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Bibliometric Analysis of Structures and

Connection Types Widely Used in Prefabricated
Construction in China

Modern construction is increasingly turning to prefabricated technologies to enhance the efficiency and environ-
mental sustainability of projects. This trend is particularly evident in China, where prefabricated construction is
becoming a key element of the sustainable urban infrastructure development strategy, showcasing impressive
growth rates. This study aims to analyze the types of building structures and connections widely used in prefabri-
cated construction in China, focusing on their efficiency, cost, environmental impact, and sustainability. The meth-
odology includes a bibliometric analysis of scientific literature and statistical data from recent years to identify key
trends and development directions in this field. The main findings indicate that China leads in the research and
application of prefabricated technologies, particularly in reinforced concrete and steel structures. Various types
of prefabricated structures and connection methods are analyzed in terms of their application and effectiveness.
Based on the analysis, the study identifies major challenges and prospects for the further development of pre-
fabricated construction, including the need for standardization and improvement in the quality of connection el-
ements. The research underscores the significant potential of prefabricated construction to promote sustainable
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INTRODUCTION

struction market, traditional construction methods
face numerous challenges such as inefficiency, ir-
rational use of resources, and long construction time-
lines. As a significant development trend in the glob-
al construction industry, prefabricated construction is
actively studied and researched by various countries
to address the current issues facing the construction
sector [1, 2]. Research has shown that building with
prefabricated structures can significantly improve re-
source efficiency, reduce carbon emissions, and ef-
fectively decrease construction waste, thereby en-
suring ecological efficiency and supporting the prin-
ciples of sustainable development [3-5]. Moreover,
studies also indicate that compared to traditional
monolithic construction, prefabricated structures of-
fer the advantage of higher construction speed [6, 7].
This significantly reduces project construction time,
lowering overall costs. Due to these advantages, pre-
fabricated construction becomes a preferred option
for projects with tight deadlines or in regions experi-
encing significant climate changes. Prefabricated
construction technology plays an increasingly impor-
tant role in improving the efficiency, quality, and eco-
friendliness of buildings, and its development and
application provide new ideas and solutions for ad-
dressing some problems associated with traditional
construction methods.
The durability of fully prefabricated buildings
largely depends on the quality of embedded parts
and connections between them [8]. The specificity

In the current state and trends of the global con-

(seismic rating) affecting the structural connections
of building frames is one of the main factors deter-
mining the development of structural and techno-
logical solutions for prefabricated construction in
East Asian countries [9]. Many existing prefabricated
construction projects still demonstrate a high degree
of vulnerability to seismic impacts, so the seismic
characteristics of prefabricated structures remain
a key research priority [10]. As a unique feature of
prefabricated construction, the design of connec-
tions significantly determines the structural strength
and seismic characteristics of prefabricated build-
ings [11]. Therefore, analyzing the existing widely
used types of prefabricated construction and con-
nection designs is of great importance.

MATERIALS AND METHODS

According to the statistical data from the CEPII-
BACI database, the total global export volume of pre-
fabricated structures amounted to USD 12.2 billion in
2022. The largest exporters were China, the Czech
Republic, Estonia, the USA, and the Netherlands,
with Europe being the continent with the highest
share of exports (Fig. 1)'. Currently, Russia holds
a small share of this market.

As shown in Fig. 2, we conducted a comparative
analysis of the export shares of several countries with
the highest indicators starting from 2000. Since
2004, China's share of prefabricated building ex-
ports in the global volume began to grow rapidly and
maintained a leading position for many subsequent
years. Meanwhile, the export share from the USA

1 CEPII-BACI. URL: http://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37 (access data: 20.03.2024).

Fomin Nikita Igorevich,
Candidate of Technical Sciences,
Associate Professor, Head of the De-
partment of Industrial, Civil Engi-
neering and Real Estate, Director of
the Institute of Civil Engineering and
Architecture; Ural Federal University
named after the first President of
Russia B.N. Yeltsin (UrFU); 19 Mira
Street, Ekaterinburg, 620002, Rus-
sian Federation; RISC ID: 241981,
Scopus AuthorlD: 56028009000,
ORCID: 0000-0002-7095-7161;
ni.fomin@urfu.ru

Liu Chong,

Graduate student; Institute of
Civil Engineering and Archi-
tecture, Ural Federal University
named after the first President
of Russia B.N. Yeltsin (UrFU);
19 Mira Street, Ekaterinburg,
620002, Russian Federation;
WoS ResearcherID: IYS-7482-2023,
ORCID: 0009-0008-8279-0355;
1c996463232@163.com

>




#3 /2024

Me)K,D,yHapO,EleIVI Hay‘-lHO-TeXHI/I‘-ieCKVIVI XypHan HenBw>XUMOCTb: 3KOHOMUKA, ynpaeneHune

OTEYECTBEHHbBIA U 3APYBEXHbDIN ONbIT

5.19 %
Czechia

4.92 %
Estonia

4.43 % 4.16 %
Netherlands |Italy

22.32 %
China

$634.55M

3.66%
Germany

$601.18M

2.51%

$541.79M $508.21M |$2,728.73M

2.26% 1.91% 1.87%

Slovenia Croatia

$446.9TM

3.52%
TET
$430.20M

1.82%  1.22%

France

2.79%
Lithuania

1.77%
Spain

2.65%
Belgium

1.68 %
United

Asia Africa = Europe n Oceania North America

1.11 %
Kuwait

1242 %
Israel
203% o579
‘United Arab i

4.63 %
United States
$565.85M

13.05 %
Canada

i53T3.2?M u I

m South America

Fig. 1. Analysis of prefabricated structures export volume in the world in 2022

and Canada gradually decreased, while in European countries such
as the Czech Repubilic, Estonia, the Netherlands, ltaly, and Germany,
the export share remained relatively stable.

Using the search formula “Tl=(Prefabricated building) OR
TI=(Prefabricated structure) OR TI=(Precast building) OR
Tl=(Precast structure) OR Tl=(Prefabricated construction) OR
TI=(Precast Construction)” in the Web of Science core collection
database and filtering for materials published since 2015, we ob-
tained 1505 search results. Of these, 76.54 % were journal papers
and 17.41 % were conference materials. As shown in Fig. 3,
the analysis of the results indicates that since 2015, China has been
the country associated with the highest number of research out-
comes and the highest level of cooperation between research or-
ganizations across different countries, with 827 publications. Aus-
tralia ranks second in terms of cooperation with 105 works, while
the USA ranks third both in terms of cooperation and the number of
publications.

It is undeniable that against the backdrop of the global devel-
opment of prefabricated construction, China stands out as one of
the countries with the fastest-growing prefabricated construction
industry. In recent years, the country has accumulated an extensive
research base, and its practical experience and technological solu-
tions in the field of prefabricated construction deserve detailed
study. The analysis of widely used types of prefabricated buildings
and connection structures in China can serve as a valuable source

of experience and recommendations for practical engineering and
future research.

RESULTS

Prefabricated structural systems in China are categorized by
materials into steel, concrete, wood, and mixed structures. Accord-
ing to the Ministry of Housing and Urban-Rural Development of
the People's Republic of China, reinforced concrete prefabricated
structures remain the leading choice in the country's construction
industry, accounting for approximately 66.22 %, while steel struc-
tures constitute 28.38 %2.

Construction elements are primarily divided into two types:
horizontally positioned elements and vertically positioned elements.
Horizontally positioned elements include beams, slabs, etc., while
vertically positioned elements comprise columns, diaphragms, pre-
fabricated supports, etc. These primary elements, through the use
of various materials, cross-sectional shapes, positioning methods,
and construction techniques, can form different structural solutions
that meet diverse usage and performance requirements. For in-
stance, depending on the material, beams can be made of rein-
forced concrete, steel, mixed reinforced concrete, or a combination
of steel and reinforced concrete. Various combinations and shapes
provide a rich selection of design solutions and flexibility in prefab-
ricated construction.

All types of building systems are also formed by combining vari-
ous primary elements. Prefabricated building structural systems

2 Special topic on affordable housing: The core of new housing reform. URL: https:/pdf.dfcfw.com/pdf/H301_AP202401161617522492_1.pdf (access data: 20.03.2024).
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Fig. 3. Analysis of the number of results and the level of cooperation between research organizations in different countries
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currently used in China include frame structures, wall structures,
frame-wall structures, frame-support structures, girderless slab sys-
tems, and so on (Fig. 4). Different structures have different ranges of
applicable buildings and geographic regions. Through interviews
and surveys of 10 engineers holding various positions in design and
construction in the Chinese construction industry, the corresponding
ranges of application for these different types of structures in
the construction industry in China were identified (Table 1).

By conducting a search in the China National Knowledge Infra-
structure (CNKI) using relevant keywords for various structural sys-
tems, we obtained a diverse number of results, including patents,
dissertations, journal papers, and conference materials (Fig. 5).
This allows us to understand the current research trends in prefab-
ricated construction types. It is evident that prefabricated wall
structures are the most popular among the research topics, fol-
lowed by prefabricated frame-wall structures and prefabricated
frame structures. Since 2015, with changes in government policy

> Prefabricated wooden structures and other
[0 Prefabricated steel structures
I Prefabricated reinforced concrete structures

66.2 %

28.4

5.4 %

Fig. 4. Proportion of material types for prefabricated structures
in China

Table 1. Types of prefabricated structures widely used in China

Number Type of Structure Main Load-Bearing Application Area Applicable Qeographlc Schematics
Elements Region
Widely used in multi-story Central and eastern provinc-
. o - es such as Henan, Shan-
Prefabricated frame Columns, beams, and high-rise buildings ) )
1 o ! dong, Jiangsu, and regions
structures floor slabs such as residential, office, ) - .
: L with moderate seismic activ-
and educational buildings ity
Southwestern provinces such
Suitable for high-rise residen- | as Sichuan, Yunnan, and coast-
Prefabricated wall struc- | Wall panels, floor t|a! bylldlngs, hotels, Of.ﬂc.e al areas pron¢ o typhO(I).ns,

2 tures slabss buildings, and other buildings | such as Guangdong, Fujian. For
with modest design require- high-rise residential and public
ments buildings in seismic zones and

areas prone to strong winds

Northern and northeastern
Suitable for multi-story and provinces such as Heilongjiang,
high-rise buildings, especially | Jilin, Liaoning, and regions with

3 Prefabricated frame-wall | Columns, beams, wall | those requiring good seismic | cold climates and high wind

structures panels, floor slabs performance, such as resi- loads. For multi-story residen-
dential buildings, offices, and | tial and public buildings in cold
hospitals regions requiring good insula-
tion and wind resistance
Major cities across China such
Suitable for high-rise build- as Beijing, Shanghai, Guang-
Prefabricated frame sup- | Columns, beams, Ings and buildings requiring zho, apd reg|oqs with h.lg.h
4 ort structures suoports. floor slabs large open spaces such as population density and limited
p pporis, sports halls, exhibition cen- construction space. For build-
ters, etc. ings located in areas with high
wind or seismic loads
Suitable for rapidly con-
structed and long-span Coastal areas of southern
buildings such as multi-sto- | China such as Guangdong,
) . Prefabricated col- ry factories, warehouses, Hainan, and islands in
Prefabricated girder- : S i ;
5 umns, prefabricat- | public buildings, halls; can | the South China Sea. For re-
less slabs structures A . - .
ed floor slabs also be used in office and sort buildings requiring maxi-
residential buildings for mum openness and natural
more flexible interior space | ventilation
planning
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Fig. 5. Analyzing the number of results with different types of designs in search results

Table 2. Connection types for prefabricated structures

Number Application Area Connection Method Types Applied Elements
1 Fre.lme structures where the bundl.ng Rebar lapping in grout-filled hole, Fig. 6 Rigid Columns, walls, floor
height does not exceed three stories o ] ] ] o
2 or 12 meters [13] Rebar lapping in grout-filledhole formed with metal bellow, Fig. 7 Rigid slabs, beams
Stairs suitable for high-rise build-
3 ) Irs sul rfigh-rise bul Bolt connection Hinged )
ings of all structural systems. Stairs, wall panels,
Structural elements for low-rise ] Rigid beams, columns
4 frame or wall structures Element welding
5 Grout sleeve splicing of rebars Rigid Columns, walls
6 Threaded couplers Rigid Beams, floor slabs
High-rise buildings of various Wall panels, beams,
7 Igh-rise bulldings of variou Rebar lap-spliced connections Hinged P
structural systems floor slabs, etc.
8 Welded reinforcement connections Rigid Beams, floor slabs
9 Connection of section steel Hinged Column
Frame apartments, . Rigid
10 ) p ) Modular joint 9 Frame beams, columns
office buildings
1 For masonry, wall structures, HALFEN HBT Rebend Connection Rigid BI.ock wall connection
or frame-wall structures with structure
A and technological advancements, research on these three types of
! i,;\,f structures has entered a phase of active growth.
é This trend indicates the increasing focus on and development
é of prefabricated construction methods in China, aligning with
7 broader goals of efficiency and sustainability in the construction
= industry. The active growth in research also suggests a robust and
17 ongoing effort to innovate and optimize prefabricated construction
: i / technologies, which will likely continue to influence the field signifi-
= cantly in the coming years.
T 2 Connections between prefabricated elements play a crucial role
= 1= in ensuring the structural integrity and efficiency of the prefabricated
7 construction system. They also enhance the multifunctionality and
# speed of the construction process [12]. As shown in Table 2, various
¥
g types of connections are used in prefabricated constructions de-
AN , pending on the design of the structure and the materials used. Con-
N nection types can be classified according to the behavior of the con-
Fig. 6. Rebar lapping in grout-filled hole necting structure, mechanical properties, types of connected 4
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Fig. 7. Rebar lapping in grout-filled hole formed with metal bellow

elements, joint requirements, and the load-bearing capacity of com-
ponents. Different types of connections are suitable for various types
of buildings or structures.

Additionally, a search in the China National Knowledge Infra-
structure (CNKI) using keywords related to various types of connec-
tions yielded a diverse number of results, including patents, dis-
sertations, journal papers, conference materials, etc. (Fig. 8).

It can be noted that currently, the greatest interest among re-
searchers is in grout sleeve splicing of rebars, followed by rebar lap-
ping in grout-filled holes and bolt connections. Research on grout
sleeve splicing of rebars began relatively late, but since 2014, the num-
ber of studies in this area has grown rapidly. Bolt connections had
a certain research base and interest in the early stages, whereas inter-
est in studies on rebar connections using grout-filled holes began to
exceed interest in bolt connections from 2017 onwards.

DISCUSSION

Examining the current state of the prefabricated construction
industry in China reveals its significance and enduring role in
the global market for prefabricated structures. As the country with
the largest export volume, China's systems of construction and
connection design in the field of prefabricated construction un-
doubtedly deserve attention and study.

It is worth noting that Chinese research in the area of prefabri-
cated structural systems began relatively early. By 2000, China had
already accumulated a substantial body of research results related
to prefabricated structures. These early studies laid a solid founda-
tion for subsequent technological advancements and innovations.
Research on types of connections between various prefabricated
elements began relatively late, attracting significant attention from
researchers and engineers starting in 2005. The study of connec-
tions between prefabricated elements, both traditional and innova-
tive, gradually became a relevant topic. In particular, researchers
focused on connection technologies that enhance structural safety,
reliability, and construction efficiency.

In the context of structural systems in prefabricated construction,
reinforced concrete structures predominate. In the area of connec-
tions, grout sleeve splicing of rebars has become the most actively
researched area in China, demonstrating the fastest development
rates. Bolt connections attracted research interest early on, which
continues to this day. Additionally, rebar lapping in grout-filled holes
remains an active area of current research.

CONCLUSION

With the deepening of research into connection technologies
for prefabricated elements, various new connection methods have
been proposed and optimized to overcome the limitations inherent
in traditional connection methods. The application of prefabricated

Connecting the reinforcement with a grouting sleeve

Grouting of reinforcement in a constricted hole filled
with cement mortar

Lapping of the reinforcement in the grout-filled hole
formed by the metal bellows

700 Threaded couplings
Qverlapping reinforcement connections
Welded reinforcement connections
I Connection of connecting elements made of profile steel
I Bolted connection
I Element welding

Cumulative — Connecting the reinforcement with
a grouting sleeve

Cumulative — Grouting of reinforcement in a con-
stricted hole filled with cement mortar

Cumulative — Lapping of the reinforcement in
the grout-filled hole formed by the metal bellows

Cumulative — Threaded couplings
Cumulative — Overlapping reinforcement connections
Cumulative — Welded reinforcement connections

—e— Cumulative — Connection of connecting elements
made of profile steel

—eo— Gumulative — Bolted connection
—eo—  Cumulative — Element welding

Number of resyly

Fig. 8. Analyze the number of results related to different types of connections in search results
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construction technologies in practical projects has shown good re-
sults and received positive feedback, which, in turn, has stimulated
the development and application of these technologies. The devel-
opment and improvement of these technologies have offered new
approaches and solutions to the problems of traditional construc-
tion, increasing construction efficiency, reducing project timelines,
and lowering construction costs.

However, despite significant achievements in the systems of con-
struction and connection design in prefabricated construction, many
challenges remain for scientists to address. For example, issues of
seismic resilience in prefabricated structures remain a critically im-
portant research direction, requiring the development and study of
structures and connections with high levels of seismic resistance.
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