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Extended Abstract
Introduction

In the design of engineering systems such as water conveyance channels, minimizing construction costs and maximizing
efficiency are of paramount importance. A key challenge in designing open channels is reducing the risk of flow overflow.
Composite channels, which feature varying side slopes or non-uniform roughness coefficients on different surfaces, are
widely used due to their design flexibility. This study investigates the optimization of a composite trapezoidal channel
cross-section with different roughness coefficients for the sidewalls and bed. The primary objectives are minimizing
construction costs (including excavation and lining) and reducing the probability of overflow, considering freeboard as a
decision variable. This research presents, for the first time, the optimization of composite channels under this approach.

Materials and Methods

The study formulates a nonlinear optimization model with two objective functions: 1) minimizing construction costs and
2) minimizing the probability of overflow. The main constraint is the Manning equation for uniform flow. Design
variables include bed width, flow depth, side slopes, and freeboard. A constrained multi-objective programming technique
is employed, and the problem is solved using Wolfram Mathematica. In the numerical example, the design discharge is 10
m3/s, Manning’s roughness coefficients for the sidewalls and bed are 0.1, 0.015, and 0.03, respectively, and the bed slope
is 0.0025. Two scenarios for lining costs (uniform and non-uniform) are examined.

Results and Discussion

The results indicate that as the probability of overflow increases, the optimal bed width decreases while the flow depth
increases. Additionally, the freeboard decreases with higher overflow probability, which aligns with previous research
findings. Regarding side slopes, differences in lining costs significantly influence the optimal slopes: for a sidewall with
higher lining costs, the optimal slope increases to reduce the lining area and overall cost. Conversely, for a sidewall with
lower lining costs, the optimal slope decreases. Construction costs also decrease with higher overflow probability, as the
reduced freeboard requirement lowers expenses.
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Conclusion

This research demonstrates that optimizing composite channel designs with varying roughness coefficients and non-
uniform lining costs can lead to reduced construction costs and improved hydraulic performance. The findings suggest
that narrower and deeper channels increase overflow probability, while greater freeboard reduces it. Moreover,
differences in sidewall lining costs directly affect the optimal side slopes. These insights can serve as a practical guide for
engineers in designing more economical and efficient composite channels.
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Fig 1. Cross sections of a trapezoidal composite channel with total free height
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Table 1. Results of solving the optimization model with different roughness coefficients and the same coverage cost
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Table 2. Results of solving the model considering excavation and cover costs with different roughness coefficients and
different cover costs
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Fig. 2. Changes in channel bottom width for different weir probabilities
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Fig. 3. Flow depth changes for different weir probabilities
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Fig. 4. Changes in free height for different weir probabilities
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Fig. 5. Changes in lateral slope Z; for different weir probabilities
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Fig. 6. Changes in lateral slope Z, for different weir probabilities
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Fig. 7. Changes in construction cost values for different weir probabilities
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