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Nonlinear static and dynamic analysis for geotechnical engineering based on
quadtree mesh and polygon scaled boundary finite element method
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Z0U De-gao ", LIU Suo”, CHEN Kai“, KONG Xian-jing ™, YU Xiang"
(1. School of Hydraulic Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China;,
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: The finite element method(FEM) is a powerful numerical analysis technique, which is applied widely in the simulation of
geotechnical engineering structures. As the limitation of element shape in traditional FEM and the geometrical complexity of
structures, such as layered construction and complicated material partition etc, a versatile and high-quality meshing discrete algorithm
is comparatively difficult to implement, resulting in the majority time is consumed in element generation, which hinder the rapid
process of automated analysis. In this paper, a swift analysis method combining the quadtree discretization and nonlinear polygon
scaled boundary finite element method(PSBFEM) is developed to conduct the elastoplastic simulation of geotechnical structures. The
static and seismic response of a typical core wall dam is modelled, and the validity of presented method is verified by comparing with
the FEM. Simple operation, flexibility of the meshing, rapid generation and high-quality can be revealed in the proposed method,
where the cumbersome human intervention can be decreased significantly, so as to provide a powerful technique for the rapid
automatic analysis of complicated structures. There will be more meaningful research value and engineering significance to explore
three-dimensional application of the method.
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Table 2 Parameters of static analysis
R¢ 0.80 0.80 0.80 0.87
K 1100 1100 1100 349
n 0.25 0.25 0.22 0.39
Ky 2200 2200 2 600 698
c/kPa 0.0 0.0 0.0 127
/) 49 49 50.7 223
Ap/(°) 78 78 10.8 0.0
K 350 350 500 407
0.20 0.20 0.22 0.15
(@) ® =
8
Fig.8 Flow chart of mesh generation for two kinds n
- _ p
of earth-rock dams G, =KP (_J 12
Pa
iE e K n p=(0,+0,+0,)/3
O, 0y O3 Pa
3
P [20]
o . 0.288¢ 0.192¢
Fig.9 Finite element computing mesh of clay
core wall rockfill dam 12 30.00 s
Ar=0.02s
3
Table 3 Parameters of dynamic analysis
K, n K K, K Arnax
10 5312.0 0328 1997 20.8 15.7 0.22
Fig.10 Quadtree computing mesh of clay core wall rockfill I 6213.0 0268 2336 250 188  0.19
dam I 32343 0321 1216 154 116 023
2941.0 0556 1106 284 21.35 0.25
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Fig.12 Seismic wave acceleration time history curves
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Table 4 Static calculation results comparison of
displacement of dam after impoundment
/m
/MP
6.2 a
6.2.1 FEM 0.231 0.745 1.633 2.316
- PSBFEM 0.231 0.728 1.633 2.372
14 15 % 0.00 2.282 0.00 2.418
PSBFEM FEM
4
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16
V)
0.68% Fig.16 Distribution of displacement of core wall along
3.60% dam height during earthquake
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Table 5 Comparison of stress and deformation extremum
of dam body during earthquake

/m /m /MPa /MPa
FEM 0.248 0.078 4.150 0.779
PSBFEM 0.250 0.079 4.122 0.751
% 0.806 1.282 0.675 3.594

6
Table 6 Comparison of acceleration extremum of
dam body under seismic action

/(s’)
FEM 8.198 6.463
PSBFEM 8.295 6.376
% 1.183 1.346
PSBFE
PSBFE3D
17
212 m
70.38 s
358 500 430 127
7
1
2
3
FEM
PSBFE

(1]

(2]

(3]

(b)
17

Fig.17 Sketches of octree mesh of earth-rockfill dam
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