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Abstract. Since the reform and opening up, the national economy has experi-
enced unprecedented development; however, along with the rapid economic
development, the environmental and sustainable development problems behind
it have become more and more prominent. Compared with the assembled rein-
forced concrete structure, prefabricated hollow core slabs, due to its mechanical
properties superior to cast-in-place solid concrete, acoustic insulation and ther-
mal insulation capabilities, and as a very common horizontal force components
and is widely used, while in the multi-storey residential buildings, the use of
prefabricated hollow core slabs also effectively reduces the structural dead
weight, effectively improving the overall seismic performance of the structure.
The objective of this study is to investigate the seismic performance of prefab-
ricated hollow core slabs used as walls and to propose a nodal connection method
for assembled hollow core slab walls composed of prefabricated hollow core
slabs when placed vertically. The finite element models of the assembled hollow
core slab wall and the conventional hollow core slab wall with the proposed
nodal connection method are constructed using the finite element software
ABAQUS and numerical simulations are carried out. The feasibility and relia-
bility of the nodal connection method are verified by comparing and analysing
the hysteresis curve, ductility curve and stiffness degradation curve of the two.
The results show that the proposed connection is an effective solution with good
seismic and structural performance. These results provide a useful reference for
the practical application of prefabricated hollow core slabs with vertical wall
structures, and are expected to promote research and development in related
fields.

Keywords: assembled buildings; prefabricated hollow core slabs; joint node
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1 Introduction

The prefabricated hollow walll!! has become increasingly popular due to its excellent
insulation and heat resistance properties, as well as its labour saving, short construc-
tion time and environmental friendliness. However, research on this structure is still at
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an early stage. Scholars at home and abroad have conducted extensive simulations
and experiments *>1and concluded that the prefabricated hollow shear wall has good
seismic performance, and the presence of the post-pouring belt and holes has little
effect on the seismic performance of the structure. The seismic performance of the
test specimens also meets current code requirements.

For the precast wall, if the connection design is improper, it may show poor per-
formance and premature failure. Peiyun Luo ¥ and other researchers proposed a new
prefabricated shear wall system using prefabricated bidirectional hollow concrete
panels. Through experiments on one cast-in-place concrete shear wall and four pre-
fabricated bi-directional hollow panel shear walls, the results show that all specimens
meet the requirement of "strong in bending and weak in shear".

Combining the above research results, we propose a new prefabricated hollow core
panel vertical wall structure that is suitable for mass production in factories, and at the
same time, its load-bearing capacity can meet the needs of low-rise farm houses. In
addition, we are also proposing a new type of jointing method, which can solve the
problems of weak bonding that may occur in the previous dry jointing method, and
the problems of construction influence and environmental pollution that may occur in
the wet jointing method. This type of joint is convenient for construction and can
ensure the good bearing capacity of the whole structure.

2 Design of Connection Nodes for Vertical Hollow Core
Slab Wall Structures

Fig. 1. Node design scheme. Annotation: (1)-deformed bar connection through rib removing;
(2)-precast hollow slab; (3)-grout concrete; (4)-connecting steel plate; (5)-nut

Figure 1 shows the construction of the nodal connection. The process begins by posi-
tioning and anchoring the perforated bars for a specific length in the foundation beam.
Next, the corresponding holes in the hollow core slab are aligned with the perforated
reinforcenment, which are then calibrated to fit snugly into the holes. Next, the corre-
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sponding holes in the hollow core slab are aligned with the perforated reinforcenment,
which are then calibrated to fit snugly into the holes. Concrete filling is then carried out
for the perforated holes of the reinforcement bars, followed by the use of connection
plates and bolts to establish connections between neighbouring perforated rein-
forcenment.

Among them: Hollow slab wall is 3000mm % 2400mm X% 200mm, foundation beam
is 3300mm x 600mm x 400mm, loading beam is 3200mm x 400mm x 400mm; lon-
gitudinal reinforcement within the hollow plate is symmetrically arranged, perforated
steel bars were arranged in the two adjacent hollow plate nearest holes and holes in the
edge of the wall, both of which are extended into the foundation beam 530mm, loading
beam 380mm, hollow plate joints and the edge of the wall at the connection plate are
3000mm x 2400mm thick are t = 10mm, structural drawings see Figure 2, the size of
reinforcement and other selected standards [,
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Fig. 2. Node connection wall structure diagram

3 Model Verification

3.1 Parameters of the Specimen

To verify the accuracy of the finite element parameters such as the concrete material
intrinsic calculation method, the component indirect contact and boundary condition
setting, and the loading method, two sets of hollow slab shear wall specimens WA4-2
and WC4-2 in the test described in the literaturel®! were selected as the verification
model. Establishment of a finite element model with equivalent parameters.

The specific parameters are as follows: the overall height of the specimen used is
2090 mm, in which the section size of the loading beam is 420 x 350 mm and the length
is 1730 mm; the section size of the ground beam is 750 x 650mm and the length is
2600mm.

3.2 Establishment of Finite Element Model

3.2.1 Mesh Size Determination and Cell Assignment.
When using the finite element software ABAQUS for numerical simulation, the
two-dimensional point linear type ( T3D2 ) in the three-dimensional truss element is
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used ; concrete is defined as the eight-node linear reduced integral type ( C3D8R ) in
the three-dimensional solid element. The concrete grid size is determined to be 50 mm,
the concrete grid size of the loading beam and the foundation beam is 250 mm, and the
steel grid size is 50 mm.

3.2.2 Material Constitutive Determination.

The calculation and determination of material constitutive relation have an im-
portant influence on the accuracy of numerical simulation results. ABAQUS has a
tensile and compressive plastic damage model suitable for concrete structures. Ac-
cording to the design data of the relevant specimens in the literature ®land the relevant
provisions of the ' Code for Design of Concrete Structures ' (GB 50010-2010) , the
uniaxial stress-strain relationship of concrete is shown in Table 1.

Table 1. Concrete parameters

. design value of Compressive . . .
Specimen . tensile strength elastic modulus Ec  poisson
compressive strength test val- .
number ftk (MPa) (x104MPa) ratiop
strengthfc (MPa) uefcu (MPa)
WA4-2 52.47
60 2.85 3.60 0.2
WC4-2 50.82

At the same time, the stress-strain relationship of the steel bar adopts the double
broken line model. According to the design data of the relevant specimens in the liter-
ature and the ' Code for design of steel structures ' GB50017-2017, the mechanical
properties of the steel are shown in Table 2.

Table 2. Steel parameters

. yield tensile . .
steel reinforce- . . elastic modulus poisson
Diameter (mm) strength fy strength Elongation (%) .
ment (x105MPa) ratiop
(MPa) fu(MPa)
HPB300 6 300 420 2.10
448 652 19 2.23 0.3

HRB400

10 458 666 2.10

2.2.3 Contact, Boundary Conditions and Loading Mode.

Considering the constraint effect of the built-in connection steel plate of the hollow
slab wall on the surrounding concrete, when setting the contact between the steel and
the concrete, the bond slip between the materials is ignored, and the steel plate is built
into the concrete ; at the same time, the bond-slip effect between the bolt and the steel
plate is neglected, and the connection between the two is considered to be intact. The
other boundary conditions are consistent with the experimental boundary conditions.
The bottom beam of the numerical model is set to be consolidated, and the upper
loading beam is set to be a sliding support along the in-plane direction of the wall.
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In the finite element solution, the load is applied in two steps. The first step is the
vertical load, which is determined by the design axial pressure and acts on the central
coupling point of the top surface of the loaded beam to simulate the constant and live
load conditions of the structure under normal service conditions. The second part is the
horizontal reciprocating load, whose amplitude is determined by the joint
force-displacement control recommended by the ' Building Seismic Test Code ' JGJ /
T101-2015, and acts on the cross section of the end of the loaded beam until the
specimen yields.

3.3 Finite Element Model

In order to verify the rationality of the above parameters, the finite element models
FEM-1 and FEM-2 corresponding to the specimens WA4-2 and WC4-2 in Refer-
encellwere established respectively, and the loading test was carried out. The loading
system is consistent with the test. The numerical simulation is compared with the
experimental skeleton curve, as shown in Fig.3.
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Fig. 3. Comparison of skeleton curves between test specimens and finite element spec-
imens

From the (a) and ( b ) diagrams, it can be seen that the skeleton curves obtained
from the test and finite element analysis are basically consistent. At the initial stage of
loading, the slope of the two is basically constant, which indicates that the lateral
stiffness of the specimen is basically unchanged at this stage. With the increase of load,
the slope of the skeleton curve gradually decreases, indicating that the lateral stiffness
of the specimen is degraded. The main reason is that the increase of load leads to the
aggravation of concrete damage. The peak error of the skeleton curve obtained by the
test and numerical simulation is less than 5 %, which meets the engineering accuracy
requirements. Therefore, the two sets of hollow slab shear wall specimen models and
parameter settings established by ABAQUS have good feasibility and accuracy.
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4 Analysis of Bearing Capacity of Hollow Slab Wall

In order to analyze the bearing capacity of the vertical horizontal connection of the
prefabricated hollow slab assembled wall, according to the above finite element mod-
eling method, referring to the parameters such as the size and material properties of the
above structure diagram, the horizontal connection prefabricated hollow slab assem-
bled wall structure ( number GCW-1 ) and the same size ( no connection method The
whole wallboard ) prefabricated hollow slab assembled wall ( number GCW-2 ) is
shown in Figure 4. The vertical pressure of 2900 KN is applied at the top of the loading
beam, and the axial compression ratio of the test is 0.3. The hysteresis curve, skeleton
curve and ductility coefficient are obtained and compared and analyzed as follows.
The hysteresis performance is not only the main basis for studying the seismic
performance of the specimen, but also the necessary basis for determining the restoring
force model of the specimen. Fig.4 shows the hysteresis curves of GCW-1 and GCW-2.
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Fig. 4. Hysteresis curve

It can be seen from Fig.4 that GCW-1 and GCW-2 are fusiform, indicating that both
have good plastic deformation ability, and the hysteresis curves of the two are basically
consistent. Based on the observation results, it can be clearly observed that the two
hysteresis loops have a relatively full shape, and there is a high characteristic con-
sistency between them. There is no connection between the wallboards, which does not
have a great impact and difference on the hysteresis performance of the two specimens.

The skeleton curve can directly reflect the change of the bearing capacity of the
shear wall, which is the envelope of the hysteresis curve. Figure 5 is the comparison of
the skeleton curves of the finite element model GCW-1 and GCW-2.

It can be concluded that the overall trend of the skeleton curves obtained by the two
specimens is basically similar. The change of the connection mode between the wall-
boards of the specimens GCW-1 and GCW-2, and the difference of the early loading
stiffness of the wall structure is not obvious. Because GXW-2 is a structure composed
of a whole plate, the overall stiffness is large and the ultimate load is relatively high.
The ultimate load of GCW-1 is relatively low. After the ultimate load, the stiffness of
the specimen gradually decreases with the failure of the concrete. Due to the increase of
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lateral displacement, the bearing capacity of GCW-2 decreases greatly due to the large
stiffness and insufficient plastic deformation.
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Fig. 5. Comparison of skeleton curves

Ductility performance is an important parameter index of wall structure, which re-
flects the plastic deformation ability of the whole structure. The yield point and limit
point of the specimen are defined by Park method, as shown in Table 3. In this formu

Table 3. Ductility coefficient of hollow slab wall structure under different connection modes
between wallboards

Specimen numberdirectionAy(mm)Ay(mm)Au(mm)ATu(mm)

ortho  3.89 18.19
GCW-1 minus 419 404 1833 1826 4.52
minus 4.21 18.97
GCW-2 ortho  3.67 5 o0 1788 10 06 4.68
minus 4.05 18.24

Analysis of the data in Table 3 shows that the effect on the ductility coefficient of the
wall structure of the hollow core slab is small under different inter-wallboard jointing
methods; the trend of the ductility coefficient of the specimens during the change of the
inter-wallboard jointing method has no obvious pattern, but all of them meet the re-
quirements of the specification of not less than 3.0.

5 Conclusion and Foresight

After comparing the hysteresis curve, skeleton curve and ductility parameters of the
same size wall, we found that both have excellent plastic deformation capability. Both
hysteresis curves and skeleton curves show the same trend. Meanwhile, the ductility
coefficients of the hollow core slab walls are less affected under different wall con-
nection methods. In summary, the two specimens show good performance in terms of
plastic deformation capacity and structural ductility. Therefore, it can be concluded
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that this connection method is a feasible method and can effectively solve the prob-
lems of weak bond that may exist in the previous dry connection method, construction
influence and environmental pollution in the wet connection method. This type of
joint facilitates construction and also ensures the overall good load-bearing capacity
of the structure.

The lack of transverse reinforcement in the assembled hollow core slab wall struc-
ture proposed in this paper results in slightly lower performance in terms of lateral
stiffness, ductility coefficient and energy dissipation capacity parameters than that of
the conventional assembled shear wall, after which the horizontal forces can be im-
proved by modifying the hollow core slab wall structure or by adding diagonal brac-
ing or tensile reinforcement to the exterior.
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