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Analysis of arch dam’ s maximal finite element equivalent stress with
consideration of uncertainty of deformation modulus of
foundation rock mass

SUN Linsong! KONG Dezhi’
1. College of Hydraulic Science and Engineering Yangzhou University ~ Yangzhou 225009  China
2. HydroChina Guiyang Engineering Corporation  Guiyang 550081  China

Abstract In order to study the influence of uncertainty of the deformation modulus of a foundation rock mass on the
stress of arch dams an optimization model for calculation of the maximal stress of arch dams is proposed with the design
variables being the deformation modulus of the foundation rock mass and the objective function being the maximal stress of
the arch dams. The relationship of an arch dam’ s maximal finite element equivalent stress and the deformation modulus of
foundation rock mass is described with a second order polynomial response surface which was established using the
uniform experimental design method. An engineering example shows that the response surface has high precision and
when the upper and lower limit of the deformation modulus of the foundation rock mass are known the method presented

in this paper can be used to accurately calculate the maximal finite element equivalent stress.
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1
Table 1 Deformation moduli of foundation rock mass at different elevations
/GPa /GPa
585.00m 545.00m 13.0 19.0
585.00m ~ 696.00 m 545.00m ~ 600.00 m 8.0 12.0
3 696.00m ~ 834.00 m 600.00m ~ 834.00 m 10.0 16.0
1.0<E;- E,<4.0
1.0<FE, - E;<4.0 4
3.2
E, E, E; 3 4

x1=FEy xy=FE;-E; x3=FE, - E;
8.0<x<12.0 1.0<s%,<4.0 1.0<x3<4.0
15 2
1 15 3
+ + + +

y = - 1.18 + 0.251x; + 0.182x; + 0.139x3 — 0.926 x 107%x,% — 0.117 x 107 x,? + 0.453 x 1072x5> 5

y = 8.45 + 0.165x; + 0.296x, + 0.168x5 — 0.927 x 1072x,%> = 0.232 x 107'x,%> + 0.891 x 1072x3> 6

3.3
5 6
y Ey E; Ey =-1.176 + 0.138E, + 0.069E, + 0.043E5 + 0.00453E,*> -
0.02096E,> — 0.00717E5> + 0.0234E,E; — 0.00906E, E; 7

y E, E; E; =8.45+0.168E, — 0.131E, + 0.12E; + 0.00591E% —
0.03247E,% — 0.01429E,2 + 0.0464E,E; — 0.017 82, E;

2 3
Table 2 Design levels of design factors  MPa Table 3 Experimental cases and results MPa
X X2 X3
1 8.0 1.0 1.0 a 2 R
2 8.3 12 1.2 1 8.0 1.6 2.3 0.82 9.9
3 8.6 1.4 1.4 2 8.3 2.5 3.8 1.2 10.59
4 8.9 1.6 1.6 3 8.6 3.4 2.1 1.09 10.33
5 9.1 1.9 1.9 4 8.9 1.0 3.6 1.06 10.19
6 9.4 21 21 5 9.1 1.9 1.9 0.87 9.93
7 97 23 23 6 9.4 2.7 3.4 1.28 10.46
3 10.0 25 25 7 9.7 3.6 1.6 1.13 10.24
9 10.3 27 27 8 10.0 1.2 3.1 1.09 10.12
10 10.6 2.9 29 9 10.3 2.1 1.4 0.93 9.89
1 10.9 31 31 10 10.6 2.9 2.9 1.31 10.38
12 1.1 3.4 3.4 11 10.9 3.8 1.2 1.17 10.18
3 1.4 36 36 12 11.1 1.4 2.7 1.13 10.07
13 11.4 2.3 1.0 0.9 9.88
14 11.7 3.8 3.8
14 11.7 3.1 2.5 1.34 10.32

15 12.0 4.0 4.0 15 12.0 4.0 4.0 1.63 10.66
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0 8< F, < 12 9
2 10<E<16
% 1 < E3 - E2 < 4
U l<E -E; <4
Yy E 1 E2 E3 7 8
9 7 8 9
1.63 MPa E,=19.0GPa E,=11.0GPa E;=15.0GPa
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1.59MPa  10.96 MPa 2.45% 1.37%
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