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ABSTRACT

Viscoelastic damper is an effective passive damping device, which can reduce the seismic response of the structure
by increasing the damping and dissipating the vibration energy of structures. It has a wide application prospect in
actual structural vibration control because of simple device and economical material. In view of the poor seismic
behaviors of assembled frame structure connections, various energy dissipation devices are proposed to improve
the seismic performance. The finite element numerical analysis method is adopted to analyze relevant energy dis-
sipation structural parameters. The response spectrum of a 7-story assembled frame structure combined the
ordinary steel support, ordinary viscoelastic damper, and viscoelastic damper with displacement amplification
device is analyzed. The analysis results show that the mechanical behavior of assembled frame structure with
ordinary steel supports are not significantly different from those without energy dissipation devices. The
assembled frame structure with viscoelastic damper has better seismic performance and energy dissipation, espe-
cially for the viscoelastic damper with displacement amplification devices. The maximum value of inter-story dis-
placement angle decreases by 32.24%; the maximum floor displacement decreases by 31.91%, and the base shear
decreases by 13.62% compared with the assembled frame structures without energy dissipation devices. The
results show that the seismic fortification ability of the structure is significantly improved, and the overall struc-
ture is more uniformly stressed. The damping structure with viscoelastic damper mainly reduces the dynamic
response of the structure by increasing the damping coefficient, rather than by changing the natural vibration
period of the structure. This paper provides an effective theoretical basis and reference for improving the energy
dissipation system and the seismic performance of assembled frame structures.
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1 Introduction

Assembled frame structures have attracted the attention of many scholars in the early 20th century
because of its fast construction speed and low production cost. Since the 1950s, aerospace and
mechanical systems have been using additional damping provided by viscoelastic damper materials to
control excessive vibrations. Similar efforts have not been made for the civil engineering structures until
the early 1970s. By the 1960s, assembled frame structure had been initially established in Britain, France
and the Soviet Union [1,2]. China began to vigorously develop assembly buildings in 2015 and issued a
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series of relevant measures. With the support and promotion of national policies, the development of
assembly buildings has entered the “fast lane”. The document of General Office of the State Council
clearly pointed out that it would take a decade to increase the proportion of assembly buildings from 5%
to 30% [3]. Assembled frame structures has the advantages of economic and environmental protection,
rapid construction speed and quality assurance. The development of assembled structure system is an
inevitable choice to construction industrialization. Due to the poor reliability of fabricated structure
connections, it is often difficult to meet the requirements of seismic design. According to the seismic
damage investigation of frame structures, the connection of concrete frame is the weak link of assembled
buildings. The formation of plastic hinges consumes energy with its own damage, which is not only easy
to cause local failure, but also overall collapse [4–9].

According to incomplete statistics, the rural buildings account for more than 50% of the total
construction in China. However, there are few researches on the structure technology system applicable to
the assembled frame structures. The seismic performance of assembled frame structures is relatively poor,
which may cause a large number of human casualties and economic loss in the earthquake [10]. In recent
years, scholars have paid more and more attention to the seismic performance of assembled frame
structures [11–15]. However, the research on the seismic performance of assembled concrete frame
structures mainly focuses on the strength, stiffness, ductility of connections, while the structural damping
control technology is rarely used. The structural performance cannot meet the seismic requirements,
which seriously restricts the development and promotion of assembled structure. The shortage of
traditional seismic methods has led to continuous emergence and improvement of various new damping
technologies. One of them is the structural damping control technology and energy dissipation and
damping technology [16–18]. The structural damping control technology can change or adjust the
dynamic characteristics of the structure with measures to reduce and reasonably control the dynamic
response of the structure under earthquake. There are many classification methods for structural vibration
control. According to whether external energy input is needed, the structural vibration control can be
divided into active control, semi-active control, passive control, hybrid control and intelligent control.
Among them, passive control is widely concerned because of its simple structure, low cost and easy
maintenance. Passive control can be divided into base isolation technology, energy dissipation technology
and energy absorption technology. Energy dissipating devices, such as dampers, can be installed at the
connections or shear walls of the structure. The hysteretic deformation caused by the energy dissipating
device can absorb or dissipate the energy input into the structure to reduce the seismic response of the
structure. The researches mainly focus on the theoretical analysis, design method and experiment of the
insulation and damping devices. A variety of energy dissipation systems, such as friction dampers,
metallic dampers, viscoelastic dampers and viscous dampers, have been developed [19–22].

Viscoelastic damper mainly relies on the energy dissipation characteristics of viscoelastic damping
materials to increase damping and reduce the dynamic response of the structure [23]. Viscoelastic damper
is an effective energy dissipation device that is widely used in the design of building structure. Most
dampers can give full play to their energy dissipation capacity in the case of large displacement [24–26].
However, due to the small relative displacement and rotation angle of the beam-column connection, the
energy dissipation capacity of dampers installed in this position cannot be fully developed. To this end, a
viscoelastic damper with displacement amplification device and a new energy dissipation system is
proposed. Based on the principle of Lever, the small displacement and rotation angle generated by the
structure are amplified by amplification device, which could be used for energy dissipation and damping
of the structure under small displacement. Different from the general energy dissipating devices, the
damper can be directly installed in the structure for energy dissipating and damping without other
supporting members. The viscoelastic damper is not only suitable for cast-in-place beam column joints,
but also for assembled frame structures.

The response spectrum of a 7-story assembled frame structure combined the ordinary steel support,
ordinary viscoelastic damper and viscoelastic damper with the displacement amplification device is
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analyzed. The energy dissipation advantage of lever-based viscoelastic damper is quantitatively analyzed,
and the results show that the energy dissipation effect of the viscoelastic damper with displacement
amplification device is very obvious. The deformation and stress distribution of the whole assembled
frame structure are more uniform.

2 Energy Dissipation Technology

Traditional seismic design method in China is based on the principle of ensuring personal safety and
probability theory. The three-level fortification requirements of “small earthquake is not bad; medium
earthquake is repairable and large earthquake is not collapsed” are put forward. This traditional seismic
method is based on the elastic-plastic deformation of components and absorption of seismic energy,
aiming is mainly to properly control the rigidity of the structure and make the structural members enter
an inelastic state in the earthquake. This requires the structure have a large ductility, so that the structure
“cracks but not falls”. This traditional design method is often effective, but still with many problems. To
improve the seismic performance of buildings, designers usually adopt the method of increasing the
cross-section of components and adding more reinforcement. However, this will greatly increase
construction costs. In recent years, energy dissipation design has developed gradually to overcome the
defects of traditional seismic design methods. Structural energy dissipation design refers to the
installation of energy dissipation device in the structure to provide additional damping through its local
deformation to reduce the dynamic response of the structure under earthquakes, consume the seismic
energy of the upper structure, and meet seismic requirements. The damping forces or plastic deformations
generated by various damping components are used to attenuate the seismic response of the structure. It
is a significant improvement over traditional seismic structures that rely on structural plastic deformation
and connection energy consumption.

2.1 Viscoelastic Damper
Energy dissipation technology is to install energy dissipaters to increase the inner damping of the

structure. Viscoelastic dampers have been installed in some high-rise buildings to reduce vibrations
caused by wind load because of their ability to absorb a lot of energy and cost-effectiveness. It is feasible
to apply the energy dissipation technology to building structures, and it has been widely used in
assembled frame structure. In existing devices, viscoelastic dampers have been shown to provide added
damping to structures to dissipate energy generated by the strong ground motion. It has been
demonstrated that wind-induced sway of high-rise building can be considerably reduced by adding
viscoelastic dampers to the structure. Viscoelastic damper is usually made of viscoelastic layer bonded
with steel plate, which is directly sheared to dissipate dynamic input energy [27–32]. When they are
added to the structure, although they can effectively attenuate the seismic response of the structure, their
proper design for maximum efficiency must take into account important factors, such as excitation
frequencies and working environmental temperature. To accurately describe the relationship between
stress and strain of viscoelastic dampers various calculation models, such as equivalent stiffness and
damping model, Kelvin model, and Maxwell model are put forward. Equivalent stiffness and damping
model is suitable for small strain cases and has been widely used due to its relatively simple calculation.
The relationship between the force, velocity and displacement of the energy dissipater can be expressed
as follows:

Fd ¼ cd _X þ KdX (1)

Cd ¼ G00A
xt

(2)
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Kd ¼ G0A
t

(3)

g ¼ G00

G0 ¼ tgd (4)

Ed ¼ npc20G
00At (5)

where:

Fd is the force provided by the damper;

Cd is the equivalent damping coefficient of the viscoelastic damper;

Kd is the stiffness of the viscoelastic damper;
_X is the relative velocity of the damper;

X is the displacement of the damper;

G0 is the storage shear modulus, which represents the stiffness performance of the material;

G00 is the loss shear modulus, indicating the damping capacity of the material;

x is the vibration frequency of the structure;

g is the loss factor, which is the main index to measure the dissipative vibration energy of damping
materials;

Ed is the energy consumption of each hysteresis loop;

A is the shear area of the viscoelastic layer;

t is the thickness of the viscoelastic layer;

n is the number of layers of viscoelastic material;

c0 is the shear strain of viscoelastic material.

The shear modulus and geometry size of viscoelastic damper are important parameters affecting the
effect of viscoelastic damping materials. Viscoelastic damping material is a kind of polymer material with
two characteristics of viscous liquid and elastic solid, which has the function of energy dissipation and
vibration absorption. The shear storage modulus and loss factor of viscoelastic damping materials will
decrease with the increase of ambient temperature and the decrease of frequency. The influence of load
cycle on the dynamic characteristics of viscoelastic damping materials is relatively small. The main
factors affecting the mechanical properties of viscoelastic materials are deformation frequency,
environmental temperature and strain amplitude.

Viscoelastic dampers are usually composed of viscoelastic damping materials and restrained steel plates,
which dissipate energy mainly through the shear deformation of viscoelastic materials. The storage stiffness,
equivalent damping and energy dissipation capacity of viscoelastic dampers are directly related to the
mechanical properties of viscoelastic materials. Viscoelastic dampers have high sensitivity. As long as the
structure starts to vibrate under small disturbance, the damper will dissipate energy immediately. Even
under small elastic vibration, it can increase the damping and reduce the dynamic response of the
structure. In this way, viscoelastic damper can be used for seismic and wind-induced control of the
structure. The problem of how to match the initial stiffness of other dampers with the lateral stiffness of
the structure is avoided [33,34].
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In recent years, the application of energy dissipation and damping technology in assembly buildings has
become a hot spot. Concrete frame connections are the weak link of assembled frame structures. The energy
consumption mode of plastic hinges is not only easy to damage the connection, but also difficult to repair
after an earthquake. Especially for the assembled cast-in-place integral concrete frame structure, the
narrow working space greatly increases the difficulty of stirrup binding and concrete pouring, and the
construction quality is difficult to guarantee. An energy dissipation system for assembled frame structures
is presented. The rotation-driven damper connected by assembled beam and column makes full use of the
interlayer displacement and plays the role of viscoelastic dampers.

2.2 Energy Dissipation System of Assembled Frame Structure
Energy dissipation system can be divided into four types: (1) energy dissipation support; (2) energy

dissipation shear wall; (3) energy dissipation node; (4) energy dissipation connection. The damper of
energy dissipater is usually installed supports, beam-column joints, frame and shear wall joints, so that
the mechanical performance of assembly buildings can be effectively improved. According to the damage
of assembled structures in earthquakes, the energy dissipation and damping technology is applied to the
assembled frame structure. First, the energy dissipation device is placed at the beam-column and column-
foot connections of the assembled frame structure. Then, an energy dissipation system composed of
energy dissipation devices and assembled frame structures is proposed. The energy dissipation system can
meet the requirements of strong shear and weak bending, as well as strong joints and weak components.
According to different energy dissipation characteristics, three kinds of energy dissipation devices
(ordinary steel support, ordinary viscoelastic damper and viscoelastic damper with displacement
amplification device) are arranged at different weak connections of the assembled frame structure
respectively, as shown in Fig. 1. To explore the possibility of the new connection in practice, the energy
dissipation device is completely placed in a 7-story assembled frame structure.

Viscoelastic damper cannot only improves the stiffness of the joint, but also reduce the horizontal
displacement of the structure. Aiming to the shortcomings of existing dampers, a viscoelastic damper
based on Lever is proposed. It can amplify the small displacement of the structure according to different
proportions of the rod axis, and finally convert it into the energy dissipation displacement of the damper.
The energy dissipation capacity of the damper can be fully utilized by amplifying the displacement or

Figure 1: The energy dissipation system

SDHM, 2023, vol.17, no.2 163



rotation angle of the structure. At the same time, the external dimension of the damper is relatively small,
which can be installed at the beam-column joints of the structure. The damper does not affect the internal
space of the building, and has great significance and practical value in the project. When the viscoelastic
damper with displacement amplification device are adopted, the horizontal displacement generated by the
structure is transmitted to the displacement amplification device through the connection plates in an
earthquake. Through the amplification of the horizontal relative displacement, the shear deformation of
the damper increases and absorb more seismic energy. In this way, the seismic response of the assembled
connections is reduced to protect the beam-column connections, and the overall stability of the structure
is improved. The displacement amplification mechanism is connected with the upper layer of the structure
and the movable steel plate of the viscoelastic damper. The relative velocity of movable steel plates can
be increased by amplifying the small interlayer displacement of the structure and transferring it to the
movable steel plate of the viscoelastic damper. Meanwhile, the damping force of the damper and the
energy dissipation of the viscoelastic damper are also improved.

3 Performance Analysis of Energy Dissipation System

3.1 Parameter Setting
The object is based on a 7-story assembled frame structure. To compare the performance of different

energy dissipation devices, four structure systems under different working conditions are established ①

Assembled frame structure without energy dissipation devices; ② Assembled frame structure with
ordinary steel supports in the middle and bottom layers; ③ Assembled frame structure with ordinary
viscoelastic dampers in the middle and bottom layers; ④ Assembled frame structure with viscoelastic
damper and displacement amplification device in the middle and bottom layers. The performance
parameters of ordinary steel supports are shown in Table 1.

The finite element models of the above four structure systems all use three-dimensional bar elements to
simulate the assembed beams and columns. The shell element is used to simulate the floors. Since the
connection between slabs and beams in assembled structure is weaker than that of cast-in-place slab, the
70% reduction factor of slab is considered in modeling. The elastic modulus, rigidity and strength of the
material are taken according to the Code for design of concrete structures (GB50010–2010) [35]. PMM
and M3 plastic hinges are arranged at the ends of the assembled columns respectively to simulate the
nonlinear stress characteristics of the components. All cross-section reinforcement of the four models are
from the automatic design results of SAP2000, and the reinforcement results are analyzed and verified in
PKPM to ensure that the structural reinforcements ratio meets the requirements of the Code for design of
concrete structures (GB50010–2010). The main components of the structure are C35 concrete; the
concrete unit weight is 26 kN/m3, and the masonry unit weight is 22 kN/m3. The performance parameters
of concrete are shown in Table 2 and all indicators meet the specification requiremets.

Table 1: Performance parameters of ordinary steel supports

Model Grade Yield strength [N/mm2] Section [mm] Length [mm] Area [m2]

② Q235 235 HW250 × 250 × 9×14 1500 9218

Table 2: Performance parameters of concrete

Concrete Elastic modulus [N/mm2] Shear modulus [N/mm2] Poisson ratio Density [kg/m3]

C35 3.15 × 104 1.26 × 104 0.2 2400
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The storey height is 3 meters, and the total height of the structural model is 21 meters. According to the
Load code for design of building structure (GB50009–2012) [36], the standard value of roof live loads is
2.5 kN/m2, and the additional dead load of 2 kN/m2 is considered. The combination coefficient is 1.2 for
dead load and 1.4 for live load. In addition, the load of beam and wall is applied as 16 kN/m. To meet
the limit of axial compression ratio, the column section is designed as 600 mm × 600 mm, and the beam
section is designed as 500 mm × 300 mm. The thickness of the floor slab is 100 mm. Q235 restrained
steel plate is used as the core shear plate of the ordinary viscoelastic damper and viscoelastic damper with
the displacement amplification devices. The steel plate is an elastic-plastic material, and it is treated as a
linear elastic material in modeling considering its actual working state. It has an elastic modulus of
200 GPa and a Poisson ratio of 0.3. The parameters of the viscoelastic damper are shown in Table 3. The
failure type of the bonding surface is peel failure, meeting the actual engineering requirements.

Rubber material is the core component of the viscoelastic damper. As a polymer nonlinear material,
rubber materials have the characteristics of high elasticity and large deformation, which can meet a wide
range of application requirements, especially in engineering applications. In addition to excellent softness,
wear resistance, insulation and barrier, rubber materials also have super elasticity and viscoelasticity.
When it is loaded slowly, its stress-strain curve is nonlinear. When it is loaded dynamically, its
mechanical properties are closely related to the loading rate, amplitude, time and temperature. Its main
performance is as follows: (1) Under the same strain, the stress increases with the increase of loading
rate; (2) The behavior of stress relaxation is related to the strain and the steady equilibrium value of
relaxation is different under different strains; (3) In dynamic cyclic loading, the size of hysteresis loop is
closely related to the loading rate [37]. In this paper, the rubber material is considered as an isotropic and
incompressible hyper elastic body, and it is modeled as a Nonlinear plastic element is used to simulate
the viscoelastic damper in SAP2000. After the design parameters of the damper are determined, it is
necessary to determine the damping coefficient, yield force, post-yield stiffness ratio and initial stiffness
of the nonlinear plastic element. The specific design parameters are shown in Table 4. The working
temperature is normal. When installing viscoelastic dampers, the rigidity of the structure should be

Table 3: Parameters of the viscoelastic damper

Parameters Numerical value

Yield strength of steel plate [N/mm2] 235

Thickness of steel plate [mm] 12

Elastic modulus [N/mm2] 2.0 × 105

Poisson ratio 0.3

Maximum elongation of rubber material [%] 600

Maximum tensile strength of rubber material [N/mm2] 22

Maximum bond strength of rubber material [N/mm2] 6

Hardness of rubber material 60

Storage shear modulus G0 [N/mm2] 3 × 104

Loss shear modulus G00 [N/mm2] 4.5 × 104

Thickness of the viscoelastic layer t [mm] 30

Equivalent damping coefficient Cd [N/mm] 1.8 × 1010

Equivalent stiffness Kd [N/mm] 4.5 × 1010
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balanced as much as and the dampers should be installed symmetrically in the structure. For convenient
computation, the following basic assumptions are used in the structural model: (1) Floor slabs and infilled
walls have no influence on the rigidity of the structure, and the weight of the floor slab and the loads it
bears are directly loaded on the beams around it in a denser manner; (2) Beam-column connections are
rigid; (3) The influence of temperature on the energy dissipation effect of viscoelastic dampers is not
considered in the analysis.

3.2 Engineering Analysis
The selected example is located in Huiji District, Zhengzhou, China. The seismic precautionary intensity

is 7 degrees and the design basic acceleration of ground motion is 0.15 g. The design earthquake is classified
as Class II, the construction site is classified as Class II, and the design characteristic period of ground motion
is 0.35 s. Due to the coupling between the structural damping and other modes, CQC method is adopted for
mode combination, and the total damping ratio of the structure is 0.05. The energy dissipation devices should
be installed on the diagonal of the two columns with the largest relative displacement between the structural
layers to better play the damping effect.

The seismic responses of the above four structural systems are calculated by the modal analysis response
spectrum method. According to the actual seismic action, the response of the structural system is calculated
by static analysis. On this basis, seismic analysis is carried out. The parameters such as period, inter-story
displacement angle, floor displacement and base shear are obtained. Finally, the results of four structural
systems are compared and analyzed. To study the control effect of the damper, the vibration periods of
the first six modes are shown in Table 5.

Model analysis is a basic method to study the dynamic performance of structures. This is the premise of
dynamic time history analysis. The general modal decomposition response spectrum method and direct
integration method of dynamic time-history analysis need to analyze the natural vibration of the structure,
so as to obtain the natural vibration mode and period of the structure. It can be seen from Table 5 that the
first vibration mode is mainly X-direction translation, with a period of 1.518 s. The second vibration
mode is mainly Y-direction translation, with a period of 1.389 s. The third vibration mode is mainly Z-

Table 4: Parameters of plastic elements

Model Damping coefficient
[kN·s·mm−1]

Yield force
[kN]

Initial stiffness
[kN·mm−1]

Post-yield stiffness ratio

③ 2 125 48.07 0.1

④ 4 250 192.30 0.1

Table 5: Comparison of vibration period [s]

Vibration modes Model ① Model ② Model ③ Model ④

1 1.518 1.342 1.259 1.228

2 1.389 1.198 1.101 1.068

3 1.364 1.038 1.001 0.926

4 0.488 0.399 0.335 0.328

5 0.454 0.360 0.329 0.315

6 0.446 0.333 0.262 0.251
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direction translation, with a period of 1.364 s. This indicates that the X-direction stiffness of the structure is
weaker than Y-direction stiffness. From the longitudinal comparison, it can be seen that the former three
vibration periods are not significant. This shows that the stiffness of the structure in X, Y and Z directions
increases due to energy dissipation devices, especially for Model ③ and Model ④, indicating that the
viscoelastic damper is better than ordinary steel support. However, after the third vibration mode, the
difference suddenly becomes large, indicating that the influence of the high-order vibration mode on the
structure is very small and can be ignored. The fifth vibration period of Model ④ is only 0.315 s. From
the horizontal comparison, it can be seen that compared with Model ①, the frequencies of Model ②,
Model ③ and Model ④ increase and the periods are shortened. The results show that the structural rigidity
increases and the dynamic performance of the structure changes with the addition of energy dissipation
devices, especially for Model ④. However, according to the data of vibration period reduction, the
vibration period decreases small. The first, second and third vibration periods of Model ④ decrease by
0.290, 0.321 and 0.438 s at most, indicating that the addition of viscoelastic dampers has little effect on
the structural stiffness. The seismic response acceleration of the structure will not be greatly increased
under the installation of viscoelastic dampers. It can be known that the damping structure with
viscoelastic dampers is mainly used to reduce the dynamic response of the structure under earthquake by
increasing the damping coefficient of the structure, rather than by changing the natural vibration period of
the structure.

The period ratios of the first six vibration modes is shown in Table 6. The ratio of the third order
vibration period is 0.899, meeting the requirements of the code. This indicates that the lateral vibration of
the structure (Y-direction), the direction of the smaller size of the building plane has a greater effect on
the structure. When analyzing the input seismic wave, the input direction of the seismic wave should also
be the lateral direction of the structure. The periods from Model ① to Model ④ decreases gradually, so
does the period ratios of the structure. However, the sixth order period ratio has little change. The model
with energy dissipation devices has better energy dissipation capacity, especially for Model ③ and Model
④. Viscoelastic dampers have good energy consumption effect. This is because as the stiffness of the
structure increases, the distribution is more uniform, and the torsional amplitude of the structure also
decreases.

The maximum floor displacement of the four structural systems is shown in Table 7 and the variation
comparison are shown in Fig. 2. It can be seen from Fig. 2 that the viscoelastic damping structure has
excellent energy dissipation and damping effect under seismic wave. The curves of Models ③ and ④ are
similar and more average than that of Model ①. The slope of the curve is larger than that of Models ①

and ②, which is more conducive to the seismic performance of all structural members in each floor of the
assembled frame structure. The damping effect of viscoelastic damper is better than that of ordinary steel
support, which is consistent with the previous analysis. It can be seen from Table 7 that the maximum

Table 6: Period ratio of former six modes

Vibration modes Model ① Model ② Model ③ Model ④

1 1.000 1.000 1.000 1.000

2 0.915 0.893 0.875 0.870

3 0.899 0.773 0.795 0.754

4 0.321 0.297 0.266 0.267

5 0.299 0.268 0.261 0.257

6 0.294 0.248 0.208 0.204
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floor displacements of Model ①, Model ②, Model ③ and Model ④ are 36.29 mm, 34.74 mm, 24.82 mm and
24.71 mm, respectively. The maximum floor displacement of Models ③ and ④ is smaller than that of Models
① and ②. Compared with the original structure without energy dissipation devices, the ordinary steel support
structure can be reduced by 7.68% at most, and the viscoelastic damping structure of Models ③ and ④ can be
reduced by 32.51% and 32.40%, respectively. The damping effect of viscoelastic dampers is obviously
higher than that of ordinary steel support. The energy dissipation and damping effect of viscoelastic
dampers in an earthquake can effectively reduce the internal force of structural members for protection.
The results show that viscoelastic damper has excellent energy dissipation and damping performance,
especially for the viscoelastic dampers with displacement amplification devices.

The maximum inter-story displacement angle of the four structural systems is shown in Table 8 that of
frame structure limited by the specification is 1/550 [38]. It can be seen that the maximum inter-story
displacement angle of the original assembled frame structure is 1/540, which does not meet the
specification requirements. The deformation curves of inter-story displacement angle is shown in Fig. 3.
It can be seen that the inter-story displacement angle has an obvious inflection point on the second floor,
and the inter-story displacement mainly occurs in the middle and lower floors (the second third and

Table 7: Maximum floor displacement [mm]

Floor Model ① Model ② Model ③ Model ④

1 4.62 4.30 3.42 3.42

2 11.14 10.37 8.38 8.05

3 17.32 15.99 11.69 12.02

4 22.83 21.18 15.55 15.66

5 27.90 25.92 19.08 18.86

6 32.32 31.10 22.28 21.95

7 36.29 34.74 24.82 24.71

Figure 2: Maximal floor displacement
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fourth floors). According to the energy dissipation principle of viscoelastic dampers, it is necessary to install
the dampers in the floor with larger inter-story displacement. It is recommended to install the viscoelastic
dampers mainly in the middle and lower layers of the frame structure. The maximum inter-story
displacement angle of Model ② reduces from 1/540 to 1/585, which meets the limit value required by the
specification. However, the effect of ordinary steel support is limited, and the maximum inter-story
displacement angle decreases by 8.23%. When the energy dissipation device adopts viscoelastic dampers,
the maximum inter-story displacement angle of the structure reduces about 1/752 and 1/798, meeting the
specification requirements. The maximum inter-story displacement angle reduces greatly, and Models ③

and ④ decrease by 30.2% and 34.22%, respectively.

Through the analysis of response spectrum, the inter-story shear force of the four models can be obtained
as shown in Fig. 4, and the results are shown in Table 9. The inter-story displacement angle and the maximal
floor displacement of Model ③ and Model ④ is smaller and more average than that of Models ① and ②, which
is far less than the specification limits. Viscoelastic damper has better damping effect than the ordinary steel
support. Compared with the former, viscoelastic dampers based on lever principle have obvious energy
dissipation effect, which is more conducive to the seismic performance of all structural components. The

Table 8: Maximum inter-story displacement angle

Floor Model ① Model ② Model ③ Model ④

1 1/786 1/840 1/1087 1/1120

2 1/540 1/585 1/752 1/798

3 1/580 1/632 1/831 1/874

4 1/644 1/689 1/922 1/978

5 1/719 1/767 1/1024 1/1093

6 1/819 1/862 1/1156 1/1214

7 1/924 1/968 1/1309 1/1330

Figure 3: Inter-story displacement angle
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base shear force of Model ①, Model ②, Model ③ and Model ④ is 3895.12 kN, 3684.12 kN, 3585.79 kN and
3364.48 kN, respectively. Compared with Model ①, the base shear of Model ②, ③ and ④ decreases by 5.42%,
7.94% and 13.62%, respectively. The reduction of inter-story force is more favorable for the overall structure
to resist transverse and seismic loads. The stress distribution of each component will be more uniform, and
the shear failure of vertical bearing members is avoided. It can be seen that the effect of ordinary steel support
on improving the mechanical performance of assembled structure is very limited. In contrast, the excellent
damping and energy dissipation of viscoelastic dampers can obviously improve the mechanical performance
of assembled frame structures.

4 Conclusions

The response spectrum of a 7-story assembled frame structure combined the ordinary steel support,
ordinary viscoelastic damper, and viscoelastic damper with displacement amplification devices is
analyzed. According to an actual seismic action, the response of the structure system is calculated by
static analysis. On this basis, the seismic analysis is carried out. The results show that this method is
simple and can be used in anti-seismic design. The following conclusions can be obtained:

(1) The dynamic performance of the structure changes with the addition of energy dissipation devices. The
assembled frame structure with viscoelastic dampers is mainly used to reduce the dynamic response of
the structure in earthquakes by increasing the damping coefficient of the structure, rather than by
changing the natural vibration period of it. The seismic response acceleration of the assembled
frame structure will not be greatly increased under the installation of viscoelastic damper.

Figure 4: Inter-story shear force

Table 9: Comparison of analysis results

Results Model ① Model ② Model ③ Model ④

Inter-story displacement angle [/rad] × 10–4 18.52 17.09 13.30 12.53

Maximal floor displacement [mm] 36.29 34.74 24.82 24.70

Base shear [kN] 3895.12 3684.16 3585.79 3364.48
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(2) The direction with the smaller size of the building plane has a greater effect on the structure.
Therefore, when analyzing the input seismic wave, the input direction of seismic wave should
also be the lateral direction of the structure.

(3) The model with viscoelastic dampers has good energy dissipation. This is because as the stiffness of
the structure increases, the distribution is more uniform and the torsional amplitude of the structure
also decreases.

(4) Viscoelastic damping structures have excellent energy dissipation and damping effects in
earthquake, especially for the viscoelastic dampers with displacement amplification devices. The
maximum floor displacement of viscoelastic damped structures is obviously smaller than that of
the original structure without energy dissipation devices. Ordinary steel support structure can be
reduced by 7.68% at most, and the viscoelastic damping structure can be reduced by about
32.51% and 32.40%, respectively. Viscoelastic damper has excellent energy dissipation and
damping, especially for the viscoelastic dampers with displacement amplification devices.

(5) The inter-story displacement angle has an obvious inflection point on the second floor. Therefore, it
is recommended to install viscoelastic dampers in the middle and lower floors. The inter-story
displacement angle of ordinary steel support structure can be reduced by 8.23% at most, and the
viscoelastic damping structure can be reduced by 30.2% and 34.22%. The viscoelastic damper
has better damping effect than the ordinary steel support. Compared with the former, the
viscoelastic damper based on lever principle has obvious energy dissipation effect, which is more
conducive to the seismic performance of all structural components.

(6) The stress distribution of each component will be more uniform, and the shear failure of vertical
bearing members is avoided. The base shear force of ordinary steel support structure can be
reduced by 5.42% compared with original non-energy dissipation device structure. However, the
viscoelastic damping structure can be reduced by 7.94% and 13.62%, respectively. The effect of
ordinary steel support on improving the mechanical performance of assembled structure is very
limited. In contrast, the excellent damping and energy dissipation capacity of viscoelastic
dampers can obviously improve the mechanical performance of assembled frame structures.

(7) The damping force and energy dissipation of the viscoelastic dampers with displacement amplification
devices are obviously higher than that of traditional viscoelastic dampers. The mechanical properties of
the damper is obviously related to the displacement amplitude. The energy consumption of viscoelastic
dampers can be increased by using the displacement amplifier, which can reduce the energy consumption
and the dynamic response of the structure.

(8) The energy dissipation system has good energy dissipation, which can effectively reduce the seismic
response of the structure. A new viscoelastic damper with displacement amplification device is
proposed, which is a feasible design method of assembled frame structures. The results of this
paper provide an effective theoretical basis and reference for improving the energy dissipation
system and the seismic performance of assembled frame structures.
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