37 3 Vol. 37 No. 3
2009 5 Journal of Hohai University Natural Sciences May 2009

DOI 10.3876/j.issn.1000-1980.2009.03.019

12 3 3
1. 210098 2. 310008
3. 243002
25.03 3.63%
0.70 MPa 6.05% 0.082GJ 2.20% .
TV642 .4 A 1000-1980 2009 03-0330-05
1 -
2 v
c F H
3
a b 3
4
5
1
1.1
2008 -09-02
070003 070414174

1968 —



331

1.2

2.1

OmOooOdooomOooooOoo

X = 2 %, x, !
mnF X = A X H X  f, X
s.t.
Vmin = v = Vmax
Tmin = T = Tmax
K, < K,
Ky < Ky
Umax $ Glll‘dx
Omin 2  Omin
gDmax = gDmax
a
7 d 8
10
fX =V
fz X = miax 01
U
LK =U=8"K
K__
X fmini
fi X m
fmini = mlnﬁ Xl\ = .fL XLX
! .
{ il =1

fmaxi = mlax.fl Xf

0t

ul-X =

D ﬁuaxi
)

maxi_ — ﬁ X
- fmini

fi X = fmini
fmini < ft X
ﬁ X > fmaxi

6
€
3
2 m
Sfmaxi

fmax i



332 37
2.2
maxkl X =2;1-d X +2r X +A4 X
Ag A Ag
] m
d X = m;|ui X -1
m . X
rX =23 L
=m o+ Z u; X
i=1
P oy minll—w X | +0.5max/1-u X |
X = T X | +05max/1-uw X | 10
3
550.0m 277.0m. 820.0 m
21 GPa 0.167 2.41/m’.
2 5 819
128 0. : + + + + ?
39
9 . a K,<0.35 b Ky<0.30
c d QL+ OR max < 100° e O min= — 18.0 MPa.
Ad = A, = AZ = %
1
1 Table 1 Comparison of main technical parameters of
) 1 initial and optimization shapes for an arch dam
[ / Ko K
m’ GJ /MPa /MPa /cm
2 3 689.26  3.733 11.57 -13.61 11.04 0.254 0.048
4 664.23  3.651 10.87 -17.76 10.36 0.176  0.233
5.
2
Table 2 Parameters of fuzzy optimization shape for an arch dam
. /m /m /° /m
— WILR A
827.0 0.000 19.471  22.317 21.029 35.735 49.493 507.193 223.573 - DLt iAt

780.0  -24.448 35.006 27.631 30.853 49.112 43.135 283.341 263.790
740.0  -38.006 44.232  47.216  47.664 53.261 36.507 221.577 321.548
690.0 —46.966 52.077 52.524 64.876 45.736 52.538 251.244 171.980
640.0  -48.625 57.501 79.614 60.299 54.864 37.468 148.058 259.574
600.0 -45.829 61.307 79.707 83.588 40.030 32.952 196.097 251.773
570.0 -41.8%4 64.453 77.785 73.938 23.309 24.241 284.720 273.876
550.0 -38.598 66.906 77.885 66.222 19.550 10.946 145.393 267.472

1

Fig. 1 Cross section of arch crown cantilever
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Fig. 2 Unit strain energy on upstream surface unit MJ
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Fig. 3 Unit strain energy on downstream surface unit M]J
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Fig. 4 Contours of principal tensile stress on upstream surface unit MPa
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Fig. 5 Contours of principal compressive stress on downstream surface unit MPa
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25.03 o 0.70 MPa
0.082GJ.
1 J . 2000 28 3 39-43.
2 J . 2001 32 10 48-53.
3 J . 1998 11 10-14.
4 J . 2002 19 2 192-194.
5 J 1994 2 25-30.
6 J . 2005 1 8-14.
7 J . 2000 31 8 1-3.
8 J . 2003 31 1 1-4.
9 J . 2006 37 11 1342-1348.
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2006 34 4 392-396.

Multi-objective shape optimization design of high arch dams based on fuzzy theory
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Abstract The economy and safety of double curvature arch dams under the static load were comprehensively considered .
The dam volume the maximum principle tensile stress and the integral strain energy were regarded as the economic
objective function the local safety objective function and the integral safety objective function respectively. On such a
basis a tri-objective optimization design model for high arch dams was established. According to the theories of the fuzzy
mathematics the hamming distance closeness degree and correlation degree were calculated and the fuzzy evaluation
function was established according to the weight of those indices. An arch dam was considered for its optimization design.
The results show that the after the shape optimization design the dam volume is reduced by 25.03 x 10* m* 3.63% of
the total volume the maximum principle tensile stress is reduced by 0.70MPa 6.05% of the total stress and the strain
energy of the dam is reduced by 0.082 GJ 2.20% of the total energy. The improvement efficiency of multi-objective

functions is obvious.
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