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)e deployable bridge based on scissor structures is one of the effective methods to quickly restore traffic after natural and man-
made disasters. Scissor structures have the advantages of high storage rate, lightweight, and convenient storage and transportation.
However, when scissor structures are used as load-bearing structures, their stiffness and bearing capacity are low. In this study, a
three-dimensional deployable bridge based on the cable-strengthened scissor structures was proposed. In addition to rapid
expansion, steel cables were used to strengthen scissor structures to improve the stiffness and bearing capacity. Besides, the static
loading comparative tests on cable-strengthened scissor structures and traditional scissor structures (cable-free scissor structures)
were performed. )e results show that the stiffness of the cable-free scissor structure is small, the bending moment of members is
large, and the stress distribution is uneven. )e stiffness of cable-strengthened scissor structure is significantly improved; the
bending moment of members is significantly reduced; and the stress distribution in the member section is more uniform. It is
proved that cables can be used to improve the stiffness and load-bearing capacity of scissor structures without affecting
the deployability.

1. Introduction and Background

)e deployable bridge system is an ideal solution for rapid
traffic recovery after natural and man-made disasters. )is
bridge should have the characteristics of fast transportation,
convenient installation, and rapid dismantling to meet the
requirement of rapid erection and multiarea reuse in the
assigned areas, and scissor structures can realize this goal.
Scissor structures are composed of several scissor units, and
each scissor unit is composed of two members connected
through the rotary joints (pivots). )e units are inter-
connected through hinges at their end nodes. In this way,
scissor structures have a certain degree of freedom, which
can be expanded from a compact packaged state to a large
deployed state. )is kind of structure is an ideal solution for
deployable bridges.

Scissor structures have been widely used, and the geo-
metric and kinematic structures have been mainly studied in

the past few years. As a subclass of deployable structures,
scissor structures have the advantages of high storage rate,
easy conversion, and lightweight. Scissor structures are
widely used in small structures such as mobile tents and
antennas and slightly large structures such asmobile theatres
[1], domes [2], and shelters [3]. Since low requirements of
the stiffness and bearing capacity are required for scissor
structures in most applications, the research mainly focuses
on the geometric and kinematic of the structures. Pinero was
the first to introduce the concept of the scissor unit [1].
Using simple scissor units, he designed a mobile theatre and
won an architectural competition in London in 1961. Fol-
lowing Pinero, Escrig and Valcarcel developed new spatial
grids and patterns composed of two- and three-way scissors
for deployable arches, domes, and large-scale umbrellas
[4, 5]. Hoberman proposed a novel concept composed of
angulated elements that led to the design of radially
deploying closed-loop structures [6, 7]. Pellegrino and You
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took Hoberman’s concept a step further and discovered
generalized angulated elements to be used as a building
block [8]. Feray Maden and Kelvin Roovers et al. gave the
design methods of planar open-loop scissor structures and
space lattice scissor structures, respectively [9, 10]. Decan
Mao, Yaozhi Luo, and Zhong You discussed the movability
of planar closed-loop scissor structures [11]. Jianguo Cai and
Yao Chen et al. studied the motion trajectory and motion
singularity of plane closed-loop scissor structures [12, 13].
Yenal Akgün and Charis J. Gantes proposed a modified
scissor-like element (M-SLE), which can change the ge-
ometry of the whole system without changing the size of the
bars or the span [14, 15].

Scissor structures are rarely used as a load-bearing
structure of the bridge or building in engineering, and the
corresponding mechanical properties are studied insuffi-
ciently. Igor Raskin and John Roorda conducted a series of
studies on the mechanical performance of scissors columns.
First, the compressive and flexural stiffness of linearly
arranged scissors columns were derived under the as-
sumption of geometric linearity [16]. Second, the scissors
column was equivalent to a segmented column connected by
a bar with infinite bending stiffness and a spring between the
bars; then the calculation method of the compressive
buckling capacity of the segmented column was given [17].
Finally, the geometric nonlinear analysis of the compressive
deformation of the scissors column was carried out. Bo Li
and San-Min Wang et al. studied the compressive buckling
capacity of scissors columns with the consideration of self-
weight [18]. Raskin and Roorda compared the stiffness of six
scissor structures with different unit geometry [19]. Yu et al.
proved theoretically that the steel cables can improve the
stiffness and bearing capacity of scissor structures [20]. In
recent years, Yuki Chikahiro and Ichiro Ario et al. have been
engaged in the research and development of deployable
bridges based on scissor structures and conducted a series of
theoretical research, numerical simulation, and light vehicle
load tests of full-scale bridges. According to the previous
research, additional reinforcement members have been
proposed to improve the load-bearing capacity of the bridge
under static and dynamic loads [21–25].

In this study, a three-dimensional deployable bridge
based on a cable-strengthened scissor structure was pro-
posed. Compared to traditional scissor structures (i.e., cable-
free scissor structures), the load-bearing capacity and
stiffness of the proposed cable-strengthened scissor structure
were greatly improved. Previous studies have confirmed that
when scissor structures are used as load-bearing structures,
the bending moment of members is large, the stress dis-
tribution in the member section is uneven, and load-bearing
capacity of structures is reduced. In this study, the use of
steel cables to the strengthen scissor structure was proposed
to improve its bearing capacity and stiffness. Different from
reference [20], our scissor unit has only upper and lower
steel cables instead of many continuous cables, which can
reduce the friction and avoid the complex design of the
structure. To study the role of steel cables and pretension in
scissor structures, the static loading tests of a cable-free
scissor structure and a cable-strengthened scissor structure

were performed, and the static performance of the two
structures was analyzed and compared through the exper-
imental data.)e experimental results show that the stiffness
of cable-free scissor structure is small, resulting in a large
displacement of the structure, large bending moment of the
member, and uneven stress distribution. )e stiffness of the
cable-strengthened scissor structure is significantly im-
proved; the bending moment of the members is significantly
reduced; and the stress distribution is more uniform. As a
result, the load-bearing capacity of the cable-strengthened
scissor structure is greatly improved.

2. Description of the Structural System

Figure 1 shows the schematic diagram of the deployable
bridge proposed in this study. )e bridge adopts a deck
structure; the upper part is a modular deck system; and the
cable-strengthened scissor structure is used as the lower
bearing structure. )e bridge deck system consists of the
bridge deck and the lower longitudinal beam. During in-
stallation, the end of the longitudinal beam is connected with
the buckle at the node of the substructure so as to form the
whole deployable bridge system.

)e lower bearing structure of the bridge is composed of
the cable-strengthened scissor structure based on the
modular design. Two steel cables are used to connect the
upper and lower nodes of the cable-free scissor unit (Fig-
ure 2) to form a planar element (Figure 3).)e steel cables in
the element do not affect the expansion and contraction of
the scissor structure, and the expansion angle can be ac-
curately controlled. When the scissor structure is expanded
to the design angle with the help of a deployable controller,
the expected expansion shape of the structure is obtained,
and the application of pretension is completed simulta-
neously. )e four planar elements can be connected to form
a three-dimensional element, that is, a module (Figure 4).
Similar to the planar element, the module can expand and
contract freely without being affected by the steel cables.
When the module is tightened, it can shrink tightly into a
bundle, contributing to a high storage rate (Figure 5). To
prevent the relative shear deformation between planar el-
ements, two crossed steel cables are added to the upper and
lower surfaces of the module to form a geometrically in-
variant system. )e modules are overlapped along the di-
rection of the steel cables to form the bearing structure of the
cable-strengthened scissor structure at the lower part of the
bridge, as shown in Figure 1.

3. Test Procedures

According to the deployable bridge system proposed in this
study, a self-made scale model of the lower bearing structure
(Figure 5) was used (i.e., cable-strengthened scissor struc-
tures) to test its static performance. )e relevant conditions
of the test are described as follows.

3.1. Introduction of Model-Related Data. )e test model: the
test model was composed of three three-dimensional ele-
ments, and planar elements of the overlapping part were
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removed. )e size of each three-dimensional element in
three directions after the expansion was 0.5m. )e length,
width, and height of the combined test model were 1.5m,
0.5m, and 0.5m, respectively, as shown in Figure 6. )e
included angle between scissor members in each element
was about 45°. In this way, the lengths of all members were
equal, and the lengths of all steel cables connecting the
scissor structure were equal in the longitudinal, transverse,
and vertical directions. In this test, the influence of steel
cables and pretension on stiffness and bearing capacity, the
axial force, and the bending moment of members were
mainly observed. )erefore, a planar structure along the
length direction can be tested to achieve the purpose of the
test. )e opposite structure and scissor units in the width
direction only played a supporting role. During the test, the
steel cables of the opposite plane structure and the units in
the width direction were completely released. As a result,
when the tested structure was displaced, restraining effects
can be avoided. Since the relative movement of two planar
structures in the length direction would not occur, the cross
steel cables were not set to prevent relative movement in this
test.

3.1.1. Scissor Elements in the Model. )e bars of the scissor
elements in the model were Q345 B steel commonly used in
construction engineering, with the specification of
30× 3mm steel pipe with an elastic modulus of
2.06×105MPa.)e length of each bar was 730mm; the holes
of 10mm diameter for connection were set at both ends and
the middle of the bar; the distance between the center of the
hole diameter at both ends was 707mm; and the bars were
connected by bolts.

)e cables in the model consisted of three parts: steel
wire rope, cable force measuring device, and wire tightener
(Figure 7). )e 7×19 steel wire rope with a diameter of
4.2mm was used as the steel wire rope, and its elastic
modulus was calibrated by an electronic universal testing
machine. Finally, the value of its elastic modulus was de-
termined to be 1.88×105MPa. To adjust the tension of the
steel cables during the test, tighteners that can adjust the
length were added to the steel cables. A section of 304
stainless steel bar with a length of 5 cm and a diameter of
10mm was connected to the steel cable, and its elastic
modulus was 1.92×105MPa. Strain gauges were pasted on
the surface of the steel bar to control the pretension of the
steel cable.

3.2. Introduction toLoadingMethods. In this test, the loading
of the cable-strengthened and cable-free scissor structure
models were conducted to compare the relevant data of the
two models.

3.2.1. Loading of the Cable-Strengthened Scissor Structure
Model. )e four corners of the model were placed on the
smooth steel plate, and a 5 cm thick steel plate was installed
at the two points of the upper middle part of the scissor
structure along the length direction, and the jack was set in

Figure 1: Deployable bridge model.

Figure 2: Scissor unit.

Cable

Hinge

Pivot

Figure 3: Planar element.

Figure 4: )ree-dimensional element.
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the middle of the two points for loading, as shown in
Figure 6(a). Before the test, the same pretension was applied
to all the cables, and the structure was loaded and unloaded
repeatedly so as to eliminate the nonlinear effect caused by
the cables. In the data measurement, the designed pretension
was first applied to the model by adjusting the tightener, and
the magnitude of the pretension was obtained by the strain
of the cable force measuring device. Second, the strain gauge
was zeroed to remove the influence of gravity and pretension
on the test data of the model and steel plate. Finally, under
each kind of pretension, the structure was loaded step-by-
step with no less than five levels, and the data were collected
simultaneously.

3.2.2. Loading of Cable-Free Scissor Structure Model. In the
model of cable-free scissor structure, all the steel cables were
released in the cable-strengthened scissor structure model,
and steel pipes were added on both sides of the model; the
diameter of the steel pipes was the same as that of the scissor
members, as shown in Figure 6(b). )e loading conditions
were the same as that of the cable-strengthened scissor

structure. )e structure was loaded three times, and the
structure was loaded step by step with at least five levels, and
the data were collected simultaneously.

3.3. Data Determination Method. )is test aimed to obtain
the influence of the steel cable and pretension values on the
structural stiffness and bearing capacity, the variation of the
axial force, and the bending moment of members with the
external load. Because this symmetrical structure bore the
symmetrical load, strain gauges were arranged at the
designed position in the plane, as shown in Figure 8. Two
strain gauges were symmetrically arranged at position C of
bar 1 to measure the surface strain caused by the bending
moment (hereinafter referred to as bending strain) on the
surface of bar 1 at this point. Two strain gauges were
symmetrically arranged at positions A and L of bar 1 to
measure the strain caused by the axial force (hereinafter
referred to as axial strain) on the surface of bar 1 at these
points. Two strain gauges were symmetrically arranged at
position D of bar 2 to measure the bending strain of bar 2 at
this point, and two strain gauges were symmetrically
arranged at positions A and F of bar 2 to measure the axial
strain of bar 2 at these points. Two strain gauges were
symmetrically arranged at position D of bar 3 to measure the
bending strain of bar 3 here, and two strain gauges were
symmetrically arranged at positions B and E of bar 3 to
measure the axial strain of bar 3 here. A strain gauge was set
on the preset steel bar in each section of the steel cable of the

Figure 5: Physical model.

(a) (b)

Figure 6: Test models: (a) cable-strengthened structure and (b) cable-free structure.

Cable
Strain gauge tightener

bar

Figure 7: Details of steel cable composition.
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model to control the pretension applied to the steel cable.
Two displacement meters were set at positions L and E to
measure the vertical displacement of the model during
loading.

4. Analysis of Test Results

According to the above test scheme, the relationship be-
tween node displacement and the load of the two structures
are obtained, as well as the relationship between surface
strain at measuring points and load. )e detailed test results
are analyzed as follows.

4.1. Analysis on Static Performance of the Cable-Strengthened
Scissor Structure. In the static test of the cable-strengthened
scissor structure, four different pretensions are applied to the
structure. )e value of pretension is controlled by the strain
gauges of the cable force measuring device.)e control value
of strain and corresponding tension are listed in Table 1.)e
influence of pretension on structural stiffness, internal force,
and stress distribution is analyzed by using the collected
data. )e conclusions are obtained as follows: if the steel
cables are in service, the pretension value of the steel cables
basically has no effect on the stiffness. If the cables are out of
service, the stiffness will be significantly reduced. )e pre-
tension value rarely affects the internal force of the structure
with the change of load, and the stress distribution in the
cross section is relatively uniform. )e detailed analyses of
the test results are as follows.

4.1.1. Effect of Cable Pretension on Stiffness. )e load-dis-
placement curves of Nodes L and E are shown in Figure 9.
)e slope of the load-displacement curve reflects the stiffness
of the structure. As shown in Figure 9, each curve can be
roughly divided into two obvious sections. )e lower part of
the curve describes the working state of the upper cables and
the lower cables, while the upper part of the curve describes
that of the lower cables. First, the slopes of the lower part of
the curves are approximately equal. )is shows that when
the upper and lower cables are all in service, the stiffness of
the structure is not affected by the pretension value. Second,
the upper part of the curve approximates a straight line with

a very close slope. )is shows that when the upper cables are
out of service, the stiffness of the structure is still not affected
by the pretension value, but whether the steel cables are in
service has a great impact on the stiffness. )e turning point
of the curve indicates that the upper cables start to quit work
at this time.

4.1.2. Effect of Pretension of Steel Cables on Internal Force.
To clearly explain the influence of pretension on the internal
force of the structure, bar 1 is taken as an example, and its
load-bending strain curves and load-axial strain curves
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Figure 8: Layout of measuring points in the test model: (a) cable-strengthened structure model and (b) cable-free structure model.

Table 1: Control strain of cable pretension.

Case Case 1 Case 2 Case 3 Case 4
Strain (με) 300 400 500 600
Pretension (N) 452 603 754 905
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Figure 9: Load-displacement curve of the cable-strengthened
structure.
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under different pretensions are obtained, as shown in Fig-
ure 10. )e longitudinal axis in the figure represents the
external load, and the horizontal axis represents the bending
strain or axial strain.

4.1.3. Effect of Pretension on Bending Moment. Although the
positions of each curve in Figure 10(a) are different, the
overall shape of the curve is basically the same as the above
load-displacement curve. Each curve can be divided into two
distinct sections, corresponding to the working state of the
upper cables and the lower cables and that of the single lower
cables. )e slope of the lower part of the curve is approx-
imately the same. It shows that when the upper and lower
cables are all in service, the variation law of the bending
moment of the member with the load is hardly affected by
the pretension value. )e slope of the upper part of the
curves is also close, indicating that when the upper cables are
out of service, the variation law of the bending moment of
the member with the load is still not affected by the pre-
tension value. However, it can be found that the bending
moment increases rapidly after the upper cables are out of
the service.

4.1.4. Effect of Pretension on the Axial Force.
Figure 10(b) shows the influence of pretension on the axial
force. )ese curves show a straight-line rising, and the slope
is the same, which shows that the value of pretension has no
influence on the change of axial force and has nothing to do
with whether the steel cables are in service or not.

4.1.5. Effect of Cable Pretension on Stress Distribution.
)e value and type of the internal force borne by the
member directly determine the design of the cross section.
To study the member stress in the cable-strengthened
scissor structure, the bending strain at the pivot (position
C) and the axial strain of bar 1 are compared. Figure 11
shows ratio curves of bending strain to axial strain of bar 1
with the change of load. )e horizontal axis presents the
ratio of the bending strain to axial strain, and the longi-
tudinal axis presents the external load. As shown in Fig-
ure 11, the ratio is between 1 and 2, indicating that the
bending strain is greater than the axial strain. In the design
of this structure, the effect of bending moment cannot be
ignored.)e ratio curve of bending strain to axial strain can
be divided into two sections, corresponding to the working
state of the upper and lower cables and the single working
state of the lower cables. In the lower part of the curve, the
ratio decreases with the increase of load, which shows that
the growth rate of bending moment is less than that of axial
force. In the upper part curve, when the upper cables are
not in service, the ratio begins to increase rapidly with the
increase of load, which also indicates that the bending
moment is accelerating. )rough the comparison of the
curves, it can be concluded that the joint working of the
upper and lower cables is important, while this is depen-
dent on specific conditions.

4.2. Static Performance Analysis of the Cable-Free Scissor
Structure. After the static test of the cable-strengthened
scissor structure, all the steel cables in the structure are
released, and vertical bars are added at both ends of the
scissor structure; then a stable symmetrical structure is
obtained, as shown in Figure 6(b). )e same test equipment
is used to load the structure three times, and the structure is
loaded step by step for no less than five levels. )e data of
displacement, bending strain, and axial strain of the
structure are collected simultaneously. )e test results show
that the stiffness of the cable-free scissor structure is rela-
tively small, and the overall deformation of the model under
load is clear.)e bending strain at the pivot of the member is
very large, and the bending moment is an important ref-
erence index for the design of the cable-free scissor structure.

4.2.1. Stiffness of the Cable-Free Scissor Structure.
Figure 12 shows the displacement-load curve of the cable-
free scissor structure. )rough observation, it can be seen
that the displacement-load relationship is linear in general.
When the load is large, the relationship between them shows
a nonlinear trend. When the load reaches 9 kN, the dis-
placement of the structure has exceeded 8mm, and the
overall displacement is extremely large. )e above situation
is shown in the test: with the increase of load, the middle
element moves downward, and the displacement increases
gradually. When the load is large, the elements on both sides
begin to rotate inward and drive the vertical bars at both
ends to rotate inward obviously. )e large deformation of
the structure makes the structure show a certain nonline-
arity. )e above data and phenomena show that the stiffness
of the cable-free scissor structure is relatively small.

4.2.2. Internal Force of the Cable-Free Scissor Structure.
Figure 13 shows the load-bending and load-axial strain
curves of bars 1, 2, and 3. In the elastic range, the relationship
between load and strain can directly reflect the relationship
between load and internal force.

)e curves in Figure 13 show obvious linearity. However,
when the load is large, individual points deviating from the
straight line can be observed. )is is caused by the structural
geometric nonlinearity due to the large deformation of the
structure under the large load. As shown in Figure 13(a), the
bending strains of bars 1 and 3 are relatively large. Under the
same load, the bending strains of bars 1 and 3 are several
times the axial strain in Figure 13(b). It indicates that the
bending moment of some members of the cable-free scissor
structure is very large, which is unfavorable to the load-
bearing capacity of the structure.

4.2.3. Stress Distribution in the Member Section of the Cable-
Free Scissor Structure. From the above data, it can be seen
that bar 2 is located at the support, and the support reaction
is large, resulting in a large axial force but a small bending
moment. bar 3 is located at the edge of the structure, with
small axial force and large bending moment. )erefore, the
internal forces of bars 2 and 3 are special. And the

6 Advances in Civil Engineering



characteristics of stress distribution in themember section of
the cable-free scissor structure are discussed by using bar 1.
Table 2 lists the bending strain, axial strain, and their ratio at
the pivot of bar 1 under the load. )rough the analysis of
data, the bending strain under load is much larger than the
axial strain. Although the ratio decreases with the increase of
load, the bending strain is still several times the axial strain.

As a result, the uneven distribution of stress is caused; the
section size of the member is too large; and the strength of
the material cannot be fully used, which is not conducive to
reducing the weight of the structure.

4.3. Comparison of Static Performance between the Cable-Free
Scissor Structureand theCable-StrengthenedScissor Structure.
)e data obtained from the two tests are used for the
subsequent analysis. When the strain of the cable force
measuring device is 300 µε, the relevant data of the cable-free
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and cable-strengthened scissor structures are compared.)e
analysis results show that the existence of steel cables in-
creases the stiffness of scissor structures, the internal force is
relatively reduced, and the stress distribution in the cross
section is more uniform. )erefore, steel cables play a very
intentional role in the load-bearing of the structure. )e
specific analysis is as follows.

4.3.1. Comparison of Stiffness. Figure 14 shows the load-
displacement curves of the cable-free and cable-strength-
ened scissor structures. )rough comparison, it can be
found that the slope of the two curves of the cable-
strengthened scissor structure is greater than that of the
cable-free scissor structure. It indicates that steel cables can
significantly improve the stiffness of scissor structures. )is
conclusion can be proved by comparing displacements
under the same load. For example, when the load is 7 kN, the
displacement of the cable-strengthened scissor structure is
about 3mm, while that of the cable-free scissor structure has
reached about 7mm, and the displacement of the latter is
more than twice that of the former.

4.3.2. Comparison of Internal Force. Figure 15 shows the
load-bending strain curves of bar 1 of the cable-free and
cable-strengthened scissor structures. It is found that the

slope of the two straight lines of the cable-strengthened
scissor structure is greater than that of the curve of the cable-
free scissor structure, which shows that the bending moment
of the member of the cable-free scissor structure increases
faster with the increasing external load. Under the same
load, the strain of the cable-free scissor structure is much
larger than that of the cable-strengthened scissor structure,
which indicates that steel cables can reduce the bending
moment of the members of scissor structures. Figure 16
shows the load-axial strain curves of the two, the slope of the
curve is basically the same, and the axial force of the cable-
strengthened scissor structure is slightly higher than that of
the cable-free scissor structure. To comprehensively com-
pare the stress conditions of the two structures, the sum of
bending strain and axial strain is taken for comparison, as
shown in Figure 17. It can be seen that the comprehensive
strain of the cable-free scissor structure is significantly
higher than that of the cable-strengthened scissor structure.
)e above analysis shows that the application of steel cables
can greatly reduce the internal force of scissor structures.

4.3.3. Comparison of Stress Distribution. As shown in Fig-
ure 11 and Table 2, the ratio of bending strain to axial strain
of the cable-strengthened scissor structure is basically
maintained at 1∼2 times, while the bending strain of bar 1 in
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Figure 13: Load-strain curve of bar 1 of the cable-strengthened structure: (a) load-bending strain curves and (b) load-axial strain curves.

Table 2: Comparison of bending strain and axial strain of bar 1 of the cable-free scissor structure.

Load (kN) 4.5 5.1 6 6.8 7.7 8 9.2
Bending strain (µε) 635 720 824 927 1,019 1,109 1,208
Axial strain (µε) 49 67 89 115 131 150 175
Ratio 13 10.7 9.3 8.1 7.8 7.4 6.9
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the cable-free scissor structure is several times of the axial
strain. It shows that compared with the cable-free scissor
structure, the addition of steel cables makes the stress

distribution in the member section more uniform, which is
conducive to improving the load-bearing capacity of the
structure.
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Figure 14: Load-displacement comparison curves of structures with and without steel cables.
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Figure 15: Load-bending strain comparison curves of structures with and without steel cables.
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5. Conclusion

In this paper, a three-dimensional deployable bridge based
on a cable-strengthened scissor structure was proposed. In
addition to rapid expansion, steel cables were used to
strengthen the scissor structure to improve the stiffness and
bearing capacity. )e static loading comparative tests on the
cable-strengthened and cable-free scissor structures were
performed. )e conclusions are obtained as follows:

(1) )e stiffness of the cable-free scissor structure is
relatively small, resulting in a large displacement of

the structure, large bending moment of the member
section, and uneven stress distribution.

(2) )e stiffness of the cable-strengthened scissor
structures is significantly improved; the bending
moment of the members is significantly reduced; and
the stress distribution is more uniform. As a result,
the load-bearing capacity of the cable-strengthened
scissor structure is greatly improved.

(3) )e static loading comparative tests show that the
addition of steel cables significantly improves the
stiffness of scissor structures, greatly reduces the

100 200 3000
Axial Force Strain (με)

4

5

6

7

8

9

10

11

12

Lo
ad

 (k
N

)

without cables
with cables

H I A B

CJ

K L E F

D
①

H I A B

CJ

K L E F

D
①

Figure 16: Comparison of the load-axial strain of structures with and without steel cables.

700 1200 1700200
comprehensive strain (με)

4

5

6

7

8

9

10

11

12

Lo
ad

 (k
N

)

without cables
with cables

H I A B

CJ

K L E F

D
①

H I A B

CJ

K L E F

D
①

Figure 17: Comparison of the comprehensive strain of structures with and without steel cables.
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internal force, and the stress distribution in the
member section is more uniform so as to improve
the load-bearing capacity of scissor structures.
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