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Abstract. A three-dimensional analysis model was established by finite element 

simulation to study the deformation and internal force changes of the cover plate, 

enclosure structure, support system, and surrounding soil during the excavation 

process of deep foundation pit at the Tatou Station of Fuzhou Metro Line 4 in 

soft soil. A corresponding theoretical basis for the excavation and support of the 

foundation pit project was provided. It was found that the maximum horizontal 

displacement of the retaining structure gradually develops downwards during ex-

cavation progresses. The maximum uplift of the base is 26.63 mm, and the sur-

face settlement on the cover side of excavation is 60% of that on the open side. 

The closer the supporting structure is to the bottom of the pit, the greater the 

change in axial force is as the excavation of the foundation pit. 

Keywords: numerical simulation; foundation pit; excavation; deformation; soft 

soil. 

1 Introduction 

In recent years, the development of urban underground space has driven subway con-

struction, and foundation pit engineering. As an early stage of underground structures, 

it faces enormous challenges[1-4]. As the scale and excavation depth of foundation pits 

increase, the requirements for the use of deep foundation pit engineering are becoming 

increasingly great. Previous studies mostly focused on the analysis of deformation and 

stability after excavation of foundation pits. References[5-8] studied the damage of re-

taining structures in foundation pit caused by stress characteristics, which in turn led to 

the failure of the entire foundation pit. There is little research on the stress and defor-

mation process of retaining structure and surrounding soil in foundation pit during the 

entire construction process, especially the deformation of deep foundation pits in soft 

soil areas and the internal force control of supporting structures. 

At present, numerical analysis method[9] and measured data analysis method[10] 

are mainly used to study the mechanical properties of foundation pit during excavation 

process. Cheng et al. [11] analyzed the measured data of deformation of the retaining 

wall, axial force of support and column piles, and surface settlement during the exca-

vation process of a 30.2 m deep foundation pit, then the deformation characteristics of  
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the deep foundation pit during excavation in a specific area of Hangzhou were summa-

rized. The research focuses on the actual excavation steps of each section of the subway 

deep foundation pit, and the deformation and stress characteristics of the foundation pit 

and the support structure during the full excavation process were studied. Guidance was 

provided for practical engineering. 

2 Engineering condition 

The excavation depth of the foundation pit at Tatou Station is about 17.40 m, the length 

of the foundation pit is 297.2 m, the width of the foundation pit is from 19.5 m to 27.1 

m, and the total length of the station is 297 m. 

3 Numerical analysis of the stress and deformation 

characteristics of covered excavation system in 

foundation pit 

Underground continuous wall and internal support and a combination of concrete sup-

port and steel support were adopted as the support form of the foundation pit. MIDAS 

GTS NX software was used in three-dimensional numerical analysis of foundation pit. 

The geometric model of the soil in deep foundation pit is shown in Figure 1. 

The length, the width and the depth of the model are 390 m, 120 m, and 52 m, re-

spectively. The normal displacement of the model's side and the displacement of the 

model's bottom in three directions were constrained. The vehicle load on the temporary 

covered plate of the deep foundation pit with the semi covered excavation method is 

taken as 20 KPa. 

 

Fig. 1. Geometric model and mesh division of soil (unit: m) 

The Mohr-Coulomb constitutive model is applied. A linear elastic constitutive rela-

tionship is used for finite element simulation, and the parameters of the numerical cal-

culation model are shown in Table 1. 
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Table 1. Parameters of support structure in the Model 

supporting structure gravity(kN/m3) Elastic modulus(MPa) Poisson's ratio 

Steel supports, steel pur-

lins 
78.5 200000 0.3 

diaphragm wall 25.0 31500 0.2 

Concrete support and 

cover plate 
25.0 30000 0.2 

3.1 Surface settlement and basement uplift. 

Figure 2 shows the variation of uplift at the bottom of the foundation pit, for the first 

phase of the foundation pit (Figure 2 (a)), the retaining structure on the south side of 

the excavation section is stronger than that on the north side. Therefore, the deformation 

of the upper strata around the south side towards the foundation pit caused by excava-

tion is relatively small, and the offset deformation due to the uplift at the bottom of the 

pit is relatively small. Therefore, under this working condition, the uplift on the south 

side of the foundation pit is slightly higher than that on the north side, as the maximum 

uplift at the bottom of the pit is 2.31 mm. 

Under the condition of Phase II, excavation 1 (Figure 2 (b)), the small foundation pit 

on the covered excavation side has been covered with a cover plate and filled back. The 

excavation of the first layer of soil on the open excavation side caused the uplift at the 

bottom of the foundation pit. Due to the limitation of the covered plate on the vertical 

deformation of the stratum, the uplift on the open excavation side is large on the north 

side of the foundation pit, as the maximum uplift is 3.9 mm. 

Afterwards (Figure 2 (c)~(f)), as the excavation depth of the foundation pit increases, 

the soil at the bottom continues to rise upwards, and the uplift gradually increases. It 

reaches a maximum of 26.63 mm during the excavation of Phase II, foundation pit 5 

(excavation of the bottom of the pit). During this period, the uplift deformation of the 

strata and column piles on the cover excavation side is limited by the upper columns, 

cover plates, and backfill soil, and the amount of uplift is always smaller than that on 

the open excavation side. 

 
(a)Phase I, excavation 
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(b)Phase II, excavation 1 

 
(c) Phase II, excavation 2 

 
(d)Phase II, excavation 3 
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(e)Phase II, excavation 4 

 
(f)Phase II, excavation 5 

Fig. 2. The uplift at the bottom of the foundation pit 

Figure 3 shows the surface settlement curve on both sides of the standard section on 

the foundation pit. It can be seen that the soil near the diaphragm wall on both sides of 

the foundation pit shows a clear settlement trend, and as excavation proceeds, the set-

tlement gradually increases. In the stable stage after excavation, the value of settlement 

reaches its maximum, and the settlement of the surrounding surface shows a trend with 

"groove" shape. Comparing the surface settlement curves on both sides, it can be seen 

that the lowest point of the groove in the settlement curve on the cover excavation side 

is closer to the foundation pit, as the distance is 9.65 m and the maximum value of 

settlement is 5.14 mm. The lowest point on the surface around the open cut side is 14.5 

m away from the edge of the foundation pit, and the maximum value of settlement is 

8.79 mm. 
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            (a)Open cut side                     (b)Covered excavation side 

Fig. 3. Surface settlement around both sides of the foundation pit 

3.2 Internal force analysis of enclosure structure. 

Figure 4 shows the variation trend of supporting axis force during different steps. Seen 

from Figure 4, when the first concrete support in step 6 was installed, the value of the 

axial force is 225 kN. After the soil under the support of the next steel support is exca-

vated, the value of axial force increases to 575 kN. After the second steel support is 

installed, the impact of subsequent excavation steps on the axial force of the first con-

crete support decreases. After excavating to the location where the fourth support is 

located, the axial force of the first support reaches a maximum of 700 kN, and then 

slightly decreases to 677 kN after the excavation of the base. 

 

Fig. 4. Supporting axis force under different steps 

The axial force with the initial installation of the second, third, and fourth steel sup-

ports is around 400kN, which is much greater than the axial force during the initial 

installation of the first support. Then it rapidly increases with excavation, which reaches 

its maximum as the bottom of the pit is excavated. The axial force of the fourth support 

increased fastest, which is followed by the third support. Therefore, the maximum axial 

force of the steel support occurs on the fourth steel support when the excavation of the 

foundation pit is completed. The maximum value of axial force is 1019.2 kN, which is 

less than the controlled value (2000kN). 
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4 Conclusions 

During excavation of deep foundation pit, the deformation and internal force changes 

of the support system and surrounding soil were analyzed. The conclusions are as fol-

lows: the axial force of the internal support is closely related to the vertical layout po-

sition of the internal support. The lower the position of the support structure, the greater 

the axial force of the support structure, which is extremely unfavorable for the support 

of foundation pit. Therefore, accurate design of positions of concrete support is crucial. 

As excavation proceeds, the settlement trend of the surrounding ground shows a 

"groove" shape, and the lowest point of the groove on the settlement curve of the cov-

ered excavation side is closer to the foundation pit. 
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