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ABSTRACT 

Three dimensional numerical model is established for rock and soil - damping layer system of 

subway station structure interaction using ANSYS finite element software, on the basis of the 

underground structure controlled modal theory and dynamic vibration theory, the simplified 

model for vibration system with three degrees of freedom, the plane should establish the vibration 

equation of force, to explore the mechanism and effect of damping. On this basis, the influence of 

different damping layer materials and different damping layer thickness on the damping effect of 

subway station structure is analyzed from two aspects of displacement and stress, respectively, 

and compared with the seismic response without damping layer. The results show that: around the 

subway station structure shock absorption layer, the maximum relative displacement difference of 

the station structure and stress are obviously reduced, the soil structure is part of the force of the 

damping layer material absorption and dispersion, the structure tends to do the whole exercise; 

should reach the peak time of stress and displacement are postponed, change the spectrum 

characteristics of the original structure, the structure of double protection structure; two kinds of 

damping material under the effect of the damping effect of the lower part of the structure is 
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relatively good, especially the rubber material with smaller elastic modulus, the damping effect is 

obvious; with the increase of damping layer thickness, also decreases the maximum relative 

displacement and difference stress, when the damping layer is provided to the rubber material 

thickness of 25cm~35cm, stress decreases as the rate reached 20%-30%, has a good shock 

absorbing function. 

Keywords:Subway station;vibration theory;vibration damping principle;rubber material;relative 

displacement 

Introduction. 

Subway station as a service in public places, usually located in the important area of the 

relatively large flow of people, and the underground space station is closed, the corresponding 

service facilities, personnel evacuation corridor, once the structural damage occurred in the 

earthquake load, will cause huge economic losses and casualties, and will endanger the safety of 

the ground and the surrounding buildings, and repair work after disaster is difficult, so to improve 

the seismic capacity of subway station is very important problem in the field of underground 

structure . 

Compared with the above-ground buildings, the underground structures is mainly to follow 

the movement of the surrounding soil under the action of the earthquake.But its self-vibration 

characteristics of the performance is not obvious, The capacity of deformation and structure on 

surrounding soil is key to the aseismic capability of underground structure 
[1][2]

.So,this approach is 

not workable that increasing structure’s vibration period are used to reduce the seismic 

response.And,the structure itself as a whole covers the site, so it is difficult to achieve many 

methods .At present, there are the three main ways to satisfy the objectives of the seismic for the 

underground engineering. The first is through the foundation reinforcement and other means to 

reduce the size of the surrounding foundation deformation. the second is to change the 

performance of the underground structure to reduce the internal forces on the structure. The last is 

set between the rock and soil and the underground structure of the shock layer, weakened to the 

structure of the deformation
[3]

. 
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The research are less on the seismic for the underground engineering , Fang Qin, Yang Bo 

and other researchers in the station at the end of the column set isolation bearing on the structure 

of the impact 
[4-7]

; Seyyed, Gao Feng analysis of the shock layer material elasticity Modulus, 

damping and seismic wave frequency and other factors on the tunnel structure 
[8-11]

. In this paper, 

the third method is used to establish the soil-damping layer-station’s structural architecture model, 

and the damping effect of different cushioning materials and different thicknesses is compared 

and analyzed. The cushioning material is made of flexible materials with foam and rubber elastic 

modulus. These materials are generally non-compressible materials with good damping 

characteristics. The relative hysteresis value in the elastic range can reach 10%-65% , at the same 

time with a damping and noise and other diversity 
[12]

. 

1The Establishment of Model and the Selection of Seismic Wave 

1.1Calculation model and parameter selection 

In this paper, a subway two-span reinforced concrete frame box structure is selected as the 

calculation model. The main body length of the station is 313m (longitudinal column spacing 9m), 

width 20.7m, height 13.55m, soil-covered 2.5 m; the middle column material for the concrete, the 

rest of the member is the concrete. The station structure of the finite element model of the size to 

take 103.5m (horizontal size of five times the subway width)×63m(longitudinal 

length)×45m(height).When the overall structure is five times as wide as the station structure, the 

results of dynamic analysis and wireless space, viscoelastic boundary conditions, the results of the 

analysis is not much difference. The whole model of the calculation has a total of 85,617 units and 

90,779 nodes. Between the different materials, the surface-to-surface contacting element 
[13-14]

 is 

used. The calculation model is shown in figure 1 and figure 2, soil physical parameters in Table 1. 

In order to compare the true reflection of the station's shock absorption effect, select the middle 

part of the subway station (Z axis -31.5m) section defined as a key node, key point number Such 

as figure 3. 

1.2Seismic wave selection 
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According to the survey report of geotechnical engineering, the site classification of the 

station is second class, the design for earthquake is the first group, the peak acceleration value of 

ground motion is 0.2g, which is equivalent to 8 degrees of seismic intensity and 0.35s for ground 

motion response spectrum. In this paper, the typical el-centro wave horizontal direction is used as 

the seismic input and the acceleration curve of the first 10s time period. The adjusted horizontal 

velocity curve as follows: 

 

 

  

Fig 1 Subway station main model Fig2  Fig2 Finite element integral model 
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Fig 3 Key node location number Fig 4 Adjusted horizontal acceleration time-history curve 

 

 

Table 1 Physical properties of foundation soil 

Soil name 
thickness

（m） 

Density 

( 3mkg ) 

elasticity 

modulus( )MPa  

poisson ratio 

()m  

cohesive 

force

( )KPa  

internal 

friction angle 

()̄ 

miscellaneous fill 2.5 1880 8 0.45 15 15 

silty clay 6.5 1900 20 0.42 20 20 

Sand 5.0 1950 30 0.40 25 22 

silty clay 7.0 1940 35 0.33 25 22 

The interbedded strata of 

silty and clay 

16.5 2000 42 0.3 35 23 

Strongweathering siltstone 6.0 2300 60 0.28 45 35 

Medium weathering siltstone 4.0 2500 80 0.25 60 40 
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2Analysis of Underground Structural Mechanics Damping Model 

Taking the whole system as the object of study, the underground station, the shock 

absorption layer and the rock and earth mass are taken out as the isolator. Since the longitudinal 

length of the station structure is much longer than the length of the cross section, the damping 

principle can be approximated by the plane stress method. The stiffness of the rock and soil is 

assumed to be,the damping is ,the quality is;the stiffness of the damping layer is,the damping 

is,the quality isthe rigidity of the station structure is, the damping is ,the quality is, the 

deformation of the rock mass is under the earthquake action ,deformation is mainly transmitted 

through the shock layer to the underground structure. In order to facilitate the simple mechanical 

analysis, the complex model is simplified, as shown in Figure 5: 

Set the base displacement is
0Z ,

1Z ,
2Z and

3Z are the absolute displacements of the individual 

points,
1U ,

2U and
3U are the displacement of the particle relative to the respective equilibrium 

position,then: 
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Analyze the force of each particle，as shown in Figure 5： 
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For each particle, the equilibrium equation is listed separately： 
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Substituting equations (1), (2) into equilibrium equation (3)： 
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Fig 5 Simplified mechanical calculation model 

3Analysis of Shock Absorbing Effect of Different Materials on Structures 

This section chooses two different cushioning materials of foam and rubber, and a 25cm 

thick damping layer is set up between the soil and the station structure, and the structure is 

compared with the structure without damper layer. The parameters of the damping material are 

shown in Table 2. 

Table 2 Parameters of cushioning materials 

m3

Z3

c3
k3

m2

Z2

c2
k2

m1

c1
k1

Z1

Z0

+

f5 f6

f3 f4

f1 f2
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Material Name 

Density 

( )3/ mkg  

elasticity 

modulus ( )Mpa  

poisson ratio 

()m  

cohesive force 

( )Kpa  

Internalfriction 

angle()̄ 

cushioning material 

1（foam） 

1000 10 0.38 0.1 5 

cushioning material 

2（rubber） 

1000 1 0.45 0.6 6 

3.1Displacement  analysis 

It can be seen from Fig. 6 that the displacement variation is basically the same, and the 

displacement of each part of the subway station is larger than that of the buffer layer without the 

damping layer. It can be seen from Fig. 7 to 9 that the maximum displacement of the compressive 

layer materials 1, 2 is 0.205mm and 1.623mm higher than that of the non-damping layer, 

respectively. The smaller the elastic modulus of the cushioning layer is, the more the peak 

displacement increases, The maximum relative displacement decreases with the increase of the 

elastic modulus, which is favorable to the seismic resistance of the structure. 

  

Fig6 Maximum displacement of the main node 

under the different damping material 

Fig 7 Maximum displacement cloud map without 

damping layer structure 
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Fig 8 Maximum displacement of the structure 

under cushioning material 1 

Fig 9 Maximum displacement of the structure 

under the cushioning material 2 

 

3.2 Stress analysis 

It can be seen from Fig. 10: set the shock layer, the station structure of the general decline in 

stress, the effect of absorbing vibration is more obvious under install the cushioning material 2, 

the stress drop large, up to 23.3%; from Figure 10 to 13 :when the elastic modulus of the 

cushioning material decreases, the maximum equivalent stress of the structure decreases gradually, 

reaching a maximum of 6.8%, and the time delay of the structure reaches the peak of the stress , 

Changes the spectral characteristics of the structure, play a dual role in the protection of the 

structure. 

  

Fig 10Maximumprincipal stress of structures unde 

different damping materials 

Fig 11 Maximum equivalent stress of structure 

without damping layer 
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Fig 12 Maximum equivalent stress under the 

action of the damping material 1 

Fig 13 Maximum equivalent stress under the 

action of the damping materia 

4Vibration reduction analysis of structures with different thicknesses 

This section will continue to use the shock absorption effect of better material 2, set different 

thickness of the shock layer, for example 15cm,25cm and 35cm. The influence of the thickness of 

the damping layer on the structure of the station is analyzed to determine a reasonable thickness 

of the damping layer. 

4.1Deflection analysis 

 

Figure 14 The different thickness of the dampinglayer under the main nodes displacement 
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Fig15 Maximum displacement of the structure 

under 15cm thickening layer 

Fig 16 Maximum displacement of the structure 

under the 25cm thickening layer 

As can be seen from Fig. 14, the maximum displacement of the structural nodes increases in 

proportion to the increase in the thickness of the damping layer, and the ratio between the upward 

and downward displacements increases in the height direction and increases at the same 

height .From the cloud diagram 15 ~ 16, we can see that the maximum relative displacement 

difference of the structure decreases gradually from 7.857mm to 7.122mm with the increase of the 

thickness of the damping layer, and the structural displacement peak and the maximum relative 

displacement are postponed .It is helpful to resist earthquakes. 

4.2Stress analysis 

It can be seen from Fig. 17 that the shock absorbing effect is more and more obvious, the 

maximum stress decreases by 12.71%, 23.27% and 30.09%compared with those without the 

damping layer.; Figure 18 ~ 19 cloud diagram shows that: to change the thickness of the damping 

layer will not change the subway station structure under the earthquake load of the law, with the 

thickness of the shock layer to increase the structure of the equivalent stress is reduced, reaching 

10.17%. 
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Fig 17 The maximum principal stress of Structures 

under different thickness damping Layer 

  

Fig18 Maximum equivalent stress under 

the 15 cm thickening layer 

Fig 19 Maximum equivalent stress under 

the 25 cm thickening layer 

 

5Conclusion 

On the basis of discussing the principle of shock absorption, considering the material 

nonlinearity, damping, contact and other factors, the nonlinear numerical analysis of the material 

of the subway station absorption layer is made with flexible materials. The results show that: 

(1) The absorption layer is installed around the metro station structure, some of the force 

acting on the structure is absorbed and dispersed by the shock absorber material. The relative 

displacement and stress of the station structure are significantly reduced and the peak time to 

reach the stress and displacement is also postponed. The result is a change in the spectral 
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properties of the structure, playing a dual protective role； 

(2) The damping effect is different due to the different material characteristics. The rubber 

material with smaller elastic modulus has a better seismic reduction effect on the structure; the 

damping effect under the two kinds of shock absorbing layers is better the low of the structure; 

(3) The damping effect is more and more obvious with the increase of damping material 

thickness, the maximum stress decreases by 30.09%, the maximum horizontal displacement 

decreases by 9.35%, and the displacement and stress peak also change with the thickness put off. 

The thickness of the absorption layer is most suitable between 25cm and 35cm，taking into 

account the effect on structural deformation，thefield constructing conditions and the cost 
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