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Abstract

An innovative composite wall, namely corrugated double-skin recycled aggregate concrete
composite (Co-DR) wall, consisting of recycled aggregate concrete (RAC) filled steel tubes, two
exterior steel faceplates connected by tie bolts with RAC infill, was proposed in this paper. Three
double-skin composite wall specimens with different type of infilled concrete and faceplate
profile were tested under combined axial and cyclic lateral loads. Failure mode, cyclic behavior,
strength properties, deformation and energy dissipation capacities of the specimens were
presented. Test results indicated that all specimens presented compression-flexure failure and
showed expected seismic performance. Using RAC as infilled concrete decreased lateral strength
and ductility of the double-skin composite wall slightly, while using corrugated plates as
faceplates contributed to improve lateral strength, ductility, and energy dissipation capacity of
the double-skin composite wall significantly. Comparing with the double-skin composite wall
with flat faceplates and normal concrete, the double-skin composite wall with corrugated
faceplates and recycled concrete presented competitive seismic performance, with a lateral
strength increased by 10.92%, a ductility ratio decreased by 5.23%, and a cumulative energy
dissipation increased by 16.51%. It is acceptable to use the double-skin composite wall with
RAC as infilled concrete and corrugated plates as exterior faceplates as lateral load resisting
system for mid- to high-rise buildings in seismic zones.

1. Introduction

Double-skin composite (DSC) wall consists of two exterior steel faceplates connected to each
other by connectors and infilled with concrete. DSC wall was first proposed for coastal buildings
to resist extreme loads (Stephens and Zimmerman 1990). Afterwards, more DSC walls were then
proposed for use in tunnels and safety-related nuclear facilities, with different types of
connectors such as headed studs (Shanmugam et al. 2002), Bi-Steel™ connectors (Mckinley and
Boswell 2002; Clubley et al. 2003), and J-hook connectors (Liew and Sohel 2009; Huang and
Liew 2016). Recently, DSC walls have also been used as a lateral-load resisting system in
building structures, usually with concrete-filled steel tubes as the boundary elements and
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faceplates connected by tie bolts (Ji et al. 2013; Rassouli et al. 2016) or batten plates (Nie et al.
2013). Research has proven that the DSC walls present high axial and lateral strengths, lateral
stiffness, ductility, and energy dissipation capacity. Moreover, the use of steel faceplates
improves construction efficiency because they function as stay-in-place formwork for concrete
casting.

The faceplates of aforementioned DSC walls were usually flat. Related studies on flat DSC walls
conducted by the authors showed that out-of-plane deformation of flat faceplates can be
obviously observed after concrete casting. On the other hand, Bhardwaj and Varma (2016)
pointed that the flat faceplates tend to develop imperfections during transportation and assembly.
This imperfection would be amplified due to the pressure exerted by concrete pouring. Further,
the amplified imperfection would decrease the axial strength of the DSC wall. Moreover, the
ratio of connector spacing to flat faceplate thickness was suggested to be limited to 37 (Wright
1995) to ensure that local buckling does not occur before yielding. These might require the use
of a large number of connectors, thereby leading to complex fabrications.

Wright and Gallocher (1995) proposed a type of DSC wall panel using cold-formed profiled steel
sheeting as the exterior faceplates. The profiled steel sheeting had much higher out-of-plane
bending stiffness than the flat faceplates, which was conducive to decrease the number of
connectors. However, these composite panels were not constructed with any boundary column
with an aim of resisting shear only. In fact, the use of boundary columns can significantly
improve the deformation and energy dissipation capacity for DSC walls (Qian et al. 2012; Ji et
al. 2013).

Recently in China, with the rapid development of construction industry, the natural resources,
such as river sand and stone, is being deficient due to the rapid development of construction
industry. Meanwhile, billion tons of construction waste is generated each year. The traditional
disposal method of landfill or dumping had fatal impact on environment. Recycling and reuse of
these construction waste become an inevitable choice. Using recycled aggregate concrete (RAC),
which is partially replacing the natural aggregate in mix proportion by recycled aggregate, is a
resolution considering both the shortage of natural resources and disposal of construction waste.
However, research showed that the compressive strength of RAC was lower than that of normal
concrete (NC) due to the relatively weak interfacial transition zone between the cement paste and
the aggregates (Nixon 1978; Gerardu and Hendriks 1985; Hansen 1986; Mandal and Gupta
2002). Previous research also showed that the RAC shear walls had lower ductility than NC
shear walls (Cui et al. 2012; Geng et al. 2016). This would decrease the seismic performance of
the mid- to high-rise building structures.

This paper presents a new type of DSC shear wall system, namely corrugated double-skin
recycled aggregate concrete composite (Co-DR) wall, to be used in mid- to high-rise buildings in
seismic zones. The proposed Co-DR wall system consists of corrugated double steel faceplates
connected by tie bolts, infilled RAC, and RAC-filled steel tube boundary columns. The
corrugated steel plates and steel tubes are fabricated by hot-rolled steel to meet the ductility
requirements of seismic design. Cyclic tests were carried out on three specimens with different
type of infilled concrete (RAC or NC) and faceplate profile (flat or corrugated faceplate). The
seismic performance of the test specimens was evaluated in terms of damage and failure pattern,



hysteretic response, strength and stiffness characteristics, deformation property, and energy
dissipation capacity.

2. Experimental Program

2.1 Specimen Design

Three specimens, denoted as CW-F, RCW-F, and RCW-C, were fabricated at 1/3 scale to
accommodate the capacity of the loading facility and the Chinese provision JGJ/T 101-2015
(CMC 2015). The source of the recycled coarse aggregate (RCA) used in this test was derived
from the demolition of a building in Beijing. It was produced through a series of processes such
as crushing, sieving, cleaning and many other processes in a recycled aggregate plant. The RCA
replacement percentage was defined as the percentage of the RCA mass to the total coarse
aggregates mass. Specimen CW-F was a double-skin composite shear wall with flat steel plates
and NC. Specimen RCW-F was a double-skin composite shear wall with flat steel plates and
RAC with RCA replacement percentage of 100%. Specimen RCW-C was a double-skin
composite shear wall with corrugated steel plates and RAC with RCA replacement rate of 100%.
The two parameters studied in this experiment were the infilled concrete (NC or RAC) and the
faceplate type (flat or corrugated faceplate). According to the relevant Chinese code for seismic
design of buildings (CMC 2010a), two square concrete filled steel tube (CFT) columns were
employed as boundary elements. For these three specimens, the extent of a square CFT column
was designated to be 0.15 times the wall cross-sectional depth. The size of a square CFT column
was 150 x 150 mm. Two exterior faceplates were fastened by high strength bolts with a diameter
of 8 mm (D8). The transverse spacing of tie bolts was 140 mm and the vertical spacing of tie
bolts was 150 mm. A loading beam and a foundation beam in the form of exterior faceplates with
infilled concrete were welded and cast together with the wall. The square CFT columns and
faceplates were embedded to the loading beam and the foundation beam. Anchor bars and
headed studs were installed to ensure sufficient anchorage strength. For three specimens, the
distance from the horizontal load point to the top of the foundation beam was all 1500 mm,
leading to an aspect ratio of 1.5. Details of specimens are summarized in Table 1. Fig. 1(a) and
(c) show the overall geometry, structural layout, and details of Specimens CW-F and RCW-F.
Two specimens were identical, except for the infilled concrete. Fig. 1 shows the overall
geometry, structural layout, and details of the specimens.

Table 1. Details of specimens.

Specimen Height aspect Tie bolts spacing RCA replacement  faceplate

number (mm) ratio (mm) percentage (%) profile
CW-F 1500 15 140 x 150 0 Flat
RCW-F 1500 15 140 x 150 100 Flat
RCW-C 1500 15 140 x 150 100 Corrugated
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Figure 1: Dimensions and details of specimens (unit: mm)

2.2 Material Properties

The RCA was continuous graded gravels. The particle size of RCA was 5-25 mm. The apparent
density of RCA was 2543 kg/m® and other results were summarized in Table 2. The test results
shown that the RCA could meet the requirements in the GB/T 25177-2010 (CMC 2010b) for
crushed stone.

Table 2. Basic properties of recycled coarse aggregate.

Tvoe Grading Water Index of Elongated or
yp (mm)  absorption (%) crushing (%) flat particle (%)
RCA  5-25 4.3 12 2.7

The fine aggregate used was river sand with continuous graded gravels and a fineness modulus
of 2.3. The natural coarse aggregate (NCA) was also continuous graded gravels. The particle size
of NCA was 5-25 mm. Ordinary Portland cement with a 28" compressive strength of 42.5 MPa
was used in this test. The mix design of RAC was in accordance with the JGJ 55-2011 (CMC
2011). The NC of grade C40 was taken as datum concrete. The RCA replacement percentage
was 0% and 100% in this test. Considering the characteristic of higher water absorption capacity
of RCA, the method of “pre-absorbing water” proposed by Zhang et al. (2002) was adopted in
order to improve workability and mechanical properties of the RAC. Divided the amount of
water used in the mix proportions of RAC into two parts, one part was the conventional water
amount from the mix design, and the other part was the additional water amount after



considering the higher water absorption capacity of RCA. The additional water amount was
determined according to ten minutes-water absorption capacity of RCA. Through the water
absorption test, it was founded that the water absorption was 2.19% in ten minutes. For the
convenience of test, two parts of water amount were added simultaneously during concrete
mixing. The mix proportions of concrete under different RCA replacement percentages are listed
in Table 3. Three 100 mm cube samples were cast along with each specimen. Concrete
compressive tests were conducted on the day of specimen testing. The cylinder compressive
strength was obtained as 33.9, 31.6, and 31.6 MPa for Specimens CW-F, RCW-F, and RCW-C,
respectively.

Table 3. Mix proportions of concrete.

RCA replacement Mix proportions (kg/m°)

Type
percentage (%)  cement Sand NCA  RCA  Water
NC 0 380 710 1080 0 184
RAC 100 380 710 0 1080 208

Tensile tests were conducted on coupons cut from the steel components used for the specimens.
Table 4 gives the measured yield strength, ultimate tensile strength, Young’s modulus, and yield
strain of the steel materials. The high strength tie bolts had a nominal yield stress of 640 MPa
and ultimate strength of 800 MPa.

Table 4. Material properties of steel.

Steel type Nominal Measured Yield strength  Tensile strength  Young’s modulus
thickness (mm) thickness (mm) fy (MPa) f, (MPa) Es (MPa)
Faceplate 3 2.60 307 445 2.0x10°
Tube 4 3.45 314 388 1.9x10°

2.3 Test setup and Loading Protocol

Fig. 2 shows the test setup for applying axial and lateral loads. The foundation beam was fixed to
a strong floor by two steel beams and fastening rods, and clamped by a pair of reaction block on
each side of the specimen to restrain its horizontal movement. Axial load was applied by a
vertical jack. A rolling support between the vertical jack and the loading beam was provided to
accommodate the horizontal movement of the specimen due to lateral displacements. A steel
spreader beam was used to distribute the axial load evenly to the specimen. Horizontal cyclic
loading was applied at the mid-height of the loading beam by a hydraulic actuator fixed to a
reaction wall. Both the horizontal actuator and the vertical jack had a loading capacity of 2000
KN.
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Figure 2: Test setup

The axial load was determined by an axial load ratio of n = 0.2, which was calculated by Eq. (1),
and maintained constant during the test.
n = N 1)
flAc+ frp Ay +2f A
where A = cross area of wall concrete; fy, = yield strength of steel faceplates; A, = total cross

area of two steel faceplates; fy; = yield strength of steel tubes; and A = cross area of a single steel
tube.

The lateral cyclic loading was applied by the horizontal hydraulic actuator quasi-statically. Fig. 3
shows the loading history in terms of drift ratio, defined as the ratio of horizontal displacement at
the loading beam to wall effective height, and the loading cycle number at each drift level. The
initial loading contained drift ratios of 0.125, 0.25, and 0.375% with one loading cycle per drift
level. The following loading contained drift ratios of 0.5, 0.75, 1, 1.5, 2, 2.5, and 3% drifts with
two loading cycles at each drift ratio.
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Figure 3: Lateral loading procedure

2.4 Instrumentation
Instruments were used to measure forces, displacements and strains in the specimen during the
testing. The vertical and lateral loads were measured by load cells. Linear variable differential



transformers (LVDTSs) were used to measure the lateral displacement, vertical displacement and
shear displacement. The layout of LVDTs, which were installed at Specimen RAC-C, were
shown in Fig. 4(a). For Specimens CW-F and RAC-F, the layout of LVDTs was the same as that
of Specimen RAC-C. A range of LVDTs (i.e., L1-L6) measured the flexural deformation of the
composite shear wall. L6 was used to monitor horizontal slip of the foundation beam. A pairs of
crossed LVDTs (i.e., B1 and B2) measured the shear deformation of the composite shear wall.
Two LVDTs (i.e., V1 and V2) were used to monitor the rotation of the foundation beam. Two
LVDTs (i.e., V3 and V4) were mounted to the specimen at the same height as LVDT L2,
measuring the vertical displacement of the composite shear wall. Strain gauges and strain
rosettes were attached to the steel tubes and steel faceplates to measure their longitudinal strains
and strains in three directions. Fig. 4(b) shows an example of the arrangement of strain gauges
and strain rosettes, which was the same for all test specimens.
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Figure 4: Instrumentation for Specimen RAC-C (unit: mm)
3. Test Results

3.1 General Behavior

3.1.1 Elastic Stage

At the initial stage of test, the cooperative work performance of steel plates, steel tubes and the
infilled concrete was good. The whole specimen was intact and there was no obvious
phenomenon. Occasionally there was the slight sound of concrete crushing, indicating local
adhesive destruction at the interface between steel plates and infilled concrete. There was a slight
separation at the interface between the bottom of steel tubes and the foundation beam. The lateral
load displacement relation curves of three specimens were basically linear, and the residual
deformation was negligible.

3.1.2 Damage Developing Stage

This stage started from the lateral load-displacement hysteresis loop of the specimen shown a
significant turning point to the point of peak load point of the specimen. The main experimental
phenomena of three specimens in this stage was the further development of the local adhesive
destruction at the interface between steel plates and infilled concrete, and the local buckling at
the bottom of steel tubes and steel plates. As the amplitude of displacement increased, the extent



of local buckling increased continuously. The obvious local buckling occurred at the bottom of
steel tubes of three specimens, and the steel plates at the bottom of wall web experienced local
buckling, as shown in Fig. 5, when the drift ratio increased to 1% drift.

For Specimens CW-F and RCW-F, a slight residual buckling occurred at the bottom of steel
tubes, and the buckling of the steel plates at the bottom of wall web was increased continuously,
when the drift ratio increased to 1.5%. For Specimen RCW-C, local buckling occurred at the
crest of the bottom of steel plates, and a slight residual buckling occurred at the bottom of steel
tubes at 1.5% drift. For Specimen RCW-C, when the drift ratio increased to 1.5%, a new
buckling located in the bottom of steel tubes occurred, and local buckling occurred at the crest
and trough of the bottom of wall.

At this stage, the stiffness of the specimen was gradually reduced, and the lateral load
displacement hysteresis loop of the specimen shown obvious nonlinear characteristics. No
obvious buckling in the middle and upper part of the steel plates at wall web occurred at three
specimens.
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(a) CW-F (b) RCW-F
Figure 5: Specimens CW-F and RCW-F at damage developing stage

3.1.3 Failure Stage

After specimen reached the peak load, the infilled concrete damage was aggravated with the
increased drift ratio. The local buckling was severely increased at the base of steel tubes, as well
as the residual deformation. For Specimens CW-F and RCW-F, when the drift ratio finally
increased to 2.5%, the steel tube occurred tensile fracture along the horizontal direction. Then
infilled concrete crushing was observed immediately. The buckling at the bottom of the steel
plates at the bottom of wall web was increased severely, and extended towards the middle of the
shear wall. Therefore, the specimens lost their vertical load-carrying capacity and the tests were
terminated. For Specimen RCW-C, when the drift ratio increased to 2.5%, the steel tube occurred
tensile fracture along the horizontal direction, as shown in Fig. 6. Afterwards, when the drift
ratio finally increased to 3%, the tensile fracture was aggravated and the specimen lost its
vertical load-carrying capacity and the test was terminated. Failure patterns of the specimens
after loading are shown in Fig. 7.
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Figure 7: Failure patterns of the test specimens after loading

3.2 Lateral Load-Displacement Relationship

Hysteretic loops can reflect important information such as strength, stiffness, failure mechanism
and energy dissipation capacity of specimens. In addition, it can comprehensively reflect their
seismic performance. The hysteresis loops of lateral load-displacement relationship of
Specimens CW-F, RCW-F and RCW-C are shown in Fig. 8. The hysteresis loops of three
specimens were shuttle shaped and full, which indicated that these composite shear walls had
good energy dissipation capacity and superior seismic performance. According to the behavior of
the specimens, the loading process could be categorized into three stages, namely elastic stage,
elastic-plastic stage and failure stage. During the elastic stage, the hysteresis loops of the
specimens were approximately a straight line, and the residual deformation was small. Besides,
strength and stiffness were not degraded. During the elastic-plastic stage, as the lateral
displacement increased, cracks appeared in the infilled concrete, and slight local buckling
occurred at the bottom of the steel tubes and the wall plates. Besides, the strength of the
specimens increased gradually, and the strength began to deteriorate. However, the degree of
deterioration was relatively small. The stiffness of the specimens began to gradually reduce due
to the phenomenon of stiffness degradation. The hysteresis loops were relatively full, and the
area of the hysteresis loop began to increase significantly. In addition, the residual deformation
increased with the increase of the horizontal displacement after unloading. During the failure
stage, after the horizontal load had passed the peak load, the infilled concrete damage was
aggravated, and the local buckling at the bottom of the steel tubes and the wall plates were



serious. Besides, the strength of the specimens was reduced more obviously. The strength
degradation phenomenon was significant. The stiffness of specimens became larger and the
stiffness degradation phenomenon was significant. The shape of the hysteresis loops was still full
and the residual distortion increased sharply.

Fig. 9 shows the envelope curves of three specimens. The envelope curves of the lateral force
versus displacement relationships were inverted “S” shape, indicating the force process of the
three specimens was similar and it could be divided into elastic stage, elastic-plastic stage and
failure stage. Furthermore, the envelope curves of the three specimens were relatively smooth,
indicating that the change in lateral strength and stiffness of all specimens was smooth and the
ductility was good.
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Drift(rad)
-0.03 -0.02 -001 0.00 0.01 0.02 0.03
T T T T T T T

1000 |- ,A/Ai\
-

a
=3
S

Load(kN)
o

&
S
S

—=— CW-F
—e— RCW-F
—4— RCW-C
-1000 F

L L L L L L L
-45 -30 -15 0 15 30 45
Displacement(mm)

Figure 9: Envelope curves

3.3 Lateral Strength

The yield load Py and yield displacement 4, were determined by using the method proposed by
Han (2016). The load was defined as the ultimate load P, when the lateral load decreased to 85%
of the peak load Py, or the axial load could not be maintained and the specimen was deemed to
fail completely. The displacement corresponding to the ultimate load P, was the ultimate
displacement 4,. The yield load Py, yield displacement 4y, ultimate load P, and ultimate
displacement 4, of three specimens are shown in Table 5. The peak load of Specimen RCW-F
was reduced by 5.71% compared with Specimen CW-F, indicating that the use of RAC in
composite shear walls would reduce their lateral strength. While the peak load of Specimen
RCW-C was 17.64% higher than Specimen RCW-F, indicating that the use of corrugated steel
plates in the composite shear walls would noticeably increase their lateral strength and promote
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seismic performance. For corrugated steel plates, they have lots of corrugated edges. Therefore,
when compared with flat steel plates, the stiffness of corrugated steel plates is greater; the time
of buckling is later; the degree of buckling is lighter; the constraint effect on the infilled concrete
is stronger, and the cooperative work of the corrugated steel plates and the infilled concrete is
better. Besides the peak load of Specimen RCW-C was 10.92% higher than Specimen CW-F,
indicating that the use of corrugated steel plates and RAC simultaneously in the composite shear
wall would improve lateral strength.

Table 5. Results of main stages.

Force Yield stage Peak stage Ultimate stage
Specimen u
direction Py/kN Ay/mm Pn/kN An/mm  Py/kN 4,/ mm
Push 559 7.8 771 21.3 655 344 4.39
CW-F pull 526 8.3 997 29.8 874 36.6  4.40
Push 484 8.4 813 29.9 691 327 388
RCW-F pull 601 8.6 854 22.4 726 327 3.83
Push 655 10.5 1013 36.6 861 420 399
RCW-C Pull 586 8.3 948 28.9 806 36.0 4.34

3.4 Deformation Capacity

Ductility, defined as the ratio of ultimate displacement to yield displacement, was used to
measure the deformation capacity of the specimens. The ductility ratio of each specimen is
shown in Table 5. The ratios of the average yield displacement to the height of specimens, the
ratios of average peak displacement to the height of specimens and the ratios of average ultimate
displacement to the height of specimens were defined as the yield drift ratio 6, the peak drift
ratio 0, and the ultimate drift ratio ,, respectively. The calculation results are shown in Table 6.
Table 5 and 6 indicate the following observations. (1) For three specimens, the yield drift ratio
was between 0.54 to 0.63%, the ultimate drift ratio was between 2.18 to 2.60%, and the ratio of
the ultimate drift ratio to the yield drift ratio was above 3, indicating that specimens had good
deformation capacity, and there were obvious signs before the failure. (2) The displacement
ductility ratio of the three specimens was between 3.83 and 4.40, indicating the ductility of
double-skin recycled concrete filled composite shear walls was good. (3) The displacement
ductility ratio of Specimen RCW-F was 12.29% lower than Specimen CW-F, indicating that the
use of RAC in the composite shear wall would reduce their ductility. The main reason was that
the deformation capacity of RAC was worse than that of NC. (4) The displacement ductility ratio
of Specimen RCW-C was 8.04% higher than Specimen RCW-F, indicating that corrugated steel
plates had significant influence on the displacement ductility of the wall. Using corrugated steel
plates in DSC walls can improve displacement ductility ratio observably. (5) The displacement
ductility ratio of Specimen RCW-C was 5.23% lower than Specimen CW-F, indicating that
compared with double-skin composite shear wall with flat steel plates and NC, when RAC and
corrugated steel plates were used in composite walls simultaneously, the reduction of the
displacement ductility ratio was slight.

Table 6. Drift ratio of main stages.
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Drift ratio

Specimen
Ol% Onl%  6,/%

CW.F 054 171 237
RCW.E 057 174 218
RCW-c 063 218 260

3.5 Energy Dissipation

Based on the lateral force displacement hysteresis loops of specimens and calculated the energy
dissipation each half cycles by the integral, the energy dissipation capacity of the specimen in the
whole loading process could be evaluated comprehensively. The half cycle energy dissipation
versus number of half cycles and the cumulative energy dissipation versus number of half cycles
of the specimens are shown in Fig. 10. The half cycle energy dissipation and cumulative energy
dissipation of three specimens increased with the increase of half cycle number. In the elastic
stage, the energy dissipation of the specimens increased slowly, and after entering the elastic-
plastic stage, the energy dissipation of the specimens increased rapidly. It was shown that the
energy dissipation capacity of the specimen was increased rapidly after entering the elastic-
plastic stage, and the energy dissipation capacity was good. The cracking of infilled concrete was
delayed by the constraint of two outer steel plates. Besides, the half cycle energy dissipation and
cumulative energy dissipation of the Specimen RCW-F was similar to those of the Specimen
CW-F, and the half cycle energy dissipation was reduced by 0.11%. It was shown that the energy
dissipation capacity of RAC used in this kind of composite shear wall was reduced slightly, and
the energy dissipation capacity was good. While the half cycle energy dissipation and cumulative
energy dissipation of the Specimen RCW-C were similar to those of the Specimen RCW-F, and
the half cycle energy dissipation was increased by 16.64%. It was shown that corrugated steel
plates were more helpful for improving the energy dissipation capacity of composite shear walls.
The cooperative work between corrugated steel plates and infilled concrete was better, therefore,
the Specimen RCW-C had higher energy dissipation capacity. In addition, the half cycle energy
dissipation and cumulative energy dissipation of the Specimen RCW-C were similar to those of
the Specimen CW-F, and the half cycle energy dissipation was increased by 16.51%. It was
shown that the energy dissipation capacity of Specimen RCW-C was better. The use of RAC for
double-skin corrugated steel plates composite shear walls provided good seismic performance.
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Figure 10: Energy dissipation capacities
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4. Conclusions

This paper proposed an innovative composite wall, namely corrugated double-skin recycled
aggregate concrete composite (Co-DR) wall. To investigate the cyclic behavior of the walls, a
series of quasi-static tests of three specimens were conducted. The failure modes and seismic
performance of the composite walls are summarized as follows:

(1) The composite walls failed in the sequence of the local buckling at the base of steel tubes, the
local buckling of steel plates at the bottom of the wall, the fracture of steel tubes, and
compressive crushing of concrete at the bottom of the wall. Three specimens presented a flexural
failure mode.

(2) This composite shear wall presented a good strength capacity, ductility, deformation, energy
dissipation capacity, which indicated this composite shear wall had an excellent seismic
performance.

(3) Compared with double-skin composite shear wall with flat steel plates and NC, the peak load,
the ductility and the cumulative energy dissipation of double-skin composite shear wall with flat
steel plates and RAC were slightly reduced. The peak load was reduced by 5.71%, the
displacement ductility factor was reduced by 12.29%, and the cumulative energy dissipation was
reduced by 0.11%, indicating that it was feasible to use RAC in composite shear walls.

(4) Compared with double-skin composite shear wall with flat steel plates and RAC, the peak
load, the ductility and the cumulative energy dissipation of double-skin composite shear wall
with corrugated steel plates and RAC were obviously improved. The peak load was increased by
17.64%, the displacement ductility factor was increased by 8.04%, and the cumulative energy
dissipation was increased by 16.64%, indicating that the cooperative work between corrugated
steel plates and infilled RAC was better and corrugated steel plates could significantly improve
the seismic performance.

(5) Compared with double-skin composite shear wall with flat steel plates and NC, the peak load
and the cumulative energy dissipation of double-skin composite shear wall with corrugated steel
plates and RAC were obviously improved. The peak load was increased by 10.92%, the
displacement ductility factor was reduced by 5.23%, and the cumulative energy dissipation was
increased by 16.51%, indicating that the use of corrugated steel plates and RAC in composite
shear walls had significantly improved seismic performance and double-skin composite shear
wall with corrugated steel plates and RAC was feasible in practical engineering.
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