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Note: T is the value of thickness of channel concrete slab, m; / is the height of
the channel, m; b is the width of channel bottom, m; 6 is channel slope angle,
rad.
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Fig.1 Geometric dimensions for trapezoidal cross section

TR AT WA S AL IR IEAE IR )« R& )
) SRR AR AN B AR VR o AR, 2
T ) Z AR AR, WL S 0% Bk, #5700
FROREAT T AR A AL BE, SR el S a7 F S
FEAHER 5 L) ) 2 A

FESZ bR TRE 2, BSOSO VR BB J5e ™ FE K47
&2 GBI BT SR A, SR AR ]
MIBTERRL AT VR SRR ME LI AT, R SRR A 4 i 2] 5 4
{35, DAL SO ST AR AR SR T 2 1A
BRI Eettor A, R iR, oA % . g4 5t
LA BE A, R e/ B SBONIS FE B TR e A4S b 2

[14-17]

I B2

e L OIS, m; B W E ETGERE, my xo AR A AT AL
B, m.

Note: L is the length of side wall, m; B is the width of free surface, m; x¢is the
maximum bending moment section, m.
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Fig.2 Mechanics analysis of side slope
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Fig.4 Flow chart of self-adaptive particle swarm optimization
algorithm
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Table 1  Simulation results of channel concrete lining

B IRE B G SE SR &Y JR5E IS/ TR
Designed channel Discharge O, /(m*s™) Values of thickness 7/cm Side slope my Width of bottom 5/m Height of channel H/m  Cost/(Jt-m ™)

1 3.48 143 1.5 4.5 1.52 409
2 2.73 13.4 1.5 4 1.4 344
3 2.45 12.2 1.5 4 1.32 309
4 2.28 10.7 1.5 3.5 1.29 290
5 1.72 10.5 1.5 3 1.2 252
6 1.66 10.1 1.5 3 1.17 242
7 1.40 10.1 1.5 2.5 1.14 225
8 1.07 9.5 1.5 2.5 1 182
9 0.82 8.8 1.5 2 1 168
10 0.54 7.4 1.5 2 0.81 122
11 0.34 7.0 1.5 1 0.73 96
12 0.22 6.7 1.5 1 0.59 60

F2 FREETESHA LR

Table 2 Comparison of channel cross section parameters

J ¢t Original design itk 5 After optimization
BT RE
Designed J B8 KR T W JH JE B K TR W
channel ~ Width of bottom Height of channel Width of surface Wetted perimeter ~ Width of bottom Height of channel Width of surface Wetted perimeter
b/m H/m B/m x/m b/m H/m B/m x/m
1 4 1.6 9.40 9.77 4.5 1.52 9.66 9.98
2 4 1.41 8.83 9.08 4 1.40 8.80 9.05
3 4 1.33 8.59 8.80 4 1.32 8.56 8.76
4 35 1.33 8.09 8.30 3.5 1.29 7.97 8.15
5 25 1.33 7.09 7.30 3 1.20 7.20 7.33
6 2.5 1.31 7.03 7.22 3 1.17 7.11 7.22
7 2.5 1.20 6.70 6.83 2.5 1.14 6.52 6.61
8 2.5 1.04 6.22 6.25 2.5 1 6.10 6.11
9 2.5 0.91 5.83 5.78 2 1 5.60 5.61
10 25 0.91 5.83 5.78 2 0.81 5.03 4.92
11 1 0.73 3.79 3.63 1 0.73 3.79 3.63
12 1 0.60 3.40 3.16 1 0.59 3.37 3.13
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Optimization and parameter analysis for channel cross section with
concrete lining in northern irrigation district

Liu Dong™?, Hu Yuxiang®?, Fu Qiang?, Li Tianxiao'?
(1. School of Water Conservancy & Civil Engineering, Northeast Agricultural University, Harbin 150030, China;
2. Key Laboratory of High Efficient Utilization of Agricultural Water Resource of Ministry of Agriculture, Northeast
Agricultural University, Harbin 150030, China;
3. School of Water Conservancy and Civil Engineering, Jilin Agriculture Science and Technology College, Jilin 130101, China)

Abstract: Artificial open channels are the major conveyance systems to deliver water. Computation of parameters of
channel cross section is an important task in hydraulic design of open channels. From a hydraulic engineering
perspective, it would be prefer to have an optimal method with reasonable mathematical model and high accuracy for
designing the parameters of channel cross section. However, the optimization method of the channel cross section in
northern Irrigation District with concrete lining only considers the reliability under single hydraulics conditions, while
ignoring the safety of frost heaving and the economy. To optimize trapezoidal cross section structure with the concrete
lining accurately, a mathematical model based on optimal hydraulic section, economy, and safety of frost heaving is
solved by adaptive particle swarm optimization (APSO). The APSO is presented to overcome the problem of premature
convergence and local optimal in conventional particle swarm optimization (PSO). With a reasonable assumption
combined with the basic theory of mechanics, the constrained optimization model is propounded, which considers the
thickness value of channel concrete slab simultaneously with the objective of cost minimization. The optimized channel
section not only satisfies the optimal hydraulic cross section but guarantees the safety and stability of the side walls so
that both the amount of the concrete lining and the land acquisition are optimized. Finally, the Xuexing main channel of
Wokenhe Irrigation District in Heilongjaing Province is taken as an example to analyze the effects of design parameters,
such as channel slope, width of channel bottom, height of channel on the objective function. The result shows that the
parameters obtained by the APSO can minimize the lining cost and the land occupation under the condition of satisfying
the optimum hydraulic section. Comparing the 12 continuous channel sections based on wetted perimeter, the reductions
of the lining amount and the land occupation were 1.8% and 1.5% respectively with the low flow errors. For parameters,
the optimum is less sensitive to the increase in bed width and more sensitive to the increase in side slope obviously.
When the values of width and height of the channel increase, the objective function increases. The value of lining
thickness is a comprehensive reflection of soil quality, negative temperature and status of moisture; thereby the objective
function can be solved provided that freezing forces is determined according to the practical experience or experiment.
The results obtained by APSO approach are satisfying and the method can be used reliably for the design of artificial
open channels. The research can improve the level of concrete seepage channel optimization in cold region and provide a
scientific basis for enhancing operation benefit in irrigation district.

Key words: canal; model; optimization; adaptive particle swarm optimization; lining canal; section optimization;
frost-heaving damage; mathematical model
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