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Abstract. High-rise building construction has long been considered one of the most dangerous jobs globally. However,
there is currently a lack of comprehensive systematic reviews that approach the implementation of safety practices in
high-rise construction. This study aims to fill the following research gaps: first, to understand the significance and identify
the barriers faced to implementing safety practices in high-rise construction; second, to propose a framework to improve
safety performance. A total of 109 articles from databases were thoroughly reviewed in this study.

The research identified six categories of benefits, five types of safety barriers, and 15 strategies proposed to overcome
these barriers. In terms of the number of sources, “reduced accident rates” and "improved organizational reputation”
were identified as the top benefits in terms of the significance of safety practices. “Lack of health and safety training” was
deemed the largest barrier. To address these challenges, this paper explores the strategies and risk mitigation measures
from the perspectives of six stakeholders: regulatory agencies, government, owners, contractors, consultants, and work-
ers. The findings suggest that establishing strict market entry mechanisms are fundamental while strengthening worker
safety training and conducting regular safety inspections and real-time site monitoring are the most effective methods.

Keywords: high-rise building, benefits, barriers, construction safety practice, stakeholders, strategies.
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1. Introduction

The building construction sector, as a crucial driver of
global economic growth, makes a significant contribution
to GDP. However, one of the major challenges in the de-
velopment of the construction industry is ensuring safe-
ty during construction. Studies conducted by various re-
searchers have consistently shown that the fatal outcome
rate in the construction sector is alarmingly high (Arifin
et al,, 2023; Gill & Clark, 2024). The National Safety Coun-
cil (2013) reported that 10,000 people have died on con-
struction sites in the US over the past fifteen years. This
figure represents the highest number of fatalities among
all industries during this period (Mahmoudi et al., 2014).
According to data from the Ministry of Housing and
Urban-Rural Development of the People’s Republic of Chi-
na (2023), the general trend of construction accidents and
deaths has been declining over the past 5 years, the ab-
solute value remains high, as Figure 1 shows. Safety has

Figure 1. Statistics on the number of construction accidents and
deaths in China from 2019 to 2023 (Ministry of Housing and
Urban-Rural Development of the People’s Republic of China, 2023)
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become a critical factor hindering the sustainable devel-
opment of the construction industry.

Table 1 displays the accident types of building con-
struction in China. There were a total of 1682 incidents of
high-altitude falling accidents, accounting for 53%, 447 in-
cidents of object strikes, accounting for 14.1%, represent-
ing 9.5% of the total, and 257 incidents involving crane
injuries, making up 8.1%; 148 cases of mechanical injuries,
making up 4.7% of the total, and 90 cases of electric shock
accidents, representing 2.8%, as well as 247 incidents of
fire, suffocation, traffic accidents and other accidents, ac-
counting for 7.8% (Ministry of Housing and Urban-Rural
Development of the People’s Republic of China, 2021). The
higher proportion of accidents, such as falls from heights,
object strikes, foundation pit collapses, and crane-related
injuries, are unique to high-rise construction. These types
of incidents account for up to 84.7% of the total accidents,
indicating that high-rise construction is the primary source
of safety incidents in China’s construction industry.

The primary causes of accidents are linked to the dis-
tinctive characteristics of the construction industry. Amin-
bakhsh et al. (2013) revealed that factors such as con-
stantly changing work environments, heavy equipment,
high-altitude operations, the extensive use of advanced
machinery, and simultaneous multi-trade operations make
construction sites particularly hazardous. The nature of
the high-rise construction sector determines the danger-
ous essence of the construction site; however, neglecting
safety management is the direct cause of injury and even
fatality.

The primary factors contributing to poor safety perfor-
mance, as highlighted in much of the literature reviewed,
include extensive subcontract, low safety awareness, inad-
equate safety training, Imperfect safety regulations, and
lack of support from top management. Construction acci-
dents and injuries result in both explicit and implicit costs.
Wang et al. (2006) identified explicit costs as including
medical expenses and workers’ compensation insurance,
while Mahmoudi et al. (2014) noted that implicit costs en-
compass delays in construction progress, decreased work-
er motivation, and damage to the reputation of construc-
tion companies. Therefore, safety is an issue that cannot
be overlooked, especially during the construction of high-
rise buildings.

Despite efforts to address safety issues, the results
have been unsatisfactory, with construction accidents con-
tinuing to be widespread. National programs led by gov-
ernment authorities and initiatives from private compa-
nies have not sufficiently reduced the rate of construction
accidents, which remains alarmingly high. This demon-
strates that these measures are insufficient for effectively
managing unsafe practices at construction sites. This phe-
nomenon has attracted the attention of many researchers
who have conducted studies on construction safety issues.
However, there has been limited focus on identifying the
key barriers to safety practices and exploring strategies to
successfully implement safety practices in high-rise build-
ing construction. Therefore, this study concentrates on
identifying and classifying critical barriers that hinder im-
plementing safety practices in high-rise building construc-
tion. Additionally, it will explore strategies to overcome
these barriers to enhance safety performance, ultimately
aiming to improve overall safety outcomes.

Existing studies have systematically reviewed construc-
tion safety, but few concentrated on the uniqueness of
high-rise building construction safety. For instance, Sir-
aj and Fayek (2019) primarily focus on general construc-
tion, with limited research on the specific risks of high-rise
buildings (such as working at heights, deep foundation pit
collapse, etc.). In addition, most existing reviews emphasize
theoretical analysis but lack practical recommendations for
actual construction safety management. Moreover, a more
integrated approach is needed, focusing on cross-stake-
holder collaboration and technological advancements in
safety management within high-rise projects.

Therefore, the research objectives of this study are:
first, to explore why safety practices are necessary in high-
rise building construction; second, to identify the barriers
or challenges currently faced by safety practices; and fi-
nally, to examine the countermeasures found in existing
research to address these obstacles. By reviewing the lit-
erature on the benefits, barriers, and countermeasures of
implementing safety practices in the construction sector,
this study systematically identifies the obstacles currently
hindering the advancement of construction safety prac-
tices and summarizes existing solutions. This paper is the
first step, which focuses on the theoretical part. Building
on this foundation, in the next phase of our research, we

Table 1. Statistics of construction safety accident types in China from 2016 to 2020 (Ministry of Housing and Urban-Rural Development

of the People’s Republic of China, 2022)

Safety accidents types 2016 2017 2018 2019 2020 Proportion
Fall from height 235 332 329 379 407 53.0%
Object strike 66 96 81 121 83 14.1%
Collapse 59 66 80 54 42 9.5%
Crane injury 32 55 71 54 45 8.1%
Mechanic injury 24 23 32 43 26 4.7%
Electric shock 7 21 21 19 22 2.8%
Other type 17 33 68 65 64 7.8%
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will adopt a practical approach by collecting survey da-
ta from Jiangsu Province, China, to validate these safety
barriers and assess the feasibility of existing countermea-
sures. Through quantitative data analysis, the study aims
to explore an integrated pathway that synthesizes theory
and practice for promoting safety practices. Ultimately, it
seeks to develop a Jiangsu model for construction safety
management. This study contributes by offering a com-
prehensive review specifically targeting high-rise buildings
and by proposing innovative strategies to address gaps in
safety management.

The research framework of this paper is as follows: The
introduction explains the significance of this study and the
overall research objectives. Section 2 presents the research
methods and process. Section 3.1 discusses the benefits of
implementing safety practices. Section 3.2 reveals the bar-
riers to implementing safety practices. Section 4 explores
strategies and methods to overcome these barriers. Sec-
tion 5 discusses the research findings, and Section 6 pres-
ents the research conclusions.

2. Research methodology

The literature search was carried out in two steps. Initially,
a manual search was conducted in web engines and data-
bases including Web of Science, Google Scholar, as well as
Scopus database. To ensure the reliability of the research,
we only included studies published in reputable, peer-re-
viewed journals, industry reports from recognized organi-
zations, or proceedings from established conferences. To
figure out relevant sources, the specific research keywords
were chosen to be “Safety practice”, “"Safety barriers/chal-
lenges”, "Safety benefits”, and “Construction industry”.
Subsequently, the titles and abstracts of the sources were
screened, and those deemed relevant to this study were
selected for full retrieval. The inclusion criteria of sourc-
es: (a) addressed safety barriers in high-rise construction,
(b) published between 2000 and 2024, (c) available on-
line, and (d) written in English. After correlation and article
quality screening, 109 sources in total were investigated to
discover safety benefits and barriers to implementing safe-
ty practices in high-rise building construction.
Additionally, content analysis was conducted to iden-
tify safety benefits, safety barriers, and methods to en-
hance safety performance. We assessed the quality of the
selected papers based on their methodological rigor, rel-
evance to high-rise construction safety, and the credibility
of the research sources. We prioritized studies that pro-
vided insights into unique safety challenges and practic-
es within the context of high-rise construction, such as
high-altitude work, crane operations, and structural integ-
rity risks. This analysis was carried out in three rounds. The
first round identified 34 benefits from 41 sources after ex-
tensive analysis. The second round identified 27 barriers
from 109 sources. The third round uncovered 15 strategies
to overcome these barriers, derived from 19 sources. All
selected papers meet high-quality standards, ensuring the

Figure 2. Research methods flowchart

reliability and relevance of our findings. Figure 2 highlights
the research methodology of this paper.

Geographical biases can occur if studies are predomi-
nantly selected from certain regions or countries, which
might limit the generalizability of the findings. To miti-
gate this, we made a conscious effort to include research
from diverse geographic locations. We performed search-
es in multiple international databases to ensure that stud-
ies from various regions, including both developed and
developing countries, were represented. While we aimed
to minimize biases, we recognize that there are limita-
tions in the literature selection process. For example, the
exclusion of non-English language studies and the reli-
ance on certain databases may have inadvertently exclud-
ed relevant research. Additionally, some studies may have
been missed due to search term limitations or inacces-
sible sources.

3. Results and discussion

3.1. Benefits of implementing safety
in high-rise building construction

Hallowell et al. (2013) believed that a strong safety culture
can be cultivated through the successful implementation
of the safety program, as it necessitates collaboration be-
tween managers and workers in executing the program.
This section provides a comprehensive review of safety
benefits and their sources. As indicated in Table 2, these
benefits are organized into 6 categories.

Within the category of reduction of accidents and
elimination of hazards, the reduction in work-related ac-
cident rates is the primary benefit of implementing safety
practices, followed closely by improved working conditions
within high-rise buildings. This is due to the complex en-
vironment of high-rise construction, which involves heavy
machinery, high-altitude operations, scaffolding instabil-
ity, etc. Adopting safety practices, such as installing pro-
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Table 2. Benefits of implementing safety practices in high-rise building construction
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Benefits of safety practices

Specific Benefits

Authors

Reduction of accidents and
elimination of hazards

Reduced accident rates in high-rise

Robson et al. (2007), Yiu et al. (2018, 2019),
Fernandez-Mupiiz et al. (2009), Buniya et al.
(2021)

Decrease in near-misses and recorded accidents

Yiu et al. (2016, 2018, 2019), Choudhry and Fang
(2008)

Improved safety of working conditions in high-rise
buildings

Yiu et al. (2018, 2019), Choudhry and Fang
(2008), Kamoli et al. (2021)

Decreased harm to workers at height

Fernandez-Muiiiz et al. (2009), Yiu et al. (2018,
2019)

Better accident investigation and analysis processes

Yiu et al. (2018, 2019), Goh and Chua (2013)

Enhanced worker protection at height

Lakhiar (2021), Kineber et al. (2023)

Reduction in falls from heights

Salvador and Van Thinh (2016), Lakhiar (2021),
Kineber et al. (2023)

Strengthened safety
perception and awareness

Improved safety awareness and enhanced safety
commitments related to high-rise

Yiu et al. (2018), Choudhry and Fang (2008), Chan
et al. (2010)

Increased support for OSH training and information

Yiu et al. (2018, 2019), Kineber et al. (2023)

Employees reject violations and reckless operations
in high rise

Yiu et al. (2016), Choudhry and Fang (2008)

Better project management
(operation efficiency)

Incorporation of safety management into project
management

Buniya et al. (2021)
Yiu et al. (2018, 2019)

Better management of complex environments in
high-rise projects

Lakhiar (2021), Kineber et al. (2023)

No interruptions in work progress and improved
project continuity in high-rise projects

Yiu et al. (2018), Lakhiar (2021), Kineber et al.
(2023)

Better safety culture

Buniya et al. (2021)

Improved project management

Yiu et al. (2018, 2019)

Efficient top-down communication

Yiu et al. (2018, 2019)

A substantial influence on safety performance

Manzoor et al. (2022)

Cost reduction and profit
maximization

Reduced accidents and expenses in high-rise
projects

Buniya et al. (2021), Robson et al. (2007), Yiu
et al. (2018, 2019)

Improved cost efficiency

Salvador and Van Thinh (2016)

Reduced material damage

Fernandez-Mufiz et al. (2009), Moorkamp et al.
(2014)

Enhanced financial performance

Fernandez-Muiiz et al. (2009), Salvador and Van
Thinh (2016)

Heightened organizations’
reputation
(standard compliance)

Improved organization framework for high-rise
projects

Yiu et al. (2018, 2019), Aminbakhsh et al. (2013),
Garnica and Barriga (2018)

Establish a brand reputation and public perception

Yiu et al. (2018, 2019), Salvador and Van Thinh
(2016), Smallman and John (2001), Ju and
Rowlinson (2014)

Compliance with safety regulations specific to
high-rise construction and high safety audit scores

Yiu et al. (2018, 2019), Lakhiar (2021)

Demonstrate social responsibility

Salvador and Van Thinh (2016)

Improved competitiveness and productivity

Fernandez-Mufiiz et al. (2007, 2009), Salvador
et al. (2016), Ju and Rowlinson (2014)

Improved profitability

Fernandez-Muiiiz et al. (2009), Hatema et al.
(2022)

Retains skilled workers

Salvador and Van Thinh (2016)

Increases sustainable development

Salvador and Van Thinh (2016)

Workers' wellbeing

Improvement on employees’ remuneration

Yiu et al. (2018, 2019)

Decreased risk for workers in high-rise projects

Yiu et al. (2018, 2019)

Overcoming deficiency

Salvador and Van Thinh (2016)

Job satisfaction

Salvador and Van Thinh (2016)

Enthusiasm and vigorous work atmosphere

Salvador and Van Thinh (2016)
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tective nets, utilizing Personal Fall Arrest Systems (PFAS),
and using scaffolding that has passed the bearing capacity
verification, can significantly improve working conditions
in high-rise settings, thereby reducing harm to workers.

Turner Construction, by adopting a comprehensive
Safety Management System (SMS), achieved significant
safety improvements across multiple projects. For exam-
ple, in a large high-rise building project in New York, Turn-
er saw a 40% reduction in accident rates after implement-
ing the SMS. By reducing accidents and improving work
efficiency, Turner successfully minimized the additional
costs associated with downtime and accident manage-
ment, thereby enhancing the overall economic efficiency
of the project (Turner Construction, 2020).

Within the category of strengthened safety percep-
tion and awareness, the heightened safety awareness
and commitments enhance workers’ support for occupa-
tional safety and health (OSH) training. Through attend-
ing well-structured and engaging safety training, workers
gain a clear understanding of the hazards present in high-
rise construction. Furthermore, the commitment to safety
demonstrated by project managers serves as a role model
for workers. As a result, workers are more likely to reject
safety violations and reckless behavior (Choudhry & Fang,
2008; Yiu et al,, 2018; Labor Department, 2024).

Within the category of improved project management,
the incorporation of safety management into project man-
agement practices has fostered better safety performance,
resulting in an enhanced safety culture (Yiu et al., 2018).
Top management allocates adequate funds for safety prac-
tices and establishes clear, well-defined procedures, thus
improving project managers’ abilities to manage emergen-
cies and accidents (Goh & Chua, 2013; Labor Department,
2024). Consequently, this leads to fewer interruptions in
work progress, improving project continuity in high-rise
projects, increasing operational efficiency, and a better
safety climate through effective safety management. For
instance, Lendlease, a globally renowned construction and
infrastructure company, implemented a Safety Manage-
ment System (SMS) in a high-rise building project in Aus-
tralia. In this project, Lendlease successfully reduced the
accident rate by 35% through enhanced on-site manage-
ment, the introduction of intelligent monitoring systems,
and real-time data analysis. Additionally, the project time-
line was shortened, and work efficiency improved by 20%
(Lendlease, 2017).

Within the category of cost reduction and profit maxi-
mization, the implementation of the Safety Management
System (SMS) could yield favorable outcomes in terms
of cost savings. Savings, either in the sense of compen-
sating workers or the losses caused by project delays or
even suspension, can be realized. Consequently, the over-
all financial performance of the project can be enhanced
(Moorkamp et al., 2014; Yiu et al,, 2018). As a typical case,
by implementing the Safety Management System (SMS),
Skanska has successfully reduced accident rates across
multiple construction projects. Specifically, Skanska’s 2018
report highlighted that the implementation of SMS led to
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a reduction in accident incidence by approximately 30%
across several projects. This not only enhanced site safety
but also decreased downtime and medical costs associ-
ated with accidents, thereby improving overall project ef-
ficiency and profitability (Skanska, 2018).

Within the category of heightened organization's rep-
utation, by complying with safety standards specific to
high-rise construction, organizations can achieve accident
prevention and high safety audit scores. When workers are
more likely to follow safety regulations, it results in sig-
nificant financial savings by reducing unplanned expens-
es associated with insurance, healthcare, compensation,
and fines. Moreover, organizations with high safety au-
dit scores enjoy improved reputations and stronger brand
identities, along with greater returns on their investments
in occupational safety and increased profitability.

Within the category of workers’ well-being, the bene-
fit mainly refers to that safety practices provide significant
benefits for workers. The construction industry can cre-
ate job opportunities and absorb labor on a national level
(Khoiry et al., 2017; Nurhendi et al., 2022). However, acci-
dents, work-related injuries, and illnesses directly impact
the economy and place a considerable burden on families
and society. By implementing safety practices, the risks for
workers in high-rise construction are reduced, leading to
fewer accidents and fatalities. Consequently, the company
embraces lower accident-related costs, allowing for more
funds to be allocated to workers’ salaries (Yiu et al., 2018,
2019). Figure 3 represents the 6 categories of benefits of
implementing safety practices and their sources visually.

3.2. Barriers to implementing safety practices
in high-rise building construction

According to the sources of barriers, the obstacles to safe-
ty implementation can be divided into 5 categories based
on the source of risks: regulatory, resource & financial, or-
ganizational, operational, and worker-related barriers. The
relevant literature to date on barriers to safety implemen-
tation is outlined in Table 3.

3.2.1. Regulatory barriers

Establishing a comprehensive, clear, and enforceable set of
construction occupational safety regulations is the founda-
tion for implementing safety practices. Awwad et al. (2016)
indicated that construction safety regulations are too gen-
eral and lack of specific safety regulations related to high-
rises in many developing countries. As a result, many com-
panies are unable to develop their own safety regulations
based on national laws and instead have to rely on their
own experience or piece together various international
safety standards.

The lack of strict enforcement of OHS regulations is
another hardship to overcome (Tam et al., 2004), especial-
ly for high-rise safety regulations. In developing countries
like Pakistan and India, there is frequently insufficient reg-
ulatory enforcement of safety standards in construction.
This results in contractors and workers not complying with
safety protocols.
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sonal protective equipment. The absence of these re-

3.2.2. Resource and financial barriers

sources creates additional challenges in maintaining a safe
working environment. What's more, Awwad et al. (2016)

In the construction industry, the high cost of safety equip-
ment, training, inspections, and protective measures, along

with limited resource allocation, is a common issue. Sub-

surveyed owners and found that none of the owners pro-
vided any rewards for implementing safety practices.

contractors often lack the funds to purchase safety equip-

ment such as proper scaffolding, anchor points, and per-
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Figure 3. Benefits of safety practices and their sources
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Table 3. Barriers of implementing safety practices in high-rise building construction

Barriers in General

Barriers in Details

Sources

Regulatory Barriers

Inadequate H&S standards specific to high-rise safety

Awwad et al. (2016), Alnunu and Maliha (2015), Hamid
et al. (2008), Revathi et al. (2017), Zahoor et al. (2016),
Priyadarshani et al. (2013), Kadiri et al. (2014), Ali and
Omran (2016), Cooney (2016), Agbede et al. (2016),
Buniya et al. (2021)

Insufficient legislation and a dearth of height-related
specific safety decree

Awwad et al. (2016), Alnunu and Maliha (2015), Zahoor
et al. (2016), Cooney (2016), Agbede et al. (2016),
Chiocha et al. (2011), Buniya et al. (2021)

A dearth of penalties for non-compliance with safety
standards

Tam et al. (2004), Alnunu and Maliha (2015)

Lack of strong regulatory enforcement for safety
standards in high-rise construction

Awwad et al. (2016), Belayutham and lbrahim (2019),
Tam et al. (2004), Alnunu and Maliha (2015), Keng and
Razak (2014)

Resource and
Financial Barriers

Shortage of finance for high-rise safety practice

Ghahramani (2017), Murugasamy et al. (2020),
Mashwama et al. (2019)

High cost and limited allocation of resources for
safety equipment, training, inspection and protective
measures

Yiu et al. (2016), Goh and Chua (2013), Kineber et al.
(2023), Belayutham and lbrahim (2019)

Organizational
Barriers

Fail to assign dedicated administrator responsible for
inspecting the worksite in high-rise construction

Awwad et al. (2016), Tam et al. (2004), Alnunu and
Maliha (2015)

Lack of rewards and penalties towards safety

Yiu et al. (2018, 2019), Goh and Chua (2013), Awwad
et al. (2016), Murugasamy et al. (2020), Ju and
Rowlinson (2014)

Lack of health and safety (H&S) training for high-rise
construction

Yiu et al. (2018, 2019), Salvador and Van Thinh (2016),
Awwad et al. (2016), Belayutham and Ibrahim (2019),
Tam et al. (2004), Alnunu and Maliha (2015), Hamid

et al. (2008), Ghahramani (2017), Keng and Razak (2014),
Choudhry and Fang (2008), Priyadarshani et al. (2013),
Kadiri et al. (2014), Ali and Omran (2016), Mouleeswaran
(2014), Cheah (2007), Durdyev et al. (2017), Mashwama
et al. (2019), Oke et al. (2017), Saeed (2017), Enshassi

et al. (2007)

Failing to consider contractors’ prior safety
performance during the contract award process

Awwad et al. (2016), Charehzehi and Ahankoob (2012),
Fernandez-Muiiz et al. (2009), Lopez-Arquillos et al.
(2015), Ali and Omran (2016)

Operational
Barriers

Extensive subcontractors

Yiu et al. (2018)

Lack of safety awareness towards high-rise
construction among project managers

Goh and Chua (2013), Kineber et al. (2023), Garnica

and Barriga (2018), Buniya et al. (2021), Tam et al.
(2004), Alnunu and Maliha (2015), Hamid et al. (2008),
Ghahramani (2017), Ali and Omran (2016), Mahfuth et al.
(2019, 2020)

Regardless of safety in selecting subcontractors or
when contracting with them

Awwad et al. (2016)

Insufficient risk assessment specific to high-rise
building construction

Lakhiar (2021)

Insufficient accident record keeping, lack of accident
analysis and failure to update safety programs

Awwad et al. (2016), Mahfuth et al. (2018), Revathi et al.
(2017), Agbede et al. (2016), Buniya et al. (2021), Nawi
et al. (2017), Okoye et al. (2016), Cheah (2007), Durdyev
et al. (2017)

Lack of well-planned and regular safety meetings

Tam et al. (2004), Alnunu and Maliha (2015), Keng and
Razak (2014), Maliha et al. (2021), Spillane and Oyedele
(2013), Mouleeswaran (2014), Ali and Omran (2016)

Lack of safety inspection for high-rise construction

Buniya et al. (2021), Hamid et al. (2008), Charehzehi and
Ahankoob (2012), Cheah (2007), Durdyev et al. (2017),
Mashwama et al. (2019), Oke et al. (2017), Mohamed

et al. (2009)

Low prioritization of safety

Yiu et al. (2018), Fernandez-Muiiiz et al. (2007), Goh and
Chua (2013), Kineber et al. (2023)
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End of Table 3

Barriers in General Barriers in Details

Sources

Worker-related

Barriers experience

Low education level, uncertified worker and lack of

Tam et al. (2004), Alnunu and Maliha (2015), Hamid et al.
(2008), Ghahramani (2017), Priyadarshani et al. (2013),
Kadiri et al. (2014), Nawi et al. (2017), Durdyev et al.
(2017), Mashwama et al. (2019), Saeed (2017)

High rate of worker turnover in high-rise construction | Yiu et al. (2018)

high work pressure

Tight project schedule of high-rise construction and

Yiu et al. (2016), Kineber et al. (2023), Moorkamp et al.
(2014), Ali and Omran (2016), Alnunu and Maliha (2015),
Hamid et al. (2008), Revathi et al. (2017), Mnjula et al.
(2014), Choudhry and Fang (2008), Nawi et al. (2017),
Cheah (2007), Guo et al. (2016), Durdyev et al. (2017),
Zerguine et al. (2016), Melid and Becerril (2009), Mullen
(2004), Kadiri et al. (2014)

Inadequate communication among project teams

Zulkifle and Hanafi (2017), Garnica and Barriga (2018),
Lakhiar (2021), Kineber et al. (2023)

Taking for granted that safety is solely the
responsibility of safety supervisor.

Fernandez-Mufiiz et al. (2007), Kineber et al. (2023)

(OHS)

Limited dedication to Occupational Health and Safety

Yiu et al. (2016, 2018), Kineber et al. (2023), Awwad et al.
(2016), Hamid et al. (2008), Charehzehi and Ahankoob
(2012), Zulkifle and Hanafi (2017), Chiocha et al. (2011),
Nawi et al. (2017), Durdyev et al. (2017), Mashwama

et al. (2019), Mohamed et al. (2009), Saad (2016),
Diugwu et al. (2012), Toole (2002), Walters (2010)

Insufficient safety awareness among workers,
especially regarding working at heights

Tam et al. (2004), Alnunu and Maliha (2015), Keng and
Razak (2014), Maano and Lindiwe (2010)

at heights

Low level of awareness on using PPE when working

Ghahramani (2017), Keng and Razak (2014), Andi (2008),
Revathi et al. (2017), Vitharana et al. (2015), Mahfuth
et al. (2018), Diugwu et al. (2012)

Disobliging industry standards and safety protocols
especially related to high-rise building construction

Buniya et al. (2021)

3.2.3. Organizational barriers

In organizational barriers, the lack of H&S training for
high-rise construction is the most significant. Keng and
Razak (2014) stated that training seeks to minimize hu-
man errors that could lead to incidents and enable em-
ployees to accomplish tasks competently and repetitive-
ly. Although many workers recognize the importance of
training, they often prioritize completing tasks quickly to
earn their wages, rather than attending training sessions
(Choudhry & Fang, 2008).

Lack of rewards and penalties towards safety is the sec-
ond largest organizational barrier. Consultants play a cru-
cial role in overseeing safety measures on construction
sites. Awwad et al. (2016) revealed that in the Lebanese
construction sector, the majority of the consultants fo-
cused solely on fulfilling the essential safety requirements
outlined in the contract. What's more, there are no incen-
tives provided by consultants for contractors to implement
safety measures, and only a few implemented penalizing
actions in the event of safety violations.

3.2.4. Operational barriers

Insufficient safety awareness of high-rise construction
among project managers was widely mentioned in the re-
viewed literature (Goh & Chua, 2013). High-rise buildings
have more complex designs, which increases the difficul-
ty of coordinating safety measures across multiple floors,

and different stages of construction. However, the project
managers focus solely on the tight schedule, with safety
neglected. What's more, Awwad et al. (2016) found that
project managers often fail to strictly enforce safety by
penalizing unsafe behavior.

Insufficient accident record keeping in high-rise con-
struction is the second largest operational barrier (Mah-
futh et al.,, 2018; Revathi et al., 2017). Without accident re-
cords, it is impossible to conduct accident cause analysis,
identify gaps in current safety practices, or even determine
ways to improve them. This also hinders the updating of
existing safety programs and the establishment of occu-
pational injuries databases.

Subcontract is an important section of the construction
sector, especially for high-rise building construction. Aw-
wad et al. (2016) mentioned that safety procedures were
conveyed to subcontractors in safety meetings, and their
appropriate execution was tracked by contractors. How-
ever, extensive subcontracting complicates site manage-
ment for the main contractor, which in turn adversely af-
fects safety (Yung, 2009).

Implementing Safety Management Systems (SMS) in
both small and medium-sized enterprises (SMEs) and large
enterprises in construction can present distinct challenges.
for small and medium-sized enterprises, due to limited fi-
nancial resources, fewer staff, and lack of specialized safety
management teams, these companies may struggle with
providing in-depth safety training, conducting detailed
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risk assessments, and maintaining compliance with safety
regulations. For instance, R&D Construction (UK), a small
to medium-sized construction company, implemented an
SMS by focusing on high-risk tasks and simplifying docu-
mentation. They integrated mobile apps to monitor safe-
ty checks and reports, reducing the administrative burden
while enhancing site-specific safety awareness (Construc-
tion Safety Council of the UK, n.d.).

Large enterprises face a different series of challeng-
es when implementing SMS. These companies typically
work on larger-scale projects with multiple subcontractors,
making communication and consistent safety monitoring
across various teams more difficult. Skanska (Sweden/USA)
has adopted a comprehensive SMS for all its projects. They
utilize real-time safety monitoring technologies, including
wearable devices that track worker movements and alert
them to potential hazards. Skanska has integrated a global
safety standard across its operations, providing extensive
training to both employees and subcontractors. As a re-
sult, they reduced incident rates significantly across large-
scale construction sites (Skanska, 2021).

3.2.5. Worker-related barriers

The tight schedule of high-rise construction and high work
pressure are the most notable worker-related barriers. As
a result, the turnover rate of workers is very high. Lack
of certified skilled labor is a common issue faced by the
construction industry worldwide. In China, while most resi-
dential buildings in medium and large cities are high-rise,
owners frequently request short project durations, result-
ing in tight schedules imposed on contractors. This leads
to excessive overtime for laborers. What's more, work-
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ers often endure immense pressure to complete a large
amount of work within a shortened timeframe.

Correct use of personal protective equipment (PPE) in
high-rise buildings is a proactive measure to ensure the
safety of workers, but there are still workers who choose
not to use PPE due to ignorance, neglect, apathy, overcon-
fidence, and religious beliefs (Keng & Razak, 2014; Maliha
et al.,, 2020).

The primary issue is the attitude of the workers. Fol-
lowed by an inadequate commitment to OHS. The knowl-
edge, abilities, and skills of workers, especially concerning
risks and hazards in their tasks, can help decrease inci-
dents. Safe Start (2017) reported that we cannot hope for
individuals to adhere to safety procedures if they do not
know them or are not skilled enough to implement them
effectively. According to Garnica and Barriga (2018), the
primary challenges for safety management arise from fail-
ure to communicate. Consequently, insufficient communi-
cation between managers and employees can result in de-
ficient craftsmanship, incidents, and time overruns.

Alcohol intake habits can significantly impact employ-
ees’ behaviors. Getting drunk when working at heights
may be fatal. It is estimated that alcohol abuse causes 20—
25% of workplace accidents. Mnjula et al. (2014) revealed
that overconsumption of alcohol results in declined output
and reduced effectiveness.

Additionally, an employee is impacted by the actions
of their peers in the workplace. Provided that co-workers
follow safety, protocols and work safely during construc-
tion, it may psychologically encourage the worker to do
the same to avoid standing out negatively. Figure 4 dis-
plays the barriers of implementing safety practices in high-
rise building construction and their source.

Number of Sources

11 11

N

Number of Sources
E=y

-
(=Y

regulations

specific safety decree

in high-rise construction

Extensive subcontractors
among project managers
contracting with them

during the contract award process

Inadequate H&S standards specific to high-rise safety
Insufficient legislation and a dearth of height-related

A dearth of penalties for non-compliance with safety

Lack of strong regulatory enforcement for safety standards
Shortage of finance for high-rise safety practice

High cost and limited allocation of resources for safety
equipment, training, inspection and protective measures
Fail to assign dedicated administrator responsible for
inspecting the worksite in high-rise construction

Lack of rewards and penalties towards safety

Lack of health and safety training for high-rise construction
Failing to consider contractors' prior safety performance
Lack of safety awareness towards high-rise construction
Regardless of safety in selecting subcontractors or when

Insufficient risk assessment specific to high-rise building

construction

17
16

10 10

-
(N

experience

work pressure

safety supervisor

(OHS)

Insufficient safety awareness among workers, especially
heights

Low prioritization of safety
regarding working at heights

Insufficient accident record keeping, lack of accident
analysis and failure to update safety programs

Lack of well-planned and regular safety meetings

Lack of safety inspection for high-rise construction

Low education level, uncertified worker and lack of

High rate of worker turnover in high-rise construction
Tight project schedule of high-rise construction and high
Inadequate communication among project teams

Taking for granted that safety is solely the responsibility of
Limited dedication to Occupational Health and Safety
Low level of awareness on using PPE when working at
Disobliging industry standards and safety protocols
especially related to high-rise building construction

Figure 4. Barriers of safety practices in high-rise building construction and their sources
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4. Strategies for effectively implementing
safety practices in high-rse building
construction

To enhance safety in high-rise building construction, this
section further identified methods to overcome these
above five categories of barriers, including the following
strategies, which are categorized into five main types, i.e.,
institutional strategies, financial strategies, management
intervention strategies, engineering control strategies, and
technological innovation strategies, corresponding to the
barriers they aim to overcome in high-rise building con-
struction safety.

4.1. Regulatory barriers - Institutional
strategies

4.1.1. Establishing national safety educational
standards specific to high-rise

Safety training is a fundamental component of safety ed-
ucation. However, construction safety regulations are too
general and lack of specific safety regulations related to
safety education. Therefore, the need for national safety
standards specific to high-rise safety education is urgent.

4.1.2. Resource & Financial Barriers- Financial
strategies: Allocate budget for safety equipment
in high-rise projects

For financial barriers, in the bidding phase, the owners
should take into consideration allocating safety budget to
purchase safety equipment, such as PPE, stable scaffold, and
so on. If provided safety budget, all recommended strat-
egies can be implemented. Additionally, the government
should schedule periodic site visits to guarantee that safety
practices are being implemented (Alnunu & Maliha, 2015).

4.2. Organizational barriers - Management
intervention strategies

4.2.1. Safety training schemes

For organizational barriers, a dearth of safety training is
the major barrier. Charehzehi and Ahankoob (2012) re-
vealed that proper training is crucial in enhancing work
effectiveness as well as safety performance, Safety train-
ing may cover communication about project-specific or
task-specific hazards, safe work practices, company poli-
cies, and safety objectives. Training generally begins with
a general orientation and is followed by more specific in-
struction tailored to the particular tasks that workers will
be undertaking (Maliha et al,, 2021). Safety training offers
an opportunity to instill safe practices, facilitate hands-on
experience, and encourage workers to carry out their tasks
safely (Mubashar et al., 2013).

4.2.2. Establish a strict system
of rewards and penalties

As for alcohol and drug abuse during worktime (Yiu et al,,
2018; Tayeh et al, 2019) suggested establishing a strict

penalty system to deter unsafe behavior. First, the gov-
ernment should impose an insurance fee on contrac-
tors, which will be returned if the contractor meets safety
standards once upon completion of the project. Incentives
encourage workers to be vigilant about their safety be-
haviors and to refrain from engaging in unsafe practices
(Maliha et al., 2021). On the other hand, disciplinary action
serves as a punishment for workers who violate on-site
safety regulations. Tayeh et al. (2019) agreed that combin-
ing rewards and punishments is an approach to cultivating
a culture of safety among site employees.

4.2.3. Grant unconditional right of consultant to stop
work in case of safety violation

The key function of consultants in a safety program is to
make sure that the safety practices outlined in the contract
are effectively implemented on-site. These responsibilities
include carrying out frequent inspections and engaging in
accident inquiries. Therefore, consultants should be grant-
ed by owners the unconditional authority to halt work in
the event of a safety violation (Awwad et al., 2016).

4.2.4. Define the responsibilities of the safety
supervisor

Besides enforcing its internal safety criteria on sites
through the project consultants, the government should
further assign a safety supervisor to carry out additional
safety inspections of high-rise sites. The most effective ap-
proach is to appoint a dedicated safety supervisor, who is
primarily responsible for executing and guiding the imple-
mentation of the H&S program elements (Loépez-Arquillos
et al, 2015), such as inspecting and monitoring PPE, as
well as ensuring compliance with site safety regulations
and standards. H&S inspections serve as a tool for man-
agers to assess safety conditions onsite.

4.2.5. Choose contractors with high-safety
performance

Owners play a crucial role in strengthening contractors’
commitment to safety by carefully selecting contractors,
evaluating their past safety performance, and including in-
centives in the contract to promote the adoption of safety
practices. During the bidding process, safety consultants
on behalf of owners should prioritize selecting contractors
with a strong safety performance record.

4.3. Operational barriers — Engineering
control strategies

4.3.1. Hold routine safety meetings to raise awareness
of particular risks among employees in high-rise

For operational barriers, routine H&S meetings are crucial
for sharing H&S information with all stakeholders (Maliha
et al,, 2021). A well-structured safety meeting can boost
morale (Alnunu & Maliha, 2015). To enhance the effec-
tiveness of safety meetings, more relevant and up-to-
date content should be provided by a variety of qualified
speakers.
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4.3.2. Keep accident records of high-rise construction

As an important way to improve safety performance, re-
cordkeeping activities involve documenting all incidents,
capturing details such as position, time, work environment,
and reasons. Furthermore, this entails analyzing incident
records to identify trends and deficiencies within the or-
ganization's safety programs or shortcomings in their im-
plementation. Subsequently, the manager focuses on find-
ing solutions to address these issues (Maliha et al., 2021;
Lépez-Arquillos et al, 2015). Conducting high-rise site
analysis and updating safety protocols to address job-spe-
cific hazards are effective strategies for continuously en-
hancing a contracting firm’s safety performance.

4.3.3. Emergency preparedness for high-rise
construction hazards

A high-rise emergency plan must be implemented to han-
dle emergencies, designating either the owner or the in-
surance company as responsible for managing the situa-
tion and allocating the necessary resources (Maliha et al.,
2021). For instance, safety plans should address accidents
such as falls from heights, electric shocks, or being struck
by falling objects. These plans should prioritize securing
healthcare and additional support services in the vicinity
and ensuring that first aid supplies are sufficiently stocked
to handle possible emergencies (Alnunu & Maliha, 2015).

4.3.4. Enhance subcontract management on high-rise
construction site

Subcontract is critical component of high-rise construc-
tion, where a significant portion of work is typically sub-
contracted. Hallowell et al. (2013) advised to select sub-
contractor and personnel based on their H&S perfor-
mance. Only those with a proven track record of safe work
practices should be qualified to participate in the bidding
process. Furthermore, it is essential to conduct compre-
hensive evaluations of subcontractors to ensure they com-
ply with safety standards.

4.4. Worker-related barriers — Technological
innovation strategies

4.4.1. Design for Manufacturing
and Assembly (DfMA)

Among worker-related barriers, the tight schedule and
high pressure are the biggest. One way to avoid tight
schedule is to import of advanced construction technol-
ogy. As a nontraditional method, DfMA is introduced in
the high-rise construction to improve construction perfor-
mance through prefabrication and industrialized building
systems (IBS). As a component of the IBS, prefabrication
construction involves the production of building elements
in a designed setting either off-site or on-site, which are
then assembled at the construction site (Saad et al., 2022).
Abd Razak et al. (2022, 2023) emphasized that DfMA,
when integrated with technologies like Building Informa-
tion Modelling (BIM), can optimize the design, manufac-

turing, and assembly processes, leading to better quality,
safety, and efficiency. The key ways for DfMA to enhance
high-rise construction safety involve the following:
= Reduced On-Site Work: By prefabricating compo-
nents in controlled environments, fewer construction
activities take place on-site, minimizing exposure to
hazards with heavy machinery.
= Use of BIM: DfMA often integrates with BIM, which
can simulate construction processes and identify po-
tential safety risks before actual construction starts.
= Standardized Processes: Prefabrication and modu-
lar methods ensure that safety protocols are stan-
dardized and enforced consistently, leading to safer
working conditions.

4.4.2. Formulate reasonable work schedule

Another way to deal with tight schedule is to formulate
reasonable work schedule. During the traditional construc-
tion, due to the complex processes, strict sequences, and
long concrete curing times, it is hard to avoid tight sched-
ule. Whereas, project managers must create an appropri-
ate work schedule by parallel construction organization,
increasing personnel and material investment, carrying out
multiple unit projects simultaneously to maximize project
time savings while ensuring adequate rest for workers.
Thus, reducing workers fatigue and stress.

4.4.3. Job Hazard Analysis (JHA)
for high-rise construction

Job hazard analysis is a management tool used in safety
training and risk mitigation; it offers staffs with guidance
on safely executing each step of their tasks. The process
typically starts with a review of high-rise construction-re-
lated activities to identify potential serious hazards. Other
resources may include OSHA records, reports of violations,
accident investigation reports, interviews with workers, or
even intuitive assessments to pinpoint risks and accidents
(Lopez-Arquillos et al., 2015).

4.4.4. Workers monitoring and tracking system

To tackle the problem of not using PPE, the monitoring
and tracking techniques, such as a combined RFID and
GPS proposed by Cai et al. (2014) to locate and track
workers. Composed of tagging systems, tags, and readers,
RFID technology has gained widespread popularity due to
its high speed (Rafique et al.,, 2022). A sensor system based
on Bluetooth Low Energy (BLE) beacons was introduced by
Gomez-de-Gabriel et al. (2019) to supervise the correct ap-
plication of harnesses. Additionally, the Personal Fall Arrest
System (PFAS) serves as a crucial safety measure for work-
ers at risk of falling during their tasks, which acts as the
ultimate safeguard, halting a person’s fall when they are
in danger while working at heights.

Figure 5 outlines a safety management framework to
overcome safety barriers to implementing safety practic-
es, which are categorized into five groups: Regulatory, Re-
source & Financial, Organizational, Operational, and Work-
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Figure 5. Safety management framework for overcoming barriers in implementing safety practices

er-related. Each group is associated with specific strate-
gies to address the barriers. For example, under Regulatory
Barriers, establishing national safety education standards
specific to high-rise construction is suggested, while Re-
source & Financial Barriers can be tackled by allocating
budgets for safety equipment. Organizational Barriers are
addressed by defining safety supervisor responsibilities
and selecting contractors with strong safety performance.
Operational Barriers are handled by enhancing subcon-
tractor management and formulating a reasonable work
schedule. Lastly, Worker-related Barriers focus on job haz-
ard analysis and workers’ monitoring systems to ensure
safety on-site.

5. Discussion

Awwad et al. (2016) conducted a study in Lebanon, the
study compares companies with and without Safety and
Health Management Systems (SHMS), revealing that larger
companies were more likely to implement safety systems.
This offers valuable insights into how company size im-
pacts safety management practices. The research also pro-
vided actionable recommendations for improving safety
practices in Lebanon, emphasizing the need for stronger
regulation enforcement, improved safety education, and
better collaboration between stakeholders. In addition,
a comparison of Lebanese safety regulations with OSHA
standards revealed significant gaps in enforcement and
specificity, indicating the need for stronger regulations
and clearer safety guidelines in Lebanon. The author also
highlighted that it is important to promote Cross-Stake-
holder Collaboration. Government, contractors, consult-
ants, and insurance companies should collaborate more
effectively to improve safety management systems.

While the study focuses on Lebanon’s construction in-
dustry, its findings may not be applicable to other coun-
tries or regions, especially those with more robust safety

regulations. However, the recommendations may still be
valuable for other developing countries with similar safety
challenges.

The strategies outlined for overcoming barriers in
high-rise construction safety have evolved significantly
over time, reflecting advances in technology, management
practices, and a deeper understanding of safety challeng-
es. Initially, the focus was on basic safety practices, such as
allocating budgets for safety equipment and implement-
ing safety training programs. As construction safety re-
search and practices advanced, more comprehensive strat-
egies were developed to address not only resource and
organizational barriers but also emerging operational and
worker-related issues. For example, safety training pro-
grams have transitioned from general orientations to more
specialized instruction tailored to specific tasks, as sug-
gested by Charehzehi and Ahankoob (2012) and Maliha
et al. (2021), emphasizing the importance of task-specific
hazards and safe practices to improve safety performance.

More recently, technology has played a pivotal role in
evolving these strategies. The integration of Design for
Manufacturing and Assembly (DfMA) and Building Infor-
mation Modeling (BIM) is a notable advancement. As high-
lighted by Saad et al. (2022) and Abd Razak et al. (2022,
2023), these technologies help optimize construction pro-
cesses, improving safety by reducing on-site work and
identifying potential safety risks during the design phase.
This marks a shift from traditional methods to more au-
tomated and controlled environments, significantly mini-
mizing exposure to hazards and improving overall safety
performance.

Additionally, the use of monitoring systems like RFID
and GPS for worker tracking and Personal Fall Arrest Sys-
tems (PFAS) represents a cutting-edge approach to ad-
dressing worker-related barriers (Cai et al, 2014; Gomez-
de-Gabriel et al., 2019). These systems ensure real-time
monitoring of workers’ safety behaviors and the correct
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use of safety equipment, enhancing the ability to enforce
safety regulations on-site. Such innovations reflect the in-
creasing reliance on digital solutions to proactively pre-
vent accidents and ensure compliance with safety stan-
dards. Over time, these technologies will likely become
even more integrated, further streamlining safety practic-
es and reducing risks in high-rise construction projects.

In conclusion, the evolution of strategies for overcom-
ing safety barriers in high-rise construction has moved
from fundamental measures like training and equipment
allocation to more sophisticated, technology-driven ap-
proaches. This progression highlights the increasing im-
portance of integrating modern tools and systems into
safety management practices, offering both immediate
improvements and long-term benefits for worker protec-
tion and safety performance.

6. Conclusions

This study comprehensively explores the benefits, barriers,
and strategies for implementing safety practices in high-
rise construction. Regulatory, resource, organizational,
operational, and worker-related obstacles were identified,
with key challenges including insufficient H&S standards,
high costs, and lack of safety awareness among project
managers. Despite these challenges, the research provides
a detailed overview of existing issues and highlights the
need for stakeholder collaboration to overcome these bar-
riers. In construction, safety management is never the re-
sponsibility of just one person or role. This paper proposes
a new safety management framework from the perspec-
tive of cross-stakeholder collaboration, addressing the lack
of coordination among stakeholders identified in existing
research. For example, the risk of falls from heights is not
solely caused by unsafe worker behavior, it is closely relat-
ed to the construction site environment and safety meas-
ures. This paper delves deeper into the causes of high-rise
construction accidents and the benefits, barriers, and so-
lutions to implementing safety practices. It also attempts
to evaluate existing mitigation measures based on the ef-
fectiveness of safety practices and concludes the follow-
ing: To enhance safety management in high-rise construc-
tion, policymakers should strengthen regulations specific
to high-rise projects, encourage the use of advanced safe-
ty technologies, and promote cross-stakeholder collabora-
tion. They should also mandate ongoing training and cer-
tification for workers and safety officers while promoting
a proactive safety culture through leadership initiatives. In-
dustry practitioners, on the other hand, should implement
cost-effective safety management tools, ensure transpar-
ent communication across all stakeholders, and empower
workers to actively participate in safety initiatives.
Specifically, this paper focuses on the adoption of ad-
vanced safety technologies, such as Al-driven risk predic-
tion and real-time monitoring systems, to enhance risk
management. Additionally, we recommend the develop-
ment of comprehensive training programs for workers and
safety officers tailored to the unique risks of high-rise con-

struction, such as working at heights and deep founda-
tion pits. Finally, we emphasize the need for stricter safe-
ty regulations and policies at both the local and national
levels to ensure consistent and effective safety practices
across the industry, aiming to bridge the gap between re-
search and practical implementation, ensuring safer high-
rise construction practices.

The findings of this study hold significant managerial
implications and practical application value for both poli-
cymakers and industry practitioners. Policymakers can use
the recommendations to strengthen safety regulations in
high-rise construction, promote the adoption of advanced
technologies, and encourage cross-stakeholder collabora-
tion to improve safety management efficiency. For indus-
try practitioners, the study offers practical solutions, such
as implementing advanced safety technologies, enhanc-
ing worker training, and improving communication mech-
anisms, which can help increase safety on construction
sites, reduce accidents, and ultimately enhance the overall
efficiency and sustainability of projects. However, based
on the author's abilities and insights, this article has some
shortcomings, such as the lack of longitudinal studies or
comprehensive data on the effectiveness of safety man-
agement interventions.

7. Future research directions

Future research can further explore: The application of
technological innovations in construction safety, such as
the role of artificial intelligence and big data analysis in
safety risk prediction and the dynamic changes in safety
risks in different construction environments, with studies
focusing on the adaptability of safety practices in differ-
ent regions and building types, or further investigate ways
to better define the roles of various stakeholders in safe-
ty practices or explore how safety management efficiency
can be enhanced through technical approaches, such as
data mining.
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