magaldi and Berler,
2019), (Misiurek, 2017)
Lack of manpower. (Rohani. M, 2021) 1
Compatibility issues of the current (Magaldiand Berler, 3
software with new technology. 2019), (Pefialoza, et. al,
2017), (Prause, 2019)
Hazard Difficulty in  authorizing and (Magaldi and Berler, 1
Prevention and monitoring of the quality and progress 2019),
Control of construction.
Fear of long payback period. Qian et. al, 2017 1
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Impractical  planning, inefficient (Raeet.al, 2019) 1
project construction & business
processes.
Lack of continuous training. 1
Lack of support from top management. (Sanni-Anibire et. al, 1
2020)
Management Complex nature of construction (Ryan et.al, 2021) 1
projects.
Complexity and higher requirement of (Read, 2019), ((Kim et. al, 3
new technology. 2019), (Ross et, al, 2020)
6
n (Rohani et. al, 2021),
Lack of awareness of the benefits of IR (Kalem et. al, 2021),
4.0 (Ryan et. al, 2021),

(Sanni-Anibire et. al,
2020), (Davidson, 2020),
(Duet. al, 2021)

Education and Lack of standard and references in (Rohani et. al, 2021), 3
training implementation. (Kalem et. al, 2021),
(Ryan et. al, 2021),
Difficulty in control and maintenance if (Ross et, al, 2020), (Ryan 2
exposed the technology on the site. et.al, 2021)
Lack of relevant industrial clusters (Read, 2019), ((Kim et. al, 2
where they could learn. 2019),
High cost in training/ attending (Sanni-Anibire et.al, 3
seminars 2020), (Davidson, 2020),

(Du et. al, 2021)

4.1 Worker Participation

A key barrier to effective worker participation in adopting new technologies is the lack of
technical skills and knowledge among staff (Lingard et al, 2017; Magaldi & Berler, 2019;
Misiurek, 2017). This is compounded by insufficient financial resources to support technological
adoption and training. Furthermore, some construction projects face ashortage of
manpower (Rohani, 2021), limiting the workforce’s ability to engage in digital transformation
initiatives. Compatibility issues between existing software and new technologies also hinder
seamless integration and active participation (Magaldi & Berler, 2019; Pefialoza et al., 2017;
Prause, 2019).

4.2 Hazard Prevention and Control

In this theme, several barriers affect the effective control and prevention of hazards in
construction. These include the difficulty in authorizing and monitoring the quality and
progress of construction (Magaldi & Berler, 2019), as well as fear of a long payback period for
investment in new technologies (Qian et al., 2017). Additionally, impractical planning, inefficient
project processes, and a lack of continuous training restrict the optimization of hazard prevention
measures (Rae et al, 2019). Another critical challenge is thelack of support from top
management (Sanni-Anibire et al., 2020), which often delays implementation efforts.
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4.3 Management

Management-level barriers arise mainly from the complex nature of construction projects (Ryan
et al, 2021) and the increased complexity and high requirements of new technologies (Read,
2019; Kim et al., 2019; Ross et al,, 2020). One of the most frequently cited barriers is the lack of
awareness regarding the benefits of Industry 4.0 (IR 4.0) among stakeholders (Rohani etal.,, 2021;
Kalem et al,, 2021; Ryan et al,, 2021; Sanni-Anibire et al., 2020; Davidson, 2020; Du et al., 2021),
which impedes decision-making and reduces motivation for digital transformation.

4. Education and Training

The education and training theme highlights barriers related to the lack of standardized
guidelines and references for implementation (Rohani et al.,, 2021; Kalem et al.,, 2021; Ryan et al,,
2021). The difficulty in controlling and maintaining technology on-site (Ross et al., 2020; Ryan et
al, 2021) adds further challenges, as does the absence of relevant industrial clusters where
companies can learn and share knowledge (Read, 2019; Kim et al.,, 2019). Lastly, the high cost of
training and participation in seminars (Sanni-Anibire et al., 2020; Davidson, 2020; Du etal., 2021)
often limits the workforce’s opportunities to upskill.

Figure 1 shows the Variable of Barriers in Rail Safety Management. In general, individual
carelessness or a lack of top-level supervision are frequently responsible for accidents on
construction sites. According to (Ross et. al, 2020), unsafe conduct indicates that the primary
cause of occurrences on building sites is a decrease in cultural security activity.

VARIABLES ON BARRIERS
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Figure 1. Variables of Barriers in Rail Safety Management

The construction industry's lax standards contributed to the rise in peasant employment. One
factor that increases risks and hazards at work is a need for more understanding of safety. Site
personnel should receive sufficient training and information to improve their comprehension of
the safety issue (Lingard et. al, 2017). Challenges in safety practice encompass some aspects,
including individual and work team, workplace, material, and organization. Most workers and
members of the work team lack proper training, education, and experience.

The fast-changing workforce and employment practices on building sites are contributing to an
increase in workplaces. Because an organized and well-designed (plan) would continue to give
the best level of safe performance, the safety and risk management cultures in the sector should
be improved. In the meanwhile, it results in narrow spaces, fatalities from site restrictions, or
challenging access to complete a task. Site limitations result from insufficient local assessments
and planning. Finally, organization, risk mitigation can be implemented by alternate building
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methods or design. The development design and construction processes are intertwined, with the
design team's concept and decisions driving the process. Due to ingrained habits and attitudes, a
lack of safety education and training, and other factors, many designers continue to be blind to
their impact on the safety of the construction process (Hasanzadeh, 2017).

The safety practice assessment discussion above can be correlated with the findings and
perspectives of other researchers. The commitment of construction managers, communicating
safety expectations, involving resident safety managers and safety committees, planned hazard
identification, risk assessment and hazard elimination control, and extensive inspection
procedures are all essential components of construction companies' safety practices [9].
Furthermore, jobsite features, owner participation in project safety, safety staffing, safety
planning, training, and education are examples of recognized safety practices (Choe et. al, 2016).

Inadequate project management and planning give rise to problems with uneven transparency
and difficulties in contractor collaboration. The project plan might also have issues because of
this (Read et. al, 2019). Issues with a project include things like overlaps in trades, crowded work
areas, diminished attention to detail, and schedule constraints. The two most crucial on-site
activities to improve site security are toolbox discussions and management engagement.
Planning, organizing, implementing safety measures, and working procedures are all part of the
successful safety management programmed that management oversees (Misiurek et. al, 2017).

5. CONCLUSION

The findings highlight that the adoption of new technologies and Industry 4.0 practices in the
construction industry is hindered by a combination of human, organizational, and technical
barriers. Worker participation is constrained by limited skills, financial resources, manpower,
and software compatibility issues, which collectively slow down technology adoption on-site.
Barriers under hazard prevention and control, such as insufficient managerial support, long
payback concerns, and gaps in training, further restrict the consistent application of safety and
quality measures. From a management perspective, the inherent complexity of construction
projects, coupled with limited awareness of the tangible benefits of IR 4.0, weakens leadership
commitment to digital transformation. Meanwhile, deficiencies in education and training,
including the absence of standardized guidelines, lack of collaborative learning networks, and the
high cost of training, limit workforce readiness for new technologies.

Overall, these challenges demonstrate that successful digital transformation in construction
requires a holistic approach, focusing on capacity building for workers, consistent managerial
support, financial and technical investment, and the development of accessible training
frameworks. Addressing these barriers collectively will enable the construction sector to harness
the full potential of Industry 4.0 innovations, improving productivity, safety, and long-term
sustainability.

Malaysia is advancing its human capital development to become a more competitive and
progressive nation by strengthening its infrastructure, fostering innovation, and embracing
Industry 4.0. To achieve this vision, the country requires a highly skilled workforce, innovative
strategies for job creation, and economic growth that aligns with social progress. Equally
important are reliable and affordable transportation networks, as well as widespread access to
high-speed internet. The nation’s future competitiveness hinges on its ability to control business
costs, ensure consistent quality as industries expand, and compete effectively on the global stage.
A pressing question remains: has Malaysia done enough to move away from its traditional
reliance on low-cost imported labour? Integrating advanced technologies such as Unmanned
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Aerial Vehicles (UAVs), Building Information Modelling (BIM), and Terrestrial Laser Scanners
(TLS) offers promising solutions. These technologies can enhance technological management,
address issues of uneven transparency and project safety, and ultimately support the
development of more sustainable construction projects.
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