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Abstract. The stable development of the construction industry plays a significant role in national economic growth.
With the continuous reform and progress of the construction industry, construction safety has become a vital issue of
concern and emphasis. As an essential means for the sustainable development of the construction industry and indus-
trialization of construction, prefabrication has the advantages of reducing waste of resources and improving construc-
tion safety and efficiency and is strongly promoted by the construction industry around the world. Although the safety
management of traditional construction has been fully researched, the traditional safety management mode cannot
be directly applied to assembled construction because of differences in their construction characteristics and manage-
ment scopes. Thus, investigating the safety issues of prefabrication is necessary. Although numerous scholars analyzed
safety in the different construction stages of assembled buildings, many connections and contents in the literature
must be summarized, and systematic literature research must be conducted. Therefore, this study uses a systematic
and comprehensive review approach to fill the research gaps. In the first stage, 107 papers related to prefabrication
safety management published, meeting the requirements are selected through a literature search. In the second stage,
scientometric analysis is conducted to identify the journal sources, scholars, regions, and keywords. In the final stage,
content analysis is performed to achieve three main objectives: 1) to identify the differences between prefabricated and
conventional buildings and summarize the characteristics of prefabricated buildings (PBs) to obtain the characteristics
of prefabrication safety management, 2) to summarize the research topics, and 3) to discuss and provide signposts for
potential research directions. This study provides a comprehensive knowledge framework that links current research
areas with future research trends, thereby providing a multidisciplinary guide to researchers to gain insights from the
latest research on prefabrication safety management.
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1. Introduction

Rural Development, 2019). In Hong Kong, according to

The construction industry provides employment to over
100 million people around the world and contributes 6%
of the global GDP. Therefore, ensuring stable growth in
the construction industry is crucial for national and global
economic development. However, the industry has been
facing significant challenges regarding work health and
safety, with the occurrence of frequent accidents and fatal-
ities. In Mainland China, the “Circular of the General Office
of the Ministry of Housing and Urban-Rural Development
on the Production Safety Accidents of Municipal Housing
Engineering in 2019" revealed a total number of 773 safety
production accidents in municipal engineering, leading to
more than 900 fatalities (Ministry of Housing and Urban-

Hong Kong Labour Department data, the construction in-
dustry recorded 26.1 accidents per 1,000 workers in 2020,
whereas the manufacturing industry recorded 12.5 acci-
dents per 1,000 workers for the same period (Hong Kong
Labour Department, 2020). Therefore, the safety issue in
the construction industry remains extremely important.
Prefabricated construction was proposed as a substi-
tute construction approach, which involves assembling
structures using components that were factory produced,
then transported to the building location (Song et al.,
2022a). This method has been praised for its advantages
in terms of project duration, safety performance, and proj-
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ect quality (Li et al., 2021). For instance, in Mainland China,
the State Council of China set a target for prefabricated
buildings (PBs) to comprise 30% of new buildings by 2026.

However, compared with the construction mode of
traditional buildings, PBs, as a new type of construction
means, are more likely to cause construction site safety
accidents to a certain extent owing to the lack of construc-
tion workers with matching technical training, tools, equip-
ment, and mature safety standard systems corresponding
to the process requirements. Safety concerns that may
endanger workers’ health and safety include musculoskel-
etal disorders owing to awkward body postures at offsite
plants (Chu et al., 2020), risk of collision during module
transportation (Ismail, 2019), risk of collision with objects,
and mechanical injuries during installation (Wei et al.,
2020). Hence, exploring and improving safety manage-
ment studies on prefabricated construction are necessary.
For instance, Jaselskis et al. (2015) suggested an innova-
tive method for monitoring workers’ behavior in the field
using telepresence, Zaalouk and Han (2021) provided a
parameterized workplace design optimization method for
reducing workers' ergonomic injuries. Ahn et al. (2020)
compared workers’ safety risks between onsite and off-
site construction modes during installation, and Liu et al.
(2018) developed a safety risk management framework
for hoisting and digital twin-based coupling model. The
results of such studies have theoretical exploration signifi-
cance for examining the safety management of PBs and
substantial practical application value (Zhou et al.,, 2015).

Yet, despite the emergence of various literature reviews
on safety in prefabricated construction in recent years,
previous reviews focused primarily on specific aspects in-
stead of conducting thorough and systematic analyses. For
instance, Hussein and Zayed (2021) used mixed research
methods to monitor and classify how to plan and operate
crane prefabricated construction.

Therefore, conducting a systematic and comprehensive
review is necessary to fill the research gaps. This study has
five detailed objectives: 1) to develop a structured research
framework for reviewing studies related to safety manage-
ment in prefabricated construction; 2) to conduct science
mapping to analyze primary journal publications, famous
academics, and keywords in the domain of prefabrication
safety management; 3) to identify the differences between
prefabrication and traditional construction and summarize
the characteristics of prefabrication to obtain the charac-
teristics of prefabrication safety management; 4) to sum-
marize the research topics; and 5) to discuss and provide
signposts for potential research directions.

2. Background
2.1. Prefabrication

Prefabrication represents an innovative construction ap-
proach, involving the manufacturing of building compo-
nents in specialized facilities and their on-site assembly.
According to Song et al. (2022a), it is an industrialized
process. Yuan et al. (2021) defines it as creating a prefabri-
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cated building using factory-made components assembled
on-site. According to the volume and function of assembly
unit modules, scholars from different regions have differ-
ent views on and definitions for PBs, such as modular con-
struction (Li et al., 2013), industrialized building systems
(Abas et al., 2016), modular integrated construction (MiC)
(Zhang et al,, 2022), offsite construction (Liu et al., 2019),
and so on. The concepts emphasize the typical construc-
tion process. To avoid semantic confusion, In this study,
prefabrication specifically refers to a construction method
where components are manufactured offsite, transported,
and assembled on-site, incorporating design standardiza-
tion, production industrialization, construction assembly,
decoration integration, intelligent operation, and informa-
tion management (Yuan et al,, 2021).

2.2. Safety management

Safety is fundamentally the prevention of harm, whether to
individuals, objects, or the environment (Li & Guldenmund,
2018). Safety management, as distinct from the broader
concept of safety, involves specific actions and processes
aimed at achieving safety objectives. These actions fall
into two categories: engineering and technical measures
encompassing the implementation process through equip-
ment and technology, and behavior control involving the
coordination of social relations (Fu, 2013). In this study,
safety management incorporates both engineering tech-
nology and behavior control.

Safety management research traditionally revolves
around two theories: risk and resilience. Risk theory, origi-
nating from Kaplan and Garrick (1981), centers on antici-
pating and preventing problems within a system. It em-
phasizes quantitative analysis and accident prevention but
lacks focus on in-process and post-event stages. Resilience
theory, introduced by Hollnagel and Woods (2006), shifts
the paradigm by viewing system safety not merely as the
absence of incidents but as a system’s ability to sustain
normal operations despite various circumstances or po-
tential risks. Given the limited research on resilience per-
spectives, this paper primarily synthesizes literature from
a risk perspective.

The application of safety management spans diverse
industries, with the construction sector particularly prone
to safety incidents. Construction safety management,
broadly and narrowly defined, addresses the intricate chal-
lenges inherent in construction projects. In a narrow sense,
it involves activities establishing safety production policies,
determining necessary functions, and evaluating the safety
management process. In a broader context, construction
safety management encompasses planning, design, and
structural safety.

Considering prefabrication as an innovative construc-
tion approach, this study delves into the novel manage-
ment issues it presents compared to traditional methods.
Focusing on the new construction process, the research
observes and synthesizes the unique characteristics of
safety management in prefabrication.
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3. Methodology

This study adopted a systematic approach that involved
quantitative and qualitative analyses. This approach can
effectively eliminate prejudiced conclusions and subjective
interpretations. Specifically, this work conducted sciento-
metric analysis and content analysis.

The overall research framework consisting of three
stages showing the review process is shown in Figure 1,
and the following three subsections describe the three
steps in detail.

3.1. Stage 1: literature search

To conduct the literature search, a two-step process was
followed. Initially, the WoS core collection database was
searched for relevant articles. One database was chosen
because of the high duplication of articles and the more
comprehensive coverage of WoS. However, the way of
forward and backward citation will also search for articles
from other databases to complement the research.

Keywords for retrieval: The keywords are divided into
two categories. The first category is used to screen ar-
ticles on traditional construction models. They are “pre-
fabricate*”, “modular construction”, “off-site manufact*”,
"off-site construction”, “industrialized building system”,
“industrial construction”, “precast concrete”, “panelized
construction”, “tilt*up construction”, “modular integrated
construction”, "MiC", "prefabricated prefinished volumet-
ric construction”, "PPVC". The second category is used to
screen articles that fall within the scope of safety man-
agement. They are "safe*”, "incident*”, “accident*”, "risk*",
“injur*”, "disaster”, "disease”, “kill", "death”.

(1) Timespan: The study was conducted using a 10-
year timeframe, from 2012 to December 2022, for
two reasons. First, based on the database records
related to prefabrication safety, fewer than one
article was published every year before 2012. Sec-
ond, a 10-year observation period is a common
timeframe and can provide credibility for investi-
gating topics and trends in the research field.

Figure 1. Research framework of review



(2) Language and type of literature: The language was
limited to English, and the literature type included
journal articles and conference papers.

In the first step, the initial search resulted in 2,566 doc-
uments. However, as some keywords such as “modular”
are used in other fields, such as computer programming,
chemistry, and biomedical material science, unrelated
documents were also included. Therefore, screening was
necessary in the second step.

In the second step, two rounds of screening were con-
ducted. Initially, 144 papers were retrieved through a pre-
liminary review process, which involved screening titles,
abstracts, and keywords based on two filter criteria: 1)
studies that did not fall within the scope of the construc-
tion industry and 2) titles, abstracts, and keywords that
were not related to the two keyword categories above.

Next, the database search yielded 81 documents, with
the following two filter criteria: 1) studies related to safety
management but focused on traditional construction rath-
er than prefabricated construction and 2) studies related
to prefabrication but focused on schedule/supply chain
risks rather than safety risks. Furthermore, 26 publications
were added through identification by forward and back-
ward citation chaining. The rationale behind selecting this
specific research scope lies in the intention to isolate and
examine safety management practices specifically within
the context of prefabricated construction. By excluding
studies emphasizing traditional construction safety or
those primarily addressing schedule/supply chain risks in
the realm of prefabrication, the aim is to delve deeply into
the unique safety challenges posed by prefabricated con-
struction methods.

The subsequent scientometric analysis was conducted
on 107 articles selected after the screening process. The
literature search process is illustrated in Figure 2.

3.2. Stage 2: scientometric analysis

Scientometric analysis is a quantitative method for meas-
uring structural characteristics and tracking their develop-
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ment in a particular field. The analysis involves examin-
ing various factors, such as journal sources, regions, co-
citation scholars, and the co-occurrence of keywords. In
this study, science mapping was conducted to analyze
and visually represent the scientometric networks of safety
management studies. A wide range of science mapping
tools have been developed for scientometric analysis (e.g.,
VOSviewer, CiteSpace, and BibExecl). Different bibliometric
analysis tools have different capabilities and strengths. The
approach was chosen, because it is well suited for visual-
izing large networks and used extensively in construction
engineering and project management literature reviews,
particularly in offsite construction (Jin et al.,, 2018), digi-
tal technology (Wang et al., 2020), and life cycle energy
(Li et al, 2020). VOSviewer can generate various graphs
based on bibliometric relationships, such as co-citation
graphs for authors or journals and keyword co-occurrence
graphs. In this study, VOSviewer was utilized to 1) import
a data set from the WOS, 2) conduct visual analysis on
the data set, and 3) analyze the correlation between the
documents. This study focused on four categories in the
scientific quantitative analysis, including journal sources,
co-authorship, article region, and the co-occurrence of
keywords. The categories are commonly used in literature
review research to provide an overview of the literature
sample and identify trends and patterns (Jin et al,, 2018).
The overall situation of the selected field can be deter-
mined in this stage, and the analysis on the co-occurring
keywords can support the qualitative discussion in the
next stage.

3.3. Stage 3: qualitative discussion

In stage 2, this study showed the mainstream directions of
prefabrication safety research. However, conducting only
clustering through a software with samples cannot effec-
tively summarize the research topics and provide detailed
information on prefabrication safety. Hence, conducting
content analysis, which is a detailed and systematic exami-
nation to identify patterns, themes, or biases, is necessary.
In this stage, content analysis was implemented to 1) iden-

Figure 2. Screening process of literature search
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tify the differences between prefabricated and traditional
construction and summarize the characteristics of prefabri-
cation to obtain the characteristics of prefabrication safety
management by extracting safety activities and common
accident types in different processes according to the en-
tire prefabrication life cycle and 2) combine the findings
of the keyword analysis and content analysis to summarize
the research topics.

4. Scientometric information
4.1. Overview

Figure 3 displays the yearly publication trend of the jour-
nal articles in the chosen literature sample, from 2012 to
December 2022.

Figure 3 shows a gradual rise in the number of pub-
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Figure 3. Number of publications (2012-2022)

lications from 2012 to December 2022. Particularly, from
2019 to 2020, a significant increase can be observed in the
number of papers published. The proportion of articles
published between 2019 and 2022 was the most signifi-
cant in the past decade, reaching 70%. Although a sud-
den increase can be observed in the number of papers
published in 2015, this growth was temporary. After 2019,
more than 20 papers were published every year. Prefabri-
cated safety is an emerging research field in construction

engineering and management, and increased research is
expected to be published.

4.2. Science mapping analysis
4.2.1. Journal publications

Examining the influence of a journal in a particular area of
study can assist readers in acquiring the most pertinent
information and promptly determining the most appropri-
ate journal for publishing their research (Guo et al., 2017).
VOSviewer was utilized in this study to identify the sourc-
es of relevant journal papers and determine the number
of influential journals in the field of prefabrication safety
management. Figure 4 illustrates the clustering and cor-
relation between the articles, and Table 1 lists the journals
with an average normal citation score of more than 1. This
research established certain criteria to determine the num-
ber of articles and citations needed for inclusion in the
analysis, with a minimum of two articles and one citation.
Of the 61 identified sources, 19 met the criteria and were
included in the composite network. However, some of the
19 sources lacked a connection with the other sources
in the composite network, and only 15 sources formed
the largest connected set. The visualization of this set of
sources is shown in Figure 4.

In VOSviewer, the more the documents published in
a journal, the larger the nodes. The links’ thickness and
distance between the nodes indicate the strength of the
relationship, and different colors indicate the various clus-
ters. In Figure 4, the node size suggested that Automation
in Construction, Journal of Construction Engineering and
Management, and Engineering, Construction and Archi-
tectural Management were likely to publish articles in the
field. In addition, the publications contribute significantly
to prefabrication safety management research. The journal
influence quantitative measurement methods were sum-
marized, including six major measurements. Frequency of
citation is an important but controversial index. The total
number of and normalized citations are strongly associ-

Figure 4. Visualization of main journals that published prefabrication safety management studies



ated with the number of published articles, suggesting a
buildup of research output. The number of citations did
not make a significant contribution to the citation analysis,
and the average effect of the exclusion of the number of
articles by average number of citations was observable.
Average citation frequency is one of the most effective
indicators to reflect the quality of a paper. The metric “av-
erage normal citations” (avg. norm. cites) can help address
the misconception that old papers tend to tend to be cited
considerably, simply because they have been available for
a long period of time (Li et al., 2020). This research was
centered on the output and influence of the articles, in
which the number of articles or occurrences signified the
research output. The number of articles can be directly
obtained by observing the size of the nodes on the visu-
alization graph. The average number of normal citations
represented the articles’ impact, which can be obtained via
table sorting. Thus, this study analyzed the two indicators.
It is worth noting that the two indicators were mutually
independent. The same method was used in the follow-
ing subsections to analyze the scholars, regions, and key-
words. According to Table 1, Applied Ergonomics, Journal of
Computing in Civil Engineering, International Journal of En-
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vironmental Research and Public Health, Sensors, Journal of
Cleaner Production, and Advanced Engineering Informatics
were the most influential journals in prefabrication safety
management research. Although Automation in Construc-
tion had the most of articles, its average number of normal
citations ranked second to the last, which suggested that
the journal must enhance its influence in the domain. The
metric "average publication year” (avg. pub. year) was con-
ducive to identify the active journals in the field, such as
International Journal of Environmental Research and Pub-
lic Health, Sensors, and Advanced Engineering Informatics,
which published articles in the research field in 2021 and
2022. By contrast, Applied Ergonomics stagnated in 2017.

4.2.2. Co-authorship

By examining the graph of the author collaboration net-
works, the closeness of collaboration and communication
between the representative authors, teams, and academ-
ics in the research field can be determined. This research
established a threshold of at least two articles and one
citation for the authors, resulting in 48 of the 352 authors
meeting the eligibility criteria. Figure 5 shows that the
density of the nodes and strength of the links were lim-

Table 1. Quantitative analysis of journal sources of safety management studies related to prefabrication

forer o | crons | o | e[ Aum o | wg e

Applied Ergonomics 2 30 4.3056 15 2.1528 2017
Journal of Computing in Civil Engineering 2 34 3.6401 17 1.8201 2018
International Journal of Environmental 2 3 3.3158 1.5 1.6579 2022
Research and Public Health

Sensors 2 12 3 6 1.5 2022
Journal of Cleaner Production 63 5.9123 15.75 1.4781 2020
Advanced Engineering 2 23 2.9302 11.5 1.4651 2021
Informatics

Engineering Structures 4 128 5.3934 32 1.3484 2019
Automation in Construction 14 292 17.6671 20.8571 1.2619 2019
Journal of Building Engineering 2 19 2.3147 9.5 1.1574 2021

Figure 5. Analysis of co-authorship in safety management studies related to prefabrication



Journal of Civil Engineering and Management, 2026, 32(2), 231-250

ited, indicating that the authors’ cooperation could have
been improved.

In general, three different colors represented the three
main collaboration groups. For instance, Hermann, Ulrich;
Taghaddos, Hosein; Tak, Ala Nekoubaght; Mousaei, Ali;
and Bagheri, S. Marzieh were in the same group, which
indicated that they collaborated closely with one another,
transferred knowledge, and published many articles to-
gether. In addition, Hermann, Ulrich; Han, Sanghyeok; and
Al-Hussein, Mohamed were the most productive scholars
in the domain of prefabrication safety management in
terms of the number of articles published. Table 2 shows
the detailed quantitative indicators for the researchers by
their average normalized citation rate. Table 2 also shows
that the average number of normal citations of Hermann,
Ulrich; Taghaddos, Hosein; Tak, Ala Nekoubaght; Mousaei,
Ali; and Bagheri, S. Marzieh was more than 1.10, indicating
that the cohort members’ conclusions were unanimous.
Regarding the average publication year in Table 2, Tak, Ala
Nekoubaght; Mousaei, Ali; and Bagheri, S. Marzieh were
the newest and most active researchers in recent years.

PEY/

4.2.3. Article regions

Figure 6 and Table 3 reveal that the surveys were typically
conducted within a specific country or region. In addi-
tion, countries’ participation in research on prefabrication
safety management was considered. Of the 16 countries,
nine were selected based on the minimum requirement of
VOSviewer of at least two publications and one citation. Of
the nine items, one was irrelevant, and the remaining eight
represented the largest relevant group on the visualization
map. Figure 6 visualizes the countries active in prefabrica-
tion research. In general, increased scholarly communica-
tion between regions is necessary, and research in each
country is relative. Table 3 shows that China had the high-
est number of publications, and the Chinese scholars had
the highest number of total citations. Furthermore, South
Korea had the highest average number of normalized ci-
tations, showing its current position and influence in the
field. Meanwhile, Australia, China, and Iran exhibited the
most recent average year of publication compared with
the other countries in Table 3.

Table 2. Quantitative analysis of influential academics in the field of safety management related to prefabrication

Author :s:::weernct): Citations ci’::tzgnr;s citg\\tli%ns normAZigtJ;;\tions pu@Y3éar
Tak, Ala Nekouvaght 3 15 3.75 5 1.25 2021
Mousaei, Ali 4 19 4.75 4.75 1.1875 2021
Taghaddos, Hosein 8 141 9.1284 17.625 1.141 2019
Bagheri, S. Marzieh 2 9 2.25 4.5 1.125 2021
Hermann, Ulrich 11 185 12.2881 16.8182 1.1171 2019
Lei, Zhen 5 168 5.2726 336 1.0545 2016
Han, Sanghyeok 10 180 9.8761 18 0.9876 2018
Hasan, Shafiul 2 63 1.9166 315 0.9583 2017
Golabchi, Alireza 2 65 1.8625 325 0.9312 2017
Han, Sanguk 2 65 1.8625 325 0.9312 2017
Al-Hussein, Mohamed 10 303 9.2369 30.3 0.9237 2016
Bouferguene, Ahmed 7 136 5.9208 19.4286 0.8458 2017
Ali, Mostafa 2 12 14619 6 0.731 2020
Kosa, Joe 3 64 2.0384 21.3333 0.6795 2018
Abourizk, Simaan 3 26 2.0083 8.6667 0.6694 2019

Figure 6. Analysis of regions active in safety management studies related to prefabrication
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Table 3. Quantitative analysis of article region of safety management studies related to prefabrication

Country SI:CTE:;”?: Citations ci';‘a:)t:;nr;s cit’g\t/i%ns normé;/i%étions pu@?/?/.ear
South Korea 3 62 11.0998 20.6667 3.6999 2019
England 3 74 5.3684 24.6667 1.7895 2019
Australia 11 172 15.6364 14373 2020
USA 7 76 9.5495 10.8571 1.3642 2018
Iran 7 85 9.061 12.1429 1.2944 2020
Canada 22 344 22.2624 15.6364 1.0119 2019
China 40 551 39.0298 13.775 0.9757 2020
Malaysia 3 7 0.6143 2.3333 0.2048 2019

4.2.4. Co-occurrence of keywords

Keywords serve as the main component of a research
paper, summarizing the significant themes in a particular
subject area. A network of keywords reveals knowledge
about a research topic’s connections, patterns, and knowl-
edge organization. Of the 466 keywords, 448 met the
initial threshold. Several criteria were used for including
or excluding the keywords: 1) keywords with a minimum
threshold value of 3; 2) keywords such as "OSC", "modular
construction”, "prefabricated construction”, "building”, and
“construction” were excluded; and 3) keywords merging
other keywords with semantic consistency, such as “3D"
and "three dimensional visualization”. Finally, 38 major
keywords are visualized in Figure 7 and shortlisted in Ta-
ble 4.

In literature text mining, the total link strength indi-
cates the correlation or connection between a particu-
lar keyword and other keywords. This study found that
“simulation”, “modeling”, and “construction safety” dem-
onstrated the highest interconnectedness with the other
keywords.

The average year of publication indicated the latest
research on the specific keywords in prefabrication safety
management. For instance, in recent years, the emerging

noon

keywords included “digital twin", “behavior”, “climate”,
"automation”, "internet”, and "bim".

Based on the average number of normal citations in
Table 4, the keywords with a high score were “internet”,
"accidents”, "barriers”, “China”, "bim”, and "design”, indi-
cating that the utilization of Internet technologies related
to prefabrication was well explored. The influential studies
concentrated on examining the barriers to the application
of prefabrication safety management, analyzing its per-
formance in China, and describing the processes involved
in designing and using BIM technologies for enhancing
safety measures in prefabricated structures.

Figure 7 illustrates that “simulation” was the most fre-
quently mentioned research keyword, as evidenced by the
size of its node. The other keywords most often associated
with “simulation” were "optimization”, “system”, "mobile
crane”, "lift planning”, and "algorithm”, indicating that
simulation methods were used to develop safety systems
to monitor and control the safety of lifting equipment such
as mobile cranes.

In Figure 7, the keywords were divided into four
groups, displayed in four colors. The keywords in the
same group tended to have close relationships with one

nou "o

another. For instance, “simulation”, “optimization”, “sys-
tem”, “mobile cranes”, “selection”, and "algorithm” were
closely connected in the same cluster, which implied that
they were often examined together in the same article. The
links of the keywords in Figure 7 showed their relation-
ships. For instance, “selection” and "lifting planning” were
found to be closely related to “mobile cranes” and “algo-
rithm”. Nevertheless, based on the color clusters in Fig-
ure 7, it was determined that the keywords in the different
clusters had a strong relationship, such as “systems” and
“construction safety”, or may be in the same cluster but
had no relationship, such as “cost” and “projects”. Based
on the observations in Figure 7 and Table 4, the keyword
clusters representing the most important research in the
field of prefabrication safety can be identified, as follows
(Jin et al., 2019):

1) Design and planning for safety involved conducting
the design and planning of a project before con-
struction from the perspective of improving safety.
In Figure 7, the keyword “design” was highly linked
with "models,” “fatalities,” and “impact” in the same
cluster visualized by VOSviewer. Szymberski (1997)
revealed that the design and planning phase can
significantly impact the number of fatalities during
construction. Models are generally developed to
design a safe workplace and produce lifting plans.
Therefore, by improving the planning and design
phase, safety can be enhanced in the subsequent
phases (Zhou et al., 2015).

2) Workers are the source and direct victims of ac-
cidents (Zhou et al., 2015). Furthermore, highly
skilled construction workers are necessary to meet
the demands of the widespread adoption of offsite
manufacturing (OSM). A lack of professional work-
ers could potentially lead to unsafe worker behavior
and increase the likelihood of accidents (Liu et al.,
2018). The keyword “worker” was highly linked with
“behavior”, “recognition”, and “three-dimensional
visualization”, which were distributed in different
clusters. Unsafe actions are regarded as the primary
reason for the occurrence of incidents in work set-
tings (Liu et al., 2019). Identifying dangerous actions
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Table 4. Quantitative analysis of keywords in safety management studies related to prefabrication

PEL)

Keyword Total link strength Occurrence Avg. pub. year Avg. citations Avg. norm. citations

Internet 13 3 2020 13 2.062
Accidents 17 4 2018 13.5 1.7186
Barriers 9 3 2017 44.6667 1.7019
China 9 3 2017 44.6667 1.7019
BIM 23 6 2020 12.3333 1.54

Design 18 10 2019 19.7 14123
System 51 12 2020 15.3333 1.406
Workers 11 3 2020 8.6667 1.3923
Sites 11 3 2017 25 1.3648
Lifts 19 3 2016 28 1.3226
Selection 50 10 2019 13.8 1.3169
Fatalities 8 3 2016 20.6667 1.3091
Digital twin 16 4 2022 35 1.3026
Visualization 28 6 2019 14.1667 1.2938
Lift planning 27 4 2019 22.75 1.2798
Location 21 4 2019 23.25 1.2766
Construction safety 64 17 2019 17.2941 1.273
Performance 14 6 2019 13 1.2531
Safety management 43 13 2020 12.6923 1.2133
Behavior 15 5 2021 10.2 1.1824
Framework 37 9 2019 13.6667 1.1388
Three-dimensional visualization 30 6 2018 18.1667 1.1161
Mobile cranes 49 10 2019 15.5 1.1092
Opportunities 8 4 2020 8 1.1028
Algorithm 31 8 2019 17.5 1.0956
Impact 18 5 2020 12.8 1.0886
Risk management 24 6 2017 28.6667 1.0854
Recognition 8 3 2020 11 1.0209
Simulation 71 17 2019 15.4706 1.0174

Figure 7. Mapping of keywords in safety management studies related to prefabrication
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is essential for ensuring the safety of workers, and
three-dimensional (3D) visualization techniques are
often used to identify and monitor workers’ behav-
ior.

3) The aim of safety management and its correspond-
ing system is to manage the conditions of people,
materials, and environmental factors in the produc-
tion process. Its main goal is to efficiently regulate
the unsafe behaviors of individuals and unsafe
conditions of materials to prevent or eliminate ac-
cidents. As things move and change, safety and risk
are constantly in flux and struggle with each other.
Therefore, safety management must be approached
from a systemic angle. The keyword “system” had
a wide connection with the other keywords in the
different clusters, including “simulation”, “optimiza-
tion”, "risk management”, “performance”, “cost”, and
so on. Safety management can generally be carried
out through simulation, mainly because PBs have
informatization characteristics. In addition, scientists
typically develop models using specific algorithms
to make predictions about the reliability and cost
of safety management in prefabricated construction
projects (Liu et al., 2020).

4) The utilization of information technology has be-
come crucial in prefabrication safety management.
The application of information technology involves
nearly the whole process of prefabrication safety
management, such as capturing images of workers’
posture and using 3D technology to assess their
ergonomic posture during the production of pre-
fabricated components to reduce their awkward and
improper posture (Chu et al,, 2020); adopting visual
technologies such as AR and VR (Joshi et al.,, 2021)
to build a prefabrication virtual practice base to pro-
mote the quality and effectiveness of safety training,
improve workers’ proficiency in new construction
methods, and reduce safety risks; and developing
crane planning and optimization systems through
integrated 4D and BIM (Tak et al., 2021).

5. Qualitative discussion

5.1. Characteristics of prefabrication
safety management

5.1.1. Characteristics of construction process

Compared with the traditional method, the safety risks of
prefabrication exist in not only onsite construction loca-
tions but also offsite factories. Various scholars classified
the construction process. Some of the typical classifica-
tions are shown in Table 5. To effectively summarize the
characteristics of the prefabrication construction process,
this study classifies PBs into three links according to their
whole life cycle: pre-construction, during construction, and
after construction, and divides them into six stages, name-
ly, design and planning, manufacturing at factory plants,

transportation from factory to site, onsite construction,
maintenance/operation, and demolition. The construction
features can be summarized as five points.

1) High production specialization requires top-tier off-

site factory conditions. Zaalouk and Han (2021) in-
troduced a worker-friendly workplace optimization
framework to enhance efficiency and reduce worker
recovery-related social costs.

2) The workforce has decreased, and stringent require-

ments are now in place. Components for PBs are
produced in a factory and then transported to the
construction site for assembly, reducing the need
for on-site labor and enhancing safety management,
thus mitigating potential safety risks. This shift also
necessitates increased specialization among work-
ers, who must understand prefabrication methods
and production lines. Li et al. (2015) employed the
Proactive Construction Management System to train
precast installation workers to be highly productive
while prioritizing hazard awareness.

3) Mechanical equipment numbers have risen, neces-

sitating performance enhancement. Delivery, lift-
ing, and installation are key tasks where lifting is
prominent and requires high precision. Effective and
reliable transportation and lifting equipment are es-
sential to prevent mechanical failures due to heavy
workloads. Pre-lifting, device safety checks are cru-
cial. Proper equipment selection, strengthening lift-
ing points, and minimizing component vibrations
during delivery and lifting are critical for accurate
installation. To address module dimension design
and transportation planning for MiC projects Zheng
et al. (2023) proposed a decision-making tool. For
crane operations, Han et al. (2017) introduced a
3D-based crane evaluation system (3D-CES) that
can design, verify, and simulate crane operations,
aiding in efficient crane selection and lift schedule
planning based on safety and productivity consid-
erations.

4) Managing prefabricated components or units is in-

tricate. Properly arranging the stacking positions of
these components before construction is essential
for component safety, material quality, and the safe
operation of lifting equipment. Xiao et al. (2022)
shortened evacuation time by replanning the stack-
ing position of prefabricated construction site com-
ponents, equipment, and other items.

5) Prefabrication offers a cleaner work environment

compared to traditional methods due to fewer on-
site raw materials. Factory production and transpor-
tation of prefabricated components not only con-
serve resources but also notably reduce airborne
dust, aligning with green development principles.
Moreover, sewage and waste discharge align with
green construction standards, minimizing environ-
mental impact.
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5.1.2. Safety problems in prefabrication

Through the analysis method of text mining, this study
sorts the safety-related activities and common accident
types in different processes during the different stages of
the PB life cycle, as shown in Table 6.

1) Pre-construction: Pre-construction involves proj-

ect planning and design, including structural de-
sign, detailed design (Shibin et al.,, 2020a, 2020b),
like connection (Ma et al., 2019; Naserabad et al.,
2018) and lifting node design (Minay Hashemi
et al., 2020), and lifting step plan (Han et al., 2021;
Lei et al., 2013; Mousaei et al., 2021). While this
stage may not directly cause accidents, it greatly

influences subsequent safety and should be closely
monitored. Common security threats at this stage
include inadequate safety considerations in design,
design errors, and material structure performance
issues (Li et al.,, 2019, 2022).

2) During construction: ThisPB process involves three

stages: factory component/module manufacturing,
transportation to the construction site, and on-site
assembly. In the factory fabrication phase, activities
with safety risks include material importation, ma-
terial cutting, hoisting during component produc-
tion, component splicing, and component material
stacking (Jeong et al., 2022). During transportation,

Table 5. Different classifications of prefabricated construction process

Perspective Definitions

The stages of PB can be categorized as the decision-making stage, design stage, production and transportation stage, construction stage,

The whole and operation and maintenance stage (Weigong et al., 2020).

project Throughout the entire project life cycle, multiple complex risk factors are present across three stages: pre-construction, during construction,
and after construction, which consist of the design, production, and installation phases (Song et al., 2022a).
The complete PB construction process includes five phases: pre-construction, offsite fabrication, transportation, onsite assembly, and
finishing (Yuan et al., 2021).

IZ:struction The workspace, with multiple dimensions, can be categorized into three main areas: production of prefabricated components, transportation

process of materials and equipment, and onsite assembly (Liu et al., 2018; Abas et al., 2021; Wei et al.,, 2019, 2020; Yang et al., 2022).
Prefabricated construction processes can be classified into the manufacturing process and onsite construction process (Jeong et al.,, 2022;
Li et al,, 2013).

Table 6. Safety problems in prefabrication

Hoisting step design

Link Stage Activities Accident type Safety problems Reference
Structural design Lack.of safety Han et al. (2021); Liu et al.
Desian considerations, (2022); Ma et al. (2019);
Pre-construc- and 9 Connection desian / Error in design, MinayHashemi et al. (2020);
tion planning 9 Defects in structure | Mousaei et al. (2021);

Naserabad et al. (2018); Shibin
et al. (2020a, 2020b)

Ring
construction

Manufacturing
at factory plants

Material importation and
loading

Cutting (reinforcements,
wood, and so on)

Component lifting

Unit assembly
(transfer of units/modules)

Packing
Transportation | Loading
from factory to | Fixing
site Delivery

Component/unit/module
hoisting

Loading and stacking

Falls,
Collisions with
falling objects,
Crashes,
Being caught,
Cuts

Lack of manage-
ment of haz-

ard sources and un-
safe behaviors,
Unclear safety fac-
tors and their im-
pact mechanism,
Lack of unified safety
performance evalua-
tion system,
Inadequate aware-
ness of safety man-
agement

Ahn et al. (2020); Chu et al.
(2020); Junwu and Chao
(2021); Kim et al. (2012); Liu
et al. (2021); Ma et al. (2020);
Rubio-Romero et al. (2014);
Song et al. (2022b); Tak et al.
(2021); Vithanage et al. (2022);
Wan et al. (2022); Xin et al.
(2019); Zhang et al. (2023)

Onsite
construction Delivery
Assembly
Finishing
Maintenance/ Monitoring
After . operation / Yuan et al. (2021)
construction — -
Demolition Disassembly




lifting, placement, fixing, and transport of compo-
nents or module blocks can pose safety risks (Zheng
et al,, 2023), with issues like lifting stability, place-
ment accuracy, secure fixation, and transportation
stability potentially leading to accidents. In on-site
construction, activities include foundation work,
structural, electromechanical, and decorative ele-
ments, and safety risks are associated with module
hoisting, material stacking, component transporta-
tion, installation, and decoration. Safety incidents,
such as falls, collisions with falling objects, crashes,
entanglement, and cuts, are common during the
construction phase, making it the primary stage for
safety accidents in prefabrication. Security threats
in this stage can result from (a) poor hazard source
and unsafe behavior management, (b) unclear safety
factors and their impact, (c) absence of a standard-
ized safety performance assessment system, and (d)
insufficient safety management awareness.

3) After construction: The process involves PB opera-
tion and demolition. The operation stage focuses on
monitoring prefabrication’s structural safety, while
demolition mainly deals with disassembling PB
components. However, safety performance in the
demolition stage has received limited attention, re-
sulting in few identified safety issues in this review.

5.1.3. Characteristics of prefabrication
safety management

Combined with the unique features of the prefabrication
process and safety concerns, it can be concluded that pre-
fabrication safety management is complex, dynamic, and
multidimensional:

1) Complexity: The multifaceted nature of PBs, with
their diverse functions, introduces complexity to
safety management in prefabrication. Construction
environments, operating conditions, machinery, and
equipment vary with different functions. Any altera-
tion in these factors during construction can modify
safety risks and introduce new hazards, impacting
safety management. Furthermore, compared to
traditional methods, safety management in pre-
fabrication extends across multiple stages (factory,
transportation, and site), expanding the scope and
management requirements.

2) Dynamism: Managing safety in PBs is inherently
dynamic (Li et al., 2022). Factors affecting prefabri-
cation safety and their impact on the construction
process change throughout the project life cycle.

3) Multidimensionality: In prefabricated construction
sites, multiple parallel lifting operations can occur
simultaneously, potentially causing working space
overlap. Therefore, it's essential to differentiate
physical space distribution, safe work space, and
efficient work space based on project-specific char-
acteristics, unlike traditional construction methods.
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5.2. Summary of main research topics
in prefabrication safety management

5.2.1. Publications in different project phases

This study examines the evolving stages of prefabrication
safety management research by categorizing the sample
documents into different phases. Figure 8 shows that ar-
ticles mentioning more than one phase are counted re-
peatedly under each relevant phase. For instance, Lei et al.
(2015) proposed a method for the design and planning
phase but aimed to ensure mobile crane safety during in-
stallation. Figure 8 indicates that 94 (88%) studies focus
on the construction phase, with Figure 9 further breaking
down documents within this phase, highlighting research-
ers’ substantial emphasis on on-site safety. For instance,
Song et al. (2022b) concentrated on the lifting process for
assembled buildings, utilized structural equation modeling
to analyze lifting safety factors, and established a compre-
hensive safety prevention and control system. Shin (2015)
explored tower crane safety at assembly sites, offering reg-
ulatory and practitioner perspectives on safe tower crane
installation and dismantling. Additionally, 34 studies relate
to the design and planning phase, with 25 integrating it
with the construction phase. Most articles propose that
safety performance can be enhanced through prevention
during the design phase and efficient scheduling during
planning. For example, Mousaei et al. (2021) employed an
algorithm for optimizing heavy hoisting plans before op-
erations to provide secure and efficient planning solutions.
There is only one paper found on the maintenance/opera-
tion phase, which introduced a method of tilt photogram-
metry using Unmanned Aerial Vehicles (UAVs) (Yao et al,
2022). However, no literature is available on the demoli-
tion phase, likely due to the relatively limited number of
prefabrication projects requiring demolition compared to
traditional buildings. Nevertheless, with the growing popu-
larity of prefabrication, the need for safety management
during the demolition phase is expected to increase in
the future. Given the diverse construction environments
involved in prefabrication, research on safety management
in prefabrication should adopt a whole-life cycle approach
to establish a comprehensive safety management system.

Figure 8. Publications distributed by project phase



Journal of Civil Engineering and Management, 2026, 32(2), 231-250

Whole process of construction [N 22

Onsite construction [——"so

Factory-to-site transportation . 2

Offsite production _ 1

0 10 20

Factory-to-site

Offsite production transportation

= Numbers 11 2

30 40 50 60

Whole process of

Onsite construction N
construction

50 32

Figure 9. Publications distributed by process

5.2.2. Main research topics

The research topics related to prefabrication safety man-
agement cover a broad range but can be categorized into
two main perspectives: management driven and technol-
ogy driven.

5.2.2.1. Management-driven perspective

The studies from a management perspective typically ad-

dressed worker competence or behavior, the safety en-

vironment, safety assessment, safety control, and safety
performance.

1) Workers' different safety attitudes and behaviors may
impact their safety performance. The safety perfor-
mance of workers in Off-Site Manufacturing (OSM)
factories is influenced by their attitudes and behav-
iors. Some studies have examined worker participation,
colleague support, and safety performance (Vithan-
age et al., 2022) or the impact of behavior attitudes
and habits on safety in OSM plants (Liu et al, 2019).
Safety knowledge forms the foundation, as a lack of
OSM knowledge hampers safety information recogni-
tion and risk assessment. Safety education and training,
including VR technology (Joshi et al., 2021), are crucial
for enhancing safety knowledge and promoting posi-
tive attitudes. Additionally, researchers have addressed
physical hazards, such as occupational contact aller-
gies to amines from exposure to cement and concrete
(Mowitz et al.,, 2016).

However, these studies do not provide specific
measures to validate results or address discrepan-
cies in safety attitudes and behaviors among workers.
Moreover, there is a notable research gap in evaluating
physical hazards (e.g., lighting, temperature, space con-
gestion, and so on) in PB factory environments.

2) Identifying safety factors is a crucial step in safety
management, requiring a comprehensive and system-
atic approach. Researchers like Jeong et al. (2022) have
gathered accident data and analyzed accidents, causes,
and associated activities throughout the entire prefabri-
cation process. Shin (2015) conducted accident analysis
and engaged in focus group interviews with personnel
involved in crane work. The existing methodologies for

identifying safety factors in prefabrication primarily use
approaches like questionnaires, expert interviews, case
studies, and other research methods. These methods
are guided by relevant literature, standards, and techni-
cal regulations and typically follow the 4M1E framework
(Man, Machine, Material, Method, Environment).
However, there is a noticeable research gap in
comprehensively considering safety factors across the
entire project construction phase. In addition, research
on stakeholder engagement and safety management
in prefabrication projects is currently fragmented and
lacks a collaborative stakeholder management perspec-
tive when identifying safety factors. Furthermore, the
criteria used for safety identification in different types
of assembled buildings are relatively uniform and in-
complete in terms of the factors they encompass.
Safety assessment is a fundamental aspect of safety
management, involving the quantification of identified
safety factors through mathematical and rational meth-
ods. This forms the basis for a comprehensive analysis
of the entire project, examining the collective impact
of individual factors on the system. The outcomes of
safety assessments include the identification of critical
safety factors, the assessment of each factor’s degree of
influence, an evaluation of their interrelationships, and
the establishment of the system’s safety level. These
assessments provide valuable insights for subsequent
safety prevention and control measures. In recognition
of the fuzzy and stochastic nature of safety assessment
in projects, researchers, like Islam et al. (2017), have in-
troduced methods such as fuzzy analysis networks and
fuzzy Bayesian networks. To address the shortcomings
in existing safety assessments, which often lack dy-
namic interpretation and trend prediction capabilities,
Li et al. (2016) integrated system dynamics theory with
Vensim software. This approach effectively analyzed risk
factors in prefabricated building schedules, pinpoint-
ing key hazards for future hazard source management
system development in safety management. Moreover,
various studies have highlighted critical factors influ-
encing prefabrication safety, such as worker proficiency,
weather conditions, component fixation measures, and
pre-delivery component quality inspection (Wei et al,



2016). Shin (2015) emphasized primary safety risks dur-
ing tower crane installation or dismantling, including
worker competency, stakeholder roles, the service life
of crane components, and working conditions. In the
context of hoisting accidents frequently occurring in
prefabricated construction projects, Junwu and Chao
(2021) identified a causal path starting with environ-
mental disturbances, leading to management disor-
der, human error coupling, component failure, and
ultimately resulting in construction safety accidents.
Furthermore, Wei et al. (2020) argued that safety risk
transmission during prefabrication projects falls within
the workspace risk transmission category.

However, Prefabricated Buildings (PBs) are relative-
ly new construction methods and lack a mature safety
risk indicator system compared to traditional buildings.
This has led to a relative shortage of research concern-
ing the impact mechanisms and relationships between
safety risk factors.

3) Safety control involves systematically selecting and de-
veloping response strategies and measures based on
the identification, analysis, and evaluation of safety fac-
tors. The goal is to enhance safety management in con-
struction enterprises, protect workers during construc-
tion, and meet safety objectives for projects. Measures
should align with the project’s lifecycle and prefabrica-
tion characteristics. For example, Xin et al. (2019) pro-
posed comprehensive measures for construction sites,
design and construction coordination, and industry
development. These encompass site acceptance, sup-
port systems, scaffolding, and safety protection during
construction. In design and coordination, the authors
recommended the Engineering, Procurement, and Con-
struction (EPC) mode and comprehensive safety stan-
dards, covering responsibilities, management processes,
and technical specifications for PB construction.

However, there is limited research on integrating
technology and management methods into systematic
frameworks, and the effectiveness of control measures
remains underexplored, lacking qualitative or quantita-
tive assessments.

4) Safety performance is closely tied to project cost, driv-
ing the exploration of multi-objective optimization. For
example, Wei et al. (2019) employed system dynamics
to analyze safety incidents in prefabrication and rec-
ommended improving component hoisting technology,
enhancing delivery inspections, upgrading safety iden-
tification technology, and optimizing specialized trans-
port vehicle use to balance safety, progress, and cost.
Understanding internal safety factors like equipment,

workers, and the construction environment, as well as ex-
ternal influences, is vital. Given the high cost of prefabrica-
tion, companies may weigh accident risks against financial
gains. Government oversight of safety regulation in the
prefabrication industry is essential to prevent cost-saving
measures that compromise safety.

C. Z Li et al. Overview and analysis of safety management in prefabricated construction (2012-2022)

5.2.2.2. Technology-driven perspective

Prefabrication heavily relies on technology to leverage its
unique features. Tools like digital twins, 3D, 4D, VR, AR,
and BIM are prevalent in prefabrication, enhancing visu-
alization and efficiency. Digital twin tech and Al algorithms
optimize safe lifting paths, site layouts, and workplace de-
signs. Additionally, 3D and 4D visualization simulate work-
er postures, lifting equipment, and environments, offering
visual safety benefits to designers. These technology ap-
plications encompass safety planning and design, training,
and monitoring.

1) Ergonomic workplace design is crucial in factories with
repetitive production tasks. Musculoskeletal disorders
are a common cause of nonfatal occupational injuries,
leading to extended absences and potential disability.
To address these risks, Chu et al. (2020) used a mo-
tion data-driven analysis framework, incorporating 3D
visualization and ergonomics to optimize workplace
layouts. Li et al. (2019) developed a visual system with
3D technology for automated ergonomic risk assess-
ment, reducing assessment time and errors. Case stud-
ies validated the feasibility of these design frameworks.

Improving prefabrication safety during transporta-
tion and hoisting involves planning and design in the
pre-construction phase. Researchers have developed
optimization algorithms for various aspects. For in-
stance, Zheng et al. (2023) recommended a hybrid truck
with satellite guidance for safe transportation, using cost
functions and parallel calculations for different-sized
vehicles. To enhance construction efficiency, simultane-
ous crane use is common, and a new path planner for
double-crane lifting was designed to prevent collisions
and improve flexibility (Cai et al., 2018). Additionally,
(Han et al., 2017) created a 3D-based crane evaluation
system (3D-CES) for digital crane information to aid in
crane selection and design.

2) In prefabrication safety management, technology-driv-
en safety training can help overcome the shortage of
skilled workers and the disruption caused by on-site
training. It creates virtual construction environments
and simulations. For instance, Jaselskis et al. (2015)
used real-time positioning and 3D technology to track
workers and resources and recommended incorporat-
ing real-time feedback and post-event analysis into
training without interfering with on-site work. While
current safety training typically uses visual technology
with simple scenarios, future research can explore in-
teractive technologies and practical project integration.

3) PB safety monitoring primarily focuses on modular
construction environments and equipment motion. For
example, Pooladvand et al. (2021) used VR technol-
ogy to create a crane simulation system for real-time
quantitative safety monitoring of lifting paths. Han et al.
(2016) employed 3D technology and an algorithm to
monitor crane movement and potential collision risks.
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In addition, Zhong and Qin (2022) used BIM and laser
scanning to achieve precise positioning of assembled
building components during the assembly process.

Safety monitoring primarily emphasizes equipment
safety and environmental monitoring, yet there's a need
for research on human behavior and motion. Addition-
ally, systematic monitoring of people, the environment,
and equipment is essential.

This study lacks literature on emerging technology ap-
plications in early warning systems for security. This gap
is due to the relatively recent development of research in
the safety monitoring stage. Early safety warnings should
rely on reliable monitoring of equipment, people, and the
environment to identify danger zones and issue warnings.

6. Research trends in prefabrication
safety management

Building on the previous examination of the keywords, re-
search topics, and current status of prefabrication safety
management research, Figure 10 summarizes the main
research hotspots and their current status in the domain
of prefabrication safety management and proposes some
future academic directions.

1) Take external conditions into factor analysis. Compared
with conventional construction, prefabrication increases
the process of plant construction and road transporta-
tion, thereby increasing the risk space. Therefore, con-
ducting relevant studies on the two phases is necessary,
such as increasing research on the impact of safety fac-
tors on the external environment of a plant (e.g., noise,
temperature, humidity, etc.) instead of focusing only
on the lifting process during the construction phase.
For example, Dong et al. (2024) provided personalized
exposure risk assessment and corresponding mitigation
management measures for workers exposed to risks by
using the Damage Assessment and Cyclic Mitigation
(DACM) model. Construction safety is closely related
to workers' behavior and awareness. In examining the
safety of PBs, a comparison with traditional construc-
tion is suggested, focusing on the impact of the simi-
larities and differences between the two construction
methods on safety performance as well as discussing
how to transform the traditional workers into the highly
efficient and skilled workers. Continuously exploring the
issue of aging workers and functions of returning work-
ers in the future would be worthwhile, as an increasing
number of young people are turning away from a ca-
reer in construction.

2) Identifying safety factors of prefabrication needs to be
more comprehensive. Different stakeholders are the
main bodies driving the development of a field. High-
rise prefabricated assembled buildings are gradually
emerging, but currently, studies on safety manage-
ment for different project types are few. In the future,

research on stakeholders, and case studies on high-rise
prefabricated assembled buildings are expected to in-
crease.

Integrate the systematic framework of safety identi-
fication and assessment. Compared with the traditional
model, prefabrication safety management emerged
only recently, and prefabrication standards and evalu-
ation criteria have yet to reach a consistent level. Re-
search on the safety management of different stake-
holders is also limited. However, different stakeholders
are the main bodies driving the development of a field,
so integrating the systematic framework of different
stakeholders is necessary. In the existing research, most
studies consider safety factors static and independent
of each other and customarily use static research meth-
ods, such as hierarchical analysis, gray cluster analysis,
etc,, lacking research on crucial safety factors, the rela-
tionship between safety factors, and the influence path.
Therefore, the future research methods need to study
the risk measurement and simulation of prefabrication
safety in depth from the perspective of dynamic and
complex system theory. Also, safety assessments should
be analyzed in conjunction with project performance.

3) Build a systematic safety management framework and
propose methods that can measure the effectiveness
of safety measures. Safety control should combine
technology and management methods to form holistic
measures, which will help improve the safety preven-
tion and emergency response capability of equipment
and environment and improve the safety attitude and
awareness of enterprises and workers. The effectiveness
of safety management measures helps to promote the
project’s safety, and how to evaluate the effectiveness
of measures is also a trend of future research. In ad-
dition, resilience, as a new concept in safety manage-
ment, can also be applied to the safety management
framework of prefabricated buildings, offering a fresh
perspective for research (Wang et al., 2024).

4) Multi-objective research on safety performance should
be strengthened. Risk studies on PBs involve productiv-
ity, cost, quality, and safety, and one risk is often related
to other risks. For instance, one potential avenue of re-
search on prefabrication safety management could be
exploring the correlation between lean technology and
safety performance.

5) Different technologies should be integrated, and the
practicality of the technology should be considered. For
the technical application of prefabricated safety man-
agement, suitable methods or models should be ap-
plied to research based on different types of PBs and
technical requirements at various stages. At the same
time, the advantages of such methods can be comple-
mented by research on methods and technologies
from different fields, such as assembly line production
in manufacturing, combined with posture evaluation in
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ergonomics. Integration with other emerging informa-
tion technologies, such as DT, UVB, VR, Al, and so on,
should be strengthened to improve the practicality and
operability of technology applications, conduct research
in conjunction with safety issues in actual engineering,
and improve the transformation of technology appli-
cations, from laboratory research to field construction.

7. Conclusions

This study adopted a systematic three-stage approach of
bibliometric search, scientometric analysis, and qualita-
tive discussion to review articles published on prefabrica-
tion safety management from 2012 to December 2022.
Through two rounds of literature screening, 107 articles

Figure 10. Summary framework of current status of prefabrication safety for future directions
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were selected as the final sample to identify the research
trends in recent years. The findings of the scientometric
analysis are presented below.

1) The journals that publish articles in the domain of
prefabrication safety management included Applied
Ergonomics, Journal of Computing in Civil Engineer-
ing, International Journal of Environmental Research
and Public Health, Sensors, Journal of Cleaner Pro-
duction, and Advanced Engineering Informatics,
which were identified as the most impactful journals.

2) Cooperation among authors could be improved.
Tak, Ala Nekoubaght; Mousaei, Ali; and Bagheri, S.
Marzieh were the most active academics recently,
whereas Hermann, Ulrich; Han, Sanghyeok; and Al-
Hussein, Mohamed were the most prolific research-
ers in the domain of prefabrication safety manage-
ment.

3) Academic exchanges between regions should be
increased, and research is relative across countries.
South Korea demonstrated the highest average
number of normalized citations, implying its promi-
nent role in the field. Meanwhile, Australia, China,
and Iran were the most active countries recently.

4) In this study, “simulation”, “modeling”, and “con-
struction safety” were the keywords most interre-
lated with the other keywords. According to the
reclassification of the keywords, the research direc-
tions of prefabrication safety management can be
categorized as safety design and planning, workers’
problems, safety management and support systems,
and the application of information technology.

Further qualitative analysis was conducted to obtain
the characteristics of prefabricated construction safety
management compared with traditional construction, as
follows:

1) High requirements for production specialization;

2) Decreased number of workers but extremely strict

requirements;

3) Increased number of mechanical equipment and im-
provement requirements for performance;

4) Highly complex management for prefabricated
components or units;

5) Clean operation environment owing to few raw ma-
terials onsite.

Meanwhile, this review summarized the research topics
in precast safety management into two research perspec-
tives, that is, a management-driven perspective and tech-
nology-driven perspective; discussed the current status;
and proposed future research directions, including:

1) Considering workers’ attributes and the needs of
returning workers and analyzing the transformation
barriers of skilled work from traditional construction;

2) Identifying safety factors of prefabrication needs to
be more comprehensive and integrating the sys-
tematic framework of safety identification and as-
sessment;

3) Proposing methods that can measure the effective-
ness of safety measures;
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4) Strengthening multi-objective research and examin-
ing prefabrication from a whole-life-cycle perspec-
tive;

5) Integrating different technologies and considering
their practicality (e.g., loT, 3D, 4D, and digital twins).

This review offers significant contributions to the field
of prefabricated building safety management, as follows:

1) Provides a systematic and comprehensive research
framework. The review presents a well-structured
framework for safety management research in pre-
fabricated buildings, serving as a valuable guide for
novice researchers.

2) Explores research hotspots from both management
and technological perspectives. By addressing safety
management research from multiple angles — both
managerial and technological — the review enables
experienced researchers to swiftly identify emerging
trends and gaps in the field.

Overall, the review not only aids in the rapid identifi-
cation of influential journals and articles but also signifi-
cantly advances the research landscape in prefabricated
safety management. It fosters a deeper understanding of
the field and inspires new research directions. However,
as the field is still evolving and the available literature is
limited, future research should focus on expanding the da-
tabase and incorporating case studies to enrich the body
of knowledge.
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