
Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
January-February 2022 Page No.115-123 
Article History: Received: 28 October 2021 Revised: 05 December 2021 Accepted: 10 January 2022 Publication: 28 
February 2022 

115 
 
 

Application of Equivalent Simplified 

Calculation Model of Isolated Structure in 

Super High-rise Building 

Yingjun Wang
1*

, Tianli Chen
 2

 
1
Department of Civil Engineering, Xuchang University, Xuchang, Henan,China

  

2
Department of Architectural Engineering, Shengda Trade Economics & Management College of 

Zhengzhou, Zhengzhou, Henan, China 

 

Abstract: 

In this paper, the application of equivalent simplified calculation model of isolated structure in 

super high-rise building is studied. In this paper, the characteristics of isolation structures with 

different height width ratio are analyzed, and the relationship curve between the limit value of 

height width ratio of isolation structure and the distance of isolation support is established. From 

the curve, we can estimate the limit height of the isolated structure when the bearing does not 

produce tensile stress under different seismic intensities. This paper also analyzes the 

influencing factors of the height width ratio limit, and puts forward the method of increasing the 

height width ratio limit. In this paper, a vertical stiffness correction model of isolation bearing is 

proposed. Compared with the shaking table test results and time history analysis, the modified 

model can truly reflect the mechanical properties of the isolation bearing. 
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I. INTRODUCTION 

 

After more than 30 years of development in China, seismic isolation technology has made a 

series of achievements in the field of applied basic theory, formed a relatively systematic 

theory, and began to be applied to the engineering field in the 1980s [1-2]. However, compared 

with the more mature concrete theory, the isolation technology is only at the department level, 

especially the high-rise isolation technology, and there are many problems to be solved [3-6]: 

(1) Performance optimization of isolation device and research and development of new isolation 

device. (2) Selection of seismic input for the design of isolated structures: amplitude, spectrum 

characteristics, duration selection, selection of recorded seismic waves and site influence. (3) 

Vibration characteristics of high-rise isolation structure, tensile characteristics of isolation layer, 
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Anti overturning. Countermeasures of isolation structure, etc. In view of the above technical 

problems of high-rise isolation, this paper will focus on the limit of height width ratio of high-

rise isolation structure, the optimization of isolation layer parameters and the seismic response 

prediction of high-rise isolation structure. 

 

II. ANALYSIS OF HEIGHT WIDTH RATIO LIMIT AND INFLUENCE LAW OF 

HIGH-RISE ISOLATION SYSTEM 

 

1. Influence of story deformation and high-order vibration modes of isolated structures with 

different height width ratio 

The characteristics of isolation structures with different height width ratio are the same as 

those of ordinary isolation structures [7-8]. The safety of isolation structure design is evaluated 

by analyzing the displacement response of isolation layer, interlayer deformation of 

superstructure, maximum acceleration response and interlayer shear force. With the increase of 

the aspect ratio, the period of the isolated structure, the deformation curve between floors, the 

influence of the higher-order vibration mode, the overturning moment of the structure and the 

probability and magnitude of the tensile stress of the isolated support will also change [9]. 

The isolation principle of high aspect ratio isolation structure is similar to that of multi-layer 

isolation structure. The deformation is mainly concentrated in the isolation layer, the 

superstructure basically maintains the translational state, and the interlayer deformation of the 

structure is basically unchanged. It shows that the isolation mechanism of isolation structures 

with different height width ratio is the same, and the deformation is mainly concentrated in the 

isolation layer [10-12]. In addition, with the increase of aspect ratio, the mass of superstructure 

increases, the area of isolation support and the diameter of lead core increase, and the horizontal 

stiffness of isolation layer and the yield stress of lead core also increase. The displacement of 

the isolation layer of the isolation structure with large aspect ratio is higher and the 

displacement of the aspect ratio is smaller, which also shows that the damper plays a good role 

in restraining the displacement of the isolation layer [13]. 

Taking the inter story displacement angle of the first floor of the structure as an example, 

the influence of higher-order vibration modes on the isolated structure is illustrated, as shown in 

Table 1. 

 

TABLE I. Influence of high-order vibration modes on isolated structures 

 

HEIGHT 

TO 

WIDTH 

RATIO 

3 6 9 12 15 18 21 24 DIFFERENCE(%) 
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1 1/680 1/681 1/682 1/682 1/682 1/682 1/682 1/682 2.34 

3 1/176 1/157 1/166 1/165 1/165 1/165 1/165 1/165 6.28 

5 1/197 1/183 1/215 1/236 1/237 1/239 1/239 1/239 21.3 

7 1/309 1/310 1/234 1/234 1/217 1/213 1/208 1/208 32.6 

 

It can be seen from the table that with the increase of structure height and aspect ratio, the 

structure is more and more affected by high-order vibration modes. For the structure with aspect 

ratio of 1, the first three modes of inter story displacement angle can be stable, while for the 

structure with aspect ratio of 7, the 21st mode can be stable, and the difference of inter story 

displacement angle between low-order mode and high-order mode can reach 32.6%. It shows 

that the influence of high-order mode components can not be ignored in high-rise isolated 

structures, especially for high-rise structures with obvious characteristics with large structural 

stiffness and shear walls. 

2. Bearing spacing 

Keep the parameters of the superstructure unchanged, adjust the stiffness of the upper roof 

of the isolation layer to infinity [14]. By changing the number of single-sided isolation bearings 

and ensuring that the horizontal stiffness of isolation bearings remains unchanged, the peak 

overturning moment of the structure gradually increases with the increase of the number of 

isolation bearings, as shown in Table 2. 

 

TABLE II. Overturning moment of structure under different support spacing 

 

EARTHQUAKE 

INTENSITY 
3.75 4.3 5 6 7.5 10 15 

7.5 RARE CASES 5870 7807 7833 9053 9511 10456 11212 

8 DEGREES RARE 6722 8490 8693 10680 11350 11702 12036 

8.5 RARE CASES 7738 9086 9821 12777 13401 13959 14337 

 

In the design process of isolated structure, on the premise of ensuring the use function, the 

structural form of large column spacing is adopted. On the one hand, the increase of bearing 

spacing can improve the height width ratio limit of the structure. On the other hand, the increase 

of bearing spacing will also increase the diameter of isolation bearing, which can increase the 

deformation limit of isolation layer. In addition, because the isolation bearing in the model is 

selected according to the maximum axial force of the column, the bearing at the corner column 

is too large. If the bearing is selected according to the corresponding surface pressure at the 

bottom of the column, the limit value of height width ratio can be further improved. 
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III. SEISMIC RESPONSE ANALYSIS OF ISOLATED STRUCTURES BASED ON 

ENERGY PRINCIPLE 

 

1.Simplified calculation model of mode decomposition response spectrum method 

The isolation structure is arranged with isolation layers on the foundation and superstructure. 

The stiffness of the isolation layer is much less than that of the superstructure. During 

earthquake, the deformation is mainly concentrated in the isolation layer, and the superstructure 

is in translational state, which can be regarded as a rigid body. Therefore, the simplified multi 

particle system calculation model of multi-storey isolation structure building is simplified into 

the calculation model of single particle system and the restoring force model of isolation layer 

according to the translation assumption of superstructure, such as. Indemnificatory housing 

refers to the housing with limited standards, prices or rents provided by the government for low 

- and middle-income families with housing difficulties. It is generally a small-scale house type 

and large-scale construction, which is very suitable for the implementation of standardized 

design, industrialized application of component production and integration of construction and 

decoration. Housing industrialization is the manufacturing of housing by large-scale 

industrialized production mode, so as to improve production efficiency and overall quality, and 

effectively reduce building energy consumption, which is very consistent with the construction 

requirements of indemnificatory housing. 

The mass of the superstructure of the single mass point calculation model is expressed in 

Peng. The stiffness and damping of the isolation layer are taken as the stiffness and damping. 

The motion equation of the system is: 

s s s gmx cx kx mx     (1) 

The isolation structure with regular shape can be solved by the equivalent lateral force 

method, and the horizontal stiffness k and effective damping ratio ξ of the isolation layer are 

calculated according to formula (2). 

1

n

i

i

k k


  (2) 

1

n

i i

i

k

k



 


 (3) 

Where, k is the sum of the effective stiffness of all isolation bearings and damping devices 

of the isolation layer; 

i ik   is the horizontal effective stiffness and effective damping ratio of a single isolation 

bearing or damping device; 
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ξ is the effective damping ratio of the isolation layer. 

The effective stiffness of the isolation layer is used to calculate the basic period T of the 

single mass point system: 

2
m

T
k

  (4) 

Standard value of total horizontal seismic action of structure: 

1ckF G  (5) 

γ
2

gck
2 max2

TF T g
δ= = η α

k 4π T

 
 
 

 (6) 

Where, α1 - horizontal seismic influence coefficient, =

γ

g

2 max

T
η α

T


 
 
 

 

G - representative value of gravity of superstructure. 

The total horizontal seismic action calculated by the superstructure is distributed to each 

particle according to the formula: 

i i
ik ck

j j

G H
F F

G H



 (7) 

Where, Fik is the standard value of horizontal seismic action acting on particles; 

Gi and Gj are gravity representative values of particles I and j respectively; 

Hi and Hj are the calculated heights of particles I and j respectively. 

 

2.Earthquake response prediction based on energy principle 

The analysis object of this paper is the structure with rubber bearing and lead damper in the 

isolation layer (lead rubber bearing can be regarded as natural rubber bearing and lead damper 

in parallel). 

The energy equation of isolated structure under horizontal earthquake is as follows: 

V C D Y IE E E E E     (8) 

Where, EV - Structural kinetic energy; 

EC - damping energy dissipation of isolation layer; 

ED - energy consumption of isolation bearing: 

EY - structural deformation energy; 

EI - seismic input energy. 

The main seismic energy is mainly dissipated by the isolation layer (isolation bearing and 

damper), ignoring the energy consumption of the superstructure. Therefore, the energy equation 
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of isolated structure can be written as: 

   c m p m IW t W t E   (9) 

Among them, EI,  p mW t  and  c mW t  respectively represent the input energy, the plastic 

strain energy of damper tm and the elastic strain energy of isolation bearing tm. Equation (9) 

ignores the influence of kinetic energy, potential energy and damping energy consumption of 

superstructure. On the one hand, the calculation is simplified. On the other hand, the calculation 

results are partial to safety considerations. The above factors can be used as safety reserves in 

engineering design. 

 

IV. PARAMETER ANALYSIS OF ISOLATION LAYER 

 

The isolation structure system consists of superstructure, isolation layer and substructure. In 

order to achieve the expected isolation effect, the isolation layer must have four basic 

characteristics: (1) it has large vertical bearing capacity and safely supports the superstructure; 

(2) With variable horizontal stiffness, the stiffness before yield can meet the requirements of 

wind load and micro vibration. When a strong earthquake occurs, its small post yield stiffness 

makes the isolation system into a flexible system, effectively separates the ground vibration and 

reduces the seismic response of the superstructure; (3) With horizontal elastic restoring force, 

the isolation system has the function of reset in earthquake; (4) It has sufficient damping and 

large energy dissipation capacity. 

Under the condition that the area of isolation bearing remains unchanged, the restoring force 

characteristics of isolation layer are changed by changing the number of lead rubber isolation 

bearings in isolation layer, so as to obtain the optimal isolation effect. 

 

TABLE III. Parameters of isolation bearing 

PARAMETER RB500 RB600 LRB500 LRB600 

EFFECTIVE AREA (CM2) 1879 2820 1886 2827 

HORIZONTAL STIFFNESS (KN / MM) 0.76 0.99 / / 

STIFFNESS BEFORE YIELD (KN / MM) / / 10.075 13.182 

POST YIELD STIFFNESS (KN / MM) / / 0.775 1.014 

YIELD FORCE (KN) / / 62.6 90.2 

 

Because the primary stiffness is the sum of the primary stiffness of lead rubber bearing and 

the horizontal stiffness of natural rubber bearing. The primary stiffness of lead rubber bearing is 

much larger than that of natural rubber bearing with the same diameter. Taking RB500 and 
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LRB500 as examples, the horizontal stiffness of RB500 is 0.760 kN/mm, while the horizontal 

stiffness of  LRB500 before yield is 10.075 kN / mm, which is as much as 12 times. The 

secondary stiffness of the isolation layer is the sum of the secondary stiffness of the lead rubber 

bearing and the horizontal stiffness of the natural rubber bearing. After the lead core yields, it 

does not provide horizontal stiffness, which is equivalent to that only the natural rubber bearing 

provides horizontal stiffness. The horizontal stiffness of rubber bearings with the same diameter 

is basically the same, so the secondary stiffness is basically the same. According to the test 

conditions and reusability, steel beams are used at the upper and lower ends of the test piece, 

which can fix the connector and mortar formwork. The mortar is provided by two wall panel 

manufacturers, namely Jianhua wall panel dry mixed mortar and gorgeous wall panel binder. 

During the wind bearing capacity test of fabricated enclosure structure specimens, according to 

the standard for test methods of basic performance of building mortar, each group of cube 

specimens shall be tested for cube compressive strength at the same time. 

The specific arrangement of the two connection modes of the wallboard is as follows: the 

first connection mode is upper connection and lower cushion, that is, one side of the wallboard 

is connected with the steel beam through the steel U-clamp connector and bolts. The other side 

shall be bonded with the special dry masonry mortar provided by the manufacturer. The second 

connection mode is up-down connection, that is, one side of the wallboard is connected with the 

steel beam through the steel U-clamp connector, and the other side is connected with the steel 

beam through the L-shaped connector. 

Before formal loading, check the reliability of the test device and whether all observation 

instruments work normally. As it is a vertical load, the self weight of the wall panel shall be 

determined as the first level load before loading. The self weight of the wall shall be calculated 

respectively according to the surface density of the test specimen measured by the test side of 

the cooperative unit Beijing Institute of building engineering in this paper. 

Before loading, snap the weight placement reference line on the loading surface of the test 

piece with an ink line in advance, and determine the loading sequence in different areas to 

ensure that it is as close to the uniformly distributed load as possible. When loading, it shall be 

placed according to the datum line. 

Although normalized seismic waves are used, the seismic response of structures is still 

closely related to the type and intensity of seismic waves. In order to accurately explain the 

seismic response characteristics of the structure and avoid too large dispersion of the time 

history analysis results, the data processing adopts the method of calculating the mean value of 

six waves, and the seismic wave intensity adopts 8.5 degree frequent and rare. The evaluation 

principle of the parameters of the isolation layer: the displacement of the isolation layer in case 

of double control large earthquake and the shear force of the isolation layer in case of small 

earthquake. 
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III. CONCLUSION 

 

In recent years, there are more and more high-rise isolated buildings at home and abroad, 

and there are more and more requirements for isolation theory and technology. However, there 

are many deficiencies in the limit value of structure height width ratio, seismic prediction theory 

of isolated structure and parameter setting of isolation layer, which bring many problems to 

engineering design. In this paper, the related contents of isolated structure are studied from the 

fields of mechanical model of isolated bearing - limit value of height width ratio - seismic 

response prediction based on energy method - parameter analysis of isolated layer and so on. 

Combined with the research content of this paper, future research can be carried out from the 

following aspects: Due to the great diversity of seismic waves, the seismic response of 

structures is greatly affected by seismic waves. In the future, we should standardize the seismic 

input energy, establish a standard velocity spectrum, and evaluate the seismic response of 

structures with velocity time history. Study the prediction model of setting viscous damper in 

the isolation layer, further consider the energy consumption of the superstructure, establish a 

new parameter prediction model of the isolation layer, and then study the seismic response of 

the superstructure. By optimizing the parameters of the isolation layer, the optimal yield force 

coefficient of lead damper under different intensities is established; Then the parameters of 

isolation layer under viscous damper are studied to provide theoretical support for engineering 

practice. 
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