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Design Optimization of Basic Section for Gravity Dam Using Artificial Swarm

Intelligence and Its Application to Long-term Management of Dam Stability

gd ooogbboooodg oo

Toshio HAMAGUCHLI, Tetsuya SUMI and Shigenobu TANAKA

Synopsis

This paper demonstrates the performance of basic triangle designing of gravity
dam using the artificial swarm intelligence approaches such as PSO, ACO and GA.
The obstacle to determine a basic triangle is to optimize the parameters to be designed
as minimize the triangle area because the shape of the fillet makes the vertical forces
of the static water and sediment pressures with bilinear processes in cases that a
sediment height gets greater than a fillet one. In this research, two approaches are
carried out. The first one is to employ the 0-extension approach to express the
bilinear situation as one equation. The second one is to use the artificial swarm
intelligence approach to optimize the dam parameters in bilinear processes. A given
sedimentation height is reconsidered to know the upper limitation in managing the
long-term dam sedimentation. It can be concluded that this research is useful and

helpful in overcoming the difficulty of optimally designing the bilinear basic-triangle

parameters and in managing the long-term sedimentation.
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Fig.1 Forces to a gravity dam except uplift force in case of hs > h,
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Fig.2 Forces to a gravity dam except uplift force in case of hs < h,
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Table 1 Design parameters of a basic triangle

Symbols | Parameter descriptions

Vv Vertical force (tf)

H Horizontal force (tf)

M Moment at upstream slope toe (tf-m)

my Gradient of upstream slope

me Gradient of downstream slope

n Gradient of fillet slope

h Dam height (m) [Here, =Upstream water depth]
s =hgs/h | Ratio of sedimentation height to dam height
v=h,/h | Ratio of fillet height to dam height

hg Downstream water depth (m)
6 = hp/h | Ration of Downstream water depth to dam height

Ve Concrete unit weight (tf/m?)

Y Water unit weight (tf/m?)

Vs Submerged sedimentation unit weight (tf/m?)

C, Mud pressure coefficient

k Seismic coefficient

o Uplift coefficient

) Uplift drainage-affected coefficient

d Ratio of distance up to drainage well to dam length

Fg Safety factor of shear stress

To Intension of shear stress (tf/m?)

f Internal friction coefficient
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Fig.3 Uplift force considering drainage at inspection gallery

v=1 ([v —w{u —0)(B+d) + 29}

+

—+

MwQ—mﬂl—MQ—vﬂhmf—”ma{ﬂ—eﬂﬂ+d%+%}v
M = %{ |:'yc{(2 — 3v)my + ma + 3nv + k} + 3’ywm292

—{Vw(l —v)? +VsCensv3}(n + m1)

+ (Yo 4+ 715Ce5®) (1 + n?) — v (1 + m2?)6?

#m(%Ml+W)—aP1—®{ﬂﬂ+d%+f}+30

(m1 4 m2) + (Yo + ¥5Ces?)n + yum2?

(n— ml)) n’ (22)

H= % |:'yck{(m1 + m2) 4+ (n — ml)v2} +'yw{1 -0 + gk(l + 92)} +'ySCes2:| n? (23)

(m1 + m2)

Ye(2n —m1 + k)v3 — 3{’yw(1 — 1))2 + ’ySCensv2}nv + 3’ywm21)92

(n —m1)

{(m1+mz)+(n—m1)v}2) }h3 (24)
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Table 2 Design parameters of A-dam

my 0.07 ma 0.8 h 73.5(m)
Ye | 2.3(tF/m?) | 7, | 1.0(tf/m3) | 75 | 1.1(tf/m?)
s 0.64 0 0.0 Ce 0.5

k| 012 a 0.4 3 0.2

d | 02 | Fs| 40 |t |2.45(tf/m)
7 1.0 ¢ 1.0 ¢ 1.0
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Fig.5 Actual basic section of A-dam

—/
(e}
45.7(m)
73.5(m) %,
47.0 &
(m) S 27.8(m)

Fig.6 Designed basic section of A-dam with optimized
parameters

0000000000000000000000000
0000000000000000000000000
0000000000A-damO000000000000
0000000000000000000000000
0000000000000D000000000000
00000D0000D0000D000000000000
0000000000000D000000000000
0000000000000D000000000000
00000D00000000D000000000000
000000D000D0000D000000000000
000D0000000000000000000000
0000000000000
0000000000000D0000D0000000
00000D00000000D000000000000
0000000000000 000000000000
00000000000000000000s00000
00000000000000s=0.7600000000
00s=06400000000000000000000
00882m00000000000 (Fig.7)DJAODDOO
00000000 6,000,000m*)0000000000
00000000000000000 10,050,000(m®) 0

Fig.7 Increasing capacity reservoir sedimentation in
optimized basic section
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