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This paper presented temperature scanning tests of the viscoelasticmaterials firstly.The temperature scanning tests were carried out
by a Rheogel-E4000DMA analyzer and the results showed the modulus and loss factor of viscoelastic damping material. Secondly,
the full-scale laboratory test of the “5+4” VDW was carried out. The test was conducted on an electrohydraulic servo tester. A
new shear loading mode in the transverse direction was proposed for the VDW. And the maximum damping force, the storage
stiffness, the loss stiffness, equivalent damping coefficient, the shear storage modulus, the shear loss modulus, and the loss factor
were discussed in the text.

1. Introduction

Viscoelastic damping devices have been widely used to
control vibration of aerospace structures [1, 2]. Since they
were discovered in 1969, these devices have been used in
various civil engineering structures as well [3–7]. Viscoelastic
damping devices use shear deformation of viscoelastic damp-
ingmaterials that are bonded between steel plates to dissipate
vibration (oscillation) energy, blocking it from the structure.
This damping is meant to reduce interstory shear, interstory
displacement, and floor acceleration of the structures [8–12].
In addition to use for new structures, these damping devices
can be used for seismic strengthening of existing structures.
In general, viscoelastic damping devices are regarded as some
of most effective vibration control devices to improve wind
and seismic resistance in civil engineering [13].

In recent years, a large amount of research has been
conducted, andmany practical projects involving viscoelastic
damping devices have been studied. Viscoelastic damping
devices with many different configurations have been devel-
oped [6, 14–17]. However, there are still gaps in the research.

One problem is that viscoelastic damping devices are gen-
erally tested by temperature-dependent experiments in incu-
bators. There has therefore been a deficit of relevant exper-
iments for energy dissipation materials used in viscoelastic

damping devices, especially about the correlation ofmaterials
used and temperature.

Another problem is that viscoelastic dampers are com-
monly used between building stories for support, which
significantly limits their application. A viscoelastic damping
wall (VDW) could meet the demands of the structure.
However, limited research has been conducted on VDWs,
especially experimental investigations, which have restricted
the application of VDWs in full-scale structures thus far.

In addition, loading tests of viscoelastic damping devices
are usually conducted by applying cyclic loads in the long-axis
direction. To better match the model of components under
actual loading conditions, a new loading method should be
developed, that is, shear loading in the transverse direction.

Finally, traditional mechanical property analysis of the
components of viscoelastic damping devices is usually
focused on modulus and loss factors. As a result, there
has been insufficient investigation into the other mechanical
properties of viscoelastic damping devices, including the stor-
age stiffness, the loss stiffness, and the equivalent damping
coefficient.

Currently, viscoelastic damping devices are widely used
as diagonal braces and inverse braces in structures [18, 19].
However, this placement often leads to the axial displace-
ments of the devices at a rate that is less than or equal to the
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Figure 1: Temperature scan tester and test specimen for viscoelastic damping material.

interstory displacement, thus lowering the efficiency of the
energy dissipation. The axial displacements of novel braces
of viscoelastic damping devices, which are based on the
Toggle-Brace-Damper [20] and Scissors-Jack-Damper [21],
are larger than the structural drift. However, there are some
limitations when these novel braces are used. In addition
to the difficulties in construction, the instability and the
high cost, no doors or windows can be set at the installed
location for brace-type devices. Various wall-type devices
have thus been proposed and developed, such as wall-type
friction devices [22] and viscous wall dampers [23]. In order
to increase the area of shear deformation of viscoelastic
materials and provide high damping forces, a “5+4” VDW
(i.e., four layers of viscoelastic materials sandwiched in five
layers of steel plates) is developed in this paper. Subsequently,
temperature scanning tests of the viscoelastic materials and
full-scale laboratory tests of the “5+4” VDW are carried out
and the mechanical parameters are obtained.

2. Temperature Scan Test of Viscoelastic
Damping Material

To enhance the accuracy of the temperature-dependence test
of the viscoelastic damping device, temperature scan tests

of viscoelastic damping materials were conducted. Working
parameters of the dynamic temperature scan are listed in
Table 1.

The dynamic mechanical analysis was carried out by a
Rheogel-E4000DMA analyzer, which was manufactured by
the UBM Corporation in Japan (Figure 1(a)). Based on the
mechanical properties of the viscoelastic damping material,
the dynamic shearingmodewas used in the tests. A schematic
diagram of the loading mechanism is shown in Figure 1(b).
Data of the basic mechanical properties of this material were
obtained at temperatures ranging from 0 to 40∘C and also
three different frequencies (0.5, 1.5, and 2.5Hz). The results
are shown in Figure 2. In the figure, 𝐺 and 𝐺 represent
the storage modulus and the loss modulus of the material,
respectively. tan 𝛿 represents loss factor and it can be seen in
Figure 2 that themechanical properties of this dampingmate-
rial are stable. The glass transition temperatures remained
at ∼20∘C for three frequency conditions, and the peak value
of the loss factor was 0.79. In addition, the changing trend
in the damping property as the temperature was varied is
visible from the curves. Therefore, only two factors involving
the displacement and the frequency were taken into account
in the mechanical property test of the viscoelastic damping
structure.
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(a) Modulus and loss factor of viscoelastic damping material at 0.5Hz
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(b) Modulus and loss factor of viscoelastic damping material at 1.5Hz
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(c) Modulus and loss factor of viscoelastic damping material at 2.5Hz

Figure 2: Basic mechanical property of viscoelastic damping material.

Table 1: Working parameters of the dynamic temperature scan.

Parameter Value
Dynamic displacement 10 𝜇m
Frequency 0.5Hz, 1.5Hz, and 2.5Hz
Temperature 0∘C, 10∘C, 20∘C, 30∘C, and 40∘C
Heating rate 3∘C/min

3. VDW Tests

3.1. Specification of VDW Component. The VDW is a full-
scale model. Its structure and dimensions are shown in
Figure 3(a). The thicknesses for each layer of viscoelastic
material and central steel plate are 10mm and 20mm,
respectively. The thickness of each of the four constraining
steel plates on two sides is 12mm. The effective cross-
sectional dimensions of the VDW are 500mm × 500mm.
The viscoelastic material layers cover an area of 10,000mm2.

The steel plates in the center and at the two sides are 200mm
longer than the viscoelastic layers at the top and bottom.The
total size of the VDWmodel is 900mm × 500mm.

3.2. Device for Shear Loading in the Transverse Direction.
A device for providing the shear loads was designed based
on the dimensions and specifications of the components
mentioned above (see Figure 3(b)). The entire system is
composed of a fixed support on the bottom and a load-
applying fixture on the top. The middle part is the VDW
component. The test was conducted on an electrohydraulic
servo tester. The hydraulic power units consist of high-
pressure nitrogen cylinders and a Tobul PA30-240 piston
accumulator.

3.3. Working Conditions and Evaluation Methods of Damping
Properties. According to the industrial standard of Dampers
for Vibration Energy Dissipation of Buildings [24], five loading
cycles were used. The third hysteresis loop was selected
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Figure 4: 𝐹-𝑢 hysteresis curves of VDW at different frequencies and displacements.

as the standard test curve. Experiments were performed at
room temperature, and themeasured temperature on site was
21.2∘C. The relationships of frequencies and displacements
were considered. Four frequencies (0.5, 1.0, 1.5, and 2.0Hz)
and five displacements (22.5, 30.0, 37.5, 45.0, and 60.0mm)
were selected for study.

3.4. Force-Displacement Hysteresis Curves. Figure 4 presents
the force-displacement (𝐹-𝑢) hysteresis curves under the
selected test conditions. Figure 4 does not show an inclined
elliptical shape because the viscoelastic materials belonged to
Si content and behaved in a nonlinear viscoelastic manner.

4. Analyses of Mechanical Properties

The mechanical properties that this study uses to describe
the newly designed VDW include the maximum damping

force, the storage stiffness, the loss stiffness, the equivalent
damping coefficient, the shear storagemodulus, the shear loss
modulus, and the loss factor. These values were calculated
based on the tested hysteresis curves. Though the force-
deformation loops showed nonlinear behavior, the definition
of thesemechanical properties exhibited linear behavior [25].

4.1.MaximumDamping Force. Themaximumdamping force
𝐹max is defined as the maximum load that can be endured
by the VDW at a certain displacement. The displacement-
and frequency-dependence curves of themaximumdamping
force are shown in Figure 5. It can be seen from Figure 5(a)
that the maximum damping force was 241.5 kN when the
frequency was 0.5Hz and the displacement amplitude was
60.0mm. The rising slopes of the maximum damping force
under four frequency conditions were almost the same. The
maximum damping force increased monotonically below
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Figure 5: The characteristics of the maximum damping force.
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Figure 6: The characteristics of the storage stiffness.

1.0Hz. At 1.5 and 2.0Hz, the maximum damping force
increased monotonically when the displacement was less
than 45mm and decreasedmonotonically when the displace-
ment was greater than 45mm.Therefore, the changing trend
was shown to be parabolic. It can be seen from Figure 5(b)
that the maximum damping force was independent of the
frequency except for the largest displacement of 60mm. At
60mm, the maximum damping force decreased with the
increase of the frequency.

4.2. Storage Stiffness. The storage stiffness (𝐾
𝑑

) is also termed
as the equivalent stiffness, which is defined as the ratio of the
maximum elastic force (load at maximum displacement) to

the maximum displacement. It reflects the energy conversion
capacity of the VDW. Figure 6 displays the frequency- and
displacement-dependence curves of the storage stiffness. It
can be seen from Figure 6(a) that the storage stiffness of
components under different frequency conditions exhibited
a parabolic relationship with the displacement. For four of
the frequencies, the storage stiffness reached its maximum
when the displacement was 45.0mm. The maximum storage
stiffness decreased with an increase in frequency.The storage
stiffness at 0.5Hz was the maximum (3.54 kN/mm), whereas
the storage stiffness at 2.0Hz was minimal (2.7 kN/mm).
It can be seen from Figure 6(b) that the storage stiffness
decreased monotonically with increase in frequency at all
displacement amplitudes except for 30.0 and 37.5mm.
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Figure 7: The characteristics of the loss stiffness.

4.3. Loss Stiffness. The loss stiffness𝐾
𝑑

is defined as the ratio
of themaximumviscous force (the load at zero displacement)
to the maximum displacement. It describes the energy dissi-
pation capacity of the VDW. Figure 7 shows the frequency-
and displacement-dependence curves of the loss stiffness. It
can be seen from Figure 7(a) that the loss stiffness of the
component decreased monotonically with an increase in dis-
placement amplitude, regardless of the frequency. Moreover,
the decreasing rate is almost constant. For the frequency
dependence of loss stiffness, however, the loss stiffness shows
no dependence on frequency at all displacements expect for
the maximum displacement amplitude at 60.0mm.

4.4. Equivalent Damping Coefficient. The equivalent damp-
ing coefficient 𝐶

𝑑
is also known as the equivalent viscous

coefficient. It is defined as the ratio of the loss stiffness
to the loading frequency. According to this definition, the
equivalent damping coefficient has a strong relationship with
the loss stiffness.The frequency and displacement amplitude-
dependence curves of the equivalent damping coefficient are
shown in Figure 8. It can be seen from Figure 8(a) that the
equivalent damping coefficient of the component decreased
monotonically with an increase in displacement amplitude at
each frequency. The equivalent damping coefficient at 0.5Hz
wasmuch higher than that at the other frequencies. However,
in contrast with the dependence of loss stiffness, for each
displacement amplitude, the equivalent damping coefficient
decreased gradually as the frequency was increased. The
maximum equivalent damping coefficient was 1.52 kN⋅s/mm
when the frequency was 0.5Hz and the displacement was
22.5mm.

4.5. Shear Storage Modulus. The shear storage modulus 𝐺 is
defined as the ratio of the multiplication of storage stiffness
to the viscoelastic slab thickness with the shearing area of
viscoelastic material. It can be seen from this definition

that the displacement and frequency dependence of the
shear storage modulus showed high consistency with that
of the storage stiffness. Figure 9 gives the displacement- and
frequency-dependence curves of the shear storage modulus.
It can be seen from Figure 9(a) that the relationship between
the storage modulus and the displacement was parabolic
at each frequency. At all frequency conditions, the storage
modulus reached its maximum value at a displacement of
45.0mm. Moreover, the maximum value decreased as the
frequencywas increased (themaximal shear storagemodulus
was 3.54MPa at 0.5Hz, and the minimum value was 2.7MPa
at 2.0Hz). In Figure 9(b), it can be seen that the shear storage
modulus of the component decreased monotonically with an
increase in frequency at all displacement conditions except
for 30.0 and 37.5mm.

4.6. Shear Loss Modulus. The shear loss modulus 𝐺 is
defined as the ratio of the multiplication of loss stiffness
to the viscoelastic slab thickness within the shearing area
of viscoelastic material. It can be seen from this definition
that the displacement and frequency dependence of the
shear storage modulus were consistent with the loss stiff-
ness. Figure 10 presents the displacement- and frequency-
dependence curves of the shear loss modulus. Figure 11(a)
indicates that the shear loss modulus of the component
decreased monotonically with an increase in displacement,
regardless of the frequency. Moreover, the decrease rate is
nearly constant. For the frequency dependence of the shear
loss modulus, however, the shear loss modulus showed no
relationship with frequency at all displacements, expect for
the maximum displacement amplitude of 60.0mm.

4.7. Loss Factor. The loss factor 𝜂 is defined as the ratio of
loss stiffness to storage stiffness. It is also equal to the ratio of
themaximumviscous force (load at zero displacement) to the
maximum elastic force (load atmaximumdisplacement).The
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Figure 8: The equivalent damping coefficient.
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Figure 9: The shear storage modulus.

frequency and displacement amplitude-dependence curves
of the loss factor are displayed in Figure 11. It can be
seen from Figure 11(a) that the loss factor decreased with
an increase in displacement amplitude at all four of the
frequency conditions. The peak value of the loss factor was
0.77 when the frequency was 2.0Hz and the displacement
was 22.5mm. The peak value of the loss factor, which was
obtained from the temperature scan test of the viscoelastic
damping material, was 0.79. Therefore, the difference rate
between them (𝜂max(VDM) − 𝜂max(VDW)/𝜂max(VDM)) was only
0.025, which indicates that the designed “5+4” VDW exhibits
a good energy dissipation capacity in shear loading mode in
the transverse direction.

5. Conclusions

(1) A temperature scan test of the viscoelastic damping
material was conducted directly in order to obtain
an indirect change of the VDW component with
temperature. The results were accurate and intuitive.

(2) The equivalent damping coefficient decreased with
an increase in frequency, whereas the maximum
damping force, loss stiffness, loss factor, and shear loss
modulus showed no correlation with the frequency.
The storage stiffness and shear storage modulus
decreased at first and then increased as the frequency
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was increased and the displacements were 30.0 and
37.5mm.

(3) The displacement dependence of storage stiffness and
shear storage modulus was shown to be parabolic. At
45.0mm and 0.5Hz, the storage stiffness and storage
modulus reached peak values of 3.54 kN/mm and
2.7MPa, respectively. The loss stiffness, loss factor,
and shear loss modulus decreased monotonically
as the displacement was increased. The maximum
damping force increased monotonically as the dis-
placement was increased to 0.5 and 1.0Hz. The
maximum damping force initially increased, but it
then decreased when the frequencies were 1.5Hz and

2.0Hz. The maximum damping force reached peak
values of 173.5 kN and 175.7 kN when the displace-
ment was 45.0mm.
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