,ﬁ Structural Durability & & Tech Science Press
l Health Monitoring

D0i:10.32604/sdhm.2025.072553

ARTICLE Check for

updates

Seismic Performance of a New Type of Joint Connection for Transversally
Arranged Hollow Slab Wall

Yi Wang"", Yansong Li’, Bingxu Cai’, Yukai Zhu' and Hairong Wu'

'School of Civil and Transportation Engineering, Henan University of Urban Construction, Pingdingshan, 467036, China
2School of Civil Engineering & Architecture, China Three Gorges University, Yichang, 443002, China

*Corresponding Author: Yi Wang. Email: wangy213@yeah.net or wangy@huuc.edu.cn
Received: 29 August 2025; Accepted: 12 December 2025; Published: 31 March 2026

ABSTRACT: Prefabricated buildings have developed rapidly due to their advantages in energy efficiency, environ-
mental protection, and high construction efficiency, which have greatly promoted the advancements of connection
technology and the mechanical properties of prefabricated hollow panels. This study proposes a new optimization
scheme for prefabricated wall structures using transversely arranged prefabricated hollow plates and develops a
new joint connection. First, the constitutive relations are experimentally validated to establish an accurate finite
element analysis model; Then the equal-size specimens are compared with the control specimens without node
connections; Finally, the effects of axial compression ratio, aspect ratio, and channel steel plate thickness on the seismic
performance of the wall are discussed. The experimental results demonstrate that this joint connection can significantly
enhance the mechanical performance of walls. The influence of the axial compression ratio and the aspect ratio on
the seismic performance of walls is significant, necessitating strict compliance with code specifications. Excessive
thickness of the steel plate may negatively impact the structural bearing capacity, providing a technical reference for
turther investigation.

KEYWORDS: Prefabricated hollow plate; transverse placement; joint connection; seismic performance; channel steel
plate

1 Introduction

Green building and sustainable development [1-4] have emerged as dominant global trends in recent
years. In line with this movement, China’s 14th Five-Year Plan explicitly advocates for the industrialization,
green and intelligent development of the construction industry. A key strategy to achieve this is the
widespread adoption of prefabricated buildings due to their low resource consumption and carbon emis-
sions. The Ministry of Housing and Urban-Rural Development requires that the proportion of prefabricated
buildings should exceed 30% of the total, and it also encourages the innovation of prefabricated component
technology [5,6]. Prefabricated hollow slabs are characterized by their light weight, high material utilization
rate, and excellent sound insulation. These properties grant them broad application prospects in wall systems,
positioning them as a key technology for the transformation and upgrading of the construction industry.

Precast hollow core slabs have been extensively studied as a floor system, with the main focus on
reducing structural self-weight and enhancing span-bearing capacity [7-11]. Based on experiments, Han
et al. [11] demonstrated that the prestressed composite hollow core slabs have a high shear capacity. Some
studies have also investigated hollow shear walls as vertical load-bearing members [12,13]. Sun et al. [14]
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investigated the performance of precast hollow-core slab shear walls with embedded columns using low-
cycle repeated loading tests. It was found that the connections were reliable and the load-bearing capacity was
optimal. Zhang et al. [15] conducted cyclic loading tests on the precast concrete hollow molds (PCHM) shear
wall connection methods, and indicated that the design process of hollow shear walls using these methods
is similar to that of cast-in-place structures. Luo and Liu [16] further explored the effects of parameters
such as the axial compression ratio and joint configuration on the mechanical performance of walls. These
studies usually focused on solid or hollow walls with transverse reinforcement, neglecting the research on
prefabricated precast walls composed of horizontally placed hollow panels.

Using precast hollow panels arranged horizontally as wall components can maintain their advantages
of lightweight and energy-saving, and achieve higher structural efficiency by optimizing distribution and
connections. However, such walls are limited by vertical connection technologies. Traditional methods such
as sleeve grouting [17-21] or mortar-anchored lap joints [22-24] require high construction precision. In
contrast, the unique cavity structure of hollow blocks has potential for new connection approaches. Wang
et al. [25] proposed a connection method for vertically placed precast hollow core slab walls and analyzed
its seismic performance. However, this study did not address any innovative connection techniques for
horizontally placed hollow core slabs. Therefore, efficient vertical connection methods for hollow core slab
walls are crucial for advancing precast structures.

This study aims to address the above theoretical gap and overcome technical bottlenecks. To this
end, a new dry-joint connection scheme with channel steel, perforated dowels, and high-strength bolts
is proposed, providing a constructible and reliable method for force transfer in horizontal hollow-core
slab walls. Then, a finite element analysis model is established and validated to accurately simulate the
mechanical behaviors of walls under cyclic loading. After that, the quantitative effects of key design
parameters such as axial compression ratio, height-to-width ratio and channel steel thickness, on the load-
bearing capacity, stiffness, ductility and energy dissipation capability of walls are systematically revealed.
Finally, based on this parameter analysis, reasonable parameter values are proposed for engineering practice.
The results build a theoretical foundation in the seismic performance of hollow-core slab walls, providing
crucial technical references and theoretical support for promoting more energy-efficient and constructible
prefabricated buildings.

2 Joint Connection Design

A horizontal joint technology for prefabricated walls using a prefabricated hollow slab structure is
proposed. This technology achieves a reliable interconnection between upper and lower slabs through a
combined system of channel steel, dowel bars, and high-strength bolts. This is implemented via three main
features: (1) laterally placed hollow-core slabs, where the holes are used as natural connecting channels;
(2) HRB400-grade steel bars vertically grouted into the aligned voids of adjacent slabs; (3) a closed stress
node is formed on both sides of the channel steel members and high-strength nuts. This method uses
dry connections, making the construction more convenient and efficient. Compared with traditional cast-
in-place methods, it has fast operation and superior load transfer efficiency at joints. The use of factory
prefabrication ensures precise installation, eliminates formwork, substantially reduces rebar work and
optimizes overall costs. The process can achieve high reusability of dismantled components, greatly reducing
construction waste. This method has significant advantages in mechanical performance, economic efficiency,
and environmental sustainability, and its specific structure is shown in Fig. 1.
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Figure 1: Node connection. @ Prefabricated hollow plate, @ bolt, ® reinforcing steel bar, @ channel steel, ® loading
beam, ® ground beam

The loading beam is 3300 mm x 250 mm x 250 mm; the ground beam is 3600 mm x 500 mm x 600 mm,
and the overall wall is 2400 mm x 200 mm x 200 mm.

The channel steel plate is placed in the groove on both sides of the hollow plate, extending 130 mm
into the loading beam and 300 mm into the ground beam, using Q345 steel with a thickness of 5 mm. The
perforated steel bars in the prefabricated hollow slab extend 100 mm on each side. High-strength nuts M12
and 10.9S are used to connect the channel steel and the steel bar, and are placed on both sides of the steel bar,
as shown in Fig. 2.
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Figure 2: Structural diagram of prefabricated hollow plate wall structure in horizontal position (unit: mm)
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The channel steel is installed in the slots on both sides of the hollow slab, extending 130 mm to the
bearing beam and 300 mm into the ground beam. It is made of Q345 steel with a thickness of 5 mm. The
perforated reinforcing bars in the prefabricated hollow slab extend 100 mm on each side. The channel steel
is connected to the top beam using M12 and 10.9S high-strength nuts and is installed on both sides of the
top beam. The transverse perforated reinforcing bars mainly bear the axial force and part of the bending
moment. Their diameter and quantity are initially determined based on the vertical bearing capacity and
overall stability requirements of the wall. HRB400 grade steel is selected to ensure strength, utilizing its good
ductility to work with channel steel joints and dissipate seismic energy. The configuration follows the basic
seismic design principle of “strong joints, weak components”.

The bolt holes are designed as elongated circular holes with a diameter of 14 mm, providing an
adjustment tolerance of +3 mm for installation and effectively absorbing the dimensional deviations between
prefabricated components and on-site structures. To ensure smooth installation, key tolerances are specified
in the design: the width tolerance of the slot in the slab is +2 mm, and the gap between the channel steel
is 5 mm. During construction, the channel steel is inserted into the slab slot and positioned, and then the
pre-tightening force is applied to the bolts using a torque wrench. Although this node adds a small amount of
prefabrication and steel costs, it brings significant overall cost benefits by eliminating on-site wet operations
and significantly shortening the construction period, making it particularly suitable for projects with strict
time requirements.

3 Model Verification
3.1 Selection of Verification Models

To verify the accuracy of finite element parameters (such as the constitutive calculation method of
concrete materials, the setting of indirect boundary conditions of members and the loading method), two
sets of hollow plate shear wall specimens WA4-2 and WC4-2, in the test [26] are selected as verification
models (In this paper, WC6-2 corresponds to WA4-2, WC2-2 corresponds to WC4-2). Then an equivalent
finite element model is established. The specific parameters are as follows: The overall height of the specimen
is 2090 mm; the section of the loading beam is 420 mm x 350 mm,; the length is 1730 mm; the section of the
ground beam is 750 mm x 650 mm, and the length is 2600 mm. There is a tendon on both sides.

3.2 Establishment of the Finite Element Model

When the finite element software ABAQUS is used for numerical simulation, the two-dimensional point
linear type (T3D2) in the three-dimensional truss element is adopted. Concrete is defined as an eight-node
linear reduced integral type (C3D8R) in a three-dimensional solid element. The size of the concrete mesh
is determined to be 50 mm; the size of the concrete mesh of the loading beam and the foundation beam is
250 mm, and the size of the steel bar mesh is 50 mm, as shown in Fig. 3.
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(a) Overall grid model (b) Rebar grid model

Figure 3: Meshing of the specimen model

To verify the impact of mesh size on computational results, comparative analysis is conducted on three
concrete models with grid sizes of 25, 50, and 75 mm. The results indicate that refining the grid size from
75 to 50 mm will change the peak load by about 3.2%, and the peak displacement by about 4.1%. Further
refining the grid size to 25 mm will change the peak load by about 1.5% and the peak displacement by about
1.8%. Finally, a concrete grid size of 50 mm is ultimately selected for computational accuracy and efficiency.

3.2.1 Mesh Size Determination and Element Assignment

The concrete constitutive relations are based on the model recommended by the Chinese Code for
Design of Concrete Structures GB50010-2010 [27]. The compressive and tensile stress-strain curves are
shown in Fig. 4a,b, with the tensile model following the same normative principles as the compressive one.
The uniaxial stress-strain relationship of concrete is obtained as shown in Table 1.
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Figure 4: Main relationship curves of concrete
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Table 1: Concrete parameters

Desi
Specimens  com e:'legslslive Cubic compressive  Tensile strength  Elastic modulus  Poisson
P strengtll)l fc (MPa) strength fcu (MPa) ftk (MPa) Ec (x10* MPa) ratio p

WC6-2 52.47
WC2-2 60 50.82 2.85 3.60 0.2

3.2.2 Material Constitutive Laws

The stress-strain relationship of the rebar adopts a double-broken line model, as shown in Fig. 5. Accord-
ing to the design data of relevant specimens and the Code for Design of Steel Structures GB50017-2017 [28],
the mechanical properties of steel materials are obtained, as shown in Table 2.
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Figure 5: Stress-strain relationship curve of steel bar

Table 2: Steel parameters

Elasti
Diameters  Yield strength  Tensile strength  Elongation astic Poisson
Brands " m) £y (MPa) fu (MPa) (o) medulusEs o
4 ’ (x10° MPa) #
HPB300 6 300 420 2.10
448 652 19 2.23 0.3
HRB4
RB400 10 458 666 2.10

3.2.3 Contact, Boundary Conditions and Loading Methods

In the ABAQUS model, the interaction between components is defined through face-face contact.
Normal contact is rigid and allows separation, and tangential contact uses Coulomb friction. Automatic
stability control with a damping coefficient of 2 x 10™* is adopted. Reinforcing bars and internal concrete
components are bound to the concrete through built-in regions. Prefabricated hollow walls and loading
beams, as well as ground beams, are bound together. The bottom boundary is set as a fixed-end constraint,
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and the top loading beam is coupled at point RP-1 to couple the upper surface, and then axial force and
reciprocating action are applied to this coupling point.

The analysis is divided into two steps: the first step applies axial pressure and activates geometric
nonlinearity; the second step uses displacement control, applying horizontal reciprocating loads according to
JGJ/T101-2015 [29] “Building Seismic Test Code” until the specimen fails, as shown in Fig. 6. The parameters
are an expansion angle of 30°, an eccentricity of 0.1, a ratio of fb0/fc0 of 1.16, and a K value of 0.667, and the
viscosity coefficient is 0.0005.

(a) Model boundary conditions (b) The steel bars embedded within the concrete
Figure 6: ABAQUS model diagram

3.3 Verification of the Finite Element Model

To verify the rationality of the above method and the accuracy of the results, the results of the finite
element numerical simulation analysis are compared with the test model. The comparison results of the
skeleton curve, peakload, failure mode, and degradation stiftness are obtained, as shown in Fig. 7 and Table 3.
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Figure 7: Comparison of skeleton curves
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Table 3: Comparison of simulated and tested ultimate bearing capacity

Ultimate bearing capacity Ultimate displacement
Specimens . .
Test Analytical Error/% Test Analytical Error/%
Value/kN Value/kN Value/kN Value/kN
WC6-2 1018 1130 11.0 10.8 10 -741
WC2-2 963 961 -0.21 17 14.6 -14.1

The finite element simulation matches well with the test skeleton curve, showing stable initial stiffness
and a gradual decrease in the elastic-plastic stage. Although the simulated peak load occurs slightly earlier,
the overall trend remains consistent, verifying the accuracy of the model. The error of peak bearing capacity
for WC2-2 is small, only 0.21%, and that for WC6-2 is large, 11.01%, with a maximum error of peak
displacement of 14.11%. The error of peak load capacity is within 11%, and that of the peak displacement
is within 15%, meeting the requirements of engineering accuracy. These errors may be due to variations
in material parameters, simplified boundary conditions, or deviations in experimental measurements. The
overall simulation results are reliable and accurately reflect the stress-strain characteristics of specimens.

4 Comparison of Node Connections

To investigate the enhancement effect of node connection modes on the load-bearing performance of
precast hollow walls, finite element models PHSW-1 and PHSW-2 were established based on a validated
universal modeling approach. PHSW-1 employs a novel channel steel-high-strength bolt dry connection
node, and PHSW-2 serves as an isometric reference model without nodes. The specific structural diagrams
of PHSW-1 and PHSW-2 are shown in Figs. 2 and 8, respectively.
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Figure 8: Schematic diagram of PHSW-2 Wall structure (unit: mm)

The node connection in the PHSW-1 model is simplified through a bound constraint applied to the
threaded rod and nut, wherein their connection is assumed to remain intact. Interactions within the node
region are explicitly defined: Face-to-face contact [30] (normal rigid contact with a tangential Coulomb
friction coeflicient of 0.6) is applied between the channel plate and the recess of the precast hollow slab. At
the same time, binding constraints were employed between the precast hollow slab and the channel plate in



Struct Durab Health Monit. 2026;20(2):17

the recess area, as well as between the perforated reinforcement and the connecting steel plate. This ensures
effective force transfer pathways and structural integrity at the node. The reliability of this node connection

is systematically evaluated by comparing the mechanical response of the two model sets. The finite element
model diagrams of the two are shown in Fig. 9.

« Hollow slab
indirect joint

(a) PHSW-1 (b) PHSW-2
Figure 9: Diagram of the finite element model

4.1 Hysteretic Curve and Skeleton Curve Analysis

As shown in Fig. 10a,b, the hysteresis loop of PHSW-1 is full, indicating that the improved connection
mode can improve the energy dissipation capacity. During the loading process, the peak bearing capacity
of PHSW-1 is significantly greater than that of PHSW-2, indicating that the improved connection mode can
significantly enhance the ultimate bearing capacity of the wall. In addition, the declining section of PHSW-
1 curve is relatively smooth, and the ductility is better, which is conducive to seismic energy dissipation.
The stiffness, bearing capacity, and ductility of the connection mode of PHSW-1 are better than PHSW-

2, verifying the feasibility of the joint connection and providing a reference for the optimal design of
prefabricated hollow panel walls.
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Figure 10: Diagram of hysteresis and skeleton curves
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4.2 Lateral Stiffness Analysis

Asshownin Fig. 11, the initial stiffness of PHSW-11is significantly higher than that of PHSW-2, indicating
that its connection mode can effectively transfer loads and improve the anti-lateral displacement ability
of the structure. As the displacement amplitude increases, the stiffness of PHSW-1 and PHSW-2 gradually
decreases. However, the decrease of PHSW-1 is significantly slow, indicating that the node connection has
good deformation adaptability and durability. Comprehensive analysis shows that the connection method
adopted by PHSW-1 can effectively delay the stiffness degradation and improve the seismic performance of
the prefabricated hollow panel wall, which further verifies the superiority and engineering applicability of
the joint connection.

TStiffness/ (kN/mm)

—— PHSH-1 500 +
—o— PHSW-2

L 1 1 1 1 1 1 1
-40 =30 -20 -10 0 10 20 30 40

Displacement/mm

Figure 11: Stiffness degradation curves of specimens PHSW-1-2

4.3 Final Damage Cloud Map

As shown in Fig. 12, after repeated low-cycle loading, the bottom of the wall formed by horizon-
tally placed precast hollow slabs is severely damaged due to concentrated loading, becoming a critical
stress-damage zone. The connecting components and reinforcing bars are the most significant at the wall-
foundation interface, which represents the weak point of stiffness in the system. This indicates that the seismic
vulnerability of the wall is concentrated in the bottom stress zone and connection nodes. The improvement
can be achieved by enhancing the damage resistance at the bottom of the wall and increasing the structural
stiffness of the joints, thereby improving the mechanical performance and seismic reliability of the wall under
cyclic loads.

The yielding first occurs in the web region of the channel steel. When stress in this region reaches the
yield strength of the steel, the perforated reinforcing bars subsequently enter the yielding stage. Throughout
the entire loading process, the maximum stress on the high-strength bolts remains below their yield strength,
maintaining an elastic state. This yield sequence well validates the design concept of “strong-bolt-weak-
member”. This approach ensures that in rare seismic events, nodes dissipate a large amount of energy through
the yielding of channel steel and reinforcing bars. At the same time, it maintains the integrity and safety of the
nodes by maintaining the elasticity of the bolts, significantly enhancing its ductility and seismic reliability.
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Figure 12: Damage cloud map

5 Parametric Study
5.1 Axial Compression Ratio

Finite element analysis is conducted on wall PHSW-A-1-3 under three axial compression ratios (0.2, 0.3,
and 0.4), and other parameters are constant.

Considering the influence of the channel steel plate on the axial compression ratio, the axial compression
ratio is determined through the calculation formula in “Technical Code for Concrete Structures of High-rise
Buildings™:

N
n-=
chc + faAa + prP

where N is the standard value of vertical load; f.A, is the compressive bearing capacity borne by concrete;
fe is design value of concrete axial compressive strength, and A, is the full section area of wall limb.

)

5.1.1 Skeleton Curve and Bearing Capacity Analysis

As shown in Fig. 13, in the axial compression ratio range of 0.2, 0.3, and 0.4, the application of axial load
inhibits cracks in the wall, thereby enhancing shear resistance and progressively increasing bearing capacity
as the axial compression ratio increases. However, it is important to note that continued enhancement of the
axial compression ratio out of this range may lead to stagnation or even a reduction in the growth of bearing
capacity. This may negatively impact the horizontal shear of the wall.

The axial pressure has a significant impact on the peak load, energy dissipation, and failure behavior
of components. It may change the main stress state of the components. The greater the axial pressure, the
higher the peak load. When the axial pressure is in an appropriate range, the more complete the hysteresis
curve, and the stronger the energy dissipation ability of components. If the axial pressure is too small or too
large, this ability will be reduced. When the axial pressure is low, the component is more prone to failure
dominated by tension. Although it has some ductility, its bearing capacity is still low. When the axial pressure
is moderate, the component is subjected to tension and compression, resulting in ductile failure. If the axial
pressure is too large, brittle failure dominated by compression may occur.
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Figure 13: Comparison of skeleton curves

As shown in Table 4, when the axial compression ratio increases from 0.2 to 0.4, the yield load and
peak load of the specimen increase. In the tested specimens, PHSW-A-3 has the highest bearing capacity,
with an average yield and peak loads 24.8% and 15.7% greater than those of PHSW-A-1, respectively. This
indicates that a moderate increase in axial compression ratio can effectively improve the seismic performance
of the wall.

Table 4: Yield and ultimate loads from experiments

Specimens Yield bearing capacity Ultimate bearing capacity

Ortho Minus  Average  Ortho Minus  Average

PHSW-A-1 1185.57 1176.34 1180.96 1396.01 1402.32 1399.17
PHSW-A-2 1399.00 1366.50 1382.75 1590.81 1518.49 1554.65
PHSW-A-3 1507.43 1440.23 1473.83 1673.97 1564.66 1619.32

5.1.2 Lateral Stiffness and Ductility

As shown in Fig. 14, the axial compression ratio has a significant influence on the degradation rate of
initial stiffness. PHSW-A-3 has the highest axial compression ratio and the largest initial degradation slope.
In contrast, PHSW-A-2 and PHSW-A-1 have progressively smaller slopes, with PHSW-A-1 having the least
significant degradation. With the loading process, the stiffness degradation trend of all specimens tends to
be consistent, showing a “fast-slow” feature, and the curve changes from steep to gentle.

As shown in Table 5, there is an inverse correlation between displacement parameters and the axial
compression ratio. PHSW-A-1 has the largest yield and peak displacements, and PHSW-A-3 shows the
smallest values, with a marginal difference of only 0.16 mm. This implies that the axial compression ratio
has a limited effect on the yield displacement. It is worth noting that the ductility coefficients of the three
specimens all exceed 3, decreasing as the axial compression ratio increases and then becoming gradually
narrower. This confirms that these specimens could meet the deformation requirements and maintain good
ductility properties under different axial compression ratios.
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Figure 14: Comparison of stiffness degradation curves

Table 5: Displacement and ductility coeflicients of specimens

. Yield displacement Ultimate displacement Ductility coefficient
Specimens
Ortho Minus Average Ortho Minus Average Ortho Minus Average
PHSW-A-1 3.84 3.65 3.75 10.60 7.99 9.30 4.34 431 4.33
PHSW-A-2 3.83 3.49 3.66 799 7.87 793 311 3.62 3.37
PHSW-A-3 3.80 3.37 3.59 7.89 778 7.84 2.97 3.15 3.06

5.2 Aspect Ratio

Finite element analysis is carried out on wall PHSW-D-1-3 with aspect ratios of 0.8, 1.0, and 1.2, and
other parameters are constant.

5.2.1 Skeleton Curve and Bearing Capacity Analysis

As shown in Fig. 15, an increase in the aspect ratio will decrease the ultimate bearing capacity of the
wall. This is closely related to the changes in mechanical properties caused by variations in the geometric
dimensions of the wall. The experimental results can provide an important reference for the optimal design
of the wall aspect ratio in practical engineering.

The aspect ratio plays a significant role in the performance of components, as it affects the load-
bearing and deformation characteristics of components. When the aspect ratio is in an appropriate range, the
performance of the peak load is better; when the aspect ratio is appropriate, the hysteresis curve will be more
complete, enhancing the energy dissipation capacity. However, if the aspect ratio is too small or too large,
the energy dissipation capacity will decrease. In addition, when the aspect ratio is small, the component is
prone to brittle failure tendencies such as shear failure; when the aspect ratio is moderate, the component will
undergo more ductile bending or bending-shear failure; when the aspect ratio is too large, the component
may fail due to its slender shape, and the ductility will also be affected.
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Figure 15: Comparison of skeleton curves

As shown in Table 6, when the height-to-width ratio increases from 0.8 to 1.2, the bearing capacity of
specimen PHSW-D-1 is better than others. Its average yield load and peak load demonstrate a difference of
583.24 and 593.06 kN for PHSW-D-3, respectively. In the range of 0.8-1.2 aspect ratios, the bearing capacity
of the wall is negatively correlated with the aspect ratio, and the decline of the bearing capacity gradually
slows down with the increase of the aspect ratio.

Table 6: Yield and ultimate loads from experiments

Yield bearing capacity Ultimate bearing capacity

Specimens

Ortho Minus Average Ortho Minus Average

PHSW-D-1 1399.00 1366.50 1382.75 1590.81 1518.49 1554.65
PHSW-D-2 1045.79 1036.31 1041.05 122722 1214.53 1220.88
PHSW-D-3 804.15 794.87 799.51 966.57 956.6 961.59

5.2.2 Lateral Stiffness and Ductility

As shown in Fig. 16, during the initial loading phase, the initial stiffness values of components with
different aspect ratios have significant differences. The initial stiffness of the wall demonstrates a significant
reduction as the aspect ratio increases. During the loading process, the stiffness degradation trend of the
three specimens tends to be the same. However, the curve separation is significant before the horizontal
displacement of 10 mm, which further confirms that the aspect ratio is a key parameter affecting the
stiffness characteristics of the wall. The test results show that the smaller aspect ratio of the wall, the
better initial stiffness. This provides an important basis for the reasonable selection of wall aspect ratio in
engineering design.

As shown in Table 7, as the aspect ratio changes, the peak displacement and ductility coefficient
decrease first and then increase, with limited variation. Further analysis reveals a significant influence of the
height-to-width ratio on seismic performance: a ratio of 1.0 results in the weakest performance; at 1.2, the
failure mode transitions to ductile compression, enhancing ductility; a ratio of 0.8 provides high bearing
capacity at the cost of earlier yielding. Therefore, selecting a suitable aspect ratio is an effective strategy for
performance optimization.
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Figure 16: Comparison of stiffness degradation curves

Table 7: Yield and ultimate loads from experiments

. Yield displacement Ultimate displacement Ductility coefficient
Specimens
Ortho Minus  Average  Ortho Minus  Average Ortho Minus  Average
PHSW-D-1 3.83 3.49 3.66 7.99 7.87 7.93 311 3.62 3.37
PHSW-D-2 4.58 4.37 4.48 7.89 7.92 791 3.14 3.01 3.01
PHSW-D-3 5.24 5.01 513 7.96 7.95 7.94 3.32 3.01 3.17

5.3 Channel Steel Plate Thickness

Using the finite element method, PHSW-T-1to PHSW-T-4 are analyzed under other constant parame-
ters for walls with steel plate thicknesses of 5, 7, 9, and 14 mm.

5.3.1 Skeleton Curve and Bearing Capacity Analysis

As shown in Fig. 17, the thickness of the channel steel plate has a significant influence on the mechanical
properties of the wall. In the elastic stage, the curves of the four groups of specimens are basically
consistent, and PHSW-T-4 has the largest initial stiffness. After entering the elastoplastic stage, the curves
are significantly separated. The specimens with large steel plate thickness maintain high stiffness and
decrease gradually.

The thickness of the steel plate has a significant impact on the performance of components. It may
change the force-bearing capacity and deformation of components. The thicker the steel plate, the higher the
peak load. An appropriate thickness of the steel plate can make the hysteresis curve more complete, thereby
enhancing the energy dissipation capacity. However, if the steel plate is too thin, this capacity will be reduced.
Thin steel plates are prone to poor ductility failure in the components. When the thickness of the steel plate
is moderate, the component will undergo better ductility failure, and thick steel plates have a strong bearing
capacity. If the thickness is too large, it may affect the flexibility of deformation and failure mode to some
extent due to their high stiffness.
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Figure 17: Comparison of skeleton curves

Table 8 shows that as the thickness of the steel plate increases from 5 to 14 mm, the growth trend of
yield and peak loads decreases. When the thickness exceeds 9 mm, the improvement of the bearing capacity
decreases significantly. This indicates that there is an economically reasonable threshold (about 9 mm) for
steel plate thickness in engineering applications. Exceeding this threshold will limit the improvement of the
bearing capacity.

Table 8: Yield and ultimate loads in the experiments

Specimens Yield bearing capacity Ultimate bearing capacity

Ortho Minus Average Ortho Minus Average

PHSW-T-1 1399.00 1366.50 1382.75 1590.81 1518.49 1554.65
PHSW-T-2 1464.15 1427.52 1445.84 1684.56 1585.38 1634.96
PHSW-T-3 1499.02 1428.63 1463.83 1713.49 1583.49 1648.49
PHSW-T-4 1514.68 1418.30 1466.49 1759.08 1575.61 1667.34

5.3.2 Lateral Stiffness and Ductility

As shown in Fig. 18, the thickness of the channel steel plate significantly affects the stiffness character-
istics of the specimen. In the initial loading stage, the initial stiffness of specimens with different thicknesses
is significantly different. The initial stiffness of PHSW-T-4 with the largest steel plate thickness is the highest,
which is 100 kKN/mm higher than that of PHSW-T-1 with the smallest thickness. This confirms that the steel
plate thickness is positively correlated with the initial stiffness.

Table 9 shows that the yield displacement remains relatively insensitive to the changes in the thickness
of the steel plate. The ductility coefficient has an inverse relationship with the thickness of the steel plate,
showing a measurable reduction of 0.3 between specimens PHSW-T-1 and PHSW-T-4. Especially, when the
thickness of the steel plate increases to 14 mm, the ductility decreases significantly. In spite of this, the ductility
coeflicient of all specimens is maintained at more than 3, meeting the requirements of seismic performance.
The test results show that bearing capacity and ductility can be considered in the thickness range of 5-9 mm,
and excessive thickness of the steel plate will improve stiffness and reduce ductility.
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Figure 18: Comparison of stiffness degradation curves

Table 9: Yield and ultimate loads in the experiments

Specimens

Yield displacement Ultimate displacement Ductility coefficient

Ortho Minus Average Ortho Minus Average Ortho Minus Average

PHSW-T-1 3.83 3.49 3.66 7.99 7.87 7.93 311 3.62 3.37
PHSW-T-2 3.91 341 3.66 799 7.96 7.98 3.19 3.52 3.36
PHSW-T-3 3.83 3.62 3.73 7.99 7.77 7.88 3.03 3.62 3.33
PHSW-T-4 3.64 2.95 3.63 747 3.78 5.63 2.77 3.36 3.07

6 Conclusions

An innovative optimization scheme is proposed for prefabricated wall structures with a novel joint

connection method. The comparative analysis reveals that the construction scheme can significantly reduce
the number of joints by optimizing the joint assembly process. It can enhance structural integrity, promote
collaboration between horizontal and vertical wall connections, and facilitate construction efficiency. Based
on a parametric finite element simulation analysis of the system, the main conclusions are drawn as follows:

O

(2)

(3)

A comparative analysis of three groups of specimens with axial compression ratios of 0.2, 0.3, and 0.4
reveals: with increasing axial compression ratio, the bearing capacity and stiffness of the wall increase,
and its ductility and energy dissipation capacity decrease. Given that the wall is short and mainly
fails in shear, the axial compression ratio should be designed in accordance with code specifications,
recommended to be set between 0.3 and 0.4;

A comparative analysis of three groups of specimens with wall aspect ratios of 0.8, 1.0, and 1.2 reveals:
As the aspect ratio increases, the bearing capacity, stiffness, and energy dissipation capacity of the
specimens decrease, with the ductility first decreasing and then increasing. The aspect ratio has a great
influence on the damage form of the wall. The aspect ratio of the prefabricated wall placed horizontally
should not be too large or too small, recommended to be set at 0.8;

A comparative analysis of four groups of specimens with steel plate thicknesses of 5, 7, 9, and 14 mm
reveals: the bearing capacity and stiffness are positively correlated with the increase in steel plate
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thickness, but negatively correlated with the decrease in ductility. At a steel plate thickness of 14 mm,
the energy dissipation capacity is significantly lower than that of the other three. Therefore, when the
steel plate thickness is 9 mm, the overall performance of the wall is better.

Compared with traditional cast-in-place connections, this joint system demonstrates promising poten-
tial for construction efficiency and sustainability. Based on its dry-connection characteristics and modular
design, under the assumptions of standardized component production, efficient assembly workflows, and
minimal wet operation, the system is expected to achieve almost complete elimination of on-site formwork.
In addition, the connection provides higher quality controllability through factory prefabrication. This is
because its bolt configuration can improve maintainability and bring significant environmental benefits by
reducing material waste and on-site interruptions. This study has validated the structural feasibility and
seismic performance of the connection structure. Further research will focus on comprehensive vibration
testing, fatigue assessment, and the development of specialized design guidelines to promote its widespread
adoption in engineering practice.
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