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Abstract. Based on the finite element model of approaching excavation of foundation pit, the 

influence laws of excavation depth and distance on the bridge pier deformation are studied. 

The results show that subsidence displacement of the bridge pier increases with the increasing 

of the approaching excavation depth. The axial force of the steel pipe near the bridge pier is 

greater than that far away from the bridge pier. The influence of approaching excavation 

distance on foundation pit decreases with the approaching excavation distance increasing. The 

maximum sedimentation deformation appears at the location of 0.5B (B is the lateral width of 

the pier). When the approaching excavation distance is less than 1B, sedimentation 

deformation of the pier is dangerous. When the approaching excavation distance is greater than 

1B, sedimentation deformation of the pier is safe. 

1.Introduction 

Approaching excavation problems in the process of rapid urbanization in China has been more and 

more common. Many new development project is close to the existing public facilities of the city, and 

how to ensure the normal construction conditions to minimize the impact of public facilities is an 

important issue. Bridge is the important part of urban traffic and components, and it is often required 

to maintain normal operation when the surrounding approaching excavation is constructed. In addition, 

the bridge is more sensitive to the change of surrounding environment, which makes approaching 

excavation of the Bridges being particularity and complexity. Thus, researching the bridge safety is 

necessary. 

About the approaching excavation, Peck [1] recommended to use the relation between the 

subsidence degree and the distance from edge of foundation pit to estimate subsidence. Li Fangming [2] 

studied the surrounding ground surface settlement laws caused by coupling effect of foundation pit 

excavation. Linya Tian [3] performed a settlement monitoring and trend prediction method, and built a 

prediction model, and this model can be applied to settlement predictions for buildings surrounding 

foundation pits. Hence, this model can be applied to settlement predictions for buildings surrounding 

foundation pits. Yang Min [4] performed the numerical simulation of foundation pit excavation based 

on the four basic deformation modes of retaining structures put forward by Goldberg [5], and found that 

the deformation of the maintenance structure has a linear relation with the maximum ground 

subsidence. Ning-wei Wang [6] derived a superposition calculation formula to calculated the surface 

settlement around deep excavation retaining structure. However, most researches are focused on safety 

evaluation of approaching construction, and there is less research about the influence of approaching 

construction on mechanic behavior of surrounding building. Thus, based on the finite element model 
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of approaching excavation of bridge, and studied the influence laws of excavation depth and distance 

on the bridge pier deformation. 

2. Analysis of the bridge pier subsidence and approaching excavation on support system 

deformation. 

2.1. Three-dimensional finite element model and pier subsidence. 

Software MIDAS/GTS is used to simulate the excavation of foundation pit. The soil constitutive 

model used Mohr-Coulomb. The boundaries of the left and right sides are fixed the X displacement, 

and the bottom of the model is fixed. The site sizes are 64×14.5×30m , and the pier is simulated by 

solid element, and pile foundation is simulated by beam element. Elasticity modulus of the pier is C30, 

and the density is 25kN/m3. The pier is simulated by elasticity constitutive model. Length of the pile is 

14.5m. The finite element model is shown in Figure 1. The influence laws of excavation depth on the 

bridge pier subsidence, as shown in Figure 2. 

              
Figure 1. Finite element model of the pier                       Figure 2.  Bridge pier subsidence 

 

As shown in Figure 2, the bridge pier subsidence increases with the increasing of excavation depths. 

The maximum subsidence displacement appears the last excavation, and the displacement is 1.47cm, 

which have exceeded the subsidence limiting value 1.2cm. Thus, when the approaching excavation 

depth is one time width of the pile caps, the bridge is dangerous. 

2.2. Deformation analysis of the retaining wall.  

The influence laws of excavation depth on the displacement of the left retaining wall, as shown in 

Figure 3 and Figure 4. 

 
Figure 3. Influence laws of excavation depth on the displacement of the left retaining wall 
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Figure 4. Influence laws of excavation depth on the displacement of the right retaining wall 

 

As shown in Figure 3 and Figure 4, the displacement of the left retaining wall increases with the 

increasing of excavation depths. The maximum displacement of the left retaining wall is 1.2cm. The 

displacement of the right retaining wall increases with the increasing of excavation depths. The top of 

the right retaining wall extends outward of the foundation pit. The maximum displacement of the top 

of the retaining wall is 0.6cm. The maximum displacement at the bottom of the retaining wall is 0.9cm. 

Axial force diagram of the top two layers of steel pipe support are show in Table 1 and Table 2. 

Table 1. Axial force of steel pipe support considering approaching excavation 

Number First layers of steel pipe support Second layers of steel pipe support 

1 -328 KN -1248 KN 

2 -528 KN -1500 KN 

3 -528 KN -1500 KN 

4 -328 KN -1248 KN 

Table 2. Axial force diagram of steel pipe support not considering approaching excavation 

Number First layers of steel pipe support Second layers of steel pipe support 

1 -415KN -1123 KN 

2 -467 KN -1173 KN 

3 -467 KN -1173 KN 

4 -415 KN -1123 KN 

 

As show in Table 1 and Table 2, the maximum axial force appeared on the second layer steel pipe 

support after the excavation, and the axial force of the first layer is less. The axial force of the steel 

pipe support considering approaching excavation is not uniform, and the axial force of the steel pipe 

near the bridge pier is greater than that far away from the bridge pier. The reasons are that the soil at 

the bottom of the pier appeared additional stress and produced the extrusion and thrust to the retaining 

wall and support system. 

3. Influence of approaching excavation distance on deformation of bridge pier. 

By changing the approaching excavation distance of the foundation pit and the pier, the deformation of 

the pier is calculated, as shown in Figure 5 and Figure 6. The distance (D0) are set as 0B, 0.5B, 1B, 

1.5B, 2B, 2.5B, 3B (B is the lateral width of the pier). 
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Figure 5. Change rules of pier deformations 

with approaching excavation distance 

 
 

Figure 6. Change rules of foundation pit deformations with 

approaching excavation distance 

 

As shown in Figure 5 and Figure 6, the influence of approaching excavation distance on foundation 

pit decreases with the approaching excavation distance increasing. The maximum sedimentation 

deformation appear at the location of 0.5B. When the approaching excavation distance is less than 1B, 

sedimentation deformation of the pier excelled the alarm value, and the pier is dangerous. When the 

approaching excavation distance is greater than 1B, sedimentation deformation of the pier is under the 

alarm value, and the pier is safe. The displacement of the foundation pit walls top appears the 

maximum value which is 1.7cm when the approaching excavation distance is 0B. With the increasing 

of the approaching excavation distance, when the approaching excavation distance is 2B, the influence 

of approaching excavation distance on deformation of the foundation pit seems to be disappearing. 

4. Conclusions. 

3B 2.5B 2B 1.5B 1B 0.5B 0B

-0.04

-0.03

-0.02

-0.01

0.00

S
u

b
si

d
en

ce
 d

is
p

la
ce

m
en

t 
(m

)

-0.012

 

Approaching excavation distance D0

Subsidence allowable value 

12

10

8

6

4

2

0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

 

 

Displacement of retaining wall (cm)

D
ep

th
 o

f 
fo

u
n
d
at

io
n
 p

it
 (

m
)

 0 times distance

 0.5 times distance

 1 times distance

 1.5 times distance

 2times distance

 2.5times distance

 3 times distance

 No pier



5

1234567890 ‘’“”

2018 2nd International Workshop on Renewable Energy and Development (IWRED 2018) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 153 (2018) 042005  doi :10.1088/1755-1315/153/4/042005

 

 

 

 

 

 

(1) Subsidence displacement of the bridge pier increases with the increasing of the approaching 

excavation depth. When the approaching excavation depth is one time width of the pile caps, the 

bridge is dangerous. 

(2) The maximum axial force appeared on the second layer steel pipe support after the excavation, 

and the axial force of the first layer is less. The axial force of the steel pipe near the bridge pier is 

greater than that far away from the bridge pier.  

(3) The influence of approaching excavation distance on foundation pit decreases with the 

approaching excavation distance increasing. The maximum sedimentation deformation appear at the 

location of 0.5B. When the approaching excavation distance is less than 1B, sedimentation 

deformation of the pier excelled the alarm value, and the pier is dangerous. 
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