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Abstract

:

This paper is aimed at the problem of inaccurate calculation of the water inflow of a foundation pit with a suspended water-proof curtain in a confined water stratum. According to the groundwater hydraulics principle, the theoretical model of the seepage field of the foundation pit is established, and the analytical formula of the water inflow for the circular, strip, and rectangular foundation pits is deduced. The seepage path influence coefficient α related to the water-proof curtain insertion ratio, the thickness of the confined aquifer, and the radius of the foundation pit is proposed and obtained by the positive and negative analysis of numerical simulation. The coefficient is used to correct the equivalent seepage length in the pit and directly affect the calculation result of water inflow. Finally, based on the calculation results of the analytical solution of water inflow, the relationship between the scale of the foundation pit and the water control effect is discussed. The research results show that the theoretical analysis results in this paper are in good agreement with the numerical results and the measured data in the field: when the size of the foundation pit is too large, it is not suitable to use the suspended water-proof curtain as the water control measure.
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1. Introduction


In recent years, with the continuous improvements in national economies and urbanization levels, more and more high-rise buildings and large-scale underground structures have appeared in cities, resulting in the number of deep foundation pits sharply increasing [1,2,3,4]. However, the deep foundation pit often encounters the confined water stratum during the excavation process, and dewatering measures need to be taken to avoid problems such as groundwater inrushing and overall floating when the hydraulic head is high [5,6]. Among the existing dewatering measures, the “wall–well” dewatering system [7,8,9], which is composed of pumping wells and suspended water-proof curtains, has been widely used because of the advantages of outstanding water control effect and economic benefits. During the design of the “wall–well” system, it is necessary to accurately calculate the water inflow to reasonably determine the dewatering capacity [10,11,12]. Extensive existing research has studied the water inflow of the foundation pits with suspended water-proof curtains from analytical solutions, numerical simulation, and site measurements. Shen [13] considered the barrier effect of the water-proof curtain from two cases and proposed a series of simple equations to calculate the head difference at the two sides of the water-proof curtain. Wang [14] carried out the numerical simulation of the large deep excavation by 3D finite difference method (FDM) and compared it with the observation results; the analysis results show that the water-proof curtain can minimize seepage and uplift in large excavation pits, although settlement outside the pit may need treatment measures. Pujades [15] used numerical and analytical methods to derive semi-empirical equations to quantify the two barrier effects for semi-permeable, partially penetrating (or fully penetrating but finite in length), and barriers with a by-pass in confined aquifers, obtaining excellent agreement between the calculated and observed barrier effects at two construction sites. Wu [16] investigated the mechanism of the blocking effect, which is affected by dewatering through the finite difference method; the results show that drawdown varies along the depth of the confined aquifer, and the influence factors of drawdown inside and outside the pit include insertion depth of retaining walls, anisotropy of a confined aquifer, and screen length of pumping wells. Luo [17] conducted a three-dimensional finite element simulation to analyze the dewatering process of the Dongjiadu subway tunnel repair foundation pit in Shanghai. Li [18] regarded the foundation pits with suspended water-proof curtains as a large-diameter vertical well, and a simplified formula for water inflow calculation of foundation pit dewatering was derived; the simplified formula had a higher accuracy when the curtain insertion ratio was greater than 0.6 and the value of the foundation pit radius to confined aquifer thickness was less than 2.0.



In conclusion, the existing analytical solutions do not have a good consistency with numerical solutions and site-measured values. They only have good accuracy in some specific r0/M and L/M intervals (where r0 is the radius of the circular foundation pit, L is the insertion depth of the water-proof curtain, and M is the thickness of the confined aquifer). The reason is that the equivalent length of the seepage path applied in water inflow calculation is unreasonable. Numerical methods are based on specific engineering projects, and the accuracy of the results depends on the selection of parameters and boundary conditions [8,9,10,11,14], which is not universal. This paper obtained the analytical solutions of water inflow for multi-shape foundation pits, introduced the influence coefficient α of seepage path length, and proposed the expressed formula. The results show that the analytical solutions in this paper are in good agreement with the numerical results and measured data.




2. Water Inflow Solutions of Circular and Strip Foundation Pits


Only radial seepage is considered; the seepage analytical models of strip foundation pits and circular foundation pits can be regarded as two-dimensional cases. The central axis of the foundation pit is taken as the z-axis, the radial direction of the foundation pit is taken as the r-axis, and the intersection of the central axis and the bottom plate of the aquifer is selected as the origin to establish a coordinate system. The central axis and the radial direction of the foundation pit are taken as the z-axis and the r-axis, respectively. A coordinate system is established in which the origin is the intersection of the central axis and the bottom of the aquifer. According to the principle of hydraulics, the theoretical model of the foundation pit with the suspended water-proof curtain in the confined water stratum is established. As shown in Figure 1, where H is the water table of the confined water, r0 is the length from the central axis of the foundation pit to the excavation boundary, R is the influence radius of dewatering, h0 is the value of the hydraulic contour line at the bottom of the water-proof curtain, D(z) is the hydraulic head distribution function on the outer side of the water-proof curtain, Hd is the water table in the foundation pit, Hw is the hydraulic head at the maximum drawdown position of the aquifer, L is the length of the water-proof curtain inserted into the aquifer, and M is the thickness of the aquifer.



To obtain water inflow of the foundation pit in a confined water stratum, several assumptions are made: the thickness of the water-proof curtain is ignored; there is a steady seepage process in the calculation region; the water table in the foundation pit is horizontal; only radial seepage is considered The seepage region can be divided into three parts: the outside of the foundation pit (Region 1), the region below the water-proof curtain in the foundation pit (Region 2), and the vertical seepage region in the pit (Region 3). Due to the water interception effect of the water-proof curtain, the water in Region 1 flows around into Region 2, and the water horizontally flows below the water-proof curtain, then the flow direction is turned in Region 2 and the water flows into Region 3 vertically.



Based on the seepage continuity, the water inflow in the three regions is the same, namely:


   Q 1  =  Q 2  =  Q 3  = Q  



(1)




where Q1, Q2, and Q3 are the water inflow in the three regions, respectively; Q is the water inflow in the foundation pit. Because only radial seepage is considered, the hydraulic head distribution in the seepage region is independent of the angle, based on the two-dimensional condition, the hydraulic head at each point in the seepage region can be expressed as h(r, z), and the boundary conditions in the seepage region are given as:


   {    h  (  r , z  )  = H ;   r =  r 0  + R ,   z > 0       ∂ h  (  r , z  )    ∂ z   = 0 ;   0 ≤ r ≤  r 0  + R ,   z = 0       ∂ h  (  r , z  )    ∂ z   = 0 ;    r 0  < r ≤  r 0  + R ,   z = M     h =  h 0  ;   r =  r 0  ,   0 ≤ z ≤ M − L     h = D  ( z )  ;   r =  r 0  ,   M − L ≤ z ≤ M     h  (  r , z  )  =  H d  ;   0 < r <  r 0  ,   z =  H d       



(2)







2.1. Water Inflow Calculation Outside the Foundation Pit


According to Darcy’s law, the horizontal seepage velocity for each point in the aquifer can be calculated as:


   v r  = −  k r    ∂ h  (  r , z  )    ∂ r    



(3)




where vr is the horizontal seepage velocity and kr is the horizontal permeability coefficient in the confined aquifer. The flow rate through each section in Region 1 can be expressed as:


   Q 1  = − 2 π r    ∫ 0 M    v r     d z  



(4)







Substituting Equation (3) into Equation (4), water inflow for the circular and strip foundation pit in Region 1 can be denoted as:


     Q 1  = 2 π r  k r     ∫ 0 M     ∂ h  (  r , z  )    ∂ r      d z      Q 1  = l  k r     ∫ 0 M     ∂ h  (  r , z  )    ∂ r      d z    



(5)




where l is the length of the strip pit. According to the existing experimental and field monitoring data [19,20,21,22], the distribution law of hydraulic head on the outer side of the water-proof curtain can be approximated as:


  D ( z ) =     z − M + L  L    (  H w  −  h 0  ) +  h 0   



(6)




by substituting boundary conditions Equations (2) and (6) into Equation (5), the water inflow outside the circular and strip foundation pit can be calculated as:


     Q 1  =   2 π  k r   [  3 M  (   h 0    −   H  )    +   2 L  (   H w    −    h 0   )   ]    3 ln    r 0    R   +    r 0           Q 1  =   l  k r   [  3 M  (   h 0    −   H  )    +   2 L  (   H w    −    h 0   )   ]   R     



(7)








2.2. Water Inflow Calculation in the Foundation Pit


The water in Region 1 flows around into Region 2, then the flow direction is turned in Region 2 and there is only water flowing vertically in Region 3. Therefore, the shortest seepage path Lmin of water flow in Region 2 and Region 3 is denoted by:


   L  min   =  H d  − M + L  



(8)







The longest seepage path Lmax is:


   L  max   =  r 0  +  H d   



(9)







It should be pointed out that if the hydraulic head is in the impermeable layer, that is, Hd > M, then Hd in Equations (8) and (9) is replaced by M. When Darcy’s law is used to calculate the water inflow in the foundation pit, most of the existing analytical solutions are to replace the equivalent seepage length by the average of the longest seepage path and the shortest seepage path [13,18], or 2Lmin. The water inflow calculated by those two methods is only reasonable in the specific intervals of r0/M and L/M. In fact, the length of the equivalent seepage path that is used to calculate the water inflow in the foundation pit should vary with r0/M and L/M, and it is unreasonable to substitute by (Lmax + Lmin)/2 or 2Lmin. In order to accurately calculate the water inflow in the foundation pit in the confined water stratum, the seepage path influence coefficient α, which can reflect the change in the equivalent seepage path length with r0/M and L/M, is introduced, and the fitting formula is explored through numerical simulation in the next section. The length of the equivalent seepage path can be expressed as:


   L ¯  = α ⋅    (   L  max   +  L  min    )   2  =   α  (  2  H d  +  r 0  − M + L  )   2   



(10)




where α is the function whose variables are r0/M and L/M:


  α = f  (     r 0   M  ,  L M   )   



(11)







The water inflow for the circular and strip foundation pit in Region 2 and Region 3 is calculated by:


     Q 2  =  Q 3  =  k v    2 π  r 0 2   (   h 0    −    H d   )    α  (  2  H d    +    r 0    −   M   +   L  )         Q 2  =  Q 3  =  k v    l  r 0    (   h 0    −    H d   )    α  (  2  H d    +    r 0    −   M   +   L  )       



(12)




where kv is the vertical permeability coefficient.




2.3. The Hydraulic Head at the Maximum Drawdown Position of the Aquifer Hw


Under the condition of ignoring the thickness of the water-proof curtain, the reduction of hydraulic head is greater than the outer side of the curtain when the water flows through the inner side of the curtain. Based on the existing experimental and field monitoring data [19,20,21,22], the reduction of the hydraulic head when the water flows through the inner side of the curtain accounts for about 2/3 of the total reduction in the unconfined aquifer. However, the direction and characteristics are the same whether the water flows around the water-proof curtain in the confined water stratum or the unconfined water stratum. The conclusion applied to the confined water case can be expressed as:


   h 0  =  H d  +  2 3   (   H w  −  H d   )   



(13)







Based on the principle of seepage continuity and combining Equations (7), (12), and (13), the hydraulic head at the maximum drawdown position of the aquifer Hw for the circular foundation pits can be expressed as:


   H w  =    H d   [   k r   (  3 M − 2 L  )  +  (    6  r 0 2   k v  ln    r 0    R   +    r 0      α  (  2  H d    +    r 0    −   M   +   L  )     )   ]  − 9  k r  M H     6  r 0 2   k v  ln    r 0    R   +    r 0      α  (  2  H d    +    r 0    −   M   +   L  )    − 2  k r   (  3 M + L  )     



(14)







To substitute Equations (13) and (14) into Equation (12), the water inflow in the foundation pit can be obtained.




2.4. The Influence Coefficient α of Seepage Path in Confined Water Stratum


To investigate characteristics of the seepage path influence coefficient α, a seepage numerical model for the circular foundation pits is established. Based on the symmetry, a quarter of the model is set to increase calculation efficiency, which is shown in Figure 2. The stratum conditions of the numerical model are sandy–sticky mixed stratum, and the aquifer is mainly fine sand, where the permeability coefficient is kr = kv = 5×10−6 m/s, the hydraulic head for the confined water aquifer is H = 30 m, the hydraulic head in the foundation pit is Hd = 30 m, and the thickness of the aquifer is M = 10 m. The radial boundary of the model is a fixed hydraulic head, the excavation surface of the foundation pit is the free boundary, and the pore water pressure 0 is fixed. The water-proof curtain and the impermeable layer are impermeable boundaries; the other boundaries are fixed by the normal seepage velocity.



r0/M = 1, 3, 5, 7, 9 are selected as the test cases and to explore the variation in the coefficient α. The remaining conditions are selected as the verification cases. Figure 3 shows the variation in water inflow with r0/M and L/M. It can be seen from Figure 3a that L/M has a greater impact on water inflow than r0/M. The water inflow in the foundation pit decreases as L/M increases, and when the scale of the foundation pit is small (r0/M = 1), the water inflow has the linear relationship with L/M. However, in other cases, the water inflow initially decreases linearly as L/M increases, then decreases exponentially. Under the same value of L/M, as r0/M increases, the water inflow continues to increase, but the increase rate decreases. The variation in the influence coefficient α with r0/M and L/M are shown in Figure 4. It can be seen from Figure 3a that both the r0/M and L/M have a significantly effect on α. What is more, L/M has a greater influence. If the effect of L/M on the equivalent seepage path is ignored, that is, taking α equal to 1, the analytical solution of water inflow is consistent with the numerical results when L/M is 0.7~0.8 in Figure 4a. As L/M increases, α firstly increases linearly, and then increases exponentially, approximately with L/M = 0.7 as the critical point. As r0/M increases, α firstly increases and then decreases, and the inflection point is r0/M = 3. It can be seen from Figure 4b that r0/M = 3 is the dividing point of the trend of influence coefficient. This is because, when r0/M < 3, the seepage direction of water in the foundation pit is close to the vertical direction, and the equivalent seepage path is close to the shortest seepage path Lmin. Under the same L/M, the smaller the r0/M, the smaller the coefficient α. According to the characteristics of α in Figure 4a, the functional relationship between α and L/M is established as follows:


  α =  {    A + K  (   L M   )     (  0 <  L / M  < 0.7  )      I +  B 1   (   L M   )  +  B 2    (   L M   )  2     (  0.7 ≤  L / M  < 1  )       



(15)




where A is the intercept of the linear function; K is the slope of the linear function; I is the intercept of the quadratic polynomial; B1 is the coefficient of the linear term; B2 is the coefficient of a quadratic term. Fitting Equation (15) with the curve in Figure 4a obtains parameters A, K, I, B1, and B2 under different r0/M. Then, the functional relationship between r0/M and those parameters is established as follows:


   {    A =  a 1  +  a 2   (     r 0   M   )      K =  k 1  +  k 2   (     r 0   M   )      I =  i 1  +  i 2   (     r 0   M   )       B 1  =  b 1  +  b 2   (     r 0   M   )       B 2  =  b 3  +  b 4   (     r 0   M   )       



(16)




where a1, a2, k1, k2, i1, i2, b1, b2, b3, and b4 are all the terms of the linear function parameter.



Substituting the A, K, I, B1, and B2 under different r0/M into Equation (16), the terms of the linear function can be solved. And the seepage path influence coefficient α can be expressed as:


    α  {    0 <  r 0  / M ≤ 3  {    0.3 − 0.02  (     r 0   M   )  +  [   0.53 + 0.15   (     r 0   M   )   ]   (   L M   )     (  0 < L / M < 0.7  )      1.9 +  (     r 0   M   )  −  [  4.1 + 2.83  (     r 0   M   )   ]   (   L M   )      +  [  3.33 + 2.18  (     r 0   M   )   ]    (   L M   )  2                 (  0.7 ≤ L / M < 1  )           r 0  / M > 3  {    0.35 − 0.04  (     r 0   M   )  +  [   1 + 0.02   (     r 0   M   )   ]   (   L M   )         (  0 < L / M < 0.7    )        1.62 + 0.55  (     r 0   M   )  −  [  4 + 1.4  (     r 0   M   )   ]   (   L M   )      +  [  4.8 + 0.85  (     r 0   M   )   ]    (   L M   )  2                     (  0.7 ≤ L / M < 1  )                



(17)









3. Analysis of Water Inflow for the Rectangular Foundation Pits


In engineering projects, the shape of most foundation pits can be approximately regarded as a rectangle. However, for convenience, the foundation pit is equivalent to the circle according to the principle of the same area, then the water inflow is calculated by the analytical solutions which are suitable for the circular foundation pit. In order to explore the variance of water inflow for different size characteristics of rectangular foundation pits in confined water stratum, the numerical simulation is used to calculate the water inflow under different length-to-width ratios ρ based on the condition that the total area is equal. The circular foundation pit with a diameter of 20 m is selected as a criterion. The rectangular foundation pits’ models are established with the length-to-width ratios ρ = 1:1, 2:1, 3:1, 5:1, and 9:1 based on the condition of equal total areas. The soil parameters and boundary conditions are the same as the above. In addition, the models of strip foundation pits with widths of 6 m and 8 m were established, respectively. Figure 5 shows the variation in water inflow with L/M for different shapes of foundation pits. It can be seen from the figure that the variation in water inflow with L/M for different shapes of foundation pits have the same trend. However, the shape characteristic has a great effect on the water inflow. Under the condition that the foundation pit area is equal, the water inflow of the strip foundation pit is much larger than that of the circular foundation pit with the same L/M, the former is about twice as much as the latter when L/M = 1. The water inflow of the square foundation pit (i.e., the length-to-width ratio is 1) is the same as the circular foundation pit; the more difference between length and width, the more difference between water inflow. When the length-to-width ratio is 2, the water inflow of the rectangular foundation pits under each curtain insertion ratio is slightly larger than that of the circular foundation pits, but the difference between them is not large and the maximum difference is less than 5%, which is within the acceptable range. Therefore, the water inflow calculation formula of the circular foundation pit can still be used in that case. When the length-to-width ratio ρ = 5, 9, the water inflow of the rectangular foundation pits is basically the same as the strip foundation pits under the same L/M. Therefore, for the calculation of water inflow, the rectangular foundation pits where the length-to-width ratio is greater than 5 can be regarded as strip foundation pits. When the length-to-width ratio is 3 or 4, the water inflow in that two cases is basically the same, but they are much larger than that of the circular foundation pit and much smaller than that of the strip foundation pit under the condition of equal area. The water inflow for the rectangular foundation when the length-to-width ratio is 3 or 4 can be calculated as the average value of the water inflow of the circular foundation pit and the rectangular foundation pit with a length-to-width ratio of ρ = 5.




4. Verification and Analysis


4.1. Supplementary Cases Verification


The water inflow of the circular foundation pit under different cases is chosen for verification and analysis. Figure 6a shows the comparison between the analytical solution and numerical solution calculation results of water inflow under verification cases. From Figure 6a, it can be seen that the water inflow decreases nonlinearly as the L/M increases and the analytical solutions are consistent with the numerical simulations. The maximum RMSE of the two results is 4.18. Figure 6b shows the comparison between the two results of Hw under the cases of r0/M = 4, 6, and 10. It can be seen from the figure that the two results have the same trend and Hw increases nonlinearly as the L/M increases. When L/M > 0.7, the Hw obtained by the two methods is basically the same. When 0 < L/M < 0.7, the analytical solutions are slightly smaller than the numerical solutions. The maximum RMSE of the two results is 3.32.



In order to verify the universality of the derived solutions, several parameters include the soil permeability coefficient k, confined aquifer thickness M, and the difference in hydraulic head H-Hd are changed, and the water inflow under changed parameters are calculated. Figure 7 shows the water inflow of the analytical solutions and numerical results under changed parameters. The figure shows that the water inflow decreases nonlinearly as the L/M increases under all changed parameters. The water inflow increases with the increase in the soil permeability coefficient k, confined aquifer thickness M, and the difference in hydraulic head H-Hd, respectively.




4.2. Comparison and Analysis between Analytical Solution and Site Measured Data


Table 1 shows the comparison result of water inflow between the analytical solution and the actual measured values in the project. Qc1 and Qr in Table 1 are the water inflow of the analytical solution and the measured values at the site from the reference [18], respectively. It is pointed out that Qc1 does not consider the influence coefficient α. Qc2 refers to the analytical solutions in this paper. Qj is the water inflow calculated by the formula from the specification [23], which does not consider the influence of the water-proof curtain. It can be seen from Table 1 that both Qc1 and Qc2 are much smaller than Qj. This shows that a water-proof curtain can effectively reduce the water inflow in foundation pits. It can be known from the comparison of Qc1 and Qc2 that Qc2 is much closer to the measured value than Qc1. Indicating that the influence coefficient α has a great impact on the calculation of water inflow, and the calculation results considering the influence coefficient α are more accurate. Qc2 is slightly larger than the measured value; it is safer for water inflow calculation in actual dewatering projects.




4.3. The Water Control Effect Analysis


The analysis of water inflow from Figure 3 and Figure 6 reveals that when L/M is constant, the water inflow rises with an increase in r0/M. However, the rate of increase in water inflow slows significantly, and the variation in water inflow with L/M becomes less apparent. We are defining the Qi1 and Qi9 as the water inflow corresponding to L/M = 0.1 and L/M = 0.9, respectively. η is denoted as:


  η =    Q  i 1   −  Q  i 9      Q  i 1      



(18)




where η can reflect the water blocking effect of water-proof curtains under different sizes of foundation pits: the larger the value, the better the water blocking effect. It can be seen from Figure 8a that the water blocking effect gradually decreases with the increase in r0/M. When 0 < r0/M < 5, the water blocking effect decreases significantly with the increase in r0/M. After r0/M > 5, the value of η has been much smaller than the initial value and no longer changes obviously. Figure 8b shows the relationship between Hw and r0/M when the insertion ratio is large (L/M = 0.9). The smaller Hw is, the greater impact of dewatering on the confined water table outside the pit. As r0/M increases, the impact of dewatering on the confined water table increases. After r0/M > 5, the value of Hw has been much smaller than the initial hydraulic head outside the pit (H = 30 m) and no longer changes obviously. Considering the water blocking effect (the degree of water inflow reduction with the increase in L/M) and the protection of water resources (the impact of dewatering on the water table outside the pit), when the size of the foundation pit is large, the water-proof curtain should insert to the bottom of the aquifer that cuts off the hydraulic connection between the inside and outside of the foundation pit.





5. Conclusions


This paper introduces a calculation model for water inflow in foundation pits with suspended waterproof curtains in confined water strata. Analytical solutions for water inflow in circular, strip, and rectangular foundation pits are derived. The calculation formula of the seepage path influence coefficient α is derived by fitting with the numerical results. By comparing with a large number of numerical results of supplementary cases and site measured data, the correctness and universality of the analytical solutions in this paper are verified:



(1) For the solutions of the water inflow in the foundation pit for the foundation pit with the suspended water-proof curtain in the confined water stratum, the seepage path influence coefficient α has a great impact on the calculation results, and it should be determined by the scale of the foundation, the thickness of the aquifer, and the insertion ratio of the curtain;



(2) The ratio of the foundation pit radius to the thickness of the aquifer (r0/M) and the insertion ratio of the curtain (L/M) have a significant influence on the seepage path influence coefficient α, and the dividing points of their influence are r0/M = 3 and L/M = 0.7, respectively;



(3) For the water inflow calculation of the rectangular foundation pit, when the length-to-width ratio is greater than 1 and less than 2, the rectangular foundation pit is equivalent to a circular foundation pit according to the principle of equal areas, when the length-to-width ratio is greater than 5, the rectangular foundation pit is equivalent to a strip foundation pit according to the principle of equal areas, and interpolation should be adopted in other cases;



(4) When the suspended water-proof curtain is selected as the measure to control the groundwater, the water control effect will decrease with the increase in r0/M. When the size of the foundation pit is large, the curtain should be inserted into the bottom of the aquifer to cut off the hydraulic connection between the inside and outside of the foundation pit.
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Figure 1. Theoretical model for pit with suspended water-proof curtain in confined water stratum. 
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Figure 2. Numerical model for the pit with suspended water-proof curtain in confined water stratum. 
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Figure 3. The variation in water inflow with the change in r0/M and insertion ratio of curtain. 
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Figure 4. The variation in α with the change in r0/M and insertion ratio of curtain. 
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Figure 5. The variation in water inflow with the change of L/M for different shapes of foundation pits. 
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Figure 6. Water inflow and Hw in different cases of foundation pit. 
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Figure 7. Parameter sensitivity analysis. (a) The variation in water inflow with L/M for different permeability coefficients; (b) the variation in water inflow with L/M for different thickness of aquifer; (c) the variation in water inflow with L/M for different hydraulic heads. 
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Figure 8. The variation in water blocking effect with r0/M. 
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Table 1. Comparison of analytical solution and measured values.
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Projects

	
Parameters of the Foundation Pits

	
Qc1

/(m3/day)

	
Qc2

/(m3/day)

	
Qr

/(m3/day)

	
Qj

/(m3/day)




	
M

/m

	
kv

/(m3/day)

	
kr/kv

	
R

/m

	
H

/m

	
Hd

/m

	
L

/m

	
r0

/m

	
L/M

	
r0/M






	
1

	
25

	
17.3

	
5

	
900

	
48

	
32

	
4

	
10

	
0.16

	
0.40

	
8190

	
6900

	
6000

	
38,540




	
2

	
32

	
17.3

	
5

	
900

	
52

	
34

	
9

	
10

	
0.28

	
0.31

	
4830

	
5058

	
4440

	
50,145




	
3

	
35

	
17.3

	
5

	
900

	
51

	
39

	
31

	
31

	
0.89

	
0.89

	
8839

	
7680

	
7200

	
55,417




	
4

	
35

	
17.3

	
5

	
900

	
51

	
39

	
31

	
26

	
0.89

	
0.75

	
6493

	
5972

	
4800

	
52,231
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