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Abstract

Sediment grains size have always been considered as one of the crucial issues in the case of sediment dynamics. This seems necessary as it
significantly affects sediment transport, bed roughness, and river environmental conditions. Since the geometric factors and characteristics of
hydraulic flow in river bends are very complex, the analysis of sediment grain size distribution becoming an essential issue in bends that has
been studied less so far. In this research, the distribution of the sizes of sediment grains in natural river bends having gravel beds was taken
into consideration using field data. To achieve such a goal, 180 sedimentary samples from upper layers and other hydraulic flow parameters,
including the velocity and depth of the flow and the characteristics of geometric beds, were gathered from nine different river bends. After
determining the grain sizes of the sediments in the laboratory and calculating other required parameters, the P-Buckingham theory was
applied to identify both the effective non-dimensional parameters and the characteristic equation. Then, the Generalized Additive Model
(GAM) was used to determine the relationship between variables. Also, to avoid errors in the results, variables with a correlation coefficient
greater than 0.5 and a probability value (p-value) greater than 0.05 were removed from the modeling process. Finally, a mathematical model
for the distribution of sediment particle sizes based on the geometric parameters of the bends and the flow characteristics was developed. The
obtained equation, with a coefficient of determination (R?) equal to 0.76, shows that Froude Number (F.), Shields parameter (Ogp;e145), and
the proportion of curvature radius to the top width section (R./T) affect on the median sizes of sediments in the gravel river bends.

Keywords: Dimensional analysis, Generalized additive model, River bend, Sediment grain size.
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Figure 2. Field measurement in abzKkooh river as a case study
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Table 1. Summary of the field measurements ranges in the bends

Curvature Top crossing Mean flow Mean flow Median grain Specific
Filed Case radius width depth velocity size Gravity
Rc (m) T (m) h (m) u (m/s) ds (mm) S
Case 1 77.99 4.15-6.50 0.13-0.22 0.41-0.86 31.79-40.99 2.67
Case 2 71.43 4.30-7.0 0.11-0.15 0.37-0.70 25.84-30.46 2.67
Case 3 84.22 4.60-6.40 0.11-0.13 0.44-0.57 28.57-30.66 2.67
Case 4 64.50 3.60-6.90 0.14-0.26 0.15-0.51 24.86-32.50 2.69
Case 5 17.11 4.20-5.70 0.13-0.26 0.26-0.69 25.30-28.79 2.67
Case 6 233.10 32.0-58.50 0.43-0.58 0.56-0.86 25.56-34.01 2.67
Case 7 140.07 39.0-42.0 0.42-0.95 0.57-0.91 33.25-37.43 2.69
Case 8 171.82 23.0-35.0 0.79-1.29 0.70-0.88 24.37-30.22 271
Case 9 188.37 19.70-24.0 1.15-1.38 0.70-0.95 28.75-35.93 2.67
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Table 2. Correlation coefficient between variables

. R h T
Variables ?C F, S—1 Oshietds T Re, i
% 1 0.36 -0.33 0.47 0.32 0.56 0.057
E, 0.36 1 -0.19 0.38 -0.19 0.45 0.01
Oshielas 0.47 0.38 -0.26 1 0.14 0.82 -0.04
% 0.32 -0.19 -0.15 0.14 1 0.26 0.01
Re” 0.56 0.45 -0.30 0.82 0.26 1 -0.01
dl 0.06 0.10 -0.01 -0.04 0.01 -0.01 1
Form: R"2
. Form: R"2
1500 — Log (Re/T): 0857 1500 — poly (Fr,3): 0.258
— Py RT):0720 — Log (Fr): 0.257
N ROT: 0,601 * ,
. Fr: 0.148
1000 = RO/T"2:0.465 0.
1000 * . — Fr"3:0.128
2 — ROT*3:0425 2
N — exp (Re):0.092 = =EriZ:0.11
500 — exp (Fr): 0.089
500
¢ .
0 .
0
. 15 02 0.4 0.6
(a) RoT ) Fr
Form: R"2 Form: R"2
1500 — poly (Oshields,3): 0.744 1500 —poly (WT,2): 0.529
— Log (@shields): 0.521 —WT: 0.220
. Oshields: 0.281 exp(h/T): 0.216
1000 — exp (6shields): 0.268 1000) 4 o —1os (WVTi o154
é — Bshields "2:0.128 E =K 0300
=~ @shields "3: 0.079 —MWT *3: 0.048
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0
0
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(©) Oshields @) wT
Figure 3. Fitting polynomial, exponential and logarithmic forms for a) R¢/T, b) F, ¢)0_,..,.., h/T to T/ds
Table 3. Selected fitting form for auxiliary variables
. R h
Variables ?C E Osnietas T
R¢ h
Selected form log(7) Poly (F, 3) Poly (Oshietas 3) Poly (7: 2)
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Table 4. Coefficients of variables in the selected form- First step
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Table 5. Analysis of variance for variables-First step
Selected Form df Sum Sq. Mean Sq. F value. Pr(> F)
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Table 6. Analysis of variance for variables-Second step

Selected Form df Sum Sq. Mean Sq. F value. Pr(>F)
log(%) 1 2342003.30 2342003.30 3247 0.00
poly (E., 3) 3 703283.63 234427.88 3.25 0.04
poly (Osnieias, 3) 3 1396732.66 465577.55 6.46 0.00
Table 7. Coefficients of variables in the selected form-Second step
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