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Application of nonlinear scaled boundary polygon element method
in analysis of concrete face rockfill dam
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Abstract; Concrete face rockfill dams vary in structural dimensions. Efficient and refined analysis methods
are important tools in seismic research of the face-slab dams. In this paper, via combining the non-linear
scaled boundary polygon element method with efficient quadtree discretization technology, the application
of high-performance refined analysis of the concrete face dam is investigated. Firstly, the static and

dynamic analysis and permanent deformation calculation of the same face-slab dam model are carried out by
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using the scaled boundary polygon element method and the traditional finite element method.
Subsequently, combined with the quadtree discretization technology, the high-efficiency cross-scale fine
analysis of typical face-slab dam structures is applied. The computation results indicate that; (1)the two
methods are in good agreement, indicating that the scaled boundary polygon finite element method is an
effective tool in the analysis of the dam. (2)The scaled boundary finite element method can be seamlessly
coupled with quadtree technology for efficient cross-scale fine analysis applications, and is efficiently in the
reconstruction of analysis model, which greatly improve the analysis efficiency. Thus it is concluded that
this method can provide technical support for study of local damage evolution and progressive damage of
structures.

Keywords: nonlinear scaled boundary finite element method(SBFEM) ; concrete-face rock-fill dam; cross—

scale refinement; quadtree
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Table 1 Comparison between calculation results and

theoretical approximate solutions

Jrik v /cm R/ %
FEM —9.11 1. 41
SBPFEM —9.15 0. 97
IR 9. 24
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Fig. 4 Mesh of concrete face rock-fill dam
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Table 2 Generalized plastic model parameters of dam

material in static analysis

Go K, Mg M; af ag H, Huyo ms
1000 1400 1.8 1.38 0.45 0.4 1800 3000 0.5

my m my rd YDM Yu ,30 ,3 1
0.5 0.2 0.2 180 50 4 35 0.022
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Table 3 Parameters of the generalized plastic interface model

Dy/kPa Dy/kPa M. e A a/kPa®s b ¢
1000 1500 0.88 0.0 0.091 224 0.06 3.0
@ Yo ka  M;  k Ho/kPa fi t/m
0.65 0.2 0.6 0.65 0.5 8500 2.0 0.1
THIAR BT B k25 SR R PR ALY, S 4800 3
4, BERITSHCR N SCERL32 JE U » % 1) 4 W
2 25 GPa/m, gk fi NI EE Sy 5 MPa/m, B ) K
B 1 MPa/m., #1587 18 T A Y fit T3
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30 M EE K 2 152 m mifE.
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Table 4 Parameters of linear model for concrete

R E /MPa 7"

g 30 000 0. 167
kA 30 000 0.167
e 13 000 0. 250
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Fig. 5 Time history curve of seismic wave acceleration
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Fig. 6 Displacement of the dam after impoundment (Unit;m)
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Fig. 7 Deflection and stress along slope direction of face

slab after impoundment
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Table 5 Comparison of results of the dam after impoundment

ik WA /m THIAR N, 125 T
W FiE % $eE/m [}/ MPa
FEM  0.065 0.125 0.812 0.218 9. 24
NSBPEM  0.065 0.126  0.816 0.218 9.15
ME/% 0.0 0.79  0.49 0. 00 0. 98
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Fig. 8 Stress along slope direction of concrete face during

earthquake (pressure is positive )
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Table 6 Comparison of extreme acceleration of point
A on dam top during earthquake

(me+s2)

RS JIGETR] i 1 i)
FEM 1.97 1.99
NSBPEM 1. 98 2.01
22 % 0.51 0. 99
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Fig. 9 Permanent deformation of the dam body after
earthquake ( Magnify 10 times)
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Fig. 11 Partial quadtree mesh of concrete face dam
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Fig. 12 Deflection and stress along slope direction of

face slab after impoundment
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Table 7 Comparison of extreme stress of slab during earthquake

R ) IR /NI 1)
BeRIEN S/ MPa J R IR RLT) /MPa die KAL)/ MPa
FEM 12.2 5.92 2.96
NSBPEM 13.2 6.91 2.21
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