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1. Introduction

Estimation of flow resistance in an alluvial channel with reasonable accuracy is of great interest to hydraulic
engineers. However, the problem remains unsolved despite numerous investigations over the past decades. The
difficulty arises because the bed form affects the flow resistance. In addition, the bed in an alluvial channel is not
fixed but continually undergoes changes in its characteristic geometry and dimensions as a result of the interaction
between the flow and bed.

2. Methodology
2.1. Experimental study

Sediment and flow variables like flow depth, flow velocity, water surface gradient, sediment diameter and its
distribution and type, are the main parameters influencing the bed forms. A 5 m long, 0.15 m wide, and 0.25 m tall
rectangular pollex glass flume located in the hydraulic laboratory of Caen University was utilized as shown in Fig.
1.

Sediment particles used in the experiments were natural quartz sand with a specific gravity of 2.65. Uniform
sizes of sand with average diameters of 0.15 mm and 0.4 mm were chosen. The water flow was supplied by a pump
which was re-circulated between the upstream and downstream tanks. At the beginning of each experiment,
sediment particles were saturated to provide real natural conditions and prevent incipient motion of dry particles.
They were then placed on the bed of the test section. Then, sediments were distributed and smoothed by a T-shaped
device without any compaction to obtain 3 cm of sediment in height on the bed. In these experiments discharge rate
controlled by a valve in the discharge pipe of the pump and sediment was recirculated and water depth and bed
variations measured by using image processing. For this purpose, a digital camera is used for taking picture in
different time and space and then surfer8 software is used for image processing and obtaining accurate data. Sand
wavelets were generated within a few minutes (for example around four minutes according to Coleman [1]). Dune
height was measured 15 to 30 minutes after commencement of the run (see Fig. 1). By changing the flow depth and
discharge, different average velocities and Froude numbers could be obtained. The water depth and discharge rate
were set in a manner so that dunes formed on the bed [2]. In these experiments, the difficulty lay in measuring water
surface gradient S,,. Because the water surface had fluctuations over the space and time due to bed form shapes. For
overcome to this problem, firstly a thin sensitive wire gauge(with high sensitivity to voltage variations) set to F
shape instrument and by plotting a voltage-depth linear equation this instrument is calibrated and used for measuring
water surface slope using special voltage meter and computer program with 200 data in second.
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2.2. ANN modeling

The approach of intelligence systems networks has the advantages of using field recorded data directly without
simplification and is not like regression analysis, which needs to make an assumption of equation in advance.
Furthermore, this method is capable of executing parallel computations, and can simulate a nonlinear system which
is hard to describe by traditional physical modeling. This has allowed for a wide range of applications in water,
hydraulic and hydrological engineering to be extensively published in recent years.

In rivers, hydraulic bed is movable, flow resistance varies, and determination of different effective parameters on
friction factor of movable bed is complicated. In spite of many researches about flow resistance, there is no
universal formula up to now. In this research, experimental data of movable bed Flume with dune bed form was
used. Then FFNN (Feed Forward Neural Network), RBF (Radial Bases Neural Network) and ANFIS (Adaptive
neuro-Fuzzy Inference System) used for predicting of roughness coefficients in both of dimensional and
dimensionless roughness coefficient.

3. Results and discussion

The best configuration was determined by trial and error. Based on trial and error method, two combinations of
data consisting of dimensional and non-dimensional parameters were considered as inputs to predict Manning
roughness. These two input combinations were used to see which one leads to better results.

Run of 11 existing ANN and ANFIS models with different dimensional and non-dimensional parameters indicate
that Model (VI) (Fr, Re, Sw) for both of dimensional and non-dimensional target function predicts the friction factor
in all the networks with the lowest error and highest correlation operation. Tablel shows result of FFNN
performance rank using different models.

Table 1. Ranking results of different models

T
. e Model MNE R RMSE MAE

i Bt o ANNI 8 9 8 7

ANN2 1 1 10 10

it . . . . e ANN3 9 7 7 9
ANN4 10 10 9 8

ANN5 2 5 3 2
——— e e e ANNG6 | | | |
Developing Bed Forms (Ripples or Dunes) ANN7 3 4 3
ANNS 6 3 2 6

ANN9 7 8 1 1

Send Wawelus ANN10 4 2 5 4
ANNI1 5 6 6 5

Fiane Bed

Fig. 1. schematic view of dune shape
and equilibrium bed form

4, Conclusions

In rivers, hydraulic bed is movable, flow resistance varies, and determination of different effective parameters on
friction factor of movable bed is complicated. In spite of many researches about flow resistance, there is no
universal formula up to now. In this research, experimental data of movable bed Flume with dune bed form was
used. Then FFNN (Feed Forward Neural Network), RBF (Radial Bases Neural Network) and ANFIS (Adaptive
neuro-Fuzzy Inference System) were used for predicting of roughness coefficients in both of dimensional and
dimensionless roughness coefficient. Results showed capability and workability of different neural networks in
simulation of roughness coefficient. Numerical tests indicate that the ANFIS model leads to better results than the
RBF model; but it is not as robust as FFNN. Also a sensitivity analysis showed that the Reynolds number (Re) for
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dimensional variables and R/D50 in no dimensional variables are the most effective parameters on roughness
coefficient.
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