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Abstract. This paper systematically studies the evolution and prospective vi-
sion of prefabricated shear wall structural systems. The definition, characteris-
tics, development history, and global development status of prefabricated build-
ings are first presented. Then, the classification of prefabricated shear walls is
elaborated on, and the connection joints, including rigid and flexible connection
forms, are thoroughly analyzed. In response to installation and grouting quality
issues, new-type prefabricated shear wall structures are explored. The SGBL
shear wall is shown to have potential in cost-reduction and efficiency-
enhancement. Overall, insights into the development trends and challenges of
prefabricated building technology are offered by this research, with the aim of
promoting further innovation and application.

Keywords: Precast concrete shear wall; Connection method; SGBL shear wall;
Seismic performance; Intelligent construction.

1 Introduction

1.1  Definition and Characteristics of Prefabricated Buildings

In the modern construction field, prefabricated buildings are increasingly becoming a
mainstream construction method. Unlike traditional on-site casting, it focuses on fac-
tory-prefabricating building components, which are later shipped to the site and as-
sembled for construction. This model has many advantages. In production, factory-
based prefabrication uses a standardized process, like precise industrial manufactur-
ing. It enables large scale production, boosting efficiency. For quality control, the
stable factory environment allows stricter component quality management compared
to the chaotic construction site, reducing quality defects. Environmentally, less on-site
wet work means less construction waste and better control of noise and dust pollution,
showing its green features.
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Figure 1. On-site prefabricated construction in Japan

1.2  Development History of Prefabricated Buildings

With the acceleration of the industrialization process, especially after World War 1, a
large number of houses needed to be quickly rebuilt, which provided an opportunity
for the development of prefabricated buildings. During this period, countries actively
invested in research and development, and the technology of prefabricated buildings
was significantly improved. In modern times, with the continuous emergence of digi-
tal technologies and new building materials, prefabricated buildings have entered a
new stage of development. Digital design software can achieve precise design of
building components, and the application of industrial robots in component produc-
tion further improves production accuracy and efficiency. The use of new high-
performance materials, such as high-strength steel, high-performance concrete, and
high-efficiency insulation materials, has led to a qualitative leap in the structural per-
formance and energy-saving insulation of prefabricated buildings.

1.3 Global Development Status of Prefabricated Buildings

Currently, prefabricated buildings develop differently worldwide. In developed coun-
tries like Japan, frequent earthquakes lead to high demands for building seismic per-
formance. Prefabricated buildings, with great seismic features, are crucial in Japan's
construction market, as shown in Figure 1. Its prefabrication technology is world-
leading, excelling in component precision, connection tech, and quality control. The
US has rich experience in prefabricated buildings, especially in residential construc-
tion. They're popular in low-rise and villa markets for fast construction and good eco-
nomic returns. Sweden, with its industrialized and standardized system, has a com-
plete prefabricated building industry chain, improving construction efficiency and
quality with component universality, as shown in Figure 2.
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Figure 2. Typical prefabricated building in Sweden

2 Classification of Prefabricated Shear Walls

As an important part of prefabricated buildings, prefabricated shear wall structures
can be mainly divided into large panel prefabricated shear wall structures, unbonded
prestressed prefabricated shear wall structures, and monolithic prefabricated shear
wall structures.

Figure 3. Seismic damage of large panel prefabricated shear wall structures.

2.1 Large Panel Prefabricated Shear Wall Structures

Large panel prefabricated shear wall structures are mainly assembled from precast
wall panels. Stress concentration often occurs at the joints, and the integrity is rela-
tively poor. Horizontal and vertical joints are often damaged under seismic action.
The 1976 Tangshan Earthquake was a pivotal event in the development of prefabri-
cated shear wall structures. Schematic diagram of the seismic damage of large panel
prefabricated shear wall structures in the 1976 Tangshan Earthquake is shown in Fig-
ure 3. Tripa [1] conducted a comparative experimental analysis of the mechanical
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properties of prefabricated large-panel shear walls of different heights and found that
the vertical height of prefabricated large-panel shear walls is most effective within
9m. Meanwhile, the results of the shaking-table test on prefabricated large panel shear
wall structures show that due to the cracking of the vertical joints of the large panel
model, the stiffness degradation of the large panel shear wall model is faster than that
of the cast-on-site model [2].

2.2 Unbonded Prestressed Prefabricated Shear Wall Structures

To explore the seismic performance of precast concrete structures, the United States
and Japan cooperated in the PRESS (Precast Seismic Structural System) project. The
main achievement of the PRESS project is the proposal of five prefabricated systems.
Among them, Yahya Kurama [3] proposed a design method for unbonded prestressed
prefabricated shear walls through experimental research. Felipe [4] and others con-
ducted research on the mechanical properties of multiple post-tensioned unbonded
precast concrete shear walls on the basis of Kurama's research. The research results
show that there is a shear-yielding stage at the vertical joints of multiple post-
tensioned unbonded precast concrete shear wall structures.

Although relevant research results show that unbonded prestressed prefabricated
shear-wall structures exhibit good energy-dissipation and self-centering capabilities,
when the structure height is large, the large horizontal displacement at the top of the
structure may lead to an excessive second-order moment effect. Therefore, unbonded
prestressed prefabricated shear wall structures are not suitable for the design of high-
rise prefabricated shear wall structures.

2.3 Monolithic Prefabricated Shear Wall Structures

Monolithic prefabricated shear wall structures mainly connect the walls through relia-
ble steel bar connection technologies to ensure the overall performance of prefabricat-
ed shear walls. Monolithic prefabricated shear wall structures can well meet seismic
requirements while maintaining advantages such as energy conservation and envi-
ronmental protection and have been widely used in building construction [5]. The key
technology of monolithic prefabricated shear walls lies in the steel-bar connection
method between the walls. A reliable connection method is the key to ensuring the
seismic performance of the walls.

3 Connection Joint of the Prefabricated Shear Wall
Structures

During the development process of prefabricated shear wall structures, large panel
prefabricated shear wall structures have gradually been replaced by other types of
prefabricated shear wall structures. This is because the large panel prefabricated shear
wall structures have insufficient joint connection performance, with stress concentra-
tion often occurring at the joints, and they also have poor structural integrity. Alt-
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hough the unbonded prestressed prefabricated shear wall structure has good self-
centering performance, its large horizontal displacement at the top limits its applica-
tion in high-rise buildings. The monolithic prefabricated shear wall structure, due to
its good integrity and application prospects, is the key focus for future development.

However, the mechanical performance of monolithic prefabricated shear wall
structures is closely related to the connection forms of the horizontal joints of the
walls. A reliable connection form for the horizontal joints is the key to ensuring the
mechanical performance of prefabricated shear wall structures and is also the focus of
research by many scholars at present. According to different construction forms, the
connection methods of the horizontal joints in prefabricated shear wall structures can
be classified into rigid connection forms and flexible connection forms.

3.1 Rigid Connection Form

Sleeve Grouting Connection Method.

Sleeve grouting technology is currently widely used for the connection between
precast concrete components. The key elements of the sleeve grouting connection
method are the external metal sleeve and the internal grouting material. After the steel
bar is inserted into the sleeve, the high-strength, slightly expansive grouting material
inside can generate positive stress under the constraint of the outer metal sleeve, thus
creating friction with the steel bar. The steel bar transfers force through this friction.
According to the connection form between the steel bar and the sleeve, the sleeve
grouting connection method can be divided into two types: semi-grouting sleeve and
full-grouting sleeve connection forms [6], as shown in Figure 4.
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Figure 4. The sleeve grouting connection method
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Although the sleeve grouting connection method has advantages such as good me-
chanical performance and wide application scope, there are still some obvious defi-
ciencies in practical application. Firstly, most structural design schemes in China
adopt the design model of fine steel bars. The dense vertical steel bars in the wall not
only result in a large number of required connection sleeves, increasing the construc-
tion cost, but also require high precision in component manufacturing. In addition,
due to problems in on-site management and worker operation in practical projects, it
is difficult to ensure the grouting quality of the holes.
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Figure 5. Slurry anchor lap connection method

Slurry Anchor Lap Connection Method.

For the sleeve grouting connection method, it is necessary to pre-embed sleeve
holes inside the wall. Meanwhile, the design mode of thin steel bars leads to a large
number of sleeves, increasing the construction cost. In contrast, the connection meth-
od of slurry anchor lap joint through preformed holes forms holes by pre-embedding
recyclable cylindrical inclusions inside the wall, which saves the use of steel bar
sleeves [7], as shown in Figure 5. After the steel bars of the lower wall extend into the
holes, grouting material is injected through the preformed air holes to connect the
upper and lower walls into a whole. However, the connection method of slurry anchor
lap joint through preformed holes does not fundamentally solve the problems such as
the difficulty in the installation and positioning of the wall caused by the excessive
number of vertical steel bar connections in the wall, and the difficulty in ensuring the
grouting quality.

Bolt Connection Method.

The report of the Technical Council of Fib points out the feasibility of applying the
bolt connection method to precast components. Compared with other traditional con-
nection methods, the bolt connection method has advantages such as safety and sim-
plicity. The difference is that the bolt connection method has relatively high require-
ments for the precision of precast components, and the deformation of the wall is
greatly affected by the joint connectors [8].
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3.2 Flexible Connection Forms

Kurama et al. [9] proposed a hybrid post-tensioned unbonded prestressed connection
form in the research project on the seismic system of precast structures (PRESS pro-
ject) in 1999, as shown in Figure 6. This flexible connection form allows a large nor-
mal displacement to occur at the joint interface at the bottom of the wall during the
stress-bearing process of the wall, and thus energy is dissipated through the damper.
After experiencing large nonlinear deformations, the structure still has good self-
recovery performance and relatively small residual deformation. However, the hybrid
post-tensioned unbonded prestressed connection form is not suitable for the design of
high-rise buildings, mainly because the large horizontal displacement at the top of
high-rise buildings is likely to lead to an excessive second-order effect [10]. The per-
formance comparison of these connection method is shown in Table 1.

Table 1. Performance Comparison.

Applicable Scenarios Performance Comparison

Sleeve grouting con-  Project with high requirements for ~ Good mechanical performance

nection method mechanical properties Long construction period
Slurry anchor lap con- Low cost
nection method Project with tight cost control Difficult to control grouting
quality
. Projects with tight schedules and Convenient construction
Bolt connection method . . . .. .
less strict deformation control High precision requirements
Unbonded prestressed Project with requirement of

connection method self-centering performance Not suitable for high-rise building
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4 Exploration of new-type prefabricated shear wall
structures

In order to solve the problems of difficult installation and positioning of prefabricated
shear walls caused by the design mode of thin steel bars and the difficulty in ensuring
the grouting quality of holes, researchers have proposed various connection forms of
vertical distributed steel bars in prefabricated shear walls. Qian [11] proposed the
connection forms of vertical distributed steel bars in prefabricated shear walls with
plum-blossom arrangement. However, the above measures still do not fundamentally
solve the problem of difficult assurance of grouting quality. At the same time, due to
the reduction of the vertical steel bar reinforcement ratio of the wall, the bearing ca-
pacity and ductility of the wall are correspondingly reduced. Moreover, a relatively
low vertical steel bar reinforcement ratio of the shear wall will also lead to the inabil-
ity to form a sufficient number of distributed cracks in the plastic hinge area of the
shear wall, and the energy dissipation capacity of the wall will be reduced.

Xiao Xuwen [12] has developed a new type of prefabricated shear wall with un-
connected vertical distributed steel bars (hereinafter referred to as the "SGBL shear
wall"), as shown in Figure 7. The main features of this wall include: the vertical dis-
tributed steel bars in the precast wall panel are disconnected at the floor level. At the
same time, the main reinforcement in the cast-on-site sections at both ends of the wall
is increased to ensure the flexural performance of the wall. The disconnected vertical
distributed steel bars in the wall panel are configured with the minimum reinforce-
ment ratio. Finally, diagonal steel bars are arranged inside the wall to form hidden
braces to improve the ductility of the wall. Since the boundary elements of the SGBL
shear wall are cast in place, there is no need to use the traditional connection method
of vertical steel bars in prefabricated shear walls, which saves time and labor and has
reliable performance.
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Figure 7. SGBL shear wall
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Figure 8. Test specimen

Then, to further investigate the seismic performance of SGBL shear wall, two full-
scale specimens were studied by quasi-static loading tests, as shown in Figure 8. Q-1
denotes a cast-in-place specimen whose dimensions and reinforcements are compara-
ble to those of a typical shear wall used in actual engineering. Specimen Q-2 are de-
signed to emulate cast-in-place specimen XF-1 under the same axial compression
ratio. It can be seen from Table 2 that both the capacity and ductility ratio of Q-1 were
higher than that of Q-2. In general, SGBL shear wall specimen exhibited better seis-
mic performance than the cast-in-place specimen.

Table 2. Test results.

Vi Ay Au
(kN) (mm) (mm) s
+ 3016 9.2 27.8 3.0

Q-1
- 2677 8.8 28.0 3.1
+ 3082 10.3 38.2 3.7

Q-2
- 2856 7.6 34.7 4.4

*Note: u is the ductility coefficient; Vu is the peak load; Ay is the yielding displacement; A, is
the ultimate displacement.

It has been applied in multiple demonstration projects. The application results
show that SGBL shear wall can reduce the material cost in practical projects by 10%.
In addition, the installation rate of a single wall panel reaches one panel every 5
minutes, which increases the construction efficiency by approximately 130% com-
pared with the traditional prefabricated shear wall structure.
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5 Conclusion

In general, the development of prefabricated buildings represents a significant ad-
vancement in the construction industry. Prefabricated shear wall structures, as a cru-
cial component of prefabricated buildings, have been the subject of extensive re-
search, with various connection methods and new-type structures emerging.

Among different types of prefabricated shear wall structures, monolithic prefabri-
cated shear walls stand out for their good integrity. However, all existing connection
methods, whether rigid or flexible, have their own advantages and limitations. This
indicates that continuous improvement and innovation in connection techniques are
still needed to optimize the performance of prefabricated shear wall structures.

New-type prefabricated shear wall structures like the SGBL shear wall show great
potential in cost - reduction and efficiency - enhancement. Such structures offer prom-
ising solutions to traditional problems in prefabricated shear wall construction, such
as installation and grouting issues.

In the context of intelligent construction, BIM (Building Information Modeling)
technology holds great promise for prefabricated shear wall design. BIM allows for
the creation of a comprehensive digital model that integrates architectural, structural,
and MEP (Mechanical, Electrical, and Plumbing) information. In the design of pre-
fabricated shear walls, BIM can help designers visualize complex geometries, simu-
late the behavior of the structure under different loads, and optimize the layout of
components.

To ensure the sustainable and high-quality development of the prefabricated build-
ing industry, it is essential to address challenges in multiple aspects. Collaborative
efforts from the government, enterprises, and research institutions are necessary to
fully unlock the potential of prefabricated building technology.
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