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Analytical solution of steady seepage field of foundation pit considering
thickness of retaining wall

YU Jun, LI Dongkai, HU Zhongwei, ZHENG Jingfan
(School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract: The two-dimensional steady-state seepage field of a foundation pit in an isotropic soil layer supported by a suspended
retaining wall considering thickness is analytically studied. The distribution of water head in the five regions is expressed in the
form of a graded solution by using the superposition method and the method of separation of variables, and the explicit
analytical solution of the seepage field around the pit is derived by combining the continuity conditions between the regions.
Compared with the angle-preserving transform solution, this analytical solution can directly solve the values of water head at
any point inside and outside the pit without generating singularities. The correctness of the analytical solution is verified by
comparing with the calculated results of the water head obtained from the finite element software. The distribution of total
water head obtained from the analytical solution of this paper is curved. The factors such as the inner width of the pit, the
distance from the top of the impermeable layer to the bottom of the retaining wall, the water level in the pit and the thickness of
the retaining wall have a great influence on the distribution of water head of the pit. As the thickness of the retaining wall
increases, the water heads in the far field of the seepage field of the pit and the bottom of the retaining wall change more, and
the maximum hydraulic gradient drops to the bottom of the retaining wall. Compared with the flow network methods in
one-dimensional seepage and two-dimensional seepage and the proposed analytical solution without considering the thickness
of the retaining wall, it is more accurate to calculate the water pressure in the design by using the analytical solution of
two-dimensional seepage considering the thickness of the retaining wall.

Key words: two-dimensional steady seepage; permeability isotropy; water pressure; explicit analytic solution; retaining wall;
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Fig. 1 Model for two-dimensional seepage around foundation pit
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Fig. 2 Comparison between solution in this paper and calculated

results of water head by finite element software
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Table 2 Distribution of water pressure at each point on retaining wall outside foundation pit
G K 1/kPa
%% fﬁ“ —4E AU (CHESE ARouE BER RN BRTE OREIER ASUR R &R
Wit =309 ) % ) )

a 0 0 0 0 0 0 0
b 49.00 40.49 39.76 36.00 37.71 38.45
c 9 88.20 71.97 70.62 62.10 66.73 68.04
d 12 117.60 94.23 92.54 78.50 86.76 88.46
e 15 147.00 113.67 111.63 94.90 102.85 104.91
f 17 166.60 121.41 118.16 101.30 105.85 107.12

R 3 EPUOMUHEIE L& Rk ENREHESERIRENEL
Table 3 Comparison of errors among different methods for water pressure at each point on retaining wall outside foundation pit
v A (AHEEEE RMEEAIRT 4R AU CGHIEEEE AU N5 B
MR B RIEE: (R 1 ORBEREEIT i (RRREEE B B RItE: CEE L) BARUmM (%

M5z o o o o o,
P EIM T ) 5 FE) RHE% BE) e PR iR EREEED RE%
a 0 0 0 0 0 0
b 5 1.96 -4.53 27.44 1.84 -5.04
c 9 1.96 -6.94 29.63 1.91 -5.46
d 12 1.96 -9.52 32.94 1.83 -6.12
e 15 2.00 -7.73 40.12 1.83 -7.71
f 17 1.20 -430 55.53 2.75 -11.77
F 4 EHAMEE L& SBKENNT
Table 4 Distribution of water pressure at each point on retaining wall inside foundation pit
. 7K & 71/kPa
PIRC =N preey . — — .
it (A ED S seet1=00)) (AHEPIRIERE)  (NHEPSERE)
d 0 0 0 0 0 0 0
e 3 29.40 46.23 45.90 42.50 50.22 50.68
5 49.00 82.34 83.90 75.13 95.36 94.13
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Table 5 Comparison of errors among different calculation methods of water pressure at each point on retaining wall inside foundation pit
e AR CAEGIEIE RIEBAIRIT 4B IREAS AR CHIEHEE AU (5B E
v R , ., . . ., NN
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