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Validation of composite element method by physical and numerical tests
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QIANG Sheng*, LI Gui-rong’, CHEN Sheng-hong"
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. School of Water Resources and Hydropower, Wuhan University, Wuhan 430072, China)

Abstract: The principle and algorithm of composite element method (CEM) are briefly described. The major merits of the method
are the preprocessing work load and difficulty can be reduced remarkably; and it can be coupled with finite element method (FEM)
system very well. Then the physical model overloading test for Baozhusi Gravity Dam is illustrated. The overloading cases of
numerical tests are carried out by three dimensional elasto-viscoplastic FEM and three dimensional elasto-viscoplastic CEM
separately for the dam. The computational results are compared with the results from the model test. The comparison shows the
displacements of the key points match closely. The whole displacements and stresses of two numerical methods also agree each other
well. This research shows the validation of the CEM, and the main advantage of the algorithm: simple in preprocessing and accurate
as FEM. Meanwhile, it is proved that CEM is an effective way to solve the deformation and destroy problems for the gravity dam on
complicated rock base.
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Fig.2 Schematic of the geology mechanics model of the
Bao Zhusi gravity dam
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Table 1 Parameters of the rock masses and concrete

EijE A
ML K FEES WK RIBEE W
s R
HIM - /kN-m” /() /MPa / GPa th
/ kPa
o' 23.52 45.0 0.6 7.53 0.27 10.0
o 25.97 45.0 0.6 2.89 0.30 6.6
Oifzfz
25.48 45.0 1.0 18.70 0.18 47.6
0273
o 25.87 45.0 0.8 11.90 0.25 290
S, 25.48 26.6 0.4 4.00 0.30 220
S| 25.87 31.0 0.5 595 027 220
TRkt 23.52 45.0 2.5 17.00 0.17  33.0
%2 FESEIHNSH
Table 2 Parameters of the discontinuities
AN BREE FEg S RER RE o
) HE[yN 2 . I
ATl /MPa /() /MPa /m
D3 30.0 0.40 20.8 0.01 0.01
D¢ 50.0 0.40 19.3 0.02 0.01
D7g 50.0 0.40 21.8 0.01 0.01 Fy %
D7g 300.0 0.30 21.8 0.02 0.01 |
Ds 40.0 0.40 14.0 0.01 0.01 Fy %
Ds 300.0 0.30 16.7 0.02 0.01 |
F4 1 400.0 0.35 26.6 0.02 0.50
F, 3000.0 0.35 24.2 0.05 1.00
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Fig.3 Layout of the physical model test
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Table 3 Overloading procedure
L KA RWEKER ATt E BEERK .
e Hi
Zu/m Hi/m P;/MN K,
1 594.70 130.70 0.0 1.00
2 610.38 146.38 103.90 1.24
3 626.07 162.07 124.01 1.48
4 646.98 182.98 150.82 1.80
5 654.82 190.82 160.88 1.92
6 659.50 195.50 166.87 1.99
7 660.05 196.05 156.83 2.00 e
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Fig.4 Mesh of composite element method
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Fig.5 Mesh of finite element method
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Fig 6 Displacement induced by water pressure
when K, equals 1.99
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Fig.7 Relation of displacement of point A with K,
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Fig.8 Relation of displacement of point B with K,
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