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Abstract. To analyze the factors affecting the water inflow of suspended water 

stop curtain foundation pits and study the water inflow patterns caused by the 

pressure reduction and precipitation process of pressurized water under different 

conditions, this paper adopts finite element numerical analysis method. Taking a 

suspended water stop curtain foundation pit project under construction in the wa-

ter rich strata area of the Yangtze River floodplain as an example, by controlling 

a single variable, the factors that cause the water inflow of suspended water stop 

curtain foundation pits under the condition of containing pressurized water are 

analyzed one by one. The variation law of unit flow rate at half width of founda-

tion pit with curtain distance under a single influencing factor is given. The re-

sults show that the inflow of confined water is directly proportional to the per-

meability coefficient, and both decrease with the increase of the depth of the wa-

ter stop curtain; The water inflow increases with the increase of the water level 

drop in the foundation pit, decreases with the increase of the influence radius and 

increases with the increase of the excavation depth of the foundation pit; As the 

distance from the curtain increases, the amplitude of unit flow change gradually 

decreases; There is an optimal insertion depth. 

Keywords: suspended water stop curtain; water inflow; Yangtze River flood-
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1 Introduction 

With the rapid development of Chinese economy, various regions are vigorously de-

veloping underground space projects. With the continuous improvement of Chinese 

infrastructure technology, the number of large and deep foundation pits is also gradu-

ally increasing, accompanied by many difficulties[1]. The treatment of groundwater is 

the most critical step. The treatment of groundwater during the excavation process of 

foundation pits is mainly divided into water stopping and precipitation. The commonly 

used construction treatment method is the combination of suspended water stopping  
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curtains and precipitation wells to control groundwater. This combination method in-
creases the length of the seepage path of groundwater flow into the precipitation wells, 
and there is continuous energy consumption during the process[2][3].Under the condition 
of suspended water stop curtain, the water inflow of the foundation pit is related to 
factors such as soil permeability coefficient, water level drop, radius of precipitation 
influence, excavation depth of the foundation pit, and the depth of the water stop curtain 
inserted into the bottom aquifer of the foundation pit[4]. At present, the design of sus-
pended water stop curtains is mostly based on regional experience and the research on 
suspended water stop curtains mainly focuses on deriving theoretical formulas and 
studying seepage laws, lacking comprehensive analysis of various factors that affect 
water inflow[5]. Xiaowei Li[6] established a two-dimensional foundation pit plane model 
and a two-dimensional foundation pit seepage field model for the suspended water stop 
curtain with pressurized water. Through numerical calculation, the corresponding rela-
tionship between the two models was obtained and the formula for the water inflow per 
unit length of the foundation pit was obtained; Bereslavskii[7] based on fluid mechanics 
theory, applied conformal transformation method to solve the steady-state seepage 
problem under sheet piles in a plane, and compared the numerical calculation results to 
analyze the influence of various physical parameters of the model on the seepage char-
acteristics; Miyake N[8] conducted multi aquifer pumping tests using multi screen pump 
wells and multi-stage pressure pipes based on a large foundation pit excavation project 
in Tokyo, Japan. The groundwater model was analyzed using finite element method, 
and the relationship between the length of the water stop curtain, pumping capacity, 
and the depth of the water level outside the curtain was obtained. Finally, the optimal 
length of the water stop curtain was determined; Lei Niu[9] used Mod-Flow software to 
obtain the variation law of the water inflow of the foundation pit with the insertion 
depth of the water stop curtain by changing the insertion depth of the water stop curtain; 
Hao Wang[10] derived the theoretical calculation formula for the water inflow of foun-
dation pits under the conditions of confined aquifers and suspended water stop curtains 
and verified the feasibility of the theoretical calculation formula. 

This article takes a foundation pit project in the water rich strata area of the Yangtze 
River floodplain as an example, and analyzes the factors affecting the water inflow of 
incomplete well foundation pits under pressure water conditions through numerical 
simulation, and obtains corresponding laws. 

2 Numerical Analysis of Finite Element 

2.1 Parameter Choice 

A certain foundation pit project is located in the water rich strata area of the Yangtze 
River floodplain, with a total length of 5.4km for the main line. Construction section A 
(hereinafter referred to as the pressurized water section) is 1.2km long, with a excava-
tion depth of 17m for the foundation pit, a water stop curtain insertion depth of 32m, 
and a water level drop of 1m to the bottom of the foundation pit. There is pressurized 
water distributed in round gravel, fine sand, and pebble mixed round gravel, with a 
pressurized water head of 63m. From top to bottom, the soil layers are: fill, muddy silty 
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clay, fine sand, pebble mixed round gravel, and round gravel. The parameters of each 
soil layer are shown in Table 1. In order to study the influence of a single factor on the 
seepage law, only one of the permeability coefficient k, the insertion depth L of the 
water stop curtain, the water level drop H, the influence radius R, and the excavation 
depth d of the foundation pit is changed. The permeability coefficient of the aquifer is 
taken as the mixed permeability coefficient, and the other parameters are the same as 
those in the previous construction section. The SEEP/W module in GeoStudio software 
is used to conduct numerical simulation calculation on the foundation pit to analyze the 
impact of the above influencing factors on the water inflow of the foundation pit. 

Table 1.   Values of the construction section parameter of  Section A 

Name thickness  
(m) 

unit weight 
(kN/m3) 

permeability coefficient
(m/d) 

Banket 3 18.5 6 
Silty Silty Clay 2 17.6 0.001 
Silty fine sand 6 18.2 12 

Pebble mixed with 
round gravel 6 20.5 20 

Round gravel 47 20.5 16 

2.2 The Establishment of Finite Element Model 

A numerical model is established to analyze the changes in the water inflow of the 
foundation pit under different influencing factors in the confined water section, as 
shown in Figure 1. 

 

Fig. 1. Numerical model of confined water section 

The model simulates the working conditions of the excavation of the foundation pit 
to the bottom, dividing the grid in units of 1m, taking half of the excavation width of 
the foundation pit according to the principle of symmetry and simplifying the model 
establishment. The entire length of the pressurized water section model is 216m .The 
thickness is 64m. The excavation depth of the foundation pit is 17m.The influence ra-
dius is 200m. The insertion depth of the water stop curtain is 32m.The pressurized water 
head is given 63m at the left boundary. The pumping of pressure relief wells in the pit 
is reflected by assigning a total head of 46m boundary condition at a position 1m below 
the bottom of the pit. 
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3 Analysis of Computing Result 

After the calculation is completed, the seepage field of the confined water foundation 
pit is shown in the Figure 2. 

 
Fig. 2. Schematic diagram of seepage of confined water 

3.1 The Influence of Soil Permeability Coefficient K on Water Inflow 

Based on a numerical model, the permeability coefficients k of the confined soil layer 
are taken as 46m/d,48m/d,50m/d,52m/d, 54m/d, 56m/d, 58m/d, and 60m/d, respec-
tively. The variation curves of the unit flow rate at half width of the foundation pit with 
distance under different permeability coefficients are shown in Figure 3. 

Fig. 3. The effect of soil permeability coefficient on water inflow 

From Figure 3, it can be seen that when other parameters remain unchanged, for 
confined water, the amplitude of unit flow change gradually decreases as the distance 
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from the curtain increases and the water inflow of the foundation pit increases with the 
increase of soil permeability coefficient k, with a more significant increase. 

3.2 The Influence of the Insertion Depth L of the Water Stop Curtain 
on the Water Inflow 

Based on a numerical model, the depth L of the water stop curtain in the pressurized 
water section is taken as 28m,29m,30m, 31m, 32m, 34m, and 36m, respectively, to 
obtain the variation curve of the unit flow rate of the half width of the foundation pit 
with distance under different insertion depths of the water stop curtain, as shown in 
Figure 4. 

Fig. 4. The effect of curtain depth on water inflow 

As shown in Figure 4, when other parameters remain unchanged, there is an optimal 
insertion depth for the water stop curtain for confined water. When the water stop cur-
tain is less than this depth, the water inflow of the foundation pit rapidly decreases with 
the increase of the insertion depth of the water stop curtain; When the water stop curtain 
is greater than this depth, the water inflow of the foundation pit slowly decreases with 
the increase of the insertion depth of the water stop curtain. 

3.3 The Impact of Water Level Drop H on Water Inflow 

Based on a numerical model, the water level drop H of the foundation pit in the confined 
water section is taken as 16.5m,17m,17.5m,18m,18.5m,19m,19.5m and 20m, respec-
tively. The variation curve of the unit flow rate of the half width of the foundation pit 
with distance under different water level drops is shown in Figure 5. 
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Fig. 5. The effect of water level reduction on water inflow in foundation pits 

From Figure 5, it can be seen that when other parameters remain unchanged, for 
confined water, the amplitude of unit flow change gradually decreases as the distance 
from the curtain increases and the water inflow of the foundation pit increases with the 
increase of water level drop in the foundation pit. 

3.4 The Impact of Radius R on Water Inflow 

Based on the numerical model, the influence radii R in the confined water section are 
taken as 100m,125m,150m,175m,200m, 225m, 250m, 275mand 300m respectively and 
the variation curve of unit flow rate at half width of the foundation pit with distance 
under different influence radii is shown in Figure 6. 

Fig. 6. The effect of radius of influence on water inflow 
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From Figure 6, it can be seen that when other parameters remain unchanged, for 
confined water, the change in unit flow rate gradually decreases and the decrease is not 
significant as the distance from the curtain increases. The water inflow decreases with 
the increase of the influence radius R. 

3.5 The Influence of Excavation Depth D of Foundation Pit on Water 
Inflow 

Based on a numerical model, the excavation depth d of the foundation pit in the con-
fined water section is taken as 15m, 16m, 17m, 18m, 19m,20m and 21m respectively. 
The variation curve of the unit flow rate of the half width of the foundation pit with 
distance under different excavation depths is shown in Figure 7. 

Fig. 7. The effect of depth of excavation of foundation pits in water inflow 

From Figure 7, it can be seen that when other parameters remain unchanged, the 
amplitude of unit flow change gradually decreases with the distance from the curtain 
and the water inflow increases with the increase of excavation depth d. 

4 Conclusions 

Based on a certain foundation pit project in the water rich strata area of the Yangtze 
River floodplain, this article calculates the effects of five influencing factors, namely 
the permeability coefficient k, the insertion depth L of the water stop curtain, the water 
level drop H, the influence radius R, and the excavation depth d, on the water inflow of 
the foundation pit. The conclusion is as follows: 

(1) The water inflow of the confined water is directly proportional to the permeabil-
ity coefficient, decreasing with the increase of the water stop curtain depth, increasing 
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with the increase of the water level drop in the foundation pit, decreasing with the in-
crease of the influence radius and increasing with the increase of the excavation depth 
of the foundation pit.  

(2) As the distance from the curtain increases, the amplitude of unit flow change 
gradually decreases.  

(3) It can be inferred from the influence of curtain depth L on water inflow that there 
exists an optimal insertion depth under each specific condition. Subsequently, detailed 
analysis can be conducted based on the actual geological and hydrogeological condi-
tions of the construction site, taking into account the coupling effects of various influ-
encing factors to obtain the optimal solution. 
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        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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