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Design and Optimization of Hydraulic Section for Open Channel

Considering Uncertainties in Flow Rate, Slope, and Manning
Roughness Coefficient
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Abstract

Flow rate, bed slope, and Manning roughness coefficient are required for hydraulic
section design of open channel using Manning's formula. The flow rate can be obtained by
analyzing the hydrologic data. The uncertainty of flow rate cannot be ignored due to the
randomness of hydrologic data and the effect of global climate change. In addition, the
construction inaccuracy also makes the bed slope and Manning roughness coefficient
uncertain. The goal of this study is to design and optimize the hydraulic section of the
trapezoidal open channel, considering the uncertainties in flow rate, bed slope, and Manning
roughness coefficient. In this study, the theory of the optimal hydraulic section and a simple
equation for designing the optimal hydraulic section are first reviewed by ignoring the
parameter uncertainties. However, the simple equation for designing the optimal hydraulic
section cannot be directly applied while the parameter uncertainties are considered. Therefore,
this study aims to elaborate and verify the application of the Hybrid DE-PSO heuristic
optimization algorithm in calculating the water depth of the nonlinear Manning's formula. The
model application is performed via the Rosenblueth point estimation method to quantify the
mean and standard deviation of the water depth under consideration of the parameter
uncertainties. Accordingly, the elaborate hydraulic section of a trapezoidal open channel could
be designed based on a given overflow probability. The hypothetical cases present that the
optimal hydraulic section could be achieved subject to parameter uncertainties. Therefore, in
the last part of this study, the optimization model for hydraulic section design, considering the
parameter uncertainties, is established and solved by the Hybrid DE-PSO heuristic
optimization algorithm. Also, the model application results show that for each side slope of a
trapezoidal open channel, there is a corresponding optimal hydraulic section with a specific
relationship between the ratio of the bottom width to the height and the side slope, which is
consistent with the results of the traditional optimal hydraulic section without considering the
parameter uncertainties. Moreover, among different side slopes, the 60-degree angle of the
side slope has the largest hydraulic radius, the smallest channel area, and the wetted perimeter,
which is also the same as the result of the optimal hydraulic section neglecting the parameter
uncertainties. Furthermore, as the overflow probability increases, the bottom width and height
of the optimal hydraulic section become smaller. The hypothetical cases unveil that the
bottom width and height of the optimal hydraulic section without parameter uncertainties are
very similar to those with the overflow probability of 0.5 but may be severely underestimated
when the overflow probability becomes less than 0.5. For example, the bottom width and
height are underestimated up to 0.247 m and 0.214 m, respectively, in Case Scenario 2 with
the overflow probability of 0.05. As a result, the parameter uncertainties need to be
considered for hydraulic section design to mitigate flooding disasters.
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