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Abstract: Since the shape functions derived from the partition of unity-based meshless method, such as the element-free
Galerkin method, are free of the Kronecker delta property, there are great troubles in the exact imposition of the essential
boundary condition and boundary continuity of materials. Nevertheless, if adopting the penalty method or the Lagrange
multiplier method, problems, like the selection of proper penalty factor and the satisfaction of the inf-sup condition, will occur.
This study utilizes the property of partition of unity that once the local solutions satisfy some condition, the global solution will
automatically satisfy the same condition. By constructing local approximations in physical patches of different types according
to the boundary condition, a new moving least square interpolation-based numerical manifold method (MLS-NMM) is
developed. Through the solution of some typical seepage flow problems, it is demonstrated that the proposed procedure is
capable to deal with the problems of the singular angular point precisely and may provide an alternative solution for the seepage

analysis in engineering.
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Fig. 1 Physical patch with a material boundary (heavy line
represents a material boundary)
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Fig. 9 Sizes of confined flow under weir
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Fig. 11 Flow net of confined flow under weir

4.3 SXEBHINFEEREIR

K SCHR[41H 55, SRIGIEA SO SR 44T
JEIB L) R ) TR

1623 XA T WU R 35 U v SRR A RS R L 3 X
W 12 Fis . BB i5E R500r ISR AT 8T, 1
2 ki=ky=1X10"°cnvs; 1 ": k=1X10"cm/s,
k=1 X 10 em/se BTN H ACKIA T, JRIBNARIEK
WFR, AKX hHEag, wl (10e), &FH B W
WG BIA IR 1.2 TR AR BT S BRI R
KPR FFI ARG T WA 5 B BA AN F R
AR I EE A, IR S EE (1) JR) R AL bR 43 ) 5
MF 1.2 a0 (DL (20 (3). (5D, (6),

10

|
i
i
K1 %ﬁz K81

15 I 13r.5 | 5 | 10

E 12 SXBEMEEERERRTE
Fig. 12 Sizes of unconfined seepage model for zoned trapezoidal
dam

ASCHY B Hy R g, R SCER[10] 877 V%,
XAERERAOR H T INR B, B f B S A A
AL, R TR Il. fEIR B, R H R 54
FO L T b 2, AT TSR Y A . A
firh, B LR ACK SR ZE N TR e R
A, B max|g—y| <&, Hle=0.0001. FKH
h=0.5 m [A] EiA B 71

ML, W 13 (a) FIE 13 (b Fiw,
A LLE A3 2 5 R4 2 1A Y 2 B DU -




510 3 o, A T RUERIBIE RS A R AL B T i 1873

(b) 196~
13 53 XL 7 I

Fig. 13 Flow net of zoned trapezoidal dam

5 & i

B A9 MLS-NMM 321 iR 4R 1 IR, S5t
RSB L R, NS LB A M D A R 32
RABPRHA T, T BRI SRR 2 5 A 15 1
MR T B MLS-NMM (58 (4025 71 SR
FII RS0S4 TR T RO, A IR Tk,
Tolh 2 infosup 2 P B0 BB 3T 3 ANBEAI T 54E
FH, B MLS-NMM KRR E IS i B T 47
(. AR, TN TSR, REEs%,

SE -

[1] sREDW. KTEFZEM] 3 HERKZFHRME,
2011.(ZHANG Chu-han. Hydraulic structures{M]. Beijing:
Tsinghua University Press, 2011. (in Chinese))

[2] AALTO J. Finite element seepage flow nets[J]. International
Journal for Numerical Methods in

Geomechanics, 1984, 8(3): 297 - 303.
[3] TRACY F T, RADHAKRISHNAN N. Automatic generation of

and Analytical

seepage flow nets by finite element method[J]. Journal of
Computing in Civil Engineering, 1989, 3(3): 268 - 284.

[4] KAZEMZADEH PARSIM J, DANESHMAND F. Unconfined
seepage analysis in earth dams using smoothed fixed grid
finite element method[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 2012, 36(6): 780
-797.

[51 kA K, skulzh. P ICBREIER i 3L 5 e I7 0], K
FI 4Rk, 1981(4): 8 - 17. (ZHANG You-tian, ZHANG
Wu-Gong. The boundary element method for seepage flow in
semi-finite region[J]. Journal of Hydraulic Engineering,
1981(4): 8 - 17. (in Chinese))

(6] ZFfral, PRAHIE. =ZERER 2B RTINS otk e
FPT]. A E KRR B T 224, 2006(2): 81 - 87. (LI
Xin-giang, CHEN Zu-yu. Boundary element method for 3-D
fracture network seepage flow and its programing[J]. Journal
of China Institute of Water Resources and Hydropower
Research, 2006(2): 81 - 87. (in Chinese))

(71 B, NEH, 2G5 B TBRME RS K E RS

HAERL[). & 1%, 2009, 10: 3154 - 3158. (ZHOU
Xiao-jie, JIE Yu-xin, LI Guang-xin. Numerical simulation of
piping based on coupling seepage and pipe flow[J]. Rock and
Soil Mechanics, 2009, 10: 3154 - 3158. (in Chinese))

(8] i, Br W, SE% %G, 5. Sybikuhml X R H
PR AR Bk B L[], 5 £ 1%, 2005(3): 461 - 464.
(YANG Hai-ying, CHEN Gang, CHAI Jun-rui, et al
Numerical simulation of sluice seepage field of Jinshaxia
Hydropower Station by finite volume method[J]. Rock and
Soil Mechanics, 2005(3): 461 - 464. (in Chinese))

9] E¥E, R, ARE. A 8BS RS RS
VAT, /KHLEEVREL2E, 2003(4): 23 - 25. (WANG Jun-xing,
WU Ya-feng, BAI Cheng-fu. Numerical manifold element
method for seepage with free surface problem[J]. Water
Resources and Power, 2003(4): 23 - 25. (in Chinese))

[10] ZHENG H, LIU F, LI C. Primal mixed solution to unconfined
seepage flow in porous media with numerical manifold
method[J]. Applied Mathematical Modelling, 2015, 39(2):
794 - 808.

[11] ZHU T, ATLURI S N. A modified collocation method and a
penalty formulation for enforcing the essential boundary
conditions in the element free Galerkin method[J].
Computational Mechanics, 1998, 21(3): 211 - 222.

[12] BELYTSCHKO T, LU Y Y, GU L. Element-free Galerkin
methods[J]. International Journal for Numerical Methods in
Engineering, 1994, 37(2): 229 - 256.

[13] ZHENG H, LIU F, LI C. The MLS-based numerical manifold
method with applications to crack analysis[J]. International
Journal of Fracture, 2014, 190(1/2): 147 - 166.

[14] SZABO B, BABUSKA 1. Introduction to finite element
analysis: formulation, verification and validation[M]. New
York: John Wiley & Sons, 2011.

(151 X =F. AFA R o i BUE L S R I D). sl
o E R GRS GRIUE 232858, 2015, (LIU Feng.
Numerical manifold method based on non-finite element
cover and its applications[D]. Wuhan: University of Chinese
Academy of Sciences(Institute of Rock and Soil Mechanics),
2015. (in Chinese))

[16] xI =, A &, FEFoL T NMM 1 EFG J5ikKdt
LY RN, J15E243R, 2014(4): 582 - 590. (LIU Feng,
ZHENG Hong, LI Chun-guang. The NMM-based EFG
method and simulation of crack propagation[J]. Chinese
Journal of Theoretical and Applied Mechanics, 2014(4): 582
- 590. (in Chinese))



