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The bolt end plate connection used in steel structures and composite structures has been extended to concrete,
forming a through core high-strength bolt connection assembled concrete frame structure. To study the seismic

performance and failure mode of the structure, the finite element software is used to simulate low cycle repeated

loading tests of the node. Modeling analysis is carried out with axial compression ratio, concrete strength grade,
end plate thickness, and other main variable parameters. The influence of different influencing factors on the

seismic performance of the node is also explored. The results indicate that the ductility coefficient of the node is
generally between 2.43 and 4.16, overall greater than 3.0, demonstrating good ductility and deformation capacity.
When the node fails, the equivalent viscous damping coefficient is between 0.3-0.4, demonstrating good energy
dissipation capacity. In addition, increasing the thickness of the end plate can significantly improve the stiffness
of the node, optimize the efficiency of moment transmission, and suppress adverse deformation. Stress analysis
shows that the force transmission of each component of the node is uniform, and key components such as end
plates and high-strength bolts are subjected to reasonable forces. The node realizes the design criterion of "strong
column, weak beam, stronger node", and the plastic hinge at the beam end is fully developed.
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1. Introduction

China has entered a critical period of achieving the dual carbon target.
Due to their unique advantages, prefabricated buildings have become the
main means of construction to achieve the dual carbon target. Therefore,
new structural systems with good seismic performance, convenient
construction, and good post-earthquake recovery are of great significance.
Concrete frame structures still dominate in Chinese architecture. There
has been some research on new structural systems of prefabricated
concrete frames. Nzabonimpa et al. (2018) proposed a new type of steel-
concrete composite beam-column joint connected by high-strength bolts
and proved that the joint has good seismic performance through low cyclic
loading experiments. The 6-bolt extended multiple-row moment end-plate
connections with reinforced PJP welds were tested to investigate the
strength of the connection and the reinforced PJP weld used on the
connection. The results show that proper design of PJP welds can be
effectively used in flange to end-plate connections of beam to column
connections (Ramseyer and Sherry, 2019). Elflah et al. (2019a, b)
conducted a series of experimental tests on twelve single-sided austenitic
stainless-steel beam-to-column joints, including four types of
configurations: flush and extended end-plate connections, top and seat
angle cleat connections, and top, seat and double web cleat connections,
which were further used to verify the developed FE models. Zhang et al.
(2020) proposed a new square steel tube concrete column steel beam joint
with double T-shaped steel core bolt connection, which is easy to assemble
and can be replaced after earthquakes. A full-scale finite element analysis
model was established using the finite element analysis software ABAQUS
to conduct refined numerical simulations under low cycle reciprocating
loads. The influence of the thickness of the T-shaped steel flange, web
plate, and shear plate on the hysteresis performance of the joint was
studied. The results showed that the joint has good strength, stiffness, and
energy dissipation capacity, and can meet the seismic design goal of
"strong node, weak component”. Wu et al. (2022) proposed an assembled
bolt connection node form, which involves inserting steel beams between
the upper and lower outer ring plates, and connecting the steel beam
flanges to the inclined straight edge ring plates using high-strength bolts.
In this way, the force transmission path at the node connection can be
changed to the stress performance of the ring plates can be improved.
Three quasi-static loading tests were conducted on the edge column
nodes, and the results showed that the equivalent viscous damping
coefficients of the three specimens were 0.320, 0.355, and 0.283,
respectively. This indicates that the node has good energy dissipation
capacity. The plastic hinge of the specimen beam with flange cover plate
appears on the beam section outside the ring plate range, while the plastic
hinge of the specimen beam without flange cover plate appears on the

beam section outside the outermost row of bolts. Wu et al. (2020a, b)
proposed a reliable dry connection method, namely a new modular
precast SRC column steel beam composite joint (MPCJ]), to study the
seismic performance of beam column joints in prefabricated frame
structures. Based on this, three different types of beam column joints
(bolted welded hybrid connection, bolted connection, and welded
connection) were proposed and subjected to low cycle reciprocating load
tests and finite element analysis. Under all three different connection
methods, beam-end bending failure occurred, and the hysteresis curve
was stable and full. The ductility coefficient and equivalent viscous
damping coefficient of the three joints were greater than 4 and 0.2,
respectively, meeting the seismic performance requirements. Based on
experimental results and numerical verification, simplified equations for
bending and shear bearing capacity were proposed. Bao et al. (2023a, b,
2025) explored the seismic performance of precast concrete piers with
different connection forms, as well as the performance degradation laws
under the coupled effects of freeze-thaw, chloride salt, and wetting-drying
in cold regions through quasi-static tests, artificial climate environment
simulations, and finite element analysis. The results showed that the yield
load and peak load of piers with grouted splice sleeve connections could
reach 101.9% and 95.7% of those of cast-in-place structures respectively.
Their seismic performance was close to that of CIP structures. The
unbonded post-tensioned piers have excellent self-centering ability, with
aresidual displacement of less than 7 mm. The increase in prestress could
enhance their load-bearing capacity and stiffness. The coupled effects of
the cold-region environment reduced the peak load of the piers by 8.4%
and the ultimate displacement by 15.3%. A load-bearing capacity
reduction factor of 0.85 was recommended for 200 freeze-thaw cycles.
Both types of precast piers were suitable for moderate-to-low seismic
intensity zones (< VIII), and the connection durability needed to be
optimized for high-seismic intensity zones. In addition, the established
finite element model could effectively predict their seismic response.
Based on the above analysis, a prefabricated concrete frame node with
high-strength bolt end plate connection is proposed to study the seismic
performance of the node, and the finite element software is used to
simulate its quasi-static test.

2. Selection of relevant parameters for
finite element analysis

2.1 The constitutive model of steel

The steel use is Q345 steel, and the constitutive simplification of the
steel is divided into three stages (Nejati et al, 2019): elastic stage,
strengthening stage, and failure stage. The corresponding yield strength
fy =345 MPa, ultimate strengthf,, =470 MPa, elastic
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modulusE =2.06x10¢ MPa, and Poisson ratio v = 0.3.The bolt adopts
HTH1080 horizontal and trilinear constitutive models (Hassan et al., 2024;
Tekieh et al, 2022), with a yield strength of 1080 MPa and an ultimate
strength of 1250 MPa, respectively.

2.2 The constitutive model of steel bars

Considering the hysteresis performance when steel bars and concrete
work together, rather than steel bars work alone, the steel bar hysteresis
model of the RC structure (reinforced concrete construction) developed
by Fang et al. (2018) is applied. There are three input parameters for the
material: (MPa), (MPa), and (ratio of hardening stiffness to initial stiffness)
(Zhelyazov and Thorhallsson, 2022). The specific data of the materials are
shown in Table 1.

Table 1. Reinforcement parameters
Reinforcement

parameters Es (Mpa) fy (Mpa) ESh/Es
HRB400 200000 400 0.001
HRB1080 200000 1080 0.001
HRB1100 200000 1100 0.001
HTH1080 200000 1080 0.001

where, Eis the elastic modulus, f;, is the yield strength, and E;, /Eis
the ratio of hardening stiffness to initial stiffness.

2.3 The constitutive model of concrete

The plastic damage model of concrete adopts the default value in
ABAQUS. In the elastic stage, the stress-strain relationship can be obtained
according to the elastic modulus of the material. In the plastic stage, the
stress-strain relationship of concrete needs to be calculated and analyzed
according to the model proposed by Code for design of concrete structures
(GB/50010-2010) (2010). The parameters are shown in Table 2 and Table
3. The values of concrete plastic parameters in the concrete plastic damage
model are shown in Table 4.

Table 2. Parameter selection of concrete uniaxial tensile stress-
strain curve

fir(N/mm?) 10 15 2.0 2.5 3.0 3.5 4.0
&.,(107%) 65 81 95 107 118 128 137
a; 031 070 125 195 281 382  5.00

where, f,, is the representative value of tensile strength; &, ,is the
tensile strain corresponding tof; ,; a.is the parameter of concrete falling
section under uniaxial tension.

Table 3. Parameter selection of stress-strain curve of concrete
under uniaxial compression

f”(NZ 20 25 30 35 40 45 50 55 60
/mm?)
sar(lo_ﬁ) 1470 1560 1640 1720 1790 1850 1980 1920 2030
a. 0.74 1.06 1.36 1.65 1.94 221 2.48 2.74 3.00
e/ecr 30 26 23 21 20 19 18 18 18

where,f; - is the representative value of compressive strength; &, , is
the compressive strain corresponding to f,; ais the parameter of
concrete falling section under uniaxial compression.

Table 4. Values of plastic parameters of concrete in ABAQUS

Expansion - Stickiness
angle Eccentricity Foolfeo K parameter
38 0.1 1.16 0.667 0.005

2.4 Mesh Generation

The selection of grid size is mainly based on the force characteristics
of the structure. The global element size for the grid division of each
component is 100 mm. Due to the complex stress in the connection area of
the node core, the mesh size is adjusted to 20 mm. The grid division of the
nodes and various components is shown in Fig. 1.

2.5 Comparison of damage modes

The damage of finite element simulation and testing are shown in Fig.2.
The testing of beam column joints generates plastic hinges at the end of the
beam, and the concrete in the plastic hinge area fractures locally. According to
the results of the finite element modeling, the damage is essentially the same
with the test, and the damage at the beam end is the most severe.

(a) Grid division of node (b) Grid division (c) Grid division of
of node core concrete column
steel pipe
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(d) Grid division of endplate

(e) Grid division of concrete beam
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(f) Grid division of screw mesh
Fig. 1 Grid division
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(a) Simulated failure in the nodal core area

(b) Experimental failure in the nodal core area (The photograph was
taken by the authors in Xian, China, on June 20, 2016)
Fig. 2 Comparison of failure in the nodal core area
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3. Seismic performance of nodes

3.1 Geometric features of nodes

The dimensions of the node entity model are shown in Fig. 3, and the
node reinforcement is shown in Fig. 4. The basic parameters of the test
piece are shown in Table 5. The determination of this parameter is mainly
based on the results of previous experiments and preliminary analysis of
the model.
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Fig. 3 Node size diagram
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(a) Detailed drawing of beam (b) Detailed drawing of column
reinforcement reinforcement

Fig. 4 Reinforcement diagram of beams and columns

Table 5. Basic parameters of each specimen

Nodes Axial compression Concrete Bolt End-plate

ratio strength preload thickness
PAN-01 0.3 C30 200kN 30mm
PAN-02 0.3 C50 200kN 30mm
PAN-03 0.3 C40 300kN 30mm
PAN-04 0.3 C40 400kN 30mm
PAN-05 0.3 C40 200kN 20mm
PAN-06 0.3 C40 200kN 40mm
PAN-07 0.3 C40 200kN 30mm
PAN-08 0.5 C40 200kN 30mm
PAN-09 0.7 C40 200kN 30mm
3.2 Load displacement hysteresis curve

The load displacement curves of each specimen are shown in Fig. 5.

From Fig. 5, it can be seen that the hysteresis curves of each specimen
are similar, basically between shuttle-shaped and bow-shaped. Before
failure, all parts of the specimen are in the elastic stage, and the load
displacement changes linearly. As large displacement increases, the load
increases slowly and the stiffness decreases to a certain extent. However,
under the same level of displacement control, the three cycle curves are
basically similar, and the degradation of strength and stiffness is not
significant. The concrete grades of specimens PAN-01, PAN-02, and PAN-
07 are different. From the hysteresis curve, it can be seen that the strength
of concrete affects the fullness of the curve. The higher the strength, the
fuller the curve, but the later descending section will appear earlier
(Rahnavard et al,, 2020; Kalmykova, 2021). The pre-tightening force of
bolts on specimens PAN-03, PAN-04, and PAN-07 are different. From the
hysteresis curve, the pre-tightening force of bolts has little effect on the
specimens, and the bearing capacity of the specimens is almost the same.

The thickness of endplates of specimens PAN-05, PAN-06, and PAN-07 is
different. It can be clearly seen from the hysteresis curve that the thickness
of endplates has a significant impact on the specimens. Thin end-plate
thickness specimens fail prematurely, while thick end-plate thickness
specimens increase their ultimate bearing capacity. The main reason is
that the increase in end plate stiffness will improve bending moment
transmission and suppress adverse deformation. The axial compression
ratios of specimens PAN-07, PAN-08, and PAN-09 are different. It can be
clearly seen from the hysteresis curve that as the axial compression ratio
increases, the fullness of the specimens decreases. The main reason is that
under the premise that the axial compression ratio does not exceed the
specification limit, moderately increasing the axial compression ratio can
strengthen the constraint on the section of the component, suppress the
early cracking of concrete, enhance the stress coordination between steel
bars and concrete, delay the yield of longitudinal bars and the collapse
process of concrete. It allows the component to withstand greater cyclic
loads (increasing bearing capacity) and makes the yield energy dissipation
of steel bars and the shear energy dissipation of concrete more sufficient
(full hysteresis curve).
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Fig. 5 Load displacement curves of each specimen
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3.3 Skeleton curves

The load displacement curves of each specimen are shown on Fig. 6.

From Fig. 6, it can be seen that as the concrete strength grade
increases, the yield load and ultimate load on the skeleton curve both
increases, and the final decreasing trend is consistent. This indicates that
concrete strength has a certain impact on the seismic performance of the
specimen. As the pre-tightening force of the bolts increases, the skeleton
curve is basically consistent, indicating that the specimen meets the
specification requirements of applying pre-tightening force to the bolts
(Al-Huri et al, 2023). There is no need to excessively increase the pre-
tightening force of the bolts. When the thickness of the end plate is 20mm,
the specimen fails prematurely and has a lower bearing capacity; when it
changes from 20mm to 30mm, the yield load and ultimate load of the
specimen are greatly increased; when it changes from 30mm to 40mm,
compared with changing from 20mm to 30mm, the yield load and ultimate
load of the specimen are increased, but not particularly significantly.
Therefore, increasing the thickness of the end-plate within a certain range
can greatly improve the bearing capacity of the structure.
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compression ratios
Fig. 6 Load displacement skeleton curve of each specimen

3.4 Stiffness degradation

The stiffness degradation curves of each specimen are shown in Fig. 7.
From Fig. 7, it can be seen that the variation of bolt preload has little
effect on the stiffness degradation of the specimen, while the variation of
end-plate thickness has the greatest impact on the stiffness degradation of
the specimen. The variation of concrete grade and axial compression ratio
has a moderate impact on the stiffness degradation of the specimen. In the
initial stage of loading, the specimen is basically in the elastic stage, and
the stiffness degradation is not significant. With the continuous increase
of displacement, failure of the concrete beam continues to develop, and the
development of plastic compressive stress at the top and bottom of the
beam end plastic hinge reduces the structural response. At this stage,
stiffness degradation is significant. After yielding, the failure of the
specimen is basically stable state. Therefore, the stiffness degradation is
slow at this stage. In the later stage of loading, there is no much difference
in stiffness when performing three cycles per level. This indicates that the
composite component has good resistance to deformation, and the

resistance to deformation is relatively stable.
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3.5 Ductility coefficient

The ductility of specimens under different concrete strength grades,
bolt pre-tightening forces, end-plate thicknesses, and axial compression
ratios are shown in Tables 6-9.

From Tables 6-9, it can be seen that the ductility coefficient of this
node is generally between 2.43 and 4.16, with an overall value greater than
3.0, indicating that the node has good ductility and deformation capacity,
which meets the ductility design requirements of RC structures (Amer et
al,, 2025; Yeganeh and Hossain, 2023). Moreover, the ductility coefficient
increases with the increase of concrete strength, bolt preload, end plate
thickness, and axial compression ratio. The concrete strength grade, end
plate thickness, and axial compression ratio have a greater impact on the
ductility of this node, and the bolt preload has a certain improvement on
the ductility of this node, but not significant.

3.6 Energy dissipation

The equivalent viscous damping coefficients of each specimen are
shown in Fig. 8.

0.4 4

0.3 4

0.24

0.1+

Equivalent viscous damping coefficient

0.0 T T T T T
0 1 2 3 4 5

Fig. 8 Diagram of equivalent viscous damping coefficient

As shown in Fig. 8, the equivalent viscous damping coefficient of the
assembled concrete frame node connected by the through core high-
strength bolt is between 0.3 and 0.4 when it fails, demonstrating good
energy dissipation capacity. The equivalent viscous damping coefficient is
the highest when the nodes PAN-02 (C50), PAN-03 (300kN) and PAN-04
(400kN) fail, and that is the lowest when the nodes PAN-09 (axial
compression ratio of 0.7) and PAN-01 (C30) fail. This indicates that
strengthening bolt preload and increasing concrete strength grade can
effectively improve the seismic performance of specimens, while
excessively increasing the axial compression ratio will reduce the seismic
performance of specimens.

4. Stress analysis

Since the main components of each node are the same, the stress cloud
maps of each node have similar trends. A specific analysis will be
conducted on the stress cloud maps of specimen PAN-07 (concrete grade
C40; bolt preload 200kN; end-plate thickness 30mm; axial compression
ratio 0.3) in the yield state, ultimate state, and failure state to correlate the
node failure mechanism and seismic performance.

As shown in Fig. 9, the stress of the concrete column is evenly
distributed from top to bottom by two sets of screw holes, and the force
transmission path is clear, verifying the reasonable force transmission
design of the through core bolt. In addition, the maximum stress around
the screw hole and at the bottom of the column reaches 56.81 MPa,
exceeding the design value of C40 concrete axial compressive strength
(19.1 MPa). This indicates that this area is the starting point of failure of
the concrete column. In the later stage of loading, compression first occurs,
which is consistent with the failure of "column bottom concrete crushing"
mentioned earlier.

As shown in Fig. 10, the stress of concrete beams is uniformly
distributed outward from the upper and lower sides of the beam end. The
maximum stress at the corner of the upper and lower ends of the beam
end reaches 61.73 MPa, far exceeding the compressive strength threshold
of C40 concrete. This area is the formation site of plastic hinges at the beam
end. When it is loaded to the ultimate limit state, the concrete at the corner
of the beam collapses first, causing the longitudinal reinforcement of the
beam to lose lateral restraint, which in turn lead to the bending-type
failure at the beam end. This is consistent with the failure mechanism of
"fully developed plastic hinge at the beam end" mentioned earlier.

Table 6. Ductility coefficient of each specimen under different concrete strengths

. ) Yield displacement Ultimate load Destruction Ductility coefficient
Specimens Yield load P, /kN 4,/mm P /KN displacement 4, /mm i
PAN-01 Positive 229.64 61.01 257.32 119.41 2.61
Negative  -169.99 -52.44 -183.77 -147.46 2.81
PAN-02 Positive 182.46 41.61 192.58 144.23 3.47
Negative  -181.62 -39.53 -190.64 -144.09 3.65
PAN-07 Positive 177.66 48.6 190.34 148.41 3.05
Negative  -170.24 -40.63 -185.73 -148.65 3.66
Table 7. Ductility coefficient of each specimen under different pre tightening forces of bolts
. ) Yield displacement Ultimate load Destruction Ductility coefficient
Specimens Yield load P, /kN 4,/mm P /KN displacement 4, /mm u
PAN-03 Positive 180.78 46.48 183.38 145.48 3.13
Negative  -181.36 -45.46 -180.59 -149.95 3.30
PAN-04 Positive 178.84 39.49 180.56 146.87 3.72
Negative  -183.81 -41.69 -182.51 -148.02 3.55
PAN-07 Positiye 177.66 48.6 190.34 148.41 3.05
Negative  -170.24 -40.63 -185.73 -148.65 3.66
Table 8. Ductility coefficient of each specimen under different end plate thicknesses
. ] Yield displacement Ultimate load Destruction Ductility coefficient
Specimens Yieldload ,/kN 4,/mm Prax/KN displacement 4,/mm u
PAN-05 Positive 142.94 35.83 171.38 149.09 4.16
Negative  -158.11 -61.59 -165.02 -149.58 2.43
PAN-06 Positive 187.52 37.85 205.98 149.7 3.96
Negative  -190.3 -36.86 -186.38 -145.67 3.95
PAN-07 Positive 177.66 48.6 190.34 148.41 3.05
Negative  -170.24 -40.63 -185.73 -148.65 3.66
Table 9. Ductility coefficient of each specimen under different axial compression ratios
. . Yield Ultimate Destruction Ductility coefficient
Specimens Yield loadP, /kN displacement 4,/mm  loadP,,,,/kN displacement4,, /mm u
PAN-07 Positive 177.66 48.6 190.34 148.41 3.05
Negative  -170.24 -40.63 -185.73 -148.65 3.66
PAN-08 Positive 181.36 45.38 194.43 146.52 3.23
Negative ~ -178.92 -37.81 -190.03 -147.91 391
PAN-09 Positive 188.78 40.15 218.83 149.5 3.72
Negative  -185.07 -36.31 -214.01 -148.53 4.09
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As shown in Fig. 11, the stress on the end plate is concentrated around
the screw holes, with relatively smaller stress in the middle part (near the
neutral axis). The upper and lower screw holes are symmetrically
distributed, which conforms to the stress characteristics of bolted end
plate connections. The maximum stress on the end plate reaches 350.8
MPa, approaching the yield strength of Q345 steel (345 MPa). After
loading, the end plate only underwent slight deformation without failure,
verifying the "strong node" design. The end plate dissipates energy
through its own plastic deformation, preventing premature failure of the
node.

As shown in Fig. 12, the stress of high-strength bolts is concentrated
on both sides of the screw (close to the nut), and the stress distribution is
uniform throughout the loading process. The force transmission effect is
reliable, and the maximum stress of the bolt in the failure stage reaches
1082MPa, which is basically the same with the yield strength of the bolt
(1080MPa). This indicates that the bolts have fulfilled its load-bearing
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(b) Stress of column ultimate state

(b) Stress of beam ultimate state

(b) Stress of end-plate limit state

function without slippage or fracture, ensuring the reliability of the node
connection. This is the key guarantee in the design of "strong nodes".

As shown in Fig.13, the stress distribution is at the bottom of the steel
cage column, and the stress distribution is relatively uniform in the entire
loading stage, showing good force transmission effect. The maximum
stress on the steel cage column reaches 474.1 MPa, exceeding the yield
strength of the steel cage column and deforming slightly. The overall part
does not suffer from large-scale damage.

As shown in Fig. 14, the maximum Mises stress of the concrete beam
steel cage occurs at the junction between the concrete beam and the end
plate and is mainly distributed on the upper and lower sides with g a
symmetrical distribution. The main reason is that the concrete at the beam
end is severely damaged, and the steel bars at the beam end gradually lose
lateral support. When the specimen fails, it has exceeded the yield strength
of the steel bars, indicating severe compression bending and bending
failure, forming a typical plastic hinge failure mechanism at the beam end.
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Fig. 12 Cloud diagram of stress stages of high-strength bolts
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Fig. 13 Cloud diagram of the stress of concrete beam reinforcement cage
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failure state

Fig. 14 Cloud diagram of the stress of concrete beam reinforcement cage

5. Conclusions

To study the seismic performance and failure mode of the structure,
the finite element software is used to simulate low cycle repeated loading
tests of the node. Axial compression ratio, concrete strength grade, end
plate thickness, and other main variable parameters are modeled and
analyzed. The influence of different influencing factors on the seismic
performance of the node is explored, and main findings are drawn as
follows:

(1) Compared with similar nodes, the advantages of the through core
high-strength bolt connected prefabricated concrete frame nodes are
significant: in terms of seismic performance, the component shows
favorable hysteresis characteristics without significant pinching. It shows
gradual stiffness degradation, and its ductility meets the requirements of
RC structure design. In addition, the energy dissipation capacity is more
significant than traditional composite nodes and bolted connection nodes.
In construction, the connection methods is simple and do not require
composite construction. This reduces the construction difficulty and cost,
making post-earthquake maintenance convenient and more suitable for
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the promotion of prefabricated buildings; At the level of force
transmission and failure mechanism, a symmetrical design is used to
achieve uniform stress distribution, avoid slip and local failure, fully
develop the plastic hinge at the beam end, implement the "strong column,
weak beam, stronger node" criterion, and meet the mainstream seismic
design standards.

(2) Under the action of low cycle cyclic loading, the hysteresis curves
of the 9 nodes exhibit similar characteristics, basically between shuttle
shaped and bow shaped. The skeleton curves are basically the same, all
experiencing four stages of elasticity, yield, strengthening, and decay.
Under the same control displacement level, the three cycle curves are
basically similar, and the degradation of strength and stiffness is not
significant. The specimen exhibits good restoring force characteristics.

(3) The ductility coefficient of each node gradually increases as the
parameter indicators improve. Node ductility coefficients range from 2.61
to 4.16, overall greater than 3.0. The equivalent viscous damping
coefficient of the node specimen when it fails is 0.3 to 0.4, indicating that
the node exhibits good ductility and energy dissipation capacity.

(4) Through comparing and analyzing the stress cloud diagrams of
various components of the high-strength bolt connection assembled
concrete frame node under different states, the stress of each component
during the loading process can be clearly obtained. Overall, it can be seen
that this type of structure can achieve the design criterion of "strong
column, weak beam, stronger node", and the plastic hinge at the beam end
can be fully developed, showing good deformation ability.
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