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Improvement of analysis of free surface seepage problem by using
initial flow method

.1 1 - 1,2
PUN Su-loi’, WANG Quan-feng', YU Jin”
(1. College of Civil Engineering, Huagiao University, Xiamen 361021, China; 2. State Key Laboratory for Geomechanics and Deep

Underground Engineering, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: When the initial flow method is applied in solving problems of free surface seepage, we often find an oscillating

solution determined due to the error caused by taking the Gaussian integration points as the assumed nodes based on calculation

of nodal initial flow. In order to reduce the impact of this factor and to improve the efficiency of computation, an analysis is

made with the free surface equation commonly used by 4-node plane elements and 8-node 6-plane three-dimensional elements,

a technique of transformation of coordinates as well as isoparameters is proposed to improve the calculation of the nodal initial

flow, and an introduction of partial integration is also suggested according to the state of free surface penetrating elements,

making the integration upper limit and lower limit in consistence with the formatting of the Gaussian requirements. Accordingly,

an exact nodal initial flow integration will be obtained by using the Gaussian method, and this accurate nodal initial flow will

then benefit the itself improvement of the oscillating solution and increase the precision of the calculation. Through the analysis

of a homogeneous rectangular case, it is shown that a fair state of stability and convergence has been achieved by using the

proposed improved method.
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Fig. 1 A 4-node plane element with free surface
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Table 1 Numerical solutions calculated by initial flow method and comparison between them and integral ones

AT Ou O O On

7w Bt € Bt € Bt € Bt €
4 0.483804197K  —0.5803 1.742284226K 0.8727 -0.046087282K  -0.9291 -2.180001141K  0.5214
5 0.658980423K  —0.4283 1.942164814K 1.0875 -0.114630806K  -0.8237  -2.486514430K  0.7354
6 0.535642414K  —0.5353 1.747497602K 0.8783 -0.080516974K  -0.8762  -2.202623042K  0.5372
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Table 2 Numerical solutions calculated by present improved method and comparison between them and integral ones

RATH Ou O Qos On

73 A Kol € Kol € Kol € Kol e
4 1.152805902K 8.833x10°  0.930271439K -1.096x10* -0.650285165K 9.577x10° -1.432792176K -4.357x10°
5 1.152708965K  4.240x10°  0.930367909K ~5.925x10° -0.650225256K 3.633x10° ~1.432851618K ~2.085x10°
6 1.152704234K 1.353x107  0.930373205K 2.322x107 -0.650222911K 2.614x10® ~1.432854528K ~5.444x10°"
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Table 3 Comparison among free surface locations calculated by present improved method, electrical simulation tests and other

numerical methods

X/m 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
FLABE UL 6 ) 10.00 9.78 9.31 9.05 8.31 791 764 693 586 547 4.73
T R 10.00 9.74 9.38 9.01 8.51 803 741 677 605 519 433

W P 10.000 9.745 9394 9.010 8520 8.030 7.429 6.807 6.085 5.179 4373
B A 10.000 9.745 9393  9.007 8517 8.025 7.428 6805 6.076 5.189 4375
ARSIk 10.000 9.745 9390  9.006 8517 8.026 7.427 6807 6.073 5.190 4372

x4 BLARARRS SEMBHEMNETTESERZFN

Table 4 Effect on free surface locations as calculated by different integral points in an element

X/m 1.0 2.0 4.0 5.0 6.0 8.0 9.0 10.0
n= 9.74456422 9.38660153 8.52668053 8.01962504 7.42305721 6.04434523 5.19150219 4.35736189
I n=6 9.74708443 9.39383819 8.50831200 8.02884265 7.42898608 6.08077863 5.17896002 4.37434586
g n=8 9.74526472 9.39423747 8.51976529 8.03042584 7.42874248 6.08482345 5.17892745 4.37291666
n=12 9.74505825 9.38907987 8.51509911 8.02798520 7.42650419 6.06731194 5.19102046 4.37092718
n=20 9.74543610 9.38906513 8.51650679 8.02423404 7.42485014 6.06825654 5.18957853 4.37307322
n= 9.74411992 9.39383364 8.51432509 8.03262801 7.42683849 6.06099322 5.18786827 4.36537094
et n=6 9.74217857 9.39353273 8.51315461 8.03044627 7.43166839 6.08984415 5.19330771 4.37448693
Y n=8 9.74465622 9.39300503 8.51728275 8.02484575 7.42763178 6.07570802 5.18872026 4.37489685
BB p=12  9.74561049 9.38877210 8.51499016 8.02671112 7.42688040 6.06859015 5.19193588 4.37178340
n=20 9.74524344 9.38964076 8.51675472 8.02526564 7.42560006 6.06989673 5.18988792 4.37208832
n=4  9.74483860 9.39000990 8.51700719 8.02605093 7.42717994 6.07300624 5.19015159 4.37167357
3 n=6 9.74483847 9.39000957 8.51700631 8.02604989 7.42717822 6.07300392 5.19017199 4.37165322
.. n=8 9.74483847 9.39000957 8.51700630 8.02604989 7.42717822 6.07300391 5.19017214 4.37165306
i n=12 9.74483847 9.39000957 8.51700630 8.02604989 7.42717822 6.07300391 5.19017214 4.37165306
n=20 9.74483847 9.39000957 8.51700630 8.02604989 7.42717822 6.07300391 5.19017214 4.37165306
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Fig. 5 Free surface and equipotential line introduced from analysis
of present improved method
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Table 5 Relative variation of positions of free surface during process of iteration 10°m
X/m 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
ml 048960 -3.76474 7.28274 -2.96292  7.69665 -1.27308 3.71088 1537869 -13.87860  6.99741
.. om2 —179971 -3.97404 -6.56062 ~7.14040 -1.95096 -7.02647 -9.36627 -18.62471 -7.61812  8.64576
A;?ig] m3 —0.16075 -0.20919 -0.18919 -0.12912 -2.03389 1.30232 0.82216  1.42518 —0.84766 —0.56081
. m4  —2.34283 -4.96191 —7.44869 -10.34540 —0.88154 -3.14072 -4.46625 -10.45283 -11.75001 8.18625
m5 256906  3.12337 -1.91917 0.38388 —9.73114 -3.71854 -0.09049 -2.49503 -5.41478 -3.01875
ml  1.26948 -2.27627 5.53256 -5.89217 4.52104 -4.16896 1.36528  4.38954 —7.35246  6.33244
Bk m2 0.01635  0.04856  0.00594  0.26233 —0.03658 —0.18547 -0.21764 —0.26936  0.25751 —0.01017
YA m3  -0.00963  0.06935 —0.04008 0.16696 -0.09038 0.03642 -0.03468  0.01027 -0.00464 —0.00615
#E0 m4 -0.00305  0.02086 —0.01228  0.04700 -0.02936  0.02315 -0.01103  0.00169 -0.00169 —0.00165
m5 —0.00023  0.00159 -0.00080  0.00280 —0.00304 0.00881 —0.00308  0.00117 —0.00097 —0.00008
ml  1.34429 -1.66091  5.54837 —6.34768  3.19275 -5.32658 -1.21207 -3.86146 —8.05529  6.92156
Joyr m2 000656 0.06169  0.00514  0.16447 -0.05580 -0.17242 -0.13321 -0.09844  0.12880  0.03815
7 m3 -0.01036 0.06183 -0.03077  0.12033 -0.07049  0.03251 -0.01614  0.01016 —0.00009  0.00043
TR 4 2000312 001824 -0.00869  0.03060 —-0.01990  0.01622 -0.00534  0.00215 -0.00084  0.00019
m5 —0.00024 0.00143 -0.00054 0.00161 —0.00169 0.00555 —-0.00169  0.00072 —0.00109  0.00012
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Table 6 Oscillation status of free surface positions during process of iteration 10%m
X/m 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 S A
m=6  14.5473 32.9337 61.4520 67.5861 87.5100 83.0733 85.2027 79.0039 37.6047 50.3186 599.2323
" m=20  5.9945 12.9753 19.9561 33.9217 34.2263 42.7009 39.5425 36.9030 26.0910 25.5855 277.8969
FIL =50 29083 6.6171 8.8677 16.1121 145126 24.5079 18.6154 19.6721 14.1336 132631 139.2099
BEP 100 1.8043 39223 55151 9.8913 82443 14.2740 11.2014 12.9504 104071 7.8459  86.0561
m=200 14613 3.6404 42980 7.1166 5.7753 8.5216 7.4657 9.8966 7.8475 5.6813  61.7042
m=6  15.1553 31.8510 61.1093 67.1200 85.9975 82.3619 84.5831 76.8926 37.8349 48.5895 591.4950
gk m=20  6.7552 11.7124 19.6022 33.8725 33.7073 42.1221 38.5667 36.5524 24.3484 24.0856 271.3249
WL m=50  3.3154 54523 7.9278 16.4482 14.3176 22.6951 17.4706 17.1225 11.2087 12.4428 128.4010
BB m=100 1.7638 2.8809 4.1788 8.4634 7.3617 12.6601 9.6031 9.6027 5.8793 6.8185  69.2124
m=200  0.9023 1.8847 2.4700 4.9605 4.5222 6.6279 53143 5.1449 3.0163 3.5805 38.4236
m=6 153403 30.9915 61.0436 66.6384 85.8328 81.9176 85.3673 77.4744 37.7349 49.5371 591.8779
 m=20  6.6195 10.9688 19.6044 33.3045 33.8376 40.0969 37.7068 37.4200 24.6651 24.7593 268.9827
%‘Yi m=50  3.1224 50116 7.9337 16.4110 143994 20.7011 17.0704 17.5121 11.8750 12.8764 126.9130
TR m=100  1.6438 2.6640 4.0631 85475 7.3931 11.4497 9.0592 93932 63294 7.1213  67.6641
m=200  0.8362 1.7409 22993 42934 4.1963 5.9966 4.8363 4.9260 3.2798 3.7705 36.1752
m m
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Table 7 Total Gaussian integral points located on and above free surface
EREENTEISARYE 0 1 2 3 4 5 6 7 8 9
VI L BIRUY s 0 189860 196800 185960 182480 181840 181980 181840 181700 181760
AT R R ) R 0 189860 196780 185960 182500 181880 181840 181780 181740 181720
AITTHER RS E 0 189860 196760 185960 182500 181920 181780 181780 181680 181660
ER e AR/E 10 12 14 16 18 20 22 24 26 28
VI R BIRUY s 181780 181740 181540 181580 181580 181560 181600 181540 181580 181560
SCHHR AR S B 181680 181620 181620 181600 181580 181580 181580 181600 181600 181600
A TTFERGY RS 181620 181600 181600 181620 181620 181640 181640 181640 181620 181620
EREENTEISARYE 30 32 34 36 38 40 42 44 46 48
W R RS 181540 181600 181620 181620 181580 181620 181640 181620 181620 181600
SCHHR AR S B 181600 181620 181620 181600 181620 181620 181620 181620 181620 181660
A TTFERY A 181640 181640 181640 181640 181640 181640 181640 181640 181640 181640
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