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Abstract 

The dynamic time history response of slopes under the condition of seismic 

action is studied by using FLAC3D finite difference element software, and the 

dynamic response of velocity, acceleration, displacement and stress of each 

part of the slope are obtained. The results show that the seismic response of 

small diameter biased double tunnel has a magnifying effect on the slope, and 

the effect of the left tunnel on the horizontal displacement of the slope is larger 

than that of the right tunnel with larger depth. The influence of the right tunnel 

on the vertical displacement of the slope is larger than that of the left tunnel. 

The stress response degree of the slope decreases with the increase of the 

elevation, but due to the influence of the existing small diameter biased double 

tunnel, the stress distribution is localized and the slope of the right tunnel with 

large depth is reduced significantly larger than the shallow depth of the left 

tunnel. Slope in the existing small diameter biased double tunnel excavation 

does not affect the area in which speed and acceleration of slope have a 

significant amplification effect, and with the elevation increases, the more 

obvious amplification effect. However, the acceleration and velocity response 

of the slope waist in the affected area of slope is changed, which is greater 

than the top and toe of the slope. 
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0. INTRODUCTION 

In recent years, with the rapid development of tunnel engineering in China, more and 

more tunnel projects in the mountains and other complex geological conditions 

encountered by the engineering problems are increasingly prominent[1-3], especially by 

the earthquake, blasting work caused by mountain tunnels next to the mountain slope 

landslides occur from time to time. Under the action of earthquake, the dynamic 

response characteristics of the slope in the existing small diameter biased double 

tunnel has been an important subject. At present, domestic and foreign scholars have 

also carried out relevant research on this issue, LIU Huali[4] discussed the 

multi-solution of the safety factor of slope stability, and analyzed the agreement 

between the theoretical solution of rock slope and the numerical solution. Huang 

Juan[5] used FLAC finite difference model combined with specific engineering 

examples to study the seismic response characteristics of shallow buried small-pitch 

bias tunnels, and the conclusions can provide reference for similar bias tunnel 

design.LI Yushu[6] used the dynamic finite element method to study the full-time 

dynamic response rules of the lateral slope of the bias tunnel at the same time in 

horizontal earthquake, vertical earthquake and horizontal and vertical earthquakes, on 

this basis, further analyze the time-varying process of the minimum dynamic safety 

factor and evaluate the stability of the earthquakes by the two indicators of the 

average safety factor and the permanent deformation. JIANG XueLiang[7] analyzed 

the dynamic response of a rock slope cut through by a mountain expressway tunnel 

under earthquake load by simulating whether reinforcement is anchored or not. The 

results indicated that， the rock slope had an amplification effect on seismic 

acceleration and the amplification effect could be suppressed effectively by rock bolts 

in a certain range．LIU Hongshuai[8] proposed a new slope dynamic stability 

evaluation index - reliability dynamic safety factor, and its application to a rock slope 

and quasi-static method of the results were compared. The above results are mainly 

for the independent slope system, the analysis of its seismic stability conclusions. 

When the tunnel passes through the rock slope, the occurrence of the tunnel increases 

the time and space uncertainty of the seismic wave acting on the slope rock mass, 

which makes the seismic response more complicated. 

At present, at home and abroad on the earthquake under the action of the slope in the 

existing small diameter biased double tunnel under the circumstances of the dynamic 

response of the rare report. For this reason, in this paper, the FLAC3D finite 

difference software is used to study the dynamic time-history response of the slope in 

the existing small diameter biased double tunnel ,and the dynamic response of the 

slope acceleration, velocity, displacement and stress is obtained, in order to provide 

technical reference for tunnel seismic design and slope protection. 
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1. PROJECT OVERVIEW 

The high slope of the Minjiang River double bridge is located in Jiuzhaigou County, 

Sichuan Province. The No. 2 rock pile of the slope is roughly fan-shaped spread on 

the slope. The rock slope is steep and the slope is between about 30°and 38° , the 

slope covered with miscellaneous trees, dense woods.The area in China's landform 

ladder ups and downs of the most intense deep steep mountain valleys. Railway lines 

along the two sides of the Minjiang River, in the region through the four active fault 

zone, involving a total of more than a dozen activities ranging from the average slip 

rate of more than 0.5mm/a or more. Slope area formation lithology complex, 

unfavorable geological distribution, in natural conditions will cause the slope of the 

rocky and soil lateral displacement ,resulting in a slight landslide. Minjiang 

earthquake zone is a high intensity earthquake strong earthquake zone, the basic 

intensity of the earthquake is 7 degree, the seismic peak acceleration is 0.2g.Tunnel 

hole shallow buried bias section is selected as research object, which is a double-line 

tunnel with a horseshoe section,11.7m high and 13.92m wide. Systematic bolts are set 

to reinforce the tunnel hole with a length of 5m, and a secondary lining thickness of 

0.6m.The distance between the left tunnel and the slope is 15.1 m, and the right tunnel 

is 23.2m from the slope. 

 

2. DAMPING AND BOUNDARY CONDITIONS 

The theoretical of Rayleigh damping and dynamic analysis methods are similar, at the 

same time, the calculation results of the acceleration response rules are in line with 

the actual situation. Therefore, using Rayleigh damping to simulate the viscosity of 

the surrounding rock: 

                          C K M                                  

Where C is the damping matrix,  is the mass damping coefficient, and  is the 

stiffness damping coefficient. 
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i
 , 

j
  are the damping of the ith and j-order modes, respectively, and 

i
 , 

j
  are 

the natural frequencies of the ith and j-step modes, respectively. In this paper, the 

minimum critical damping ratio is taken as 5% and the minimum center frequency is 

16.8. 

Because the viscoelastic boundary can overcome the low frequency drift problem 

caused by the viscous boundary, it can simulate the elastic recovery performance of 

the semi-infinite medium outside the artificial boundary, and has good frequency 

stability[9]. Therefore, the viscoelastic boundary is used on the toe edge of the model 

and the surrounding boundary of the model. 

 

3. NUMERICAL CALCULATION MODEL AND PARAMETERS 

In this paper, FLAC3D finite difference software is used to build the numerical 

model.The model size is 220m long, the left border is 60m high, the right boundary is 

120m high, the tunnel openings are at the level of 99.56m and 120.44m respectively, 

and the left tunnel is 15.1 m from the slope, and the right tunnel is 23.2 m from the 

slope, tunnel and slope layout shown in Figure 1. 

 

 

Figure 1: Global finite difference mesh model 

 

The soil constitutive materials are elastomeric constitutive relation. The material 

characteristics are Mohr-Coulomb yield criterion, and the surrounding rock and the 

secondary lining are solid elements. According to the relevant data provided in the 

project, the physical and mechanical parameters of the model are shown in Table 1. 
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Table 1: Physical and mechanical parameters 

Name  
Unit weight 

(kg.m3) 

Internal 

cohesive 

force(Pa) 

Friction 

angle (°) 

Elasticity 

modulus 

(Pa) 

Poisson’s 

ratio 

Surrounding 

rock 
2100 1.11E+04 35.0 8.10E+08 0.23 

Lining 2500 - - 3.10E+09 0.30 

 

5. THE ARRANGEMENT OF THE MONITORING POINTS 

In order to study the dynamic response rules of the slope in the existing small 

diameter biased double tunnel under the condition of seismic load, the monitoring 

points were set up at the top of the slope, the slope waist and the toe of the 

slope,which recorded the dynamic response data under the action of earthquake. The 

monitoring points are arranged as shown in Fig 2. 

 

 

Figure 2: The arrangement of monitoring points 

 

6. SELECTION OF SEISMIC WAVES 

Time history method was used to analyze the seismic effect of the structure and 

Wenchuan earthquake waves were input .The acceleration curve of the wave velocity 

in Wenchuan earthquake is shown in Fig.3. 
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Figure 3: The acceleration time history of Wenchuan earthquake 

 

7. CALCULATION RESULTS AND ANALYSIS 

7.1 Displacement response analysis 

In order to study the distribution of slope displacement response in the existing small 

diameter biased double tunnel under the action of seismic action, the response rules of 

slope displacement are analyzed from horizontal and vertical directions respectively. 

Fig. 4 and Fig. 5 show the displacement cloud of the slope in the horizontal and 

vertical directions when the slope is in the existing small diameter biased double 

tunnel. Figure 6 shows the vertical displacement curve of the slope monitoring points 

on each slope. 

     

Figure 4:The horizontal displacement      Figure5:The vertical displacement  

           Nephogram                        nephogram 
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Figure 6: The time history curve of vertical displacement of slope monitoring points 

 

It can be seen from Fig. 4 that under the action of earthquake, the displacement of the 

slope in the horizontal direction is affected by the existing small diameter biased 

double tunnel.The larger displacement of the slope is concentrated in the right arch 

part and the upper right part soil of the shallow left tunnel,and the high displacement 

area is mainly distributed in the upper part of the slope waist to the transfixion area of 

the left tunnel, the maximum horizontal displacement is 0.49m, and gradually reduce 

along the two sides.The influence of the deep right tunnel on the horizontal 

displacement of the slope mainly occurs in the smaller part of the vault and the upper 

part of the arch.The result was found that under the action of earthquake, the left 

tunnel with shallow depth has a greater influence on the horizontal displacement of 

the slope than the right tunnel with large buried depth.The Fig. 5 shows that the larger 

displacement of the slope in the vertical direction is concentrated in the slope shoulder 

and the upper part of the slope waist, and the maximum vertical displacement is 

0.66m.Near the two tunnels, the main displacement is concentrated in the dome of the 

right side of the tunnel with a large burial depth.It can be seen that under the 

horizontal earthquake,the effect of near the shoulder part of the right side tunnel with 

a large burial depth on the vertical direction of the slope is greater than that of away 

from the slope shoulder part of the left side tunnel with a small burial depth. 

It can be seen from Fig. 4 and Fig. 5 that under the action of horizontal earthquake, 

the distribution of displacement response of the slope is affected by the existing small 

diameter biased double tunnel.The displacement of the slope in the horizontal 

direction is mainly concentrated in the small diameter double tunnel and near the 

upper part of the slope waist, and extends from the slope interior to the slope surface, 

affecting the displacement of the entire slope.And the displacement of the slope in the 
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vertical direction is mainly concentrated in the slope shoulder part, from the right side 

of the tunnel dome to the shoulder, showing a gradual amplification trend, but the 

vertical displacement of the slope toe has little effect. 

 

7.2 Stress response analysis 

To describe the dynamic response rules of the stress to the slope under the action of 

the earthquake, the maximum principal stress values of the monitoring points of the 

slope are recorded and extracted, as shown in Fig.7 and Fig.8. 

      

   Figure 7: The time history curve of    Figure 8: The maximum principal stress 

    maximum principal stress of slope              of slope monitoring 

 

The Fig.7 shows that during the earthquake, the maximum principal stress of each 

monitoring point of the slope is as follows: it increases suddenly at 0~1.5s and 

reaches the maximum at 1.5s.In 1.5~5s, the maximum principal stress of each part is 

gradually reduced.After 5 s, the maximum principal stress of each part of the slope 

stabilized after a small vibration.At the same time, the maximum principal stress 

value of each part of the slope is different,when the each part of slope tends to be 

stable, its size is sorted (from large to small): slope toe (P19)> slope waist 

(P17) >slope waist(P13)> slope waist (P15)> slope top (P11).points P15 on the left 

tunnel axis line, and point P13 on the right tunnel axis.From Figure 8, due to the 

existence of the tunnel, the excavation of the tunnel causes the original stress of the 

soil above the vault to be released,reduces the maximum principal stress of the slope 

monitoring points, and the effect of the left tunnel on stress reduction is more obvious 

than the right tunnel. 

It can be seen that the stress response of the seismic action to the slope decreases with 

the increase of the elevation. However, due to the influence of the existing small 
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diameter double tunnel, the distribution of the slope stress part changes, The release 

effect of the left tunnel on the maximum principal stress of the slope is obviously 

larger than that of the right tunnel with large buried depth. 

 

7.3 Acceleration response analysis 

In order to describe the acceleration response rules of the slope under the action of the 

earthquake, the acceleration response of each monitoring point under the earthquake 

is recorded as shown in Fig.9.Meanwhile, the PGA magnification factor[10] is used to 

express the slope magnification factor,that is, the ratio of the acceleration peaks of any 

one of the dynamic response acceleration to the acceleration response of the slope 

toe,the PGA magnification factor of the each elevation of uniform longitudinal section 

of the slope is monitored as shown in Fig.10.  

 

      

Figure 9: The time history curve of     Figure 10: The amplification coefficients of  

         vertical acceleration                   acceleration at monitoring  

        of slope monitoring points                    points of slope 

 

The Fig. 9 showed that under the action of earthquake, the acceleration variation of 

the slope with the small diameter biased double tunnel is basically the same, and it has 

a large vibration in the range of 0~1.5s and reaches the maximum value. In the range 

of 1.5~12.0s,it has a smaller amplitude of vibration and gradually reduces. After 12.0s, 

the acceleration response degree of each part of the slope gradually reduced and 

stabilized. The degree of acceleration response of the slope is different, and response 

of the slope waist(P13) is the highest, and the maximum value is 9.336
2/m s  at 

0.4s,the minimum is the slope toe(P19), at 0.38s, reached a maximum of 5.181
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2/m s .It can be seen from Fig. 10 that in the uniform longitudinal section of slope, the 

acceleration amplification effect is more obvious as the slope elevation increases. 

When the elevation is 115m, where the PAG amplification factor is 1.78, that is, the 

maximum acceleration at the monitoring point of 115 m is 1.78 times the maximum 

acceleration at the toe of the slope. It is concluded that due to the influence of the 

tunnel excavation on the slope waist, the dynamic response degree of the slope waist 

under the action of the earthquake is larger than that of the slope top. However, in the 

area not affected by tunnel excavation, the acceleration response degree of the slope 

increases with the increase of slope elevation. Therefore, the acceleration distribution 

of the slope under the action of the earthquake is changed due to the occurrence of 

small diameter biased double tunnel, and the acceleration response degree of the slope 

waist is the largest. 

 

7.4 Speed response analysis 

In order to study the velocity response rules of the slope in the existing small diameter 

double tunnel under the action of seismic action, the velocity response of each part of 

the slope is extracted and the velocity response curve is drawn as shown in Fig.11.The 

velocity amplification factor of the same longitudinal section of the slope is calculated 

as shown in Fig.12. 

 

      

Figure 11: The time history curve of velocity     Figure 12: The slope velocity  

       speed of slope monitoring points            amplification coefficient 

 

The Fig. 11 shows that under the action of earthquake, the velocity response rules of 

each monitoring point is different in the case of the existing small diameter double 
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tunnel.Slope waist (P13), slope waist(P15) and slope top (P11) in the initial stage of 

the earthquake, the velocity response degree is the largest , the rest of the monitoring 

velocity response degree is small.The velocity response of each monitoring point 

suddenly increases in 0-2.2s, the slope waist (P13) reaches the maximum value of 

0.592m/s at 2.2s, and the slope top (P11) reaches the maximum value of 0.461m/s at 

0.23s.The velocity response of the monitoring point of slope in the 2.2 ~ 17.0s time 

period gradually reduced, and has a small vibration.After 17.0s, the velocity response 

of each monitoring point of slope gradually stabilized.It can be seen from Fig. 12 that 

slope in the existing small diameter distance bias double tunnel excavation does not 

affect the area,the velocity response peak of each monitoring point increases with the 

slope elevation increases.When the slope elevation is 115m, the peak velocity of the 

slope top is 5.45 times of the peak velocity of the toe of slope.The results show that, 

under the action of earthquake, with the increase of elevation, the amplification effect 

is more obvious, indicating that the seismic response to the slope has a magnification 

effect and increases with increasing elevation. 

 

8. CONCLUSION 

In this paper, the FLAC3D finite difference software is used to study the dynamic 

time-response response rules of the slope in the existing small diameter double tunnel 

under the action of seismic load.The dynamic response rules of the slope are obtained, 

such as acceleration, velocity, horizontal displacement and stress,and draw the 

following conclusions: 

(1)The existing small diameter distance bias double tunnel has a magnifying effect on 

the seismic response degree of the slope.Under the action of earthquake, the effect of 

the left tunnel with shallow depth on the horizontal displacement of the slope is larger 

than that of the right tunnel with larger burial depth. The influence of the right tunnel 

on the vertical displacement of the slope is larger than that of the left tunnel. 

(2)The stress response degree of the slope under the action of the earthquake 

decreases with the increase of the elevation. However, due to the influence of the 

existing small diameter distance bias double tunnel, the distribution of the slope stress 

part changes, the effect of the left tunnel with shallow depth on stress reduction is 

more obvious than the right tunnel with larger burial depth. 

(3)Under the action of earthquake, the velocity and the acceleration have a significant 

amplification effect in the area where the slope is not affected by the existing small 

diameter distance bias double tunnel excavation, and the amplification effect becomes 

more obvious as the elevation increases.However, the acceleration and velocity 

response rules of the slope waist in the affected area of the slope,and expressed as the 

acceleration and velocity response degree of the slope waist is greater than that of the 
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slope top and the toe of the slope.It is recommended that the relevant construction and 

design personnel strengthen the slope waist reinforcement protection measures to 

ensure the safety and stability of tunnels and slopes.  
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