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Based on existing experimental results, the ﬁnite element analyses were carried out on shear wall structures with steel truss
coupling beams. This work studied the seismic behaviors and the working mechanism of the steel truss coupling beam at the
ultimate state and put forward two parameters: the area ratio of web member to chord and the stiﬀness ratio of coupling beam to
shear wall. The seismic optimum design method of the coupling beam was also proposed. Afterwards, a comparative analysis was
implemented on the three-dimensional shear wall model with steel truss coupling beams designed by the proposed design method.
The results show that the structures designed by the proposed method have excellent seismic behaviors, the steel truss coupling
beams have enough stiﬀness to connect shear walls eﬀectively, and its web members have appropriate cross sections to dissipate
seismic energy.

1. Introduction
Coupling beams (CBs) are important structural components
to shear wall structures as they provide eﬀective connections
between shear wall limbs and increase global lateral stiﬀness.
The seismic performance of shear wall structure is largely
dependent on the behaviors of CBs. The steel CB has a lot of
advantages such as light weight, good ductility, force clear, and
easy to be replaced after the earthquake. Ever since the beginning of research on the steel CBs in the 1990s, the structural
behaviors of steel CBs have been investigated by experiments
and theoretical analysis [1–3]; the research pointed out that
steel CB structure has suﬃcient rigidity, strength, toughness,
and a good seismic performance; the plastic deformation of the
web after yielding helps to dissipate seismic energy, thus
signiﬁcantly improves the seismic performance of CBs.
Nonlinear seismic response of walls coupled with steel and
concrete beams was also investigated [4–6]; the research
demonstrated the advantages of using steel beams to couple

reinforced concrete walls. Experiments and simulations have
been conducted on the joints of steel CBs and shear walls
[7–11], and the results demonstrated that the anchorage has
important impacts on the stiﬀness degradation; the shear yield
style steel CB has excellent ductility performance and energy
performance, construction convenient, and easy maintenance
and replacement, and especially the maintenance can be easily
replaced after the earthquake. Wu [12] investigated the steel
CB and concrete shear wall joints by employing experiments
and ﬁnite element analysis, the failure mode of joints, strain
distribution, bearing capacity, CB size, concrete strength,
ductility, and hysteretic behaviors were studied.
In recent decades, composite structures [13–16] develop
quickly and have been investigated in researches [17–23] and
used in various kinds of structures [24–32] and infrastructures
[33–42]. The steel truss CB is a special kind of steel CB that
satisﬁes ﬂexible layout, clear loading path, and adaptable architectural features; however, investigations on steel truss CB
shear wall structures are scarce. Experimental researches have
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Figure 1: Deformation mode and internal force of steel truss CBs.

been employed to investigate seismic behaviors and energy
dissipation mechanism of steel truss CBs under low-cyclic
reversed loading [43–45]. They also proposed a novel joint
design style for steel-reinforced concrete T-shaped columns,
conducted experiments on joint samples under low-cyclic
reversed loading [46], and further studied on hysteresis behaviors and the bond-slip curves [47]. Finite element analyses
and pseudostatic tests were adopted for studies on steel truss
CBs [48–50]; it is proved that the steel truss CB has excellent
ductility and energy dissipation properties. They also pointed
out that the appropriate design of steel truss will result in the
enhancement of structural bearing capacities and the ductility;
however, simply increasing the size of chord or webs may cause
uncoordinated force distribution in structures. A series of
works has been reported by employing cyclic and biaxial
loading tests, in which the instability, fatigue strength, and
hysteretic behaviors were investigated [51–55]. Condition assessment and energy dissipation of steel shear walls with tapered links under various loadings were investigated using
a baseline incremental two-cycle loading protocol [56]. A rational method was proposed for determining the chord yield
rotation of RC coupling beams [57], in which several recently
developed coupling beam models were also reviewed. Though
eﬀorts have been made to investigate the seismic performances
of steel truss CBs, further eﬀorts on the design methods of steel
truss elements, revealing the energy dissipating mechanism,
stress-strain status, and how to actualize excellent mechanical
performances, are still in demand.
Given the above reasons, this work presents a ﬁnite element
study on the seismic behaviors of steel truss CBs; simulation
results are compared with available test results. Seismic behaviors and mechanical performances under limit states are
further discussed. Based on the working mechanism analysis,

the area ratio of web member to chord and the stiﬀness ratio of
coupling beam to shear wall are proposed for the evaluation of
seismic performances of steel truss CBs.
This paper is structured as follows. In Section 2, the
structural characteristics of the steel truss CBs are pointed out.
In Section 3, the seismic behaviors and energy dissipation
properties of steel truss CB shear wall structures are investigated;
shear wall models, stiﬀness ratio, and load-displacement relationships are presented. Section 4 presents a study on the
mechanism of steel truss CB structures under limit state. In
Section 5, the design methods and optimization suggestion of
steel truss CBs are proposed, including the evaluation of section
sizes and bearing capacities. Further, Section 6 presents a threedimensional analysis of seismic performances of the steel truss
CB structures; a series of parameters are adopted for the
evaluation of overall seismic performances of three-dimensional
steel truss CBs structures. Conclusions and discussions are
drawn in Section 7.

2. Characteristics of Steel Truss CBs
Steel truss CBs are speciﬁc steel trusses with small spandepth ratio, which can eﬀectively connect shear wall limbs
under seismic actions, dissipate seismic energy, and reduce
damage during earthquakes. The diﬀerences between the
steel truss CB and conventional steel truss lie in the following: (1) diagonal web members can be utilized to dissipate
seismic energy and (2) steel chords are presented as an
eﬀective connection between shear walls; chord members
will remain in elastic stage during working without producing plastic hinges at the ends.
Taking into consideration the structural characteristics,
the steel truss CB and steel truss will have similarities to some
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Figure 2: Shear wall specimens with steel truss CBs: (a) elevation; (b) reinforcement details of shear wall on the second ﬂoor; (c) reinforcement details of shear wall on the ﬁrst ﬂoor; (d) dimensions of CBs.

extent in the working mechanism. Thus, the area ratio of web
member to chord ρA and the stiﬀness ratio of coupling beam
to shear wall ρK can be proposed to evaluate the mechanical
and seismic performances of the steel truss CBs.

member is obtained as the product of cos β and the relative
deformation of top and bottom chords:

3. Seismic Behaviors of Shear Wall Structures
with Steel Truss CBs

then, the axial force of diagonal web member can be calculated as

3.1. CB-Shear Wall Compatible Deformation and the Stiﬀness
Ratio. The shear wall limb deforms horizontally and inclines
under horizontal seismic actions. Because of the global
deformation of shear wall limb, the deformation of steel
truss CB will include rigid body motion, the rotation at the
end of CB chords, and relative displacements of top and
bottom chord members. Thus, as shown in Figure 1, it can be
considered that the rotation at the ends of CB chords is the
same as the interstorey displacement angle of the shear walls.
It is assumed that the shear force at level i is Vi ; the
storey drift and interstorey displacement angle are, respectively, Δi and αi ; the storey height, CB depth, and
segment length of the CB are hi , d, and l, respectively. The
length and angle of diagonal web member are lf and β,
respectively. As shown in Figure 1, the stretch of web

d
d l
,
Δlf ≈ Δi cos β � Δi
hi
hi l f

Δlf
⎪
⎧
⎪
⎪
Ef ,
ε ≤ εy ,
⎪
⎪
lf
⎪
⎪
⎨
σ f � Ef ε f � ⎪
⎪
⎪
⎪
Δlf
⎪
⎪
⎪
⎩ εy + κ l − εy Ef , ε > εy .
f

(1)

(2)

By substituting (1) into (2) and considering κ � 1 when
ε ≤ εy, it can be obtained that
Nf � Ef Af ⎢⎣⎡

κΔi dl
+(1 − κ)εy ⎥⎦⎤,
hi l2f

(3)

where Ef is the elastic modulus of web members, κ and εy
are, respectively, the hardening coeﬃcient and yield strain of
the steel used for web members.
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Figure 3: The ﬁnite element model: (a) shear wall structure; (b) CBs.

Total shear force at the CB ends is composed of vertical
force component of web member and the shear forces of
chords. As the shear force of chords is generated from
rotation at joints, which can be considered as the interstorey displacement angle αi , the CB shear force can be
expressed as
Vb �

2Δi
κd2 l 3ic
−  + 2(1 − κ)ψdEf Af εy lf ,
ψEf Af
hi
l
lf
(4)

where ic is the linear stiﬀness of chords calculated as
ic � Ec Ic /l; Ec and Ic are, respectively, the elastic modulus
and moment of inertia of chord section, and
ψ�

1
lf + Δi dlhi lf lf − Δi dlhi lf 

.

(5)

Before the web member reaches the plastic stage, the
shear stiﬀness of CB can be derived based on interstorey
shear deformation as

V 
2 ⎝Ef Af d2 l 3Ec Ic ⎞
Kb � lim b  � ⎛
− 2 ⎠.
(6)
Δi �0 Δi κ�1
l
hi
l3f
The lateral stiﬀness of shear wall can be obtained as
Kw � 12Ew Iw0 /h3i , where Ew is the elastic modulus of shear
wall concrete and Iw0 is the moment of inertia of transformed
concrete shear wall section, in which steel has been transformed to concrete based on equal contribution to the
stiﬀness. Then, the stiﬀness ratio of shear wall to steel truss CB
can be calculated as
ρK �

Kb
.
Kw

(7)

3.2. Shear Wall Model. The ﬁnite element model of shear wall
steel truss CBs, as shown in Figure 2, is built on the basis of the
experimental specimens in [5], as shown in Figure 3. The
elements T3D2, C3D8R, and S4R in ABAQUS are used for
reinforcements, shear walls, and CBs, respectively. The stressstrain models of concrete under monotonic and cyclic loads
conform to Chinese code for design of concrete structures GB
50010-2010 [58], which is determined by the characteristic
value of axial compressive strength fck measured in the material tests. The stress-strain curve of concrete and steel is,
respectively, presented in Figures 4 and 5. The material parameters of specimens are listed in Table 1.
Since specimens were loaded under pseudodynamic tests,
the positive and negative skeleton curves are found not strictly
symmetrical because of the certain damage existed in specimens. As shown in Figure 6, the positive skeleton curves of
experiment values and modeling results match well with each
other, only small discrepancy exists in the negative skeleton
curve. However, the material property nonuniformity, fabrication error, and eccentricity are not considered in the ﬁnite
element analysis, which may result in an overestimation of the
initial stiﬀness in comparison with the test results. The positive
hysteresis curve derived from experiments and modeling
results match well with each other, as shown in Figure 7. It can
be seen in Table 2 that the predicted ultimate load is considered alongside with experiments. In order to investigate the
eﬀects of CB size beams on the seismic performance of the
structure, a series of results are obtained by changing sizes and
thickness of web members, as shown in Table 3. Displacement
loading is applied in the calculation, and the controlled displacement between test and analysis is diﬀerent. Because the
specimen was initially loaded before the low cyclic reversed
loading tests and the damage displacement in the test is
28.66 mm, we adopt a maximum displacement loading of
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Table 1: Mechanical behavior of samples.
Steel grade

Position

Diameter (mm)

HPB235
HPB235

Stirrup
Longitudinal bar

I10

Chord member

6
8
Web
Flange
—
—

L30 × 3
Concrete

Web member
Base

Standard value of compression
Ultimate strength (N/mm2) Elastic modulus (N/mm2)
strength (N/mm2)
229.7
583.0
2.45 × 105
318.1
457.3
1.86 × 105
342.6
400.5
1.87 × 105
307.69
387.5
1.92 × 105
463.8
521.7
1.82 × 105
48.98
—
3.45 × 104

30 mm in the simulation, which is slightly larger than the
measured value (28.66 mm) in the tests.
3.3. Load-Displacement Curve. Several load-displacement
curves of specimens are obtained and plotted in Figure 8.
It can be seen that the shear force increases with the increase
of web member sizes; however, the peak value of shear force
decreases with the web member size increased beyond
a certain degree. This goes to show that the diagonal web
members and chords should have compatible sizes to ensure
that all the members can cooperate well with each other and
demonstrate a signiﬁcant impact.

formed at the end of chords and ﬁnally result in large plastic
deformation and signiﬁcant stiﬀness degradation.
Equivalent viscous damping coeﬃcients of specimens are
calculated and plotted in Figure 10. The experimental result
curve (marked with small squares) is schematically compared
with a series of numerical simulation results. It can be seen
that the viscous damping coeﬃcient value is small for
specimens with thin web members. With the increase of web
thickness, the viscous damping coeﬃcients decrease and tend
to stabilize. Therefore, it is important to determine an appropriate CB stiﬀness to achieve a larger carrying capacity and
good energy dissipation performance of steel truss CBs.

4. Working Mechanism under the Limit State
3.4. Energy Dissipation Behaviors. Reversed displacement
loadings have been applied on specimens with web members
of L30 angle steel; hysteretic curve is shown in Figure 9. The
viscous damping coeﬃcients (he ) of the specimens are
presented in Table 4 and Figure 10.
As shown in Figure 9, pinching behaviors are observed in
all specimens. The hysteresis curve of structure with small
size web members is fatter than the structure with big web
members. However, the structure with big size web members
will have higher peak strength. The strength degradation is
obvious for specimens with thick web members after several
times of reserved loadings. That is because plastic hinges

In order to study the deformation styles of steel truss CBs
under limit state, the deformation of specimens can be
divided into three major types as shown in Figure 11:
Type I: steel truss chords keep in elastic stage and the
deformation is small; overall bending deformation
occurs in diagonal web members, with ρA ≤ 0.4 and
ρK < 0.15.
Type II: steel truss chords deform to some extent, diagonal web members buckle locally, it is likely that
chord members will enter the plastic stage, but within
a limited degree, with 0.4 < ρA ≤ 0.65 or 0.15 ≤ ρK ≤ 0.2.
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Figure 6: Skeleton curves on top ﬂoor of the specimen.

Type III: wave style buckling and plastic deformation
occur on chord members wavy deformation occurs,
enter more plasticity, however, diagonal web members
remain straight without bending deformation, with
ρA > 0.65 and ρK > 0.2.
In the deformation type I, deformation of CB chord is
small, chord members are in elastic stage; globally
bending deformation occurs on diagonal web members.
In the deformation type II, CB chord members deform to
elastoplastic state; local buckling occurs on diagonal web
members, which will have certain impact on the energy
dissipation performances of steel truss CBs. In the deformation type III, the deformation of web members is
small because of the big sizes of web members; however,
large plastic deformation occurs on chords. In this case,
seismic energy is majorly dissipated by the plastic deformation and plastic hinges occurred on chord members,
which may result in a decrease of bearing capacity of steel
truss CBs. The connection between shear wall limbs will
also be reduced. Therefore, the deformation types I and II
can satisfy the requirement of steel truss CBs; however, the
deformation characteristics and energy dissipation performances of the type III are not satisfactory.
Taking into consideration the bearing capacity and energy
dissipation performance analysis results, the reasonable area
ratio and stiﬀness ratio of steel truss CBs can be obtained as the
threshold value between the deformation types I and II, namely:
ρA � 0.4,
(8)
ρK � 0.15.
In order to ensure that the steel CBs will deform as the
style I and II, it is suggested that the area ratio and stiﬀness
ratio of steel truss CBs should not exceed 0.5.

5. Seismic Design Optimization of Steel Truss
CBs
The main function of steel truss CBs lies in an eﬀective
connection between shear wall limbs and energy dissipation

Figure 7: Hysteretic curves on top ﬂoor of the specimen.

Table 2: Comparison of the calculation results.
Yield load Py (kN)
Test value FEM Error (%)
69.44
63.36
8.75

Ultimate load Pu (kN)
Test value FEM Error (%)
116.18
115.58
0.52

Table 3: Specimens details.
Span (m) Depth (m)
0.45
0.45
0.45
0.45
0.45
0.45

0.3
0.3
0.3
0.3
0.3
0.3

Chord member
size (mm)
Half-I10
Half-I10
Half-I10
Half-I10
Half-I10
Half-I10

Web angle steel
properties (mm)
Limb width Thickness
30
3–7
40
3–5
45
4–6
50
4–6
56
4,5,8
63
4–6, 8, 10

under seismic actions through the plastic deformation of
CB web members. Since the CB web member will deﬁnitely reach plastic deformation stage under heavy seismic actions, no speciﬁc provision could be found related
to this situation. Therefore, it is not practical to design the
steel truss CBs based on the ultimate limit state design
method speciﬁed in current codes code of practice for
building design. This research proposes steel truss CB
design methods based on the foregoing characteristics.
The proposed design method is to achieve certain seismic
performances by appropriately designed stiﬀness ratio
and area ratio of steel truss CBs. Speciﬁcally, reasonable
designed area ratio will be used to ensure energy dissipation performances of web members, and the stiﬀness
ratio will be utilized to provide an eﬀective connection
between shear wall limbs.
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5.1. Estimation of Cross-Section Dimensions. The eﬀective
length of chord member under compression is deﬁned as
lx0 � l, and allowable slenderness ratio is λ. By deﬁning ix �
lx0 /[λ] and then Ic � i2x Ac � l2 Ac /[λ]2 , substituting into (6),
it has
Kb �

2Af Ef ld2
3Ec ⎞
⎝
⎠.
⎛
+
3
hi
ρA [λ]2
lf

(9)

VN
bu �

Af �

2Ef ld2 l3f + 3Ec ρA [λ]2 

Kw .

(10)

5.2. Calculation of Bearing Capacity. The bearing capacity of the steel truss CB is evaluated by considering two
cases:
(1) Under small earthquakes, diagonal web members
yield and the steel truss CBs reach the bearing capacity, then interstorey displacement can be calculated as
hi l f f y
ΔN
.
(11)
iy �
dl Ef
At this time, diagonal web members reach buckling
forces; therefore, the carrying capacities provided by
web members under tension are only considered.
Then, the bearing capacity of steel truss CBs can be
obtained by considering κ � 1 and substituting (11)
into (4), which is expressed as

dlEf

ψEf Af

d2 l 3ic
− ,
l
lf

(12)

where ψ � 1/ lf + lf fy /Ef lf − lf fy /Ef .
(2) Under heavy earthquakes, in order to avoid shear
failure of steel truss CBs, the bearing capacity can be
calculated when the chord member yields. At this
time, the interstorey displacement is

By substituting ρA � Af /Ac and (9) into (7), the crosssectional area of web member can be estimated as
ρK hi

2l2f fy

ΔViu �

tw l2 hi
f.
3Ec Sc v

(13)

By substituting (13) into (4) and considering the buckling
of diagonal web members under compressive force, the shear
capacity of steel truss CBs can be derived as

Vbu �

κEf Af d2 l3
2Ic tw
fv ψ
− 1 + 2ψ 1 (1 − κ)dEf Af εy fy ,
Sc
3lf Ec Ic
(14)

where ψ 1 � 1/(lf + dtw l3 /3lf Ec Sc fv )(lf − dtw l3 /3lf Ec Sc fv)
and fv is the shear yield strength of steel used for chord members.
Table 4 shows the bearing capacity at CB ends by
considering the proposed two cases. It can be seen that the
shear capacities derived from modeling results are in good
agreement with experimental values in the case. It means
that the proposed design method is eﬀective for the case
under small earthquakes. However, for the case under heavy
earthquakes, discrepancies exist between ﬁnite element
modeling results and the simulation results derived based on
the proposed methods. That is because the proposed method
does not consider the plasticity of chord members. Though
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Figure 9: Load-displacement hysteresis curves of specimens: (a) L30 × 3; (b) L30 × 5; (c) L30 × 7.
Table 4: Bearing capacities of the specimens.
Diagonal web member style
L30 × 3
L30 × 4
L40 × 3
L40 × 4
L40 × 5

Case 1: diagonal web member yielding
Test value
Result from this work
FEM
69.44
68.79
63.36
—
87.33
95.78
—
89.78
84.96
—
115.31
115.11
—
140.15
137.46

small discrepancies are found in values of the predicted
bearing capacities, the impact is limited and the deformation
model and intrinsic working mechanism are fully unveiled.

6. Three-Dimensional Seismic Performance
Analyses of Shear Walls
6.1. Model Establishment. In order to study the threedimensional behaviors of the steel truss CBs and shear wall
limbs, a six-storey three-dimensional shear wall model with

Test value
116.18
—
—
—
—

Case 2: ultimate state
Result from this work
97.28
115.67
118.10
143.43
168.06

FEM
115.58
101.43
104.47
142.87
159.93

steel truss CBs is established for numerical studies, as shown
in Figures 12 and 13. Details of the specimens are presented in
Table 5. Displacement loading, with the maximum displacement value of 0.3 m, is applied at the top level.
6.2. Carrying Capacity. Bottom shear force versus top displacement (Fv − Δ) curves are presented in Figure 14. It is
found that the three Fv − Δ curves shown in Figure 14 are
quite diﬀerent. The initial stiﬀnesses of the three specimens
are almost the same. However, it can be seen that as the area
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Figure 11: Deformation modes of the coupling beams: (a) type I: ρA ≤ 0.4 and ρK < 0.15; (b) type II: 0.4 < ρA ≤ 0.65 or 0.15 < ρK < 0.2; (c) type
III: ρA > 0.65 and ρK > 0.2.

ratio and stiﬀness ratio increase, the initial stiﬀness of the
curve increases slightly. The stiﬀness ratio and area ratio of
specimen WALL1 are small, and the yield load and peak load
are relatively lower than those of the other two specimens.
This is due to that the area ratio and stiﬀness ratio are
relatively small and the stiﬀness of the CB is also small. Thus,
the constraints of the shear wall are weak, and the horizontal
load is mainly taken by the shear wall. Consequently, the

bearing capacity reaches the peak load quickly. With the
increase of the stiﬀness ratio and area ratio, the stiﬀness and
the peak load of specimen WALL2 are also increased.
Meanwhile, the area ratio is close to the reasonable value,
and the CB provides enough restraint on the shear wall. The
horizontal load is supported by the combined eﬀect of
the CB and the shear wall, so the bearing capacity is high and
the ductility is also good. The stiﬀness ratio and area ratio of
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Figure 12: Multilevel shear wall model with steel truss coupling
beam.

the specimen WALL3 are even larger, which result in the
highest peak load among the three specimens. At this time,
the constraint of the CB on the shear wall is obviously increased, and it seems that the bearing capacity of the shear
wall structure can be increased. However, plastic deformation develops at the end of the chord due to the large area
ratio, and the plastic hinge will ﬁnally weaken the constraints
of the shear wall. Therefore, the loading capacity decreased
rapidly, and the bearing capacity degradations are more
signiﬁcant than those of WALL1 and WALL2.
6.3. Energy Dissipation Behaviors. In order to evaluate the
energy dissipation behaviors of the steel truss CB structure,
bottom shear force versus top displacement hysteresis curves
are plotted in Figure 15. It can be seen from the three plots
that the hysteresis curve is relatively fat for the specimen
WALL1 with small stiﬀness ratio and area ratio. The hysteresis curves are getting thinner with the increase of the
stiﬀness ratio and area ratio, which means the energy dissipation capacities are decreasing. High stiﬀness ratio and
area ratio will deﬁnitely result in a signiﬁcantly dropped
energy dissipation performance.

Figure 13: Multilevel three-dimensional ﬁnite element shear wall
model with steel truss CBs.
Table 5: Specimen details of steel truss CB shear wall structure.
Specimen
WALL1
WALL2
WALL3

Chord member Web member
type
type
Half-I10
L30 × 3
Half-I10
L40 × 4
Half-I10
L56 × 5

Area
ratio
0.2448
0.4321
0.758

Stiﬀness
ratio
0.0765
0.1435
0.26

Equivalent viscous damping coeﬃcients are calculated
and presented in Figure 16. It is analyzed that (1) the viscous
damping coeﬃcient of specimen WALL1 increases with the
increase of displacement load. Because the web member is
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relatively small in the specimen WALL1, diagonal web
members can participate in energy dissipation and gradually
take major role in dissipating seismic energy. Thus, the
viscous damping coeﬃcient is always increasing with the
increase of the displacement load, but the peak value is
small; (2) the viscous damping coeﬃcient curves of the
specimens WALL2 and WALL3 could be generally divided
into three segments with speciﬁc characteristics in each
segment. The three segments are, respectively, upward,
descent, and peak; (3) the viscous damping coeﬃcient
curve and peak value of the specimen WALL2 are the
highest among the three specimens. Because the web
member size is relatively large, the web members play
a major role in the energy dissipation during reversed
loading procedure. Thus, the viscous damping coeﬃcient
increases with the increase of displacement load. However,
the viscous damping coeﬃcient decreases in the last stage
because of the yielding and plastic deformation of web
members; (4) the web member size of the specimen WALL4
is the largest; therefore, the deformation of web members is
very small; the web will not participate eﬀectively in the
energy dissipation under seismic actions. In this case, the
seismic energy is dissipated only by the plastic deformation
of chord members. Thus, the viscous damping coeﬃcients
of WALL3 are small; peak value occurs in an early stage.
Furthermore, the viscous damping coeﬃcients decrease
signiﬁcantly in the last loading stage because of the failure
of chord members.

Base shear (kN)

Figure 14: Base shear force-top displacement curves of the
specimens.

0

−600
−320

160

0.0
160
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320

(c)

Figure 15: Hysteretic curves of bottom shear force versus top
displacement: (a) WALL1; (b) WALL2; (c) WALL3.

6.4. Deformation Characteristics. Judging from the deformation and stress states of the concrete shear wall limbs
and steel truss CBs, the deformation and stress are large in
the lower storey and relatively small in the upper storey. In
order to investigate the failure deformation and characteristics, the shear wall deformation and Mises stress

obtained under the largest deformation load are presented
in Figure 17. The deformed shapes of shear wall limb of the
three specimens are comparable. Generally, the stresses in
shear wall limbs increase with the increase of the area ratio
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Figure 17: Deformation and Mises stress (unit: N/m2) of the shear walls: (a) specimen WALL1; (b) specimen WALL2; (c) specimen WALL3.

and stiffness ratio, especially the shear wall stress state of
the specimen WALL1 is comparable to the stress state in
the shear wall of the specimen WALL2. However, the stress
state of the specimen WALL3 is even larger, which demonstrates that the steel truss CBs in WALL1 and WALL2
can effectively dissipate seismic energy and thereby help to
reduce the damage to shear wall limbs.
The deformation shape and Mises stress state of steel
truss CBs under the largest displacement load are presented in Figure 18. It is found that the deformation model
of all three specimens has common characteristics. The
specimens WALL1 and WALL2 deform globally as an
integral, the deformations of web members are majorly
torsion. However, wavy deformation style and plastic

deformation occurs in the specimen WALL3 because of
the large stiffness of diagonal web members. The peak
Mises stress in the specimen WALL2 is the smallest among
all three specimens; the whole web section of the specimen
WALL2 is completely yielding in compression, the stress
distributes evenly along the whole cross section. Though
the diagonal web members of the other two specimens are
also developed to plastic stage, the stress distributions in
the cross section are inhomogeneous, and stress concentration occurs at the end of web members.
From the above analysis, it is understood that the
stiffness ratio and area ratio of steel truss CBs have a significant impact on the shear wall rigidities, energy dissipation properties, stress distribution, and deformation
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Figure 18: Deformation and Mises stress (unit: N/m2) of the steel truss CBs on the 1st floor: (a) specimen WALL1; (b) specimen WALL2; (c)
specimen WALL2.
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model under seismic actions. Reasonable stiﬀness ratio and
area ratio will result in better shear wall structures with
excellent deformation properties and energy dissipation
capacities under earthquakes.

numerical simulation. Qiang Hu supervised the work. Jian
Zeng helped to organize data and draw pictures. Ping Xiang
analyzed the data and wrote the paper. All authors contributed to discussion of the results.

7. Conclusion
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This research investigates the mechanical properties and
seismic performances of steel truss CBs. The stiﬀness ratio
and area ratio are proposed for eﬀective evaluation and
design of the steel truss CB. Numerical simulations have
been conducted to understand the structural and seismic
performances by employing diﬀerent types of steel truss
CBs. Conclusions are made as follows:
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(1) Steel truss CB structures can achieve good seismic
performances by the appropriate design of web and
chord members. Steel members work cooperatively
to satisfy strength and seismic capabilities required
under seismic actions.
(2) Three major deformation patterns of steel truss CBs,
with speciﬁc threshold values of stiﬀness ratios and
area ratios, are proposed for the classiﬁcation of steel
truss CB structures under heavy seismic action. It is
suggested that the bearing capacities and seismic
energy dissipation properties of the pattern II is the
best, which can be further adopted in practical design.
(3) The area ratio reﬂects the compatibility among steel
truss members; reasonable area ratio will deﬁnitely
result in good energy dissipation performances of
steel truss CBs.
(4) The stiﬀness ratio demonstrates relative rigidities
between the steel truss CBs and shear walls, as major
connections between shear wall limbs; reasonable
stiﬀness ratio can ensure an eﬀective combination
between neighboring limbs.
(5) The proposed seismic design methods based on the
stiﬀness ratio and area ratio will provide eﬃcient and
eﬀective seismic design of shear wall structures with
steel truss CBs; it also helps to avoid compatibility
problems among truss members in the structure design.
(6) The steel truss CB shear wall structure with reasonable
stiﬀness ratio and area ratio will have good deformation
properties and energy dissipation capacities; meanwhile, reasonable stiﬀness ratio ensures eﬀective connections between shear wall limbs. Therefore, it is
understood that the proposed steel truss CB structure
will perform satisfactorily during earthquakes.
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