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In view of the prefabricated shear wall structure, this paper puts forward a prefabricated integrated shear wall structure in
which the concrete filled wall with hydrophobic rock wool board partition is poured, produced and installed together with the
solid wall limb. Based on the quasi-static test of four concrete double-leg shear walls with the same size, wall limb and
reinforcement of coupling beam, the seismic performance of shear walls without filled and integrated whole filled is explored,
and the characteristics of failure form, bearing and deformation capacity, stiffness, ductility and energy dissipation capacity
of the walls are summarized. The experimental results show that the flexural shear failure occurs in the prefabricated
integrated shear wall under horizontal reciprocating load. Compared with the unfilled wall component, the lateral stiffness and
shear bearing capacity are obviously improved, and the seismic performance is better at the same time. Based on the ABAQUS
analysis software, the quasi-static test results are analyzed by numerical simulation and the hysteresis curve with good
agreement is obtained. According to the test results and the numerical simulation, a reasonable filled wall structure scheme
for precast integrated concrete shear wall structure is put forward.
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Introduction

Prefabricated concrete structure is an important part
of residential industrialization, prefabricated building
assembles prefabricated components in the construction
site, compared with cast-in-place reinforced concrete
structure, it has the advantages of short construction
period, small environmental pollution, low climate
limitation and saving labor force, which can promote
the sustainable development of the construction industry
[1]. 

With the gradual development of building indus-
trialization, prefabricated integral shear wall structure
gradually shows good adaptability [2]. Compared with
prefabricated frame structure, prefabricated shear wall
has large lateral stiffness, small lateral displacement
good shear resistance and bearing capacity under
horizontal force [3,4]. In recent decades, a large
number of experimental studies on seismic performance
of prefabricated shear wall structures have been carried
out [5,6]. Among them, Hu Wenbo et al. [7] conducted
an experimental study on the seismic performance of
precast integrated reinforced concrete shear wall and
proposed a reasonable filling wall construction scheme
for precast integrated concrete shear wall structure.Han

Wenlong et al. [8] proposed a precast hollow slab shear
wall and conducted an experimental study on its
seismic performance, providing reference for the seismic
design of precast hollow slab shear wall. Hong-nan Li
et al. [9] conducted experimental and numerical studies
on the seismic performance of two new hybrid precast
concrete shear walls, and the experimental and numerical
results show that the new hybrid precast concrete shear
wall has good seismic performance.In addition, the
prefabricated shear wall structure, prefabricated circular
hole plate shear wall and double-sided superimposed
shear wall, which is connected by pulp-anchor connection,
steel sleeve extrusion connection, bolt connection,
prestressed connection and steel connection, has also
been studied and applied to some extent.The related
studies show that, when the filled wall is properly
added to the prefabricated shear wall, the reinforced
component has strong ductility, the bearing capacity is
improved, and the seismic performance is good [10].
Therefore, it has important engineering application
value to study the seismic performance of filled wall in
prefabricated shear wall [11-13].

In the prefabricated concrete shear wall structure
project, the requirements for the lateral stiffness of each
part of the prefabricated shear wall are different. During
the design and production, holes will be reserved in the
interior, and light blocks will be used for filling after
the main construction, which increases the construction
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procedure of the prefabricated structure [14-16].
Accordingly, in order to optimize the stiffness of the
prefabricated shear wall, enhance the anti-seismic
deformation coordination ability and improve the
energy dissipation capacity of the structure, this paper
designs an integrated prefabricated structure scheme
between the filled wall and the shear wall with
connected beam [17]. By the quasi-static test of shear
wall component, the seismic performance of the wall
and the difference between the wall and the two-leg
shear wall without filled wall are verified, and the
numerical simulation of the test is carried out by using
the ABAQUS, and the reasonable construction scheme
of the filled wall is given [18,19].

Test Overview

Component design and fabrication
In the text, four components with the same shape size

and reinforcement form of the wall limbs were
designed. The outer wall dimensions of the four
components are 2800 mm×3190 mm×200 mm, the
geometric dimension of the filled wall hole is
2790 mm×1600 mm×200 mm, the filled wall portion is
cast together with the wall limbs, low-carbon cold
drawn steel wire mesh with a diameter of 4 mm is
placed on both sides of the filled wall with a spacing of
200 mm. The main design parameters of the component
are shown in Table 1, component SW1 is hollow
coupling beam shear wall, the component SW2 is
partitioned by hydrophobic rock wool board with a
width of 30 mm and a thickness of 160 mm on the four

sides of the filled wall. Component SW3 is provided
with a hydrophobic rock wool board partition with a
partition section size of 30 mm×160 mm around and in
the middle of the filled wall. A hydrophobic rock wool
board partition with a partition section dimension of
30 mm×140 mm is set in the component SW4 at the
same position as the filled wall of the component SW3.
The axial compression ratio of the above components
is 0.2. The connection between the wall and the bottom
beam adopts constrained grout-anchored steel bar lap
connection, this method is easy to construct, economical
and anchored firmly. The geometric dimensions and
reinforcement of the components are shown in Fig. 1.

Material properties
The C30 strength concrete is used in the test. The

concrete cube test block with a side length of 100 mm
is made when the component is poured. The
compressive strength of the concrete cube is carried out
before the test. The average compressive strength of
the concrete cube is shown in Table 2, and the
mechanical properties of reinforcing bars are shown in
Table 3.

Test device and loading system

Fig. 1. Structural form and reinforcement size detail.

Table 1. Component parameters.

Component ID Filled wall material Geometric dimension (mm) Partition section (mm) Steel mesh

SW1 Unfilled 1600×2790×200 - -

SW2 Integrative whole filling 1600×2790×200 30×160 Low carbon cold drawn steel wire

SW3 Integrative whole filling 1600×2790×200 30×160 Low carbon cold drawn steel wire

SW4 Integrative whole filling 1600×2790×200 30×140 Low carbon cold drawn steel wire

Table 2. Mechanical properties of concrete.

Component 
number

SW1 SW2 SW3 SW4

fcu,k (MPa) 36.6 36.6 30.2 35.9

fck (MPa) 24.5 24.5 20.2 24.1
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The test adopts 100t MTS electro-hydraulic servo
actuator, and the four components were subjected to
low cycle loading. The loading device is shown in
Fig. 2.

The constant vertical load controlled by axial com-
pression ratio of 0.2 is first applied in the test loading.
The horizontal load adopts the force loading mode
before the wall enters the yield, and each stage increases
by 10%. When the structure yields, reciprocating
displacement control is adopted, incremental yield
displacement is taken, and each stage is cycled twice.
When the horizontal load is reduced to close to 85% of
the maximum bearing capacity of the test, it is
considered whether to continue loading according to
the failure of key parts. If the failure is serious, the
loading will be stopped.

Test Results and Analysis

Destruction phenomenon
The failure modes of each specimen after the test are

shown in Fig. 3. Different failure phenomena and
characteristics of various walls are shown. 

Unfilled shear wall

During the test of component SW1 without filled
wall, firstly, it appears horizontal cracks at the lower
part of the wall limb and vertical cracks at the end of
the connecting beam; As the load continues to increase,
the crack area expands, the cracks increase and extend
into the wall limb. Finally, the concrete at the bottom
of the wall limb peels off obviously, the steel bars are
exposed, and the end of the beam is also damaged
obviously. And the failure shape of the component
SW1 shows obvious bending failure characteristics. 

Prefabricated integrated shear walls

The destruction phenomena of Integrated shear walls
components SW2, SW3, SW4 are similar. In the
process of loading, the load increases rapidly, first
horizontal cracks appear in the lower part of the wall
limb on both sides, then diagonal cracks begin to
appear in the middle of the wall, which are mainly
concentrated at the bottom of the wall limb and around
the connection between the wall limb and the coupling
beam, and gradually extend in the diagonal upward
direction. With the increase of horizontal displacement,
diagonal cracks begin to appear at the joint of the wall
limb and the coupling beam. There are also many short

Table 3. Mechanical properties of reinforcing bars.

Steel bar diameter
 d (mm)

Steel types
The yield strength 

fy (MPa)
Ultimate strength

 fu (MPa)
The yield strain 

(με)

Steel mesh Cold drawn steel wire 518.1 830.3 2140

10 HPB300 330.0 464.7 2020

12 HRB400 418.0 570.2 2010

16 HRB400 427.3 587.7 2220

Fig. 2. Loading device.

Fig. 3. Finally failure shape.
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diagonal cracks along the partition at the partition
position of the hydrophobic rock wool board set in the
middle part of the component SW3 and SW4. Finally,
the failure of the component is mainly caused by
horizontal cracks of both sides of the wall limb and
long diagonal cracks in the filled wall area. Compared
with the component SW2, the filled walls of the
component SW3 and SW4 increase the vertical
hydrophobic rock wool board partition measure in the
middle part, further weaken the overall stiffness of the
shear wall, the partition part shares more plastic
displacement, the maximum plastic deformation is
lower than the component SW2. 

Hysteresis curve
Fig. 4 shows the wall end load-displacement hysteresis

curves of each component. The comparison of hysteresis
curves shows that: 

Bearing capacity of the component SW1 without
filled wall is low and the growth rate is slow, the slope
of the curve in the descending section is lower, and the
ultimate displacement in the horizontal direction is
larger. The component SW3 shows obvious difference,
in the early stage of loading, the lifting speed of the
load is significantly higher than that of the member
SW1, the bearing capacity difference is large, but the
yield time is earlier, and the ultimate displacement is
relatively small. The reason is that the filled wall and
shear wall limb are integrated in pouring, which has
good integrity, the stiffness of the bottom of the
coupling beam shear wall is enhanced, the filled wall
acts as a diagonal support for the wall limb, and the
yield position moves upward. Play the role of resisting
bending moment together. 

The curve shape of component SW2, SW3 and SW4
is similar, the peak load of SW2 and SW4 is close. The
energy dissipation capacity of component SW3 is

stronger than the component SW2, and because the
thickness of the rock wool board in the partition area is
reduced for the component SW4, the damping effect is
reduced, and the energy dissipation capacity is lower
than that of the component SW3. The decline section
of the component SW3 appears later, and the stiffness
degradation is slightly slower, indicating that the
deformation ability is stronger. Hysteresis curve of the
component SW3 is full and energy dissipation capacity
is strong. 

Bearing capacity
The load values corresponding to each stage of

loading are shown in Table 4. The load-bearing capacity
of the integrated prefabricated component of the filled
wall and the coupling beam shear wall at each load
stage is significantly improved than that of the ordinary
coupling beam shear wall, and the yield load of the
component SW2, SW3 and SW4 is close. Since the
structural measures of the filled wall of the component
SW3 effectively weaken the overall stiffness of the
shear wall and the peak bearing capacity of the wall
has decreased, the peak bearing capacity of the
component SW3 is 12% lower than that of the
component SW2. Due to the decrease in the thickness
of the rock wool board of the component SW4, its peak
bearing capacity is increased by 16% compared with
the component SW3. 

Stiffness degradation 
The secant stiffness is calculated according to

formula (1): 

(1)

In the formula: Ki is the secant stiffness in the ith

i i

i

i i

P P
K

  


  

Fig. 4. Hysteresis curves of shear wall. 

Table 4. Characteristic value of load.

Component 
number

Yield load (kN) Peak load (kN) Ultimate load (kN)

Forward Reverse Forward Reverse Forward Reverse

SW1 206.9 195.3 241.8 212.0 202.1 180.2

SW2 534.9 527.2 606.0 598.6 515.1 508.8

SW3 517.6 509.2 534.8 525.1 454.6 446.3

SW4 536.1 529.5 622.1 608.0 528.7 516.8
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loading cycle, Pi is the peak load in the ith loading
cycle, Δi is the displacement corresponding to the load
peak point in the ith loading cycle. 

The stiffness degradation curve of the components is
shown in Fig. 5. From the curve in the Fig. 5, it can be
seen that the early stiffness of the component
degenerates quickly, while the initial stiffness of the
component SW1 is obviously lower than that of other
components with filled walls. The initial stiffness of
the component SW2 and SW4 is close, the component
SW3 is slightly lower than the component SW2
because of the increase of the rock wool partition
position. The thickness of the rock wool board at the
partition of the component SW4 is lower than that of
the component SW3, and the stiffness weakening effect
is slightly lower than that of the component SW3.
Compared with the stiffness of the component SW2,
the component SW3 and the component SW4 have
only a small decrease. 

Ductility

The displacement ductility coefficient is used to
evaluate the ductility of the component. The displace-
ment ductility coefficient is the ratio of the ultimate
displacement of the component (the displacement when
the load of the component drops to 85% of the peak
load) and the yield displacement of the component. For
each component, the displacement ductility coefficient
is shown in Table 5: it can be seen from the Table 5
that the ultimate displacement of the component SW1
is the largest, the ductility coefficient is higher than that
of other prefabricated components with built-in filled
wall, and the deformation ability is strong. The ductility
coefficient of the component SW3 is 6.7% higher than

that of the component SW2 due to the increase of
partition gap. The thickness of rock wool board in the
partition part of the component SW4 filled wall is less
than that of the component SW3, the effect of increasing
stiffness is obvious, and the ductility coefficient is
reduced by 18.5%. According to the above analysis,
each shear wall component has certain deformation
ability, and the effect of increasing the ductility of the
structure is obvious by reducing the stiffness of the
prefabricated shear wall. 

Energy dissipation capacity
The components SW2, SW3, and SW4 designed in

this paper are partitioned at the filled wall, and the
energy dissipation capacity is improved by enhancing
the deformation capacity of the structure. and the
energy dissipation capacity of the structure can be
reflected by the area surrounded by the hysteresis loop
and the equivalent viscous damping coefficient. The
calculation method of the equivalent viscous damping
coefficient he is shown in Fig. 6, and the equivalent
viscous damping coefficient is shown in Table 6: 

In the formula: The U is the area surrounded by the
hysteresis loop when the ultimate displacement is
reached, the UE is nominal elastic potential energy. 

The comparison of energy dissipation and equivalent
viscous damping coefficient shows that due to the
increase of vertical partition of the component SW3 the
equivalent viscous damping coefficient increases by

e rec p
I I I 

33

12 12

Ie II I

e rec pi pi

b hb h
I I I I     

Fig. 5. Comparison of stiffness degradation curve.

Table 5. Ductility coefficient calculation results.

Component 
number

Yield 
displacement 

(mm)

Limit 
displacement 

(mm)

Ductility 
coefficient

SW1 13.35 71.2 5.33

SW2 3.76 16.20 4.30

SW3 3.27 15.02 4.59

SW4 3.23 12.10 3.74

Fig. 6. Diagram for equivalent viscous damping coefficient.

Table 6. Equivalent viscous damping coefficient.

Component 
number

U (kN/mm) UE (kN/mm) he

SW2 9524.5 7254.4 0.21

SW3 10392.6 6765.8 0.24

SW4 7902.1 6325.3 0.19
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14% compared with the component SW2, and the
energy dissipation capacity is enhanced. The equivalent
viscosity damping coefficient of the component SW4 is
21% lower than that of the component SW3 and energy
dissipation capacity is reduced due to the decrease of
rock wool board’s thickness. Equivalent viscous damping
coefficient of the component SW3 is large, which
indicates that the method of setting hydrophobic rock
wool board partition obviously enhances the energy
dissipation capacity of the component. When the
components SW2, SW3 and SW4 reach the ultimate
displacement, the energy consumption is 9.5 kJ, 10.3 kJ
and 7.9 kJ respectively. The energy consumption of the
component SW3 is obviously higher than that of other
integrated shear wall components, and the seismic
performance is strong [20].

The formula is:

(2)

Numerical Simulation

In this paper, on the basis of taking into account the
calculation accuracy and efficiency, combined with the
software ABAQUS, the numerical simulation of the
pseudo-static test of 4 components is carried out [21].

Model establishment
The concrete element mesh type is set to C3D8R

type and the reinforcement element is set to T3D2 type
in the process of numerical simulation. Interaction
between loading beam and wall is set to ‘Tie’. Rigid
connection between components, contact surface common
to use the unified node, and the same degree of
freedom. Through ‘Merge’, all the steel bars are merged
into a steel skeleton, and the command ‘Embedded
Region’ is adopted to build the steel skeleton into the
concrete part. 

The bottom surface of the bottom beam is completely
fixed constraint mode, and the vertical axial pressure
with axial compression ratio of 0.2 is applied to the
structure. If the concentrated load is applied directly to
the loading surface, the stress concentration phenomenon
is easily caused. Therefore, the concentrated load is
converted into equivalent uniform load and applied to
the surface of the loading beam. A reference point is
set on the side of the loading beam RP-1, the reference
point is coupled with the side of the loading beam, and
a reciprocating displacement load is applied to the
reference point.

Constitutive model of materials
In this simulation, the constitutive relationship of

concrete applies the plastic damage model [22,23],
which can not only effectively analyze the stress of
concrete structure under dynamic load and cyclic load,

but also simulate the stiffness recovery of concrete
structure under horizontal reciprocating load, it can
better simulate the real stress state of concrete. The
concrete structure model is calculated by the formula
of stress-strain curve of material in the ‘Code for
Design of Concrete Structures’ [24]. The expressions
are as follows: 

Tension:

(3)

(4)

In the formula:  is concrete stress, EC is elastic
modulus,  is concrete strain, t is parameter of the
descending section of the concrete uniaxial tensile
stress-strain curve, t is the ratio between the representative
value of concrete uniaxial tensile strength and the
corresponding peak tensile strain; dt is the evolution
parameter of uniaxial tensile damage. 

Compression:

(5)

(6)

In the formula: The c is the descending section
parameter of the stress-strain curve of concrete under
uniaxial compression, c is the ratio of the representative
value of the uniaxial compressive strength of concrete
and the corresponding peak compressive strain, n is the
ratio of the difference between the peak compressive
stress and its corresponding uniaxial compressive
strength. dc is the evolution parameter of uniaxial
compression damage.

Fig. 7 shows the two-fold line model used in the
constitutive relationship of steel bar in this simulation.
A diagonal straight section of the stress-strain curve
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Fig. 7. Stress-strain curve of reinforcement. 
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appears after the yield of the steel bar, including the
Bauschinger effect, and the isotropic hardening mode is
applied.

Material parameters: The concrete strength is C30,
the density is 2400 kg/m3, the Poisson's ratio is 0.2, the
elastic modulus is 2.96×1010 N/m2, the expansion
angle is 30, and the defined viscosity parameter is
0.0005. The longitudinal reinforcement is HRB400, the
stirrup is HPB300, the density is 7800 kg/m3, the
elastic modulus is 2×1011 N/m2, the Poisson’s ratio is
0.3, yield strength fyk=400 N/m2, and tensile strength
design value fy=360 N/m2. The elastic modulus of low-
carbon cold drawn steel wire is 2×1011 N/m2, the
Poisson's ratio is 0.3, and the yield strength fyk=500 N/
m2.

Analysis of simulation results
Using ABAQUS to simulate the above components,

the comparison of the numerical calculation results of
the hysteresis curve obtained is shown in Fig. 8. 

From Fig. 8, it can be concluded that the ABAQUS
software can simulate the mechanical properties of
shear walls affected by different parameters to a certain
extent, and the errors are acceptable. This software can
be used to further analyze the seismic performance of
the shear walls in this paper. Affected by the function
of the ABAQUS, when the bearing capacity drops to
85% of the peak bearing capacity, the component is
considered to be damaged and the simulation stops
[25,26].

Impact of axial compression ratio
When analyzing the influence of the axial compression

ratio, the range of the axial compression ratio of the

component SW2, SW3 and SW4 shear walls mentioned
above is taken as 0.1, 0.2 and 0.3, and other parameters
are kept unchanged. Fig. 9 reflects the change of load-
displacement skeleton curve under different axial
compression ratio. As can be seen from the diagram,
the increase of axial compression ratio makes the
horizontal peak bearing capacity of integrated shear
wall components increase significantly, but the peak
displacement is obviously reduced, it shows that the
increase of axial compression ratio greatly increases
the brittleness of integrated shear wall components. So
that the component failure is advanced, and the axial
compression ratio is too lager to accelerate the decline
of the bearing capacity of the prefabricated integrated
shear wall component, and reduce the ductility of the
structure. In the same axial compression ratio, the
section curve of the component SW2 and SW4 from
peak load to ultimate load is steeper, indicating that the
deformation ability of the component SW3, in the
integrated shear wall components, is better. The
component SW3’s axial compression ratios range from
0.1 to 0.2 and 0.3, it’s ultimate bearing capacity was
increased by 23.2% and 18.5% respectively, ductility
coefficient decreased by 5.0% and 22.0%, respectively.
Therefore, it is suggested that the axial compression
ratio of integrated shear wall components is 0.2-0.3. 

Prefabricated Integrated Shear Wall
 Construction Scheme

There are many factors that can change the seismic
performance of prefabricated shear wall. In order to
analyze the seismic performance of prefabricated
integrated shear wall components more comprehensively,

Fig. 8. Comparison of hysteresis curves between simulated and tested specimens.

Fig. 9. Skeleton curves with different axial compression ratios.
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this chapter will use the analysis results by software
ABAQUS and shear wall test results, the seismic
performance of the component SW2, SW3 and SW4
shear walls under different partition widths is discussed.
It provides a reference for analyzing the influence law
of seismic performance of prefabricated integrated
shear wall [27,28].

Impact of the partition width of the filled wall on
seismic performance

On the basis of the component SW3 model, only the
width d of rock wool board is changed, the seismic
performance of the component is analyzed when the
partition width is 20 mm, 30 mm and 40 mm, and the
SW3-D-1, SW3-D-2 and SW3-D-3 is numbered
respectively. Change the width of rock wool board as
shown in Fig. 10, component model parameters are
shown in Table 7.

Fig. 11 shows the filled wall skeleton curves with
different partition widths. The yield load and ultimate
bearing capacity of the model with partition width of
20 mm and 30 mm are similar. When the partition
width is 30 mm and 40 mm, the yield load and ultimate
bearing capacity of the component decrease because of
the increase of the partition width, the reason is that the
increase of the partition width weakens the shear
resistance of the shear wall structure, the horizontal
bearing capacity of the structure is reduced. The model
with a partition width of 30 mm increases the ductility
coefficient by 7.5% compared with the model with a
partition width of 20 mm, which indicates that
increasing the partition width can weaken the lateral
stiffness of the structure and increase the ductility.
When the partition width increases from 30 mm to
40 mm, the ductility coefficient of the component
decreases by 8.5%, which has the phenomenon of early

failure. The reason is that the excessive partition width
accelerates the damage of the filled wall part, and the
concrete at the bottom angle of the filled wall is quickly
crushed. The analysis shows that the component SW3
deformation ability of integrated shear wall component
is the best when the partition width is 30 mm [29-31].

Conclusions

 The quasi-static test result shows that the unfilled
shear wall is subjected to bending failure under
horizontal reciprocating load because of the short wall
limb, and the prefabricated integrated concrete shear
wall is damaged by bending shear failure due to the
diagonal support of the filled wall, in which the solid
wall limb shows obvious bending failure, and the
concrete filled wall with built-in rock wool board
shows shear failure. The structural measures of installing
hydrophobic rock board partition in the longitudinal
direction of the filled wall can effectively weaken the
stiffness of the components. 
 Compared with the unfilled wall, the lateral

stiffness, horizontal shear capacity and bearing capacity
of prefabricated integrated shear wall components are
greatly improved, and the seismic performance is
better.
 Based on the software ABAQUS, the numerical

simulation of four test walls is carried out, and the
hysteresis curve with good agreement with the test
results is obtained, which has good ductility and strong
seismic performance. 

Table 7. Component Model Parameters.

Model number Partition material Section size of rock wool board (mm) Filled wall dimensions (mm)

SW3-D-1 hydrophobic rock wool board 20×160 1600×2790×200

SW3-D-2 hydrophobic rock wool board 30×160 1600×2790×200

SW3-D-3 hydrophobic rock wool board 40×160 1600×2790×200

Fig. 10. Infill wall construction schematic diagram.

Fig. 11. Comparison of skeleton curves.
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 The horizontal bearing capacity and initial stiffness
of the components increase with the increase of the
axial compression ratio, and the deformation capacity
of the structure becomes worse if the axial compression
ratio is too lager. The decrease of the thickness of the
hydrophobic rock wool board increases the bearing
capacity of the components, but the stiffness also
increases, which is not conducive to seismic performance.
Therefore, it is suggested that the construction scheme
of prefabricated integrated concrete shear wall is as
follows: the axial compression ratio of integrated shear
wall component is kept within 0.2-0.3, and the
hydrophobic rock wool boards with a cross section of
30 mm×160 mm are arranged around and in the middle
of the filled wall. Low-carbon cold drawn steel wire
mesh with a diameter of 4 mm is placed on both sides
of the filled wall with a spacing of 200 mm. 
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