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ARTICLE INFO ABSTRACT

Keywords: A novel type of detachable precast concrete column-column joint (DPC) is proposed in this study
Pr_ecas_t concrete column-column joints to solve the problems in current column-column dry connections including complex load path,
Seismic performance uncertainty of structural stiffness of beam-column joints and inconvenience for disassembly. The

Hysteresis curve

dry connection technology is applied by composing of steel plate and concrete. Finite element
Skeleton curve y 8y PP y posing p

models of DPC were created to study its structural performance including hysteresis curve,
skeleton curve, ductility, and energy dissipation capacity. The benchmark models are firstly
established and validated against the test data and after that a small-scale parametric study is
prepared. The effect of axial pressure ratio and eccentricity distance size on the seismic perfor-
mance of DPC was studied. Results indict that the optimal value of axial pressure ratio ranges
from 0.5 to 0.7. With increase of the axial pressure ratio, the ductility coefficient shows a
decreasing trend in general. The eccentricity has little effect on the energy dissipation capacity of
the joint.

1. Introduction

Precast concrete column-column joint has a clear advantage in construction cost and energy consumption compared with the
traditional construction of reinforced concrete structure [1,2]. However, the safety, structural performance and workability of the joint
should be as reliable as cast-in-place concrete construction. The available precast concrete joint usually uses welding [3-5], pre-
stressing [6], laminated beams [7,8] and profiled concrete [9,10] to connect different prefabricated members for the advantages of fast
construction and less on-site casting operations. In addition, the seismic performance of traditional connection technology is unsat-
isfactory [11]. At present, there are two popular ways (dry connection and wet connection) available for precast concrete structure.
Compared with wet connection structures, dry connection structures are easier for detachable operation. Hu et al. [12] proposed a dry
joint based on precast concrete columns with flange plate connections and showed that columns with flange plate connection have
similar seismic performance as conventional cast-in-place columns. Yamashita [13] et al. conducted an experimental study and finite
element study of precast concrete columns and a shaking table test study of natural seismic waves on the test members of concrete
columns. Shi et al. [14] proposed a fully precast steel frame connection consisting of cold-formed box columns, hot-rolled I-beams, end
plate nodes, flexible supports and bolted precast plates, and conducted an experimental study of the structure consisting of this node
connection and obtained the conclusion that the node has good cyclic performance, high horizontal bearing capacity and good

* Corresponding author.
E-mail address: jian0048@e.ntu.edu.sg (J. Jiang).

https://doi.org/10.1016/j.heliyon.2024.e27308
Received 1 March 2023; Received in revised form 22 February 2024; Accepted 27 February 2024

Available online 5 March 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license

(http://creativecommons.org/licenses/by-nc/4.0/).


mailto:jian0048@e.ntu.edu.sg
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e27308
https://doi.org/10.1016/j.heliyon.2024.e27308
https://doi.org/10.1016/j.heliyon.2024.e27308
http://creativecommons.org/licenses/by-nc/4.0/

H. Zhan et al. Heliyon 10 (2024) e27308

ductility.

Kulkarni et al. [15] proposed a steel-concrete connection and studied the key parameters affecting the performance of the
connection. Jiang et al. [16] proposed a recoverable steel beam-column connection and found that reasonable design of the connection
parameters can make the beam-column exhibit good bearing capacity, seismic performance, and ductility. Nzabonimpa et al. [17-22]
conducted an experimental and nonlinear numerical study of mechanical connections between reinforced concrete laminated plates
and concrete laminated slabs for transferring axial loads and bending moments and proposed a hybrid mechanical joint with laminated
metal plates instead of the conventional grouted sleeve connection for shaped columns. Wei et al. [23] proposed a new type of
assembled monolithic column with connection treatment in the form of outer steel plates welded with transverse reinforcement and
investigated its seismic performance. Zhang et al. [24] proposed an improved assembled column joint with multiple slot connections.
Hua et al. [25-27] proposed a new beam-column bolt-connection with plastically controllable hinges. Compared with frame connected
with the cast-in-place joints, the frame connected with the new joints can improve the energy dissipation capacity and ductility.
Al-Rousan [28-30] proposed to use carbon fiber and fiber-reinforced polymers to strengthen the connection for seismic performance of
beam-column joints. The comparative analysis on compressive bearing capacity and corresponding strain, hysteretic curve, skeleton
curve, ductility, energy dissipation capacity and stiffness degradation show that the ductility and energy dissipation capacity of
beam-column joints using fiber-reinforced polymers are significantly improved. Jiang et al. [31-35] experimentally investigated the
effect of fabrication technique on the seismic performance of the joint. Gao et al. [36] presents numerical findings of reinforced
concrete interior beam-column joints under monotonic antisymmetric load.

In order to solve construction inconvenience of the existing column-column dry connection, this paper proposes a detachable
precast concrete column-column joint (DPC) based on rigid connection technology. This joint has the characteristics of detachable and
strong integrity. The main innovation of this article is to this DPC as dry connection. The influence of the geometrical design of DPC
joint on the seismic performance is discussed and an optimal design scheme for the proposed DPC is given.

In this study, a detachable precast concrete column-column (DPC) joint was proposed with high-strength bolts, web connection
plate, upper and lower connection plates, I-beam and studs, as shown in Fig. 1(a) and (b). The core part of DPC is the steel connection.
In this part, the role of the cladding plate is to prevent stress concentration at the connection gap and to protect the concrete in contact
with the cladding plate from being crushed. Steel studs can improve the performance of the connection of precast concrete beams.
High-strength bolts and connecting plates are used to connect two steel I-heads for higher shear bearing capacity. Hence, a smaller
number can be used to meet the design requirements of bearing capacity. The fewer number of holes reserved for the bolts on the I-
beam connector makes higher integrity of the connecting plate and the I-beam connector. The precast concrete part and the steel
connection part are prefabricated as a single unit, and the longitudinal reinforcement inside the concrete is welded to the steel
connection, as shown in Fig. 2.

The DPC joint was proposed in this study to solve the problems in current column-column dry connections such as complex load
path and inconvenience for disassembly. The dry connection technology is applied by composing of steel plate and concrete. Compared
with the existing dry joints, another advantage of the DPC joint is that the design methods in the existing steel structure specifications
can be used. Finite element models of DPC were created to study its structural performance including structural ductility and energy
dissipation capacity. First, the FE modeling technique was validated by testing data. The seismic performance analysis of detachable
precast concrete column-column joints (DPC) was then carried out.
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(a) Overall view (b) Steel connectors

Fig. 1. Detachable precast concrete column-column (DPC) joint.
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Fig. 2. Details of the DPC joint.

2. Design philosophy of the DPC joint

2.1. The bearing capacity of the cast-in-situ concrete column

Heliyon 10 (2024) e27308

To study the structural performance of the DPC joint, a control joint, which is traditionally casted in site, is designed and proposed
[37]. The size of cast-in-situ concrete column is 500*500*2500 mm and the protective layer thickness is 30 mm as shown in Fig. 3(a)
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(a) Reinforcement of Cast-in-situ concrete column

Fig. 3. Geometry design.

(b) Reinforcement of DPC joint
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and (b). Note that the concrete grade is C40 and the longitudinal reinforcement is 25 mm in diameter and the hoop reinforcement is
10@100.

First, the ultimate shear bearing capacity of the cast-in-situ concrete column is calculated according to Egs. (1)-(3) from the
Principles of Structural Design of Concrete [38].

1.75 Ay
V“ :mf,bho +f;»‘,-Tho + 0.07N Eq. (1)
H,
=" Eq. (2
g q. (2)
N=03fA Eq. (3)

Where, V,, is the shear bearing capacity of the column; 1 is the shear-to-span ratio of the calculated section; f; is the design value of the
concrete shear bearing capacity; b is the section width; hy is the effective section height of the column; fyy is the design value of the
tensile strength of the hoop reinforcement; Ay is the full cross-sectional area of each limb of the hoop reinforcement in the same
section; S is the spacing of the hoop reinforcement along the length of the member; N is the design value of the axial tensile force; Hy, is
the net height of column; f. is the design value of axial compression strength of concrete; A is the total cross-sectional area of the
column.

Second, the compressive bearing capacity of the cast-in-situ concrete column is calculated according to Eq. (4).

N, =094 x (fLA+£/A)) Eq. (4)

Considering the stochastic nature of earthquakes, symmetrical reinforcement was used to make the longitudinal and transverse
bearing capacities of the columns the same. Hence, the relative compressive zone height of concrete is calculated by Eq. (5):
Nu —f,A, —fAs

Since the relative compressive zone height x >&phg, which belongs to the case of small eccentric pressure, recalculate x according to
the case of eccentric load (Eq. (6)):
¥ _N,, —f‘/-A; __08 r4

ep—0.8/Y°7S
X Eq. (6)
PN —y d

Where, N, is the compressive bearing capacity of the cast-in-place columns; f, is the design value of the concrete compressive bearing
capacity; A is the cross-sectional area of the member; f; is the design value of the compressive strength of the reinforcement; A’s is the
cross-sectional area of all longitudinal reinforcement; x is the height of the concrete compressive zone; «; is the coefficient of the
equivalent rectangular stress diagram of the concrete compressive zone, and takes the value of 1 when the concrete strength is less than
C50; b section width; hy is the effective height of the concrete; ¢}, is the height of the relative boundary compressive zone.

Then, the eccentricity e and the bending bearing capacity M,, of the cast-in-situ concrete column are calculated by the following Eq.
(7) and Eq. (8):

afbx (o = 3) + £ A, (o — @)
e= N Eq. (7)

M,=N, x e Eq. (8)

Finally, according to the size and reinforcement of the cast-in-situ concrete column, the compressive , the shear and the bending
bearing capacity of the cast-in-situ concrete column are calculated, as Eq. (9):

N, =5180kN, V,, = 620kN, M, = 245kN -m Eq. (9)
2.2. Design of DPC joint

Based on the bending bearing capacity of the cast-in-situ concrete column Eq. (9), the dimension of the I-beam, the connecting plate
and the number of high-strength studs are calculated according to design equations in Steel Connection Node Design Manual [39]. The
dimension of the studs is determined according to test results [40]. According to the load-bearing capacity calculation result of the
cast-in-situ concrete column, the size of the I-beam column can be initially selected as 420 x 440 x 28 x 20. According to Table 8.1.1 of
the Steel Design Criteria [41], plastic development factor of the section yx = 1.05, yy=1.2 is used for strength calculation by substituting
the following Eq. (10).
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Nu Mu + Mu
Ay W }/yWDy

0

<fy Eq. (10)

Note that Q345 is used for I-beam, the connecting plate and 10.9 grade M30 high-strength bolts friction type double shear
connection is used for studs. The number of high-strength bolts is determined according to Eq. (11) and Eq. (12):

Ar M, bH
=|-—N+——| / N Eq. (11
nre [A +(HC_IFC):|/ v q. (11)

A ! 2
nWC:H (XN> + V2 / N Eq. (12)

Where, ng¢ is the number of high strength bolts required for single side flange; ny is the number of high strength bolts required for
single side web; H_ is the height of I-beam; tyc is the thickness of I-beam flange; N3 is the design value of shear bearing capacity of high
strength bolts, 238.5 for 10.9 grade high strength bolts; B, is the width of I-beam flange; ty is the thickness of I-beam web; hy is the
height of I-beam web.

Considering that the I-beam has two directions of strong axis (X direction) and weak axis (Y direction), the stiffness along two
directions (X and Y) were calibrated separately in this paper. First, for the X direction, the net section moment of inertia of the I-beam is
equal to the I-beam moment of inertia minus the I-beam bolt hole moment of inertia given by Eq. (13). The net section moment of
inertia of the I-beam connecting plate is derived from Eq. (14). The net section modulus is obtained from the net section moment of
inertia according to Eq. (15) and Eq. (16).

1;x = ng - I:R Eq' (13)
=1 -1 Eq. (14)
e = Eq. (15)
nx 7Ho/2 q
" n Eq. (16
" A+ A q. (16)

Where, Iy is the moment of inertia of I-steel in x direction; I5g is the moment of inertia of the bolt hole section in the x-direction of the I-
beam; Iy, is the net moment of inertia of the I-beam after deducting the bolt holes in the x-direction of the I-beam; I{;& is the gross section
moment of inertia of the I-beam splice joint plate in the x-direction; 1%{ is the moment of inertia of the bolt hole section in the x-di-
rection of the I-beam splice joint plate;EL is the moment of inertia of bolt hole section in the x direction of I-steel splicing connection
plate; Wy is the net section modulus of the I-beam in the x-direction; an& is the net section modulus in the x direction of I-steel splicing
connection plate; Wo, is the net section modulus of the I-beam in the y-direction modulus; is the thickness of the outer flange joint
plate; H, is the height of I-steel; h, is the thickness of the outer connecting plate of the flange.

3. FE modelling analysis
3.1. Material constitutive model

To precisely model the joint behavior under low-reversed cyclic displacement loads, the plastic damage model (PDM) proposed by
J. Lee and GL Fenves [42] was used to model the mechanical behavior of concrete structures. In this model, concrete is regarded as an
isotropic material, and the reduction of the concrete elastic stiffness can effectively simulate the characteristics of concrete stiffness
decreasing with loading and unloading.

The constitutive model of concrete material is provided in the ABAQUS material library. However, the corresponding relationship
between concrete compressive stress and plastic compressive strain, concrete tensile stress and cracking tensile strain needs to be
manually input for the plastic stage, since the full stress-strain curve of concrete is difficult obtained. In this study, the calculation
method of the stress-strain relationship given by the design code for concrete structures [53] (GB50010-2002) is used. The nominal
stress-strain curve is obtained from concrete structural design code as shown in Eqgs. 17-20.

When x < 1:
Ax+ (3 = 20,)7% + (2, — 2)x° Eq. (17)
When x > 1:
X
- Eq. (18)
aai— 17 +x d
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£
Ec

xX=

Eq. (19)

During modelling process, the real stress and strain need to be input in the PDM model. Eq. (21) and Eq. (22) are used to convert the
nominal stress-strain curve into the real nominal stress-strain curve.

2 Eq. (20)
y 7 q
oc=f. Xy Eq. (21)
el =g X x— % Eq. (22)

E

Where, aq and aq are the values of the rising and falling segments of the uniaxial compressive stress-strain curves, respectively; o, ¢ are
the stress and strain of concrete, respectively; f*. are the uniaxial compressive strength of concrete; ¢ is the corresponding peak
compressive strain of concrete; o, is compression stress inputted in the PDM model; & is the plastic strain to be input in the PDM
model; and E is the modulus of elasticity of concrete.

For reinforcement and steel connection, the bilinear elastoplastic model is used. Table 1 and Table 2 gives concrete input pa-
rameters. The input parameters of reinforcement are given in Table 3 and the input parameters of steel are given in Table 4.

3.2. Analysis setting

Fig. 4 gives the loading and boundary condition used in modelling. The tangential behaviour of DPC model is based on the friction
equation "penalty" by defining a friction coefficient of 0.45, while the normal behaviour is defined as a "hard contact" for pressure
overload. The cladding plate and the column at the joints are connected by binding constraints. The four faces of the beams were set as
master faces and the inner surfaces of the cladding slabs were set as slave faces; the longitudinal reinforcement and hoop bars were
connected to the concrete through built-in areas and the geometric tolerance is set to the ABAQUS default value of 0.05. Table 5 lists
the interactions between parts in modelling.

The symmetric modelling technique [43,44] introduced to simplify the modelling process and reduce the degrees of freedom and
the computational cost. The steel bars of cast-in-situ joints and DPC joints are simulated by element type T3D2, while the concrete,
steel plate and high-strength bolts are simulated by C3D8R.A finer mesh was used in the connection area between prefabricated
members and steel connection, as shown in Fig. 5(b). Similar work can be found from Jiang’s research group [31,45,46]. The seismic
performance of dry-connection technique was experimentally and numerically studied and the modeling technology used was vali-
dated by the test data. Mesh sensitivity analysis was also organized that three mesh size of 12 mm, 6 mm and 2 mm were created
(Fig. 5). In this study, The mesh sensitivity study results are summarized in Table 6. It is found that the ultimate bearing capacity does
not change significantly for different mesh sizes. However, the mesh size gets smaller, the CPU time required for the analysis increases
significantly. Hence, the optimal element size is selected to 5 mm and it is used for the following benchmark models and parametric
studies.

3.3. Validation of modelling results

An experimental study on the seismic performance of DPC beam-column joints was carried out and the modelling technique and
results were validated by test data [31]. The geometrical parameters of the joints can be referred to the literature [31].

Fig. 6 shows the comparison between hysteresis curves from test and modelling. Note that the ultimate bearing capacity of the joint
based on modelling is 203.6 kN, while the ultimate bearing capacity of the test joint is 219.2 kN. Hence, there is only a 7.6% difference
between the modelling and test results. Hence, a precise result can be obtained by reasonable modelling technique used.

3.4. Study of seismic performance of DPC joint

In order to study the seismic performance of DPC joint, two loading scenarios, cyclic displacement loading and monotonic
displacement, were used in this study. The energy dissipation and the ductility of the joints were obtained and analysed.

Table 1

Stress-strain relationship of the concrete under uniaxial compression.
£ (N /mm?) 15 20 25 30 35 40 45 50 55 60
e (x 1079) 1370 1470 1560 1640 1720 1790 1850 1920 1980 2030
ag 2.21 215 2.09 2.03 1.96 1.90 1.84 1.78 1.71 1.65
ag 0.41 0.74 1.06 1.36 1.65 1.94 2.21 2.48 2.74 3.00
u/ € 4.2 3.0 2.6 2.3 2.1 2.0 1.9 1.9 1.8 1.8

Note : ¢, is the compressive strain of concrete when the stress on the descending section of the stress-strain curve is equal to 0.5 f;.
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Table 2
Concrete input parameters.
Expansion angle y/(°) Eccentricity Soo/feo K. Viscosity parameters p
€
30 0.1 1.16 0.667 0.00005

Notes. fo/fco is the ratio of biaxial to uniaxial compressive ultimate strength. K. is the invariant stress ratio.

Table 3
Rebar input parameters.
column stressing bar yield strength (MPa)  column stressing bar yield strength (MPa)  hoop tendon modulus of elasticity (MPa)  Poisson’s ratio
yield strength (MPa)
500 500 400 2 x 10° 0.3
Table 4
Steel input parameters.
density (kg/mm3) Modulus of elasticity (MPa) Poisson’s ratio Yield stress (MPa) plastic strain
7.85E-009 200000 0.3 345 0

displacement
of the load

Axial force

Bolt load

The boundary
conditions

Fig. 4. Loading and boundary condition setting.

3.4.1. Seismic performance analysis under cyclic displacement load

Fig. 7 gives the cyclic displacement loading applied on the top of the column. Fig. 8(a) and (b) show the equivalent cumulated
compressive plastic strain of the joints under the applied load. Figs. 9 and 10 show the hysteresis curves and skeleton curves of the cast-
in-place joint and the DPC joint. It can be found that the maximum strain occurs mainly at the base of the column. The maximum strain
in DPC joint is 0.017 and the maximum strain cast-in-place joint is 0.066. In other word, the maximum strain in DPC joint is reduced by
74.2% compared the cast-in-place joint. This is due to the inclusion of steel structure for DPC joint.

Fig. 9 shows that the hysteresis curves of the DPC joint and cast-in-place joint have the same trend. The hysteresis curves of the two
joints almost overlap at the early stage of loading (when the loading displacement is 0-10 mm), indicating that the mechanical
properties of the DPC joint at the elastic stage are consistent with those of the conventional cast-in-place column joint. In the middle
and late loading stage (the loading displacement is 10-50 mm), both nodes enter the yield stage. The hysteresis curve of DPC node is
slightly lower than that of cast-in-place node. Due to the steel structure used at the joints of DPC nodes, the hysteretic curves of DPC
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Table 5
Interaction between parts in modelling.

Type of constraint

Binding constraints

main surface from the surface
built-in area A

Embedded elements Main elements
Universal contact

main surface from the surface
coupling

coupling surface coupling point
built-in area
A;\ ARN

Embedded elements Main elements

nodes are slightly fuller than those of cast-in-place nodes.
To evaluate the deformation capacity from yielding to the maximum bearing capacity for evaluating the seismic performance of the
structure, the ductility coefficient can be evaluated according to Eq. (23).

== Eq. (23
By =% q. (23)

y

Where yu, refers to the displacement ductility coefficient; 4, refers to the ultimate displacement of the structure in millimetres (mm),
which is generally taken as the displacement corresponding to the fall of the member to 0.85 Fyax after reaching the ultimate load; 4y
refers to the yield displacement, which is in millimetres (mm).

Table 7 lists the ductility coefficients of the DPC joint and cast-in-place joint. It can be found that the ductility coefficient difference
between the two joints is 13.7% while the yield strengths of the two joints are very close. In fact, and the ductility coefficient of DPC
joint is greater than that of the cast-in-place joints. A comparison of the joint energy dissipation under cyclic displacement loading is
shown in Fig. 11. It can be seen that the energy dissipation capacity trend of the two joints is basically the same. When the loading
displacement is 0 mm-10mm, the energy dissipation capacity of the two joint is relatively weak as the energy dissipation capacity of
the joints is poor before yielding. When the loading displacement is 10 mm-50mm, the energy dissipation capacity of both joints is
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(a) Mesh |

(b) Mesh Ii

(c) Mesh lll

Fig. 5. Mesh sensitivity analysis.

Table 6
The mesh sensitivity analysis.
Mesh Brick element size ( mm ) Cost time (mins) Ultimate capacity ( kN )
Mesh I 12 15 340
Mesh II 6 45 326
Mesh III 2 320 310
300

Finite Element Simulation of Beam - column
Joints

200

100

Force/kN
[ §

-100

-200

300 L L .
-100 -50 0 50 100
Displacement/mm

Fig. 6. Validation of the modelling result.

significantly increased. Overall, the energy dissipation capacity of the DPC joint is equivalent to that of cast-in-place joint.

3.4.2. Seismic performance analysis under monotonic displacement load

Fig. 12(a) and Fig. 12(b) show stress contour of the two joints under monotonic displacement load of 0 mm-30mm applied to the
top of the column. Fig. 13 shows the force-displacement curves. The stress concentration effect of the cast-in-place joint can be found
on the column bottom reinforcement while the stress concentration phenomenon of the DPC joint is mainly located at the high-strength
bolts and the column bottom reinforcement.

The initial stiffness is 28.8 kN/mm and 32.2 kN/mm for the cast-in-place joint and DPC joint, respectively. It means DPC joint has a
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Fig. 7. The cyclic displacement load.

(a) DPC joint (b) Cast-in-place column joint

Fig. 8. Concrete strain contour.
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Fig. 9. Hysteresis curve comparison.
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=
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Fig. 10. Skeleton curve comparison.
Table 7
the ductility coefficients of the DPC joint and cast-in-place joint.
models Loading direction yield point Ultimate displacement (mm) Hy
load capacity (kN) displacement (vector)
(mm)
Cast-in-place nodes forward 138.13 7.77 43.18 3.93
negative direction —137.53 —7.81 —47.68 6.49
Loading and unloading nodes forward 138.95 7.46 48.96 4.47
negative direction —139.07 —7.56 —45.49 4.48
35000
Detachable type column
30000 f
Cast-In-Site
25000
20000
-
¥
>
%‘J 15000
=
10000
5000
0
-5000 1 1 1 L 1 1 1 1 L 1 L
0 5 10 15 20 25 30 35 40 45 50 55 60

Displacement/mm

Fig. 11. Energy dissipation capacity comparison.

11
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s, Mises
(F19: 75%)
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s, Mises
(FH: 75%)
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+2.121e+02
+1.698e+02
+1.275e+02
+8516e+01
+4.285e+01
+5.295e-01

+1.282e-01

(a) Cast-in-place column joint (b) DPC joint

Fig. 12. stress contour of the two joints.

300 r
e Detachable type column
Cast-In-Place
250
200

Force /KN
L
174}
=

100
50
0 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35
Displacement/mm

Fig. 13. The force-displacement curve comparison.

11.6% higher initial stiffness and 4.5% higher ultimate bearing capacity than the cast-in-place joint. In summary, it is shown that the
seismic performance of the DPC is more or less equivalent to the cast-in-place joint.

4. Parametric study
4.1. Effect of axial pressure ratio

Six FE models with axial pressure ratios of 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 were created to study the effect of axial pressure ratio on
seismic performance of the DPC joint. The hysteresis curve and skeleton curve comparisons are given in Figs. 14 and 15. It can be
observed that the axial pressure ratio has important influence on ultimate bearing capacity. However, the axial pressure ratio has no
effect on the skeleton curve before yielding. Only on the stage of after yielding, the axial compression ratio has a important impact on
ultimate bearing capacity. The energy dissipation energy comparison is shown in Fig. 16. The joint with axial pressure ratio of 0.7 has
the best energy dissipation capacity and the joint with axial pressure ratio of 0.4 has the lowest energy dissipation capacity. The energy
dissipation capacity of the joint with axial pressure ratio of 0.7 is 16.5% higher than that of the joint with axial pressure ratio of 0.4.
The energy dissipation capacity for the joints with axial pressure ratio of 0.5-0.6 is higher than the joint with axial pressure ratio of 0.4
as well.

12
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Fig. 14. Hysteresis curve comparison.
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Fig. 15. Skeleton curve comparison.
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Fig. 16. The energy dissipation energy comparison.
The ductility coefficient comparison is shown in Table 8. With increase of the axial pressure ratio, the ductility coefficient shows a

decreasing trend in general. The joint with axial pressure ratio of 0.3 has the largest ductility coefficient. When the axial pressure ratio
is between 0.4 and 0.6, the ductility coefficient of the joint changes smoothly.
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Table 8
The ductility coefficient comparison.
models Loading direction yield point Ultimate displacement (mm) My
load capacity (kN) displacement (vector)
(mm)
0.3 forward 135.99 7.32 46.60 4.51
negative direction —129.41 —6.63 —47.70 6.61
0.4 forward 137.52 6.91 48.96 4.17
negative direction —135.00 —6.91 —45.49 4.51
0.5 forward 154.41 6.48 47.12 3.90
negative direction 142.49 5.43 —48.51 5.23
0.6 forward 162.86 6.70 43.59 3.63
negative direction 150.63 6.01 —46.90 4.08
0.7 forward 184.38 6.86 48.71 3.11
negative direction 176.80 5.92 —48.31 3.31
0.8 negative direction 173.84 6.34 46.34 2.88
negative direction 135.99 7.32 —46.64 3.69

Fig. 17. Effect of eccentricity.

4.2. Effect of eccentricity

Four eccentric distances 25 mm, 50 mm, 75 mm, and 100 mm are selected to study the effect of eccentricity (Fig. 17). The
comparisons the hysteresis curves and skeleton curves are shown in Figs. 18 and 19. The overall trend of the hysteresis curves of the
joints with different eccentric distances is the same. With increase of the eccentricity, the bearing capacity of positive load decreases
and the bearing capacity of negative load increases. This phenomenon is due to the fact that the eccentric distance of the joint is
relative to the positive X-axis. The ultimate load capacity of the joint decreases with the increase of the eccentricity. All joints reach the
ultimate load at a displacement of about 14 mm.

The energy dissipation capacity comparison is shown in Fig. 20. It indicts that the axial pressure ratio almost has no effect on the
energy dissipation capacity. The ductility parameter is listed in Table 9. The ductility coefficient of the joint in the positive direction
decreases with the increase of eccentricity while the ductility coefficient of the joint in the negative direction increases with the in-
crease of eccentricity. The ductility coefficient in the positive direction is 3.91 when the eccentricity is 25 mm, and it is reduced by
64.7% to 1.38 when the eccentricity is 100 mm. It shows that the larger the eccentricity of the joint, the smaller the ductility coefficient
in the positive direction and the larger the ductility coefficient in the negative direction.
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Fig. 19. Skeleton curve comparison.
5. Conclusion

A new type of detachable precast concrete column-column joint (DPC) is proposed in this study to solve the problems in current
column-column dry connections. The dry connection technology is applied by composing of steel plate and concrete. The benchmark
models are initially created and validated against the test data and after that a small-scale parametric study is organized. The effect of
axial pressure ratio and eccentricity distance size on the seismic performance of DPC was studied. It is found that the DPC joint with
axial pressure ratio of 0.7 has the best energy dissipation capacity and the joint with axial pressure ratio of 0.4 has the lowest energy
dissipation capacity. With increase of the axial pressure ratio, the ductility coefficient shows a decreasing trend in general. The
ductility coefficient of the joint in the positive direction decreases with the increase of eccentricity while the ductility coefficient of the
joint in the negative direction increases with the increase of eccentricity.
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Fig. 20. The energy dissipation capacity comparison.
Table 9
The ductility parameter comparison.
models Loading direction yield point Ultimate displacement (mm) ™
load capacity (kN) displacement (vector)
(mm)
25 mm forward 123.05 6.33 54.45 3.91
negative direction -164.10 —4.89 —54.91 7.34
50 mm forward 111.28 9.17 57.25 2.76
negative direction —188.26 —5.36 —54.66 6.58
75 mm forward 92.20 10.20 59.31 2.63
negative direction —205.47 —5.46 -54.19 6.77
100 mm forward 59.55 27.86 54.16 1.38
negative direction —225.18 —4.75 —53.29 8.20
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