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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 (��) equal to 0.76, shows that Froude Number (��), Shields parameter (����	
��), and 
the proportion of curvature radius to the top width section (��/�) 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 1. Location of rivers and study areas (A1: Mianroodan, A2: Niakan, A3: Sabzkooh) 

 

 
 

Figure 2. Field measurement in abzkooh river as a case study 
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Table 1. Summary of the field measurements ranges in the bends 

 

Specific  
Gravity 

Median grain 
size  

Mean flow 
velocity  

Mean flow 
depth  

Top crossing 
width  

Curvature  
radius  Filed Case 

) (' (mm) 7 (m/s) ℎ (m) � �m� �: �m� 

2.67 31.79-40.99 0.41-0.86 0.13-0.22 4.15-6.50 77.99 Case 1 
2.67 25.84-30.46 0.37-0.70 0.11-0.15 4.30-7.0 71.43 Case 2 
2.67 28.57-30.66 0.44-0.57 0.11-0.13 4.60-6.40 84.22 Case 3 
2.69 24.86-32.50 0.15-0.51 0.14-0.26 3.60-6.90 64.50 Case 4 
2.67 25.30-28.79 0.26-0.69 0.13-0.26 4.20-5.70 17.11 Case 5 
2.67 25.56-34.01 0.56-0.86 0.43-0.58 32.0-58.50 233.10 Case 6 
2.69 33.25-37.43 0.57-0.91 0.42-0.95 39.0-42.0 140.07 Case 7 
2.71 24.37-30.22 0.70-0.88 0.79-1.29 23.0-35.0 171.82 Case 8 
2.67 28.75-35.93 0.70-0.95 1.15-1.38 19.70-24.0 188.37 Case 9 
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Table 2. Correlation coefficient between variables 

Variables 
��
�  �� ) $ 1 ����	
�� 

ℎ
� �T∗ 

�
(�

 

��
�  1 0.36 -0.33 0.47 0.32 0.56 0.057 

�� 0.36 1 -0.19 0.38 -0.19 0.45 0.01 

����	
�� 0.47 0.38 -0.26 1 0.14 0.82 -0.04 
ℎ
� 0.32 -0.19 -0.15 0.14 1 0.26 0.01 

�T∗ 0.56 0.45 -0.30 0.82 0.26 1 -0.01 
�
��

  0.06 0.10 -0.01 -0.04 0.01 -0.01 1 

  

(a)         (b)  

(c)        (d)  

Figure 3. Fitting polynomial, exponential and logarithmic forms for a� ^_/`, b) ab, c)cdefghid, d)e/` to T/ds 

 

Table 3. Selected fitting form for auxiliary variables 
 

ℎ
� ����	
�� �� 

�G
�  Variables 

jklX �ℎ
� , 2� jklX �����	
��, 3� jklX ���, 3� log��G

� � Selected form 
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Table 4. Coefficients of variables in the selected form- First step 

jklX �ℎ
� , 2� jklX �����	
��, 3� jklX ���, 3� log ��G

� � 
� �2� � �1� � �3� � �2� � �1� � �3� � �2� � �1� 

359.430 -331.717 -305.378 827.056 -771.595 411.418 70.580 -351.188 -220.184 
*Cons.=979.763; **^�=0.78; ***�:Order of polynomial 

  
Table 5. Analysis of variance for variables-First step 

 

Pr �} �� � {yl7T. <Tyz )x. )7� )x. (D Selected Form 

0.00 31.67 2342003.30 2342003.30 1 log ��G
� � 

0.04 3.17 234427.87 703283.63 3 ~klX ���, 3� 
0.01 6.29 465577.55 1396732.66 3 ~klX �����	
��, 3� 
0.48 0.76 56745.46 113490.92 2 ~klX �ℎ

� , 2� 
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Table 6. Analysis of variance for variables-Second step 

j| �} �� � {yl7T. <Tyz )x. )7� )x.  (D Selected Form 

0.00 32.47 2342003.30 2342003.30 1 log ��G
� � 

0.04 3.25 234427.88 703283.63 3 ~klX ��� , 3� 
0.00 6.46 465577.55 1396732.66 3 ~klX �����	
�� , 3� 

  
Table 7. Coefficients of variables in the selected form-Second step 

 

jklX �����	
��, 3� jklX ��� , 3� log ��G
� � � �3� � �2� � �1� � �3� � �2� � �1� 

-465.779 1,004.840 -817.363 434.691 -18.890 -341.909 -278.180 
*Cons.= 1,108.799; ** ^�=0.76; *** �:Order of polynomial 
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1. Generalized Additive Model (GAM) 

2. Bonferroni test 

3. Hat Matrix 

4. Analysis of Variance (ANOVA) 

  

<70� =�1�  

~��  ����  �3& <�/�	�
�� '��� �[�	� `��H� #��/.  

  

<"0�  
1. Albrecht, M. C., Nachtsheim, C. J., Albrecht, 

T. A., & Cook, R. D. (2013). Experimental 

design for engineering dimensional analysis. 

Technometrics, 55(3), 257-270. 

2. Asquith, W. H. (2013). Regression Models of 

Discharge and Mean Velocity Associated with 

Near-Median Streamflow Conditions in Texas: 

Utility of the U.S. Geological Survey 

Discharge Measurement Database. Journal of 

Hydrologic Engineering, 19(1), 108-122. 

3. Cordier, F., Tassi, P., Claude, N., Crosato, A., 

Rodrigues, S., & Pham Van Bang, D. (2020). 

Bar pattern and sediment sorting in a channel 

contraction/expansion area: Application to the 

Loire River at Bréhémont (France). Advances 

in Water Resources, 140(1), 1-18. 

4. Dutta, S., & Garcia, M. H. (2018). Nonlinear 

Distribution of Sediment at River Diversions: 

Brief History of the Bulle Effect and Its 

Implications. Journal of Hydraulic 

Engineering, 144(5), 1-12. 

5. Fernández, R., Vitale, A. J., Parker, G., & García, 

M. H. (2020). Hydraulic resistance in mixed 

bedrock-alluvial meandering channels. Journal 

of Hydraulic Research, 59(2), 298-313. 

6. Freund, R.J., Wilson, W.J. and Mohr, D.L. 

(2010). Statistical Methods. Cambridge, 

Academic Press. 

7. Froehlich, D. C. (2020). Neural Network 

Prediction of Maximum Scour in Bends of Sand-

Bed Rivers. Journal of Hydraulic Engineering, 

146(10), https://doi.org/10.1061/(ASCE)HY.1943-

7900.0001804. 

8. Germaine, J. T., & Germaine, A. V. (2009). 

Geotechnical Laboratory Measurements for 

Engineers. New Jersey, John Wiley & Sons, Inc. 

9. Hastie, T., & Tibshirani, R.J .(1990) .

Generalized Additive Models .Monographs on 
Statistics and Applied Probability. London ,

Chapman and Hall. 

10. Jang, J., Ho, H., & Yen, C. (2011). Effects of 

Lifting Force on Bed Topography and Bed-

Surface Sediment Size in Channel Bend. 

Journal of Hydraulic Engineering, 137(9), 

911-920. 

11. Julien, P. Y., & Anthony, D. J. (2002). Bed 

load motion and grain sorting in a meandering 

stream. Journal of Hydraulic Research, 40(2), 

125-133. 

12. Kuhnle, R. A., Wren, D. G., & Langendoen, E. 

J. (2019). Structural Changes of Mobile Gravel 

Bed Surface for Increasing Flow Intensity. 

Journal of Hydraulic Engineering, 146(2), 

https://doi.org/10.1061/(ASCE)HY.1943-

7900.0001699.  

13. Leathwick, J. R., Elith, J., & Hastie, T. (2006). 

Comparative performance of generalized 

additive models and multivariate adaptive 

regression splines for statistical modelling of 

species distributions. Ecological Modelling, 

199(2), 188-196. 

14. Li, J., He, X., Wei, J., Bao, Y., Tang, Q., 

Nambajimana, J. de D., Nsabimana, G., & 

Khurram, D. (2021). Multifractal features of 

the particle-size distribution of suspended 

sediment in the Three Gorges Reservoir, 

China. International Journal of Sediment 

Research, 36(4), 489-500. 

15. McKie, C. W., Juez, C., Plumb, B. D., Annable, 

W. K., & Franca, M. J. (2020). How Large 

Immobile Sediments in Gravel Bed Rivers 

Impact Sediment Transport and Bed 

Morphology. Journal of Hydraulic Engineering, 

147(2), https://doi.org/10.1061/(ASCE)HY.1943-

7900.0001842. 

16. Mohanta, A., & Patra, K. C. (2019). MARS for 

Prediction of Shear Force and Discharge in 

Two-Stage  Meandering Channel. Journal of 

Irrigation and Drainage Engineering, 

145(8),  https://doi.org/10.1061/(ASCE)IR.194

3-4774.0001402.  

17. Naito, K., Ma, H., Nittrouer, J. A., Zhang, Y., 

Wu, B., Wang, Y., Fu, X., & Parker, G. 

(2019). Extended  Engelund–Hansen type 

sediment transport relation for mixtures based 

on the sand-silt-bed Lower Yellow  River, 

China. Journal of Hydraulic Research, 57(6), 

770-785.   
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 



����" #�$% �&'���( )�*+ �,+&	�( -�$�� "&.�/0(1 2/) 3�-4 */5� 

  

 ����11 �  ����	4 �  �����1400 

724

  

18. Parker, G., & Andrews, E. D. (1985). Sorting 

of Bed Load Sediment by Flow in Meander 

Bends. Water  Resources Research, 21(9), 

1361-1373.  

19. Pitlick, J., Mueller, E. R., Segura, C., Cress, 

R., & Torizzo, M. (2008). Relation between 

flow, surface-layer  armoring and sediment 

transport in gravel-bed rivers. Earth Surface 

Processes and Landforms, 33(8),   1192-1209.   

20. Pourghasemi, H. R., & Rossi, M. (2016). 

Landslide susceptibility modeling in a 

landslide prone area in  Mazandarn Province, 

north of Iran: a comparison between GLM, 

GAM, MARS, and M-AHP 

methods.  Theoretical and Applied 

Climatology, 130(1), 609-633.   

21. Rovira, A., Núñez-González, F., & Ibañez, C. 

(2018). Dependence of sediment sorting on 

bedload transport  phase in a river meander. 

Earth Surface Processes and Landforms, 

43(10), 2077-2088.  

22. Thompson, M., & Lowthian, P. J. (2011). 

Analysis of Variance (ANOVA) and Its 

Applications.    London.  Imperial college Press  .  

23. Tian, S., Li, Z., Wang, Z., Jiang, E., Wang, W., 

& Sun, M. (2021). Mineral composition and 

particle size  distribution of river sediment and 

loess in the middle and lower Yellow River. 

International Journal of  Sediment Research, 

36(3), 392-400.  

24. Witten, I. H., Frank, E., & Hall, M. A. (2011). 

Data Mining: Practical Machine Learning 

Tools and Techniques.  Burlington, Morgan 

Kaufmann publications.  

25. Wright, S., & Parker, G. (2005). Modeling 

downstream fining in sand-bed rivers. I: 

formulation. Journal of  hydraulic research, 

43(6), 613-620.   

 

 

 

 

  

  


