
Journal of Engineering Science and Technology Review 17 (4) (2024) 50-57 
 

Research Article 
 
 

A New Combined Splicing Joint for Shield Segment  
 

Jiaqi Sun1, Xu Chang1,* and Mintae Kim2 

 
1School of Civil Engineering, Huaqiao University, Xiamen 361021, China 

2School of Civil, Environmental, and Architectural Engineering, Korea University, Seoul 02841, Republic of Korea 
 

Received 11 May 2024; Accepted 19 August 2024 
___________________________________________________________________________________________ 
 
Abstract 
 

Tunnel accidents caused by water leakage are closely related to the segmental joints, and it is therefore significant to 
control joint deformation. The traditional segmental joints cannot provide sufficient stiffness and strength in complex 
geological conditions. To solve these problems, in this study, a type of plug-in joint (composed of a sleeve and a pin) was 
added to the traditional segmental joints and worked in conjunction with the bolts to form a new type of combined 
splicing joint. The combined splicing joint was tested under four-point bending conditions. Results show that the 
combined splicing joint can improve the bending stiffness and load capacity of the structure. The number and position of 
the plug-in joints clearly affect the load capacity of the segmental joint. This study then develops an analytical method to 
predict the load capacity and bending stiffness of the combined splicing joints. The new combined splicing joint can 
effectively reduce the deformation of the segmental joints. 
 
Keywords: Shield tunnel, Deformations, Combined splicing joint, Ultimate load capacity 
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1. Introduction 
 
The shield tunneling machine has been extensively adopted 
in tunnel construction due to its convenient construction 
procedure, enhanced safety technologies, and reduced labor 
intensities. In many cases, the segments of the shield tunnel 
undergo different transversal movements in the longitudinal 
direction during the construction process. Research has also 
found that pore water pressure, spatial variability of soil 
properties, and segment uplift are common causes [1-2]. As 
a result, concrete cracking and leakages can often be found 
near the segmental joints, leading to a series of problems 
such as the decrease in the overall stiffness and plastic 
bearing range of the lining structures, threatening the 
security of the shield tunnel [3]. Therefore, the segmental 
joints have been regarded as the weakest part of the 
segmental structure in terms of serviceability, because their 
stiffness and strength are lower than those of the main 
segments, and they are more prone to water and gas leakage. 
Their mechanical performances will determine the overall 
behavior of the lining structures. Consequently, the 
exploration of the mechanical performances of these 
segmental joints has become a research hotspot. 

Steel fiber has been widely applied in shield tunnel 
engineering due to its advantages of high strength and labor 
reduction. Adding steel or other fibers into the concrete to 
form fiber-reinforced concrete can significantly improve the 
tensile strength and crack resistance of segments, and further 
enhance the overall durability of the lining structures [4]. In 
the context of tunnel engineering, particularly those 
involving shield tunneling techniques, the structural integrity 
and long-term safety of the lining structure are paramount. 
The lining, consisting of precast concrete segments, serves 
as the primary barrier between the tunnel's interior and the 
surrounding ground, providing stability and protection 

against water ingress, soil movements, and other 
environmental factors. Traditionally, steel fibers and 
polymer fibers have been incorporated into the concrete mix 
to enhance the mechanical properties of the segments 
themselves, such as improving their tensile strength, flexural 
strength, and durability. However, while these fiber-
reinforced concretes have proven effective in strengthening 
the individual segments, they have had limited impact on 
improving the load-bearing capacity and overall 
performance of the segmental joints, which are the weak 
links in the lining system. 

Segmental joints, where the individual concrete 
segments are bolted or otherwise fastened together, are 
crucial for the structural continuity and overall stability of 
the tunnel lining. However, these joints are inherently 
weaker than the segments themselves and are more prone to 
damage and failure under load or due to environmental 
factors. As such, the load capacity of the entire lining 
structure is often governed by the strength and performance 
of the segmental joints. Given these limitations, there is a 
pressing need to develop innovative solutions that can 
enhance the strength and durability of the segmental joints. 
One such approach is the use of external reinforcement 
methods, such as bonding steel or fiber-reinforced polymer 
reinforcement to the joints. While these methods can provide 
some degree of strengthening in cases where significant 
deformations have already occurred, they are often seen as 
remedial measures rather than fundamental solutions [5, 6]. 

A more sustainable and effective approach would be to 
design and develop a new type of segmental joint that 
inherently possesses higher strength and resilience. Such a 
joint would not only be capable of withstanding higher loads 
but would also be better equipped to resist environmental 
degradation and maintain its integrity over the life of the 
tunnel. The development of such a joint would involve a 
multidisciplinary approach, drawing on expertise in 
materials science, engineering mechanics, and tunnel 
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construction techniques. Potential areas of investigation 
could include the use of advanced materials and composites 
for the joint interfaces, the design of innovative fastening 
mechanisms, and the implementation of monitoring and 
maintenance strategies to ensure the long-term performance 
of the joints [7, 8].  

The development of a new type of segmental joint with 
enhanced strength and durability has the potential to 
significantly improve the design and structural safety of 
lining structures in shield tunnels. By addressing the weak 
link in the system, such a joint could help to reduce the risk 
of accidents and extend the service life of tunnel 
infrastructure, ultimately benefiting the public and reducing 
the costs associated with maintenance and repairs. 
 
 
2. State of the art 
 
Significant efforts have been devoted to investigating tunnel 
segmental joints through laboratory tests, numerical 
simulations, and analyses. Liu et al. [9] tested the 
mechanical performances of continuously jointed segments 
and discovered that the lining structures typically failed due 
to compression crushing of the joint concrete. They 
emphasized that optimizing the structural design of tunnel 
linings necessitates improving the strength of segmental 
joints. Gong et al. [4] conducted a comprehensive study 
comparing traditional segmental joints with fiber-reinforced 
concrete segmental joints and found that the latter exhibited 
higher load capacity, initial cracking load, and narrower 
crack widths. Rashiddel et al. [10] analyzed segmental 
tunnel linings using two numerical methods: the beam-
spring method and the solid-interface method. Zhang et al. 
[11] analyzed the parameters affecting the bending capacity 
of segmental joints and found that the width of the segment, 
as well as the size and number of bolts, significantly 
influenced their bending ability. Avanaki et al. [12] 
separately investigated the flexural behavior of segmental 
joints and their performance under tunnel-boring machine 
thrust forces for Hybrid steel fiber-reinforced concrete 
(HSFRC) segments through experimental and numerical 
approaches.  

Other scholars Guo et al. [13] conducted tests on 
segmental joints under bending conditions, and numerous 
numerical simulations were also performed based on 
sophisticated numerical models to further capture the failure 
process of the joints. Zhang et al. [14] numerically 
investigated segmental joints and validated their model with 
full-scale tests. Their research results indicated that bolt 
stress was controlled by joint opening and vertical 
displacement, while the preload of the bolt had no apparent 
effect on the change in segmental joint deformation with 
bending moment. Oh and Moon [15] conducted a seismic 
analysis of longitudinal tunnel and ground response using 
three-dimensional quasi-static linear elastic and nonlinear 
elastic discrete beam-spring elements to represent the 
segmental liner and ground spring, respectively. Boye et al. 
[16] assessed the accuracy of published equations for 
bursting force and peak stress through high-resolution two-
dimensional finite element-based parametric studies. 
Allahverdi et al. [17] presented the results of three-
dimensional advanced finite element modeling for one of the 
major ongoing construction projects in the North America. 
They discussed the critical responses such as ground 
deformation, settlement trough, crown deformation, and the 
internal forces in the linings considering different segment 

joint modeling. Yang et al. [18] investigated the mechanical 
performances of segments of steel fiber reinforced concrete 
based on a three-dimensional mesoscale numerical model 
with randomly distributed steel fibers. Analytical methods 
were also frequently employed to investigate the mechanical 
performances of segmental joints, with the equivalent 
continuous model and the beam-spring model being two 
commonly adopted approaches. 

In addition to the aforementioned tests and numerical 
simulations focusing on the mechanical properties of 
segmental joints, numerous studies have been conducted 
from other perspectives. An automatic structural health 
monitoring system has been developed to monitor the 
opening of segmental joints, mitigate the risk of damage, and 
ensure the safety of shield tunnels. Currently, there is 
extensive research on strengthening reinforced concrete 
structures by adhering FRP materials to their surfaces [19, 
21]. This method is also applicable to strengthening 
segmental joints. However, strengthening the bolts, which 
are crucial components of segmental joints, represents a 
more direct approach. Nevertheless, the aforementioned 
method can still provide valuable guidance [22, 26]. 

These studies have enhanced our understanding of the 
mechanical performances of segmental joints, leading to 
improved design quality and increased safety. Notably, these 
methods do not significantly contribute to the load capacity 
of segmental joints, which primarily depends on the bolts 
connecting the segments [27, 30]. Therefore, a novel plug-in 
joint has been introduced at the interface between segments. 
This joint works in conjunction with the bolts to form a new 
type of combined splicing joint.. 

This study is arranged as follows. In Section 3, the test 
arrangements for the combined splicing joint are introduced. 
In Section 4, the test results of suggested joints are analyzed 
and described, and theoretical calculation formulas for the 
new combined splicing joints are also given. And then the 
conclusions are summarize in Section 5. 

 
 

3. Methodology 
 

3.1 Test specimens 
The proposed combined splicing joint comprises two distinct 
types of joints: one for the traditional bolt joint and the other 
for the plug-in joint. The pin part and the sleeve part are 
embedded in two separate segments, respectively (Fig. 1). 
During the construction process, the two segments can be 
effortlessly connected using the plug-in joint, thereby 
enhancing the joint’s capacity. 

In this study, a total of four test specimens were tested. 
All four specimens have identical dimensions: an outer 
radius of 1500 mm and an inner radius of 1350 mm, a width 
of 600 mm, and a center angle of 67.5°. The steel used is of 
Q235B grade, and the concrete for the four segments is 
uniform, with a strength grade of C50. Each segment is 
equipped with two hand holes and two bolt holes for 
installing bolts. In addition to these holes, different numbers 
of plug-in joints are also incorporated. 

Specifically, two ordinary segments are spliced together 
using two bolts to form an ordinary segmental joint, labeled 
as JT0. For JT1, one plug-in joint is embedded; for JT2, two; 
and for JT3, three. The bolts are 240 mm long straight bolts, 
and the plug-in joints are made of No. 45 steel. Figs. 1(d) 
and 1(e) illustrate the cross-sectional and circumferential 
structures of the combined splicing joint sleeve end, 
respectively. 
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(a) Schematic drawing 

   
(b) Actual pin drawing                (c) Actual sleeve drawing 

 
(d) Cross section 

 
(e) Circumferential section 

Fig. 1. Plug-in joint structure 
 

3.2 Test methods 
The segmental joints are tested using a large self-reaction 
test frame. All specimens undergo testing under four-point 
bending conditions. The arrangement of the jack, 
distribution beam, pressure rods, and rubber pads during the 
test process is shown in Fig. 2. Vertical displacement sensors 
are positioned on both sides of the segmental joint's inner arc 
surface to measure its vertical deformation. Horizontal 
displacement sensors are arranged on both the inner and 
outer arc surfaces of the segmental joints to measure their 
opening displacement. Fig. 2 presents a sketch of the 
segmental joint bending performance test device. 

The loading method for the segments is identical to that 
described in the previous section. During the loading 
process, the displacement of each measurement point is 
recorded after the load holding time has elapsed. 
Additionally, the development of cracks on the inner and 
outer arc surfaces of the segmental joints is observed and 
recorded. 
 
 
4. Results analysis and discussion 
 
4.1 Test results 
The plug-in joints for JT1, JT2, and JT3 are installed at the 
centroid positions of the segment components. The load-
deflection curves obtained from the test results of the four 
types of segmental joint models are presented in Fig. 3. It 

can be observed that incorporating a plug-in joint into the 
segmental joint enhances its capacity, and as the number of 
plug-in joints increases, the improvement in capacity 
becomes more pronounced. 

 

 
(a) Schematic drawing 

 
(b) Test arrangement 

Fig. 2. Sketch of the segmental joint bending performance test device 

 
Fig. 3. Load-deflection curves of the segmental joints with different 
numbers of plug-ins 

 
To further analyze the influence of the number of plug-

ins on the joint's capacity, the results of the load capacity for 
the four types of joints are listed in Table 1. Additionally, 
the increase in load capacity between different segmental 
joints is calculated. As shown in Table 1, after adding 3 
plug-in joints, the load capacity increases by 71.4% 
compared to the segmental joint without any plug-in joints. 
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Table 1. Load capacity of the segmental joints with different 
numbers of plug-in joints 

Number of plug-in 
joint 

Ultimate load  
(kN) 

Increase  
(%) 

0 21 - 
1 26 23.8 
2 30 42.9 
3 36 71.4 

 
To analyze the influence of different plug-in joint 

positions on the joint’s capacity, specimens JT4, JT5, and 
JT6 were designed. The distances between the centroid of 
the plug-in joints and the inner arc surface of the segment 
are 53 mm, 63 mm, and 73 mm, respectively. Since the 
position of the plug-in joints in the combined splicing joint 
designed in this paper aligns with that of the bolts, the 
position of the bolts changes accordingly with the position of 
the plug-in joints. As the plug-in joints are installed at the 
centroid of the concrete, and all other parameters remain 
unchanged, the load-deflection relationships of the 
segmental joints are presented in Fig. 4.  

 
Fig. 4. Load-deflection curves of the segmental joints with different 
positions of the plug-in joints 

 
Fig. 4 reveals that adjusting the position of the plug-in 

joints significantly impacts the load capacity of the 
segmental joint. Specifically, a closer proximity of the plug-
in joints to the inner arc surface of the segment results in a 
higher load capacity, whereas a greater distance leads to a 
decrease in load capacity. This suggests that optimizing the 
position of the plug-in joints can effectively enhance the 
load capacity of the segmental joint. 

 
4.2 Theoretical calculation 
4.2.1 Basic assumptions 
The segment joint is simplified into a beam model, where 
the bolts are treated as steel bars. The load capacity of the 
normal section is calculated based on the following 
fundamental assumptions: The plane section remains plane 
(plane section assumption. The tensile strength of the 
concrete is neglected. The stress-strain relationship of the 
concrete under compression is determined by Eq. (1). 

These assumptions form the basis for calculating the 
load capacity of the segment joint, which is crucial for 
understanding its structural behavior and ensuring its safety 
and performance. 
 

               (1) 

 
where  and  are the stress and strain for the concrete 
under compressive conditions and  is the designed 
compressive strength.  is the concrete compressive strain, 
which is calculated according to Eq. (2). Its minimum value 
is 0.02. 

 

             (2) 

 
where  is the ultimate compressive strain of the normal 
section, which is calculated by Eq. (3). When the concrete is 
under nonuniform compression and the value calculated by 
Eq. (3).  
 

             (3) 

 
where  is the coefficient, which is calculated according to 
Eq. (4). And its maximum value is 2.0.  
 

                    (4) 

 
where  is the standard compressive strength value of 
the concrete cube. 

It can be calculated that , , and 
. 

To simplify the formula derivation, the compressive 
stress-strain response before the peak strength of the 
concrete is simplified into a linear model: 

 

                      (5) 

 
where  is the secant modulus (deformation modulus) of 
the concrete, which is determined by Eq. (6).  
when the concrete grade is C50. 

 

                                       (6) 

By simplifying the bolt and plug-in joint into 
elastic‒ideal plastic materials, the tensile stress‒strain 
response of the bolt is expressed as follows: 
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                     (7) 

 
The tension stress and strain relationship of the plug-in 

joint is taken as follows: 

 

                     (8) 

 
where  and  are the bolt tensile stress and strain, 
respectively;  is the tension stress of the plug-in joint 
when the strain of the plug-in joint is ;  and  are 
the elastic moduli of the bolt and the plug-in joint, 
respectively;  and  are the tension yield strength 
design values of the bolt and the plug-in joint, respectively; 

 and  are the tension yield strains of the bolt and the 
plug-in joint, respectively; and  and  are the ultimate 
tension strains of the bolt and the plug-in joint, respectively. 

When shield tunnel segments are in service in the 
stratum, the stress distribution at the joint is shown in Fig. 5. 

 

 
Fig. 5. Diagram of the force at the joint of the combined splicing joint 

 
Through the equilibrium relationship of the horizontal 

force, it can be concluded that: 

 
                 (9) 

 
where is the axial force of segments;  represents the 
segment width;  is the concrete compressive stress 
obtained via the equivalent rectangular stress pattern;  
represents the height of the compressive zone;  and  
represent the number of bolts and plug-in joints, respectively; 
and  and  represent the effective sectional areas of the 
bolt and plug-in joints, respectively. 

For the reinforced concrete structure, the stress and strain 
in the compressive zone should reach the compressive 
strength and the ultimate strain, respectively. Additionally, 
the bolt tensile stress should reach the bolt's yield strength, 
and the plug-in joint should reach its yield strength. The 
stress and strain of the concrete are related as follows: 

 

                             (10) 

 
where  is the coefficient and always taken as 1.0 if the 
concrete grade is lower than C50. 

The stress and strain of the bolt and plug-in joint should 
meet the following relations: 

 

,                          (11) 

 
4.2.2 Joint’s load capacity for different failure modes 
The strain distribution at the joint after deformation is 
depicted in Fig. 6. The strain distribution in the compressive 
zone approximately follows a triangular pattern. Given that 
the combined splicing joint is assembled by splicing two 
segments together, the concrete in the tension zone 
experiences a state of separation, resulting in zero strain. 
Therefore, only the bolts and plug-in joints exhibit strain in 
this region. For the sake of representation, the concrete strain 
is included in Fig. 6, albeit with an actual value of 0. 

According to the assumption of the beam plane 
deformation and the strain triangle similarity relationship, 
the relationship between the bolt tensile strain and the 
concrete compressive strain is described as: 

 

                   (12)  

 
where  is the effective height of the concrete section, i.e., 
the distance between the joint force point of the longitudinal 
tension bolt and the compression sectional edge, ; 

 is the segment thickness;  is the distance between the 
bolt joint force point and the tension edge of the concrete 
section; and  is the height of the neutral axis controlled by 
the plane section assumption, .  is the 
coefficient and taken as 0.8 if the concrete grade is lower 
than C50. 

 
Fig. 6. Strain distribution at the joint of the combined splicing joint 
 

Since the stress-strain response of the concrete, bolts, 
and plug-in joints is simplified as elastic-ideal plasticity, it is 
necessary to determine whether the concrete, bolts, or plug-
in joints reach the ultimate state first before the ultimate load 
capacity of the combined splicing joint can be calculated. 
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Bolts and plug-in joints reach the ultimate state first: 
When the bolts and plug-in joints first reach the ultimate 
state, , , and . Then, Eq. (12) 
can be rewritten as: 

 

                               (13) 

 
By substituting Eq. (13) into Eq. (5), the stress of the 

concrete can be obtained as: 
 

                           (14) 

 
Substituting Eq. (14) into Eq. (9) yields the following: 

 

           (15) 

 
The height of the concrete compressive zone  can be 

calculated by Eq. (15); then, it can be substituted back into 
Eqs. (13) and (14). The concrete compressive strain and 
stress can be calculated, and the stress state of the concrete 
can be determined by Eq. (16): 

 

                               (16) 

 
If the concrete compressive strain  and stress  can 

meet Eq. (16), then the concrete has not yet reached the yield 
state, but the bolts and plug-in joints have yielded firstly. If 
Eq. (16) is not satisfied, then the concrete has reached the 
yield state before the bolts and plug-in joints reach the 
ultimate state, and the ultimate bending moment of the 
combined splicing joint cannot be determined by the method 
mentioned above. 

When the above conditions are met, the bolts and plug-in 
joints yielded, and the concrete is still in the elastic state. 
The ultimate moment of the combined splicing joint is 
determined according to the balance condition of the torque 
in Fig. 5. 

Taking the moment of the concrete centre in the 
compressive zone yields the following: 

 

     (17) 

 
Taking the moment of the resultant point of the bolts and 

plug-in joints can yield: 
 

              (18) 

 

Concrete reaches the ultimate state first: If the 
concrete yields firstly, with  and , Eq. (13) 
can be rewritten as follows: 
 

                           (19) 

 
By substituting Eq. (19) into Eq. (11), the stress of the 

bolts can be obtained: 
 

                       (20) 

 
By substituting Eq. (19) into Eq. (12), the stress of the 

plug-in joints can be obtained as: 
 

                     (21) 

 
Substituting Eqs. (20) and (21) into Eq. (22) yields the 

following: 
 

  
(21)

  
 
The concrete compressive zone height can be calculated 

according to Eq. (22) and then substituted back into Eqs. 
(19), (20) and (21). The tensile strain and stress of the bolts 
and plug-in joints can be calculated, and the stress state of 
the bolts and plug-in joints can be determined via Eq. (23): 

 

,                             (23) 

 
If the tensile strain  and tensile stress ,  of the 

bolts and plug-in joints can meet Eq. (23), then the bolts and 
plug-in joints have not yet yielded, but the concrete has 
yielded. If Eq. (23) is not satisfied, then the bolts and plug-in 
joints have reached the yield state before the concrete 
reaches the ultimate state. 

When the above conditions are met, the concrete first 
yields, and the bolts and plug-in joints are still in the elastic 
state. The joint’s ultimate moment is determined according 
to the balance conditions of the torque in Fig. 6. 

Taking the moment of the concrete centre in the 
compressive zone yields: 

 

     (24) 

 
Taking the moment of the resultant point of the bolts and 

plug-in joints can yield: 

 

              (25) 
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Concrete, bolts, and plug-in joints all reach the yield 

state: At this time, the height of the compressive zone  
calculated according to the elasticity in the above two cases 
is no longer applicable, and it is necessary to recalculate the 
height of the compressive zone  according to Eq. (26): 

 
                  (26) 

 
The height of the concrete compressive zone is 

subsequently substituted into Eqs. (26) or (25) to calculate 
the ultimate bending moment of the combined splicing joint. 

 
4.2.3 Calculation results of the load capacity 
These equations above are applied to calculate the ultimate 
bending moments of specimens JT0, JT1, JT2 and JT3 
mentioned above. For these specimens the bolts and plug-in 
joints, first reach the ultimate state. Then, the values of the 
parameters required for calculating the ultimate bending 
moment are , , , 

, , , , , 

and . 
The calculation results from the equations established in 

this section are the ultimate bending moment of the 
combined splicing joint, whereas the measured data are the 
vertical load of the combined splicing joint. Therefore, the 
vertical load should be converted into the bending moment 
through force analysis. The left half of the combined 
splicing joint is taken as the research object. A diagram of 
the force in the loading process is illustrated in Fig. 7. 

 
Fig. 7. Force of the combined splicing joint left half 

 
Taking the moment of the combined splicing joint left 

support, the bending moment at the joint of the combined 
splicing joint can be calculated, as shown in Eq. (27): 

 

                       (27) 

 
where  is half of the vertical load at the joint of the 
combined splicing joint;  is the gravity of the combined 
splicing joint;  is the horizontal distance between the joint 
and support of the combined splicing joint; and  is the 
horizontal distance between the joint and the vertical load of 
the combined splicing joint. 

The calculated bending moments of each specimen are 
summarized in Table 2. To further verify the suggested 
method, the calculated results and test ones are compared in 
Table 2. 

Table 2. Comparison of the calculated and tested load 
capacities of the combined splicing joint 

Specimen 
number 

Calculated 
value (kN·m) 

Test value  
(kN·m) 

Relative 
error (%) 

JT0 10 10.7 7.0 
JT1 11.7 13.2 12.8 
JT2 13.4 15.3 14.2 
JT3 15.1 18.3 21.2 

 
 
5. Conclusions 
 
A new type of combined splicing joint for tunnel segments 
in complex geological conditions was proposed, and its 
mechanical performances were investigated. The main 
conclusions were obtained as following : 

(1) The addition of a plug-in joint to the traditional 
segmental joint enhances the joint’s bending stiffness. 
Compared to specimen JT0, the bending stiffness of 
specimen JT1 is increased by 50%. By incorporating a plug-
in joint, the load capacity of the segmental joint can be 
improved to a certain extent, with the degree of increase 
reaching 25%. 

(2) For the combined splicing joint, the incorporation of 
a plug-in joint improves its load capacity. As the number of 
plug-in joints increases, the improvement in load capacity 
becomes more pronounced. Additionally, the load capacity 
of the segmental joint can be further enhanced by adjusting 
the position of the plug-in joints. 

(3) The combined splicing joint is simplified into a beam 
model, with the bolts treated as steel bars. A load capacity 
calculation formula is derived using the calculation method 
for concrete structures. When the final calculation results are 
compared with experimental data, the results indicate that 
the load capacity calculation formula designed in this paper 
is reasonable. 

This study primarily focuses on the mechanical 
performances of the combined splicing joints. It is important 
to note that the test specimens used are smaller than those 
typically employed in practice. As a next step, full-scale 
experimental investigations should be conducted to validate 
the findings of this study. 
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