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Abstract: For a deeper understanding of the shear resistance
performance of the steel-concrete-steel composite shear wall,
the main influence factors such as the thicknesses of the steel
plates and the concrete, the strength grades of the concrete and
the span-depth ratios of the composite wall,
impacts on the shear resistance performance of the composite
shear wall, are analyzed by the numerical simulation method.
Meanwhile, the simplified calculation formulae of the initial
elastic lateral-resisting stiffness and the shear bearing capacity
of the composite shear wall are also proposed. The research
shows that with the increase in the thicknesses of the steel
plates and the concrete and the increase in the strength grades
of the concrete, the shear performance of the shear wall
improves obviously; the span-depth ratios of the composite
wall have a significant effect on the initial elastic lateral-
resisting stiffness, but a small effect on the shear bearing
capacity. Comparing the results of the simplified calculation
formulae with those of the nonlinear finite element method, it

which have

is obvious that the presented formulae are reasonable and meet
the real force state of the structure. These conclusions can
serve as a preliminary design reference for the steel-concrete-
steel composite shear wall.
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he lateral load resisting system is one of the most
T important parts in the design of a high-rise building
structure'"!. The steel-concrete-steel composite shear wall
is a new kind of high-rise lateral-force-resisting structure.
The structure combines the merits of the steel and the
concrete and has high anti-shear and anti-lateral stiffnes-
ses, so the composite shear wall is suitable for use in
high-rise buildings and skyscrapers which require high an-
ti-lateral stiffness'”’.
composite shear wall has been applied in dozens of build-
ings to resist the lateral load. Those buildings are mainly
located in high earthquake intense places such as North

Up till now, the steel-concrete-steel
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America and Japan. In China, there are some buildings
using this composite shear wall system, including the
Yancheng broadcast and television tower'”', the Guang-
zhou east tower'"! and the Buddha statue'’. However, the
development of this system is still at the early stage. So
far, only a few comprehensive researches have been done
on such a type of structure in the shear resistance mecha-
nism and the failure mode, and there is no related design
specification in China. Therefore, it is necessary to study
it systematically and in-depth.

The ANSYS finite element software is utilized in this
paper to analyze the nonlinearity behavior of the compos-
ite shear wall, and the formulae of initial elastic lateral
resisting strength and anti-shear strength are studied by fi-
nite element analysis.

1 Finite Element Analysis

1.1 Model construction

The steel-concrete-steel composite shear wall proposed
by Corus is used as the research object, as shown in Fig.
1''. Shear link rods are welded between two steel plates
by high-speed friction welding, and the concrete is cast in
the space after the installation of the plates are in place,

which forms the composite shear wall structure.
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Fig.1 Steel-concrete-steel composite shear wall

In order to study the shear resistance properties of the
steel-concrete-steel composite shear wall, the structure is
simplified with the following assumptions'”: 1) Between
the composite shear wall and the beam-column frame, the
nodes at the four corners are hinged connections; 2) The
flexural rigidities of the beam-column frame are infinitely
great; 3) The axial deformations of the beam-column frame
are ignored. And the simplified model is shown in Fig.2.
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Fig.2 Simplified model

The finite element model is shown in Fig.3. The mod-
el consists of the surrounding framework, two steel plates
and the filled concrete. The dimension of the composite
wall is 3 m x3 m"'.
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Fig.3 Model of composite shear wall

The constitutive model of the concrete in GB 50010—
2002"" is adopted and the concrete is simulated by the el-
ement Solid65. The steel constitutive model uses the ideal
elasto-plastic model, and the steel plate is simulated by
the element Shell181. The yield strength of the steel plate
is 235 MPa, and the elastic modulus is 206 GPa. Beams
and columns are simulated by the element Solid45, and
their flexural rigidities in plane are infinitely great.

The nodes between the composite shear wall and the
beam-column frame at four corners are hinged connec-
tions, and the others are coupled by sharing nodes. The
mutual effect of the concrete and the steel is realized by
the face-to-face element. CONTAI173 is used in the inter-
nal surfaces of the two steel plates and TARGE170 is used
in the external surfaces of the concrete slab, which makes
up the contact pairs. The contact surfaces are assumed to
be smooth and have no mutual infiltration, and they trans-
fer normal pressure to each other without normal tension.

The shear link rods connecting the concrete and the
steel are simulated by the nonlinear spring element
COMBIN39. The spacing is 200 mm.

The displacement loading method is used in this paper

and the maximal horizontal displacement is 60 mm'” .

1.2 Analysis of finite element result

The shear performance of the steel-concrete-steel wall
is studied through these main factors including the thick-

nesses of the steel and the concrete, the strength grade of
the concrete and the span-depth ratio of the composite
wall. The curves of the load-displacement are shown in
Fig. 4. The results show that: 1) With the increase in the
thicknesses of the concrete and the steel plate and the in-
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Fig.4 Curves of load-displacement of the composite wall by
considering influence factors. (a) Effect of various thicknesses of
steel; (b) Effect of various thicknesses of concrete; (c) Effect of vari-
ous strength grades of concrete; (d) Effect of various depth-span ratios
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crease in the strength grades of the concrete, the initial
elastic lateral resisting strength and shear bearing perform-
ance improve accordingly; 2) As the joints of the frame-
work are hinged connections and the flexural rigidities of
the beam-column frame are infinite, only the lateral load
is taken into consideration. The changes in span-depth ra-
tios significantly influence the initial elastic lateral resis-
ting strength, but they have a trivial effect on the shear

bearing capacity.

2 Simplified Formulae
2.1 Formula of initial elastic lateral resisting strength

Fig.5 shows the deformation of the composite shear wall
under the horizontal load. The vertical displacement A is

tiny, so A, can be ignored, and we only calculate the hori-

zontal displacement A caused by the horizontal load.
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Fig.5 Calculation diagram

According to the virtual work principle, with the effect

of the lateral load on the top of the structure, the dis-
placement on the top of the structure can be expressed as

where G, A_ are the shear modulus and the total cross sec-
tion area of the steel plate along the span, respectively;
G,_, A, are the shear modulus and the total cross section ar-
ea of the concrete slab along the span, respectively.
Substituting Eq. (3) into Eq. (2), we can obtain

VH
A‘]‘2GSAS+GCAC 4)

The Poisson ratio of the steel and the concrete are 0. 3

and 0. 2, respectively, so the horizontal displacement can

be written as

Eﬂ EC

G =30 +v)’ G=30 +v,)

A =Lt, A, =Lt,, L=HB
v
A N EStS ECtC (5)
(512 5

3.1272.88

where E_, ¢, are the elastic modulus and the total thickness
of the two steel plates, respectively; E_, f_ are the elastic
modulus and the total thickness of the concrete slab, re-
spectively; B is the span-depth ratio of the composite

wall.
The horizontal displacement on the top of the wall

caused by a unit load can be computed by
1
o= Et, Egt, (6)
(51225

3127288
The initial elastic lateral-resisting stiffness K, can be

obtained as

| (Et E.t,
( )/3 (7

K = =
75 T\3.1272.88

AN, 00,
cads+k X[ ds (D)

3= 3 [res 3

Because only the lateral load is taken into considera-
tion, the influence of the axial load can be ignored. Be-
sides, it is assumed that the flexural rigidities of the
beam-column frame are infinitely great, and the addition-
al bending moment caused by the lateral load is supported
by two columns at the two ends. So, the effect of the
bending moment on the displacement can also be ignored.

The horizontal displacement can be computed by

VH
A=k GA (2)

where H, G, A, are the height, the shear modulus and the
cross section area of the wall along the span, respective-
ly; k is the coefficient related to the section shape when

the section is rectanglar[gl, and it can be 1. 2.
It is assumed that the steel and the concrete can satisfy

the deformation compatibility conditions during the initial
elastic stage. G,A, can be calculated as

GZAZ = G<AS + GCAC (3)

Tab. 1 shows the comparison of the results calculated

by the finite element method and Eq. (7). The compari-
son indicates that the maximum error between the results
in the two ways is within +10%, so the results fit well

with each other.
2.2 Design formula of shear bearing capacity

The shear bearing capacity of the steel-concrete-steel
wall is provided by two external steel plates and the con-
crete. The contribution of the inside concrete to the shear
bearing capacity of the composite wall is reflected in two
ways: the plane-section resisting shear and the inclined
compression bar mode.

2.2.1 Shear bearing capacity provided by steel plates
According to the results of the finite element analysis,

the average shear stress of the cross section of the steel

can reach 135 MPa, so the steel can be considered as the

total cross-section shear yield. According to Ref. [10],

the shear bearing capacity of the steel plates can be com-

puted by
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Tab.1 Comparison of the results calculated by the finite element method and formula

Strength grade Results of Eq. (7) Results of finite element method K, - Ky, /
t,/mm t./mm B 1 -1 %
of concrete Ky/(MN - mm~") Ky /(MN « mm™") K,

C30 12 200 1.00 2.87 2.71 5.57
C30 16 200 1 3. 14 2.93 6. 69
C30 20 200 1.00 3.40 3.28 3.53
C30 20 300 1.00 4.45 4.19 5.84
C30 20 400 1.00 5.49 5.04 8.20
C20 20 200 1.00 3.09 2.97 3.88
C40 20 200 1.00 3.58 3.71 -3.63
C50 20 200 1.00 3.72 3.98 -6.99
C30 20 200 1.25 4.25 4.11 3.29
C30 20 200 0.83 2.84 2.72 4.23
C30 20 200 0.67 2.27 2.17 4.41
C30 20 200 0.50 1.70 1.62 4.71

V, =0.6f Lt (8)  concrete slab is restrained by two external steel plates and

where f| is the yield strength of the steel; L is the span of
the composite wall.
2.2.2 Shear bearing capacity provided by concrete
The compression strength and the tensile strength of the
concrete can be measured by the standard experiment.
But the shear strengths of the concrete obtained by differ-
ent tests are different. The shear stress-strain curve equa-
tion obtained by data discretization and regression analy-
sis'''! is adopted in this paper. The shear strength and the
shear deformation of the concrete are

7, =0.3970, (9)

y, = (176.80 +83.567,) x10™° (10)

where 7 and vy, are the peak shear stress and the peak
shear strain, respectively.

The concrete slab is restrained by two external steel
plates and the surrounding beam-column. It is assumed
that the distribution of the shear stress on the cross section
of the concrete is uniform, and the shear stress will not
change when approaching 7,(see Fig.6). The shear bear-
ing capacity of the concrete can be expressed as

V, =7,A,=0.39f."Lt,

c

(1)

where f, is the compressive strength of the concrete cube.

0 Py Y
Fig.6 The shear stress-strain curve of the concrete

2.2.3 Shear bearing capacity of inside concrete un-
der inclined compression bar mode
For the four-side-connected shear composite wall, the

the surrounding beam-column. So when the shear com-
posite wall bears the horizontal load, it is easy to form an
inclined pressure bar to resist the lateral shear force. The
mechanism of the inclined pressure bar is shown in Fig.
7. The columns and steel plates work as the pull bar to
balance the vertical load of the inclined pressure bar, and
the horizontal component of the inclined pressure bar re-
sists the lateral shear force.

Ve
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Fig.7 Mechanism of inclined pressure rod

Owing to the pull-pressure stress state of the concrete in
the actual state, a reduction factor 8’ of the compression
strength of the concrete should be taken into account''?,

1

B =0.85 +0. 27k (12)

The shear bearing capacity of the inside concrete slab
under the inclined compression bar mode can be compu-
ted by

(13)

where B’ is the reduction factor of the compression

V, =B'f.at_coso

strength of the concrete. Generally, when the concrete is
restrained by the surrounding beam-column, &' =1.5 and
B =0.8. f., 6 and a are the concrete axial compressive
strength design values, the intersection angle between the
axes of the inclined compression bar and the horizontal
plane, and the equivalent width of the inclined compres-
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sion bar, respectively. According to Ref. [13],

a=0.3 /' +H

The shear bearing capacity of the steel-concrete-steel

(14)

composite shear wall can be obtained on the basis of the
strength superposition principle,
V=V +V, +V,=

0.6f,Lt, +0.39f S7Lt, +0.24f. /L* + H t.cosf (15)

Tab. 2 shows that the errors between the results compu-
ted by the finite element method and the results computed

by Eq. (15) can be controlled in the range of 20% to
30% . The main factors causing errors are as follows: 1)
The crashed concrete is not considered in the finite ele-
ment analysis in order to guarantee the calculation conver-
gence of the model; 2) The influences of the connections
and the surrounding beam-column on the composite shear
wall are not taken into consideration in the deduction of
Eq. (15). Therefore, the results of Eq. (15) are reasona-
ble and can meet the real force state of the structure com-
pared with the results of the finite element method.

Tab.2 Comparison between results computed by finite element method and results computed by formula

Results of Eq. (15) Results of finite element method V,-V
Strength grade of concrete  f,/mm 1,/ mm B V/MN V,/MN /%
C30 12 200 1.00 8.58 11.85 38. 11
C30 16 200 1.00 10.21 13.53 32.52
C30 20 200 1.00 11. 84 15.25 28. 80
C30 20 300 1.00 13. 68 17.53 28. 14
C30 20 400 1.00 15.53 19.98 28. 65
C20 20 200 1.00 10. 83 13.40 23.73
C40 20 200 1.00 12. 81 16.35 27.63
C50 20 200 1.00 13. 63 17. 63 29.34
C30 20 200 1.25 11. 84 15.50 30.91
C30 20 200 0.83 11. 83 14.70 24.16
C30 20 200 0.67 11. 84 14.56 22.97
C30 20 200 0.50 11. 84 14.51 22.55
3 Conclusions
References

The shear performance analysis of the steel-concrete-
steel wall is conducted through the main factors including
the thicknesses of the steel and the concrete, the strength
grade of the concrete and the span-depth ratios of the
composite wall, and the formulae of the initial elastic lat-
eral resisting stiffness and shear bearing capacity are dis-
cussed. By comparison, the following conclusions are
obtained:

1) With the increase in the thicknesses of the concrete
and the steel plates and the increase in the strength grade
of the concrete, the initial elastic lateral resisting strength
and shear bearing performance improve accordingly.

2) The changes in span-depth ratios can significantly
influence the initial elastic lateral resisting strength. But
when the joints of the framework are hinged connections
and the flexural rigidities of the beam-column frame are
infinitely large, only the lateral load is taken into consid-
eration. The influence made by the change in span-depth
ratios on the shear bearing capacity is not significant.

3) Through theory analysis and finite element computa-
tion, the initial elastic lateral resisting strength and shear
bearing capacity are reasonable and fit the real force state
of the structure. These conclusions can serve as prelimi-
nary design references of the steel-concrete-steel compos-
ite shear wall.
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