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Abstract

The assembled beam-column joints are the core bearing parts that affect the seismic performance of the
structure. The T-shaped joints and the cross-shaped joints are in different positions of the structure and have
different bearing states. In order to study the seismic performance of T-shaped and cross-shaped joints under
the same experimental conditions, five full-size models were made, and the low-cycle reciprocating load tests
were carried out, and the seismic performance of their hysteretic curves, skeleton curves and displacement
ductility were compared. The results show that the beam end bending failure occurs in all the prefabricated
joints, but no obvious failure is observed in the composite plates, prefabricated columns and joints. The main
failure is the U-shaped through crack near the joint beam end and the bottom of the beam end crushing. There
are obvious horizontal shear cracks at the interface between the prefabricated beam and the laminated layer.
There is little difference in ultimate bearing capacity, ductility and energy dissipation capacity between the joint
with column longitudinal reinforcement and that with column longitudinal reinforcement. The reinforcement
structure with column longitudinal reinforcement has little effect on the seismic performance of the joint. The
longitudinal bars of the top of each specimen beam are well bonded, and the displacement ductility coefficients
of cross joints and T joints have little difference.
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I. INTRODUCTION

Prefabricated concrete buildings have been vigorously promoted due to their advantages such as good
production conditions, high construction efficiency and green environmental protection. However, earthquake
damage shows that prefabricated beam-column joints are the weak links of structures [1-4]. At the same time,
the beam-column joint is the core force part that transmits and distributes the bending moment of the beam-
column end. Therefore, many scholars at home and abroad have carried out experimental research on various
factors affecting the seismic performance of assembled beam-column joints.

Ma Cailon studied a method of reinforcing bar joint with grout spiral restraint [5]. LUO Xiaoyong
conducted a numerical simulation study on the nodes connected by grouting sleeves [6]. Chen Shicai et al
conducted a pseudo-static test to compare the beam-pillar-composite plate edge joints and cast-in-place edge
joints anchored by reinforcement bolts [7,8]. Zhang Jianxin conducted an experimental study on the beam-
column joints using 600MPa grade steel [9]. Zhao Yong did experimental research on assembled columns and
middle joints of large-diameter high-strength steel bars [10,11]. The longitudinal bar spacing of the large-
diameter and large-spacing high-strength steel beam column joints adopted by Cheng Lu is 468mm[12].
Considering the restraint effect of stirrups on the core area of joints, Qiu Yu conducted experimental research on
beam-and-column joints with various stirrups [13].

At present, there are few reports on the seismic performance comparison test of full-size T-type and
cross-type beam-column-plate composite under the same test conditions. Although the positions of T-type nodes
(middle layer end nodes) and cross-type nodes (middle layer nodes) are different, when seismic loads are
imposed on the structure, the connection of the floor makes the displacements of the two nodes coordinate, that
is, the horizontal displacements are the same. Therefore, it is necessary to compare the seismic performance of
T-shaped joints and cross-shaped joints under the same displacement. In addition, in order to improve the
efficiency of assembly construction, the longitudinal reinforcement of prefabricated column is often
concentrated in the four corners of the project, and the spacing of longitudinal reinforcement and stirrup limb
will be increased. The Technical Standard for Prefabricated Concrete Construction (GB/T 51231-2016)
stipulates that the spacing between the longitudinal bars of the prefabricated column should not be greater than
200mm and not greater than 400mm[14]. The seismic performance of the beam-column joints where the
longitudinal bars of the prefabricated column are concentrated at four corners is still controversial. In this paper,
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a total of five full-size prefabricated joints are designed, and the test variables include axial compression ratio,
longitudinal reinforcement arrangement and joint type of prefabricated columns. Pseudo-static test research is
carried out to provide test support for seismic design and engineering application of precast concrete buildings.

1.1 Experiment design

Five full-size composite beam-plate-prefabricated column joints (including three cruciform joints with
numbers J1-3 and two T-shaped joints with numbers J4-5) were made in the test. The upper and lower
prefabricated column longitudinal bars of all specimens are connected through the grouting sleeve embedded in
the upper column. The top longitudinal bars of the overlapping beam on both sides of the cross-type joint pass
through the core area, and the bottom longitudinal bars of the beam are anchored by anchoring plates, while the
top longitudinal bars and bottom longitudinal bars of the T-type joint beam are anchored by 90° curved hooks.
The column section size is 600mmx600mm, the beam section size is 250mmx500mm, and the plate section size
is 110mmx1600mm. The design concrete strength grade of each composite beam and composite plate is C30,
and the main reinforcement and stirrup are HRB40OE grade reinforcement. The strength grade of precast
columns and post-cast concrete in the core area is C50, and the main reinforcement and stirrup are HRB400E
grade reinforcement. The reinforcement ratio of each specimen is the same, but the longitudinal reinforcement
arrangement of the prefabricated column is different. The longitudinal reinforcement arrangement of J1 and J4
specimens is uniform around the specimens (the longitudinal reinforcement spacing is 163mm), and the
longitudinal reinforcement arrangement of J2, J3 and J5 specimens is concentrated in the column (the maximum
longitudinal reinforcement spacing is 305mm). In addition, the design axial compression ratio of J3 specimen is
0.37, and the design axial compression ratio of other specimens is 0.25.The main parameters and reinforcement
of the specimen are shown in Figure 1.
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Figure.l Dimensions of specimens

1.2 Experimental loading scheme

The pseudo-static test method was adopted in this test, and the field test equipment was shown in
Figure 2. Hinge supports were arranged at the end of the specimen beam and the bottom of the column. The
axial pressure was applied to the top of the column by jacks and steel strand, and the horizontal reciprocating
load was applied to the top of the column by an actuator. The specific loading process is as follows: first, axial
load is applied, then preload is carried out to eliminate the gap between the specimen and the device, and then
the displacement is increased step by step. The loading displacement amplitudes were 6, 7.5, 10.5, 15, 22.5, 30,
45, 60, 82.5, 105, 127.5mm, respectively (the corresponding displacement angles were 0.2%, 0.25%, 0.35%,
0.5%, 0.75%, 1%, 1.5%, 2%, 2.75%, 3.5%, 4.25%). Each stage repeats three times. Finally, when the load drops
to 85% of the peak load, the specimen is considered to be damaged and the loading is stopped. During the
loading process, the horizontal load applied by the actuator is automatically recorded by the actuator, and the
displacement at the end of the column is measured by the linear displacement meter.
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Figure.2 Test setup

Il. RESULT AND DISCUSSION
The results obtained are as discussed below

2.1 Failure modes

The five specimens were designed according to "strong column and weak beam”, and the crack
development and failure characteristics of the specimens were basically similar, and they all experienced four
stages of beam end cracking, yield, limit and failure, and the final failure was the yield of the beam end steel bar
at the beam-column joint surface. The concrete at the end of the beam is crushed and destroyed, while the
concrete in the core area of the joint only appears fracturing phenomenon, and there is obvious sliding
phenomenon between the laminated beam and the laminated plate. The failure morphology of each specimen is
shown in Figure.3. The failure process of specimen J5 is introduced by taking specimen J5 as an example.

When the specimen is loaded to the horizontal displacement of 6mm, a slight through-vertical crack
appears at the bottom of the beam end at the joint plane of the beam column. As the loading continues, the crack
at the bottom of the beam expands to the side of the beam, and a new crack appears at the bottom of the beam.
When the load reaches the horizontal displacement of 10.5mm, the existing cracks on the beam side develop
vertically, and new cracks extend from the bottom of the beam. When the loading reaches the horizontal
displacement of 15mm, horizontal cracks appear at the interface between the composite plate and the composite
beam, and oblique cracks appear at the interface between the beam plate and the core area. Vertical cracks
appear at the interface between the composite plate and the core area, and the cracks extend to the flange of the
plate, and the panel near the hinge support has a splay crack. As the loading continues, cracks appear at the joint
surface of the beam and the core area, and oblique cracks cross the upper and lower side of the beam, subtle
cracks appear in the core area, new cracks grow rapidly, and the original cracks continue to expand and extend.
When the horizontal displacement continues to increase, the width of the cracks at the bottom of the beam end
near the core area increases rapidly and passes through to the joint surface of the beam and the core area. The
vertical cracks near the core area on the laminated plate surface are uniformly distributed, and the splay cracks
near the hinge support are dense. When the load reaches the horizontal displacement of 60mm, a small part of
the concrete at the bottom of the beam near the core area falls off. When the load reaches the horizontal
displacement of 82.5mm, a small part of concrete at the interface of the composite beam and composite plate
falls off, and vertical through cracks appear on the side of the beam. When the beam is loaded to the horizontal
displacement of 150mm, with the application of reciprocating load, the longitudinal ribs of the beam bottom are
raised, the concrete is crushed, a large area falls off, and there are obvious traces of slip between the plate and
the beam.

WWW.ijres.org 212 | Page



Comparative study on seismic performance of highly efficient assembled beam-column joint

) (B S Y
| et

v I\'.\| - = =23 |&=
el L 2 | ”—h:_.\'l -
<

et

1

(@ Specimen}l _(b) Spechnenll2
l ‘- 'l‘i‘ _‘l1 fM, O 1\ - ﬁ.,,"’:‘f-l]_" | S

(c) Specimen J3 (d) Specimen J4

s : * -t
(e) Specimen J5
Figure.4 Failure modes and fractures dietribution of specimens

2.2 Hysteretic loops

Figure.5 shows the hysteretic curves of column top horizontal load and column top horizontal
displacement of five specimens. It can be seen from the figure as follows.

(1) Because the composite plate plays the role of the beam flange, the positive and negative loading
hysteresis curves of T-shaped nodes are asymmetrical, while the cross-shaped nodes show better symmetry. At
the early stage of loading, the stiffness of each specimen is large, the residual deformation is small, and the
hysteresis ring is pointed shuttle. With the increase of loading displacement, the concrete cracks to the yield of
the steel bar, the residual deformation increases, and the hysteretic ring develops to the arch type. The loading
displacement continues to increase, the sliding phenomenon is obvious, the stiffness of the specimen is
obviously degraded, and the hysteresis curve shows an inverse S-shape.

(2) The hysteresis curves of J1 and J2 specimens are basically the same, and the hysteresis curves of J4
and J5 specimens are also basically the same, indicating that the longitudinal rib spacing of the magnification
column has little influence on the integrity of the joints.

(3) Compared with J2, the hysteretic ring of J3 specimen is more uniform and full, indicating that a
high axial compression ratio can improve the hysteretic properties of joints.

WWW.ijres.org 213 | Page



Comparative study on seismic performance of highly efficient assembled beam-column joint

300
200 200 200
iz 100 iz} 100 Z;100
iV v -l
g ©° 3 0 g 0
3 -100 3-100 3.100
-200 -200 =200

-30 i ' -30 ;
900 100 0 100 200 ~%Boo o0 0 100 200 oo oo 0 100 200

Displacement / mm Displacement / mm Displacement / mm
(a) Specimen J1 (b) Specimen I2 (c) Specimen J3
300 300
200 p 200
E 100 z 100
~ —-gl
g 0 ;i, 0
= -100 3 -100
-200 -200
-30-9_00 -100 0 100 200 -30—%00 -100 0 100 200

Displacement / mm Displacement / mm

(d) Specimen J4 (e) SpecimenJ5
Figure.5 Hysteretic loops of specimens

2.3 Skeleton curves

The node skeleton curve is shown in Figure 6 by connecting the peak points of each stage load in the
first cycle of each specimen. The test values of characteristic points in the skeleton curve of each specimen are
given in Table 1, where the yield load and yield displacement are determined by the energy method, and the
displacement ductility coefficient of each specimen is calculated in Table 4, as shown in Figure 6 and Table 4.

(1) The skeleton curves of specimen J1 and J2 are basically identical, and only slightly different in the
late period of negative loading, indicating that the magnification of column longitudinal reinforcement spacing
has little effect on the bearing capacity of cruciform joints.

(2) Specimen J3 is a large axial compression specific test piece, but in the process of test loading, the
concrete at the support of the beam end is crushed, so the fixture of the beam end of specimen J3 has a relatively
obvious slip phenomenon, resulting in a small peak load and a large ductility coefficient.

(3) There is little difference between the peak loads of specimen J4 and J5, but in the second half of the
forward loading (peak to failure process), the load of specimen J5 decreases slowly, showing better ductility.
For the negative loading, the bottom of the beam is strained when the two specimens are damaged, and the load
does not decrease significantly, which is mainly due to the yield of the steel bar at the bottom of the beam end.
The composite slab concrete has not reached yield, so it can be seen that the negative deformation ability of T-
shaped joints is large.

(4) Excluding specimen J3, the displacement ductility coefficient of all specimens is in the range of

2.9~3.4, with the minimum being 2.9 of specimen J2 and the maximum being 3.4 of specimen J5, indicating that
all specimens have good ductility.

WWW.ijres.org 214 | Page



Comparative study on seismic performance of highly efficient assembled beam-column joint

300
200+
100+
2
S O
3 _
- J
007 oo g ooee®l
200F A5 i
-300 : : :
-200 -100 0 100 200

Displacement / mm

O] ;—8— [2;—— J3;—o0— J4;—e— ]5.
Figure.6 Skeleton curves of specimens

Table 1: Displacement ductility coefficient of specimens.

Yield Points Fail Points Ductility Factors
Jointss

Py/kN Ay/mm Pu/kN Au/mm M

243.4 41.2 237.9 138.8 34
J1

-231.1 -36.6 -241.6 -109.6 3.0

244.0 39.6 240.6 121.3 31
J2

-253.7 -38.4 -245.9 -112.7 2.9

211.0 33.2 2035 153.6 4.6
J3

-208.5 -32.5 -202.6 -159.2 4.9

139.9 31.0 139.4 91.7 3.0
J4

-97.5 -32.8 — —_—

153.5 36.3 151.2 1225 34
J5

-97.6 -35.6 e —_

I11. CONCLUSION

1) Beam end bending failure occurred in all assembled joints, but no obvious failure was observed in
composite plates, prefabricated columns and joints, and the failure was mainly caused by longitudinal
reinforcement buckling near the bottom of the joint beam end and concrete crushing at the bottom of the beam
end.

2) There is little difference in ultimate bearing capacity, ductility and energy dissipation capacity
between the joint with centralized longitudinal reinforcement and the joint with uniform longitudinal
reinforcement, and the reinforcement structure with centralized longitudinal reinforcement has little influence on
the seismic performance of the joint.

3) Due to the slip cracks at the interface between the prefabricated beam and the laminated layer, the
longitudinal bars of the top of each specimen beam are well bonded, and the displacement ductility coefficients
of the cross-shaped joints and T-shaped joints are not much different.
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