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Size effect analysis of face slab damage evolution for high concrete
face dam under earthquakes based on cross-scale fine method
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Abstract: The construction scale of concrete face dams is breaking through 200~300 m span in China. It is
vital for the seismic performance and safety control of super-high dams to investigate the seismic damage of
face slabs. Quadtree cross-scale modelling and non-linear SBFEM-FEM coupling analysis method are

introduced to study the fine damage evolution process of high concrete face slab dam under earthquake by
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combining generalized plastic model of soil, elastic-plastic contact model and plastic damage model of
concrete. The results show that the damage zone mainly occurs near the elevation range of 0. 6H~0. 9H.
With the refinement of the grid along the slope., the damage tends to be localized, which can more
reasonably reflect the damage phenomenon at the top of the face slab. It is suggested that the size of
concrete face along slope direction should be 0. 5~1. 0 m. Most areas of concrete face can be divided into
two or one layers in normal direction, which can satisfy the calculation accuracy. However, for partial area
of the slab top, three layers can be considered. The cross-scale analysis method based on Quadtree-SBFEM-
FEM achieves the fine damage evolution research of concrete face, which can provide important reference
and guidance for the precise location of the weak area of structures under earthquake and the effective

analysis of the seismic safety control method.

Keywords: damage evolution; quadtree modelling; cross-scale; high concrete face dam; SBFEM-
FEM coupling
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Fig.2 Layering of discrete face elements along normal
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Table 1 Model information for cross-scale analysis of

concrete face dam
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LS R b o
F/m WRR/% WRR/ %
4 9 871 10 148
2 11 149 11 522 46. 57 97.78
1 14 191 14 753 149. 04 293.33
0.5 21 263 22 188 352.09 688. 89

Y6 14908
R S WKz 15468

B3 MRS S R MAE(ERIEEERS 1 m)

Fig. 3 Quadtree grid of concrete face dam (face size is 1 m)
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Table 2 Generalized plastic model parameters of dam material g—g?

G, Ko M, M« « Heo Huw m
880 1173 1.7 1.5 0.1 0.3 750 1500 0.24
my mi my rd YoM Yu o B

0.24 0.25 0.33 110 50 5 15 0.028
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Table 3 Generalized plastic model parameters of transitional material

Go Ko M, M o« o Ho Huw m
965 1288 1.68 1.3 0.1 0.4 550 1100 0.23
my m my ra YoM Yu Po P

0.23 0.45 0.45 110 50 5 20 0.02
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Table 4 Plastic damage model parameters of concrete

o/(kg*m™ %) E /GPa 7 fi/MPa f./MPa G./(Ne+m™!)

2450 31 0.167 3.48 27.6 325
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Table S Parameters of the generalized plastic interface model

Dy /kPa Dy, /kPa M. e A a/kPa’? b c

1000 1500 0. 88 0.0 0.091 224 0.06 3.0

a Yd km M; k H,/kPa fh t/m

0.65 0.2 0.6 0.65 0.5 8500 2.0 0.1
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Table 6 Parameters of linear model
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Fig.5 Time history curve of seismic wave acceleration
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Fig. 6 Damage distribution of concrete face discreted

three-layer mesh in normal direction
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Fig.7 Damage distribution of concrete face discreted

five-layer and three-layer mesh in normal drection
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Fig.8 Comparison of damage distribution of concrete face

discreted different layer mesh in normal drection

(dimension is 0.5 m along slope)
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