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Abstract

In mountainous rivers, the drag force acting on cobbles abundant in the riverbed surface is important in predicting behavior and
response of the river. However there is little research for the drag coefficients of cobbles. This paper is to carry out the experiments for
drag force of cobble and analyze the relation between the cobble shape and the drag coefficient. The effects of the shape factor on the
drag coefficients C;, when the long axis or the short axis of the cobbles are parallel to the direction of flow velocity were analyzed. The
coefficient of drag force increased with the nominal diameter Reynolds number %,,. The drag coefficients are greater in short axis than
long axis. The coefficient of determination of the relation between (;, and £, , is greater in long axis than short axis. This means that
the drag forces acting on the irregularly-shaped cobbles depend on the axis. A change of the drag force distribution has brought about
the alternative swing of cobbles. For £, , > 12,000, the amplitude of the swing has been increased sharply and especially was greater in

short axis than long axis.
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Fig. 1. Grain size distributions of bed materials in the Yangyang-
namdea river (Shin et al., 2012)
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Table 1. Cobbles used in experiments

Fig. 3. Photograph of cobbles used in experiments
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Cobble Specific Length of axis (mm) Nominal diameter (mm)
Cobble .
no volume weight S,
’ (cm3) (g/cm3) a b c dn dna dnc
1 460 2.872 140 106 77 0.632 95.8 91.5 123.0
2 600 2.762 140 111 81 0.650 104.7 96.0 125.5
3 870 2.555 156 136 74 0.508 127.7 105.0 146.0
4 1,085 2.498 145 138 107 0.756 127.5 122.5 141.5
5 1,180 2.498 168 135 104 0.691 131.1 119.5 151.5




422 S. D. Park et al. / Journal of Korea Water Resources Association 50(6) 419-427

0.8

-

04

c/a

y = 0.1908e17329
02 R2=0.9554

Sp

. C
Fig. 4. -, versus S,

’n\@) .®.I‘da55 O} Ly
P, @Bk CE °

g No3 |/

Elfjpse

0 0.16 033 0.50 0,66 0.82 1.0
(a-b)/(a-c)

Fig. 5. Sneed-Folk's diagram for shapes of the cobbles used in
experiments and the riverbed materials in Youngokcheon
suggested by Yang et al. (2014)

Table 2. Experimental results
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No. czstl:::n (i;g) (i"r;) (°€) (cnzs) (Z]; % oy
9.20 3.18 0.6 1.613 2,465.1
9.20 6.24 1.6 1.113 4,845.4
96.0 9.23 8.95 33 1.116 6,954.9
9.39 12.32 5.5 0.981 9,618.2
) 600 9.39 17.64 10.4 0.906 13,768.9
9.47 3.09 1.7 2.829 2,414.8
9.48 6.14 5.7 2.400 4,802.6
125.5 9.44 9.00 103 2.106 7,035.0
9.49 12.03 17.6 1.927 9,419.5
9.61 17.69 36.5 1.849 13,896.8
8.73 3.08 0.6 1.434 2,876.6
8.73 6.03 1.9 1.183 5,635.4
1050 8.78 8.38 32 1.033 7,836.6
8.78 11.93 5.6 0.891 11,161.6
9.08 16.98 9.2 0.722 16,026.5
3 870 9.08 18.54 113 0.745 17,493.4
9.69 3.10 22 2.680 2,977.4
9.70 6.07 7.8 2.488 5,834.1
146.0 9.70 9.07 16.6 2.366 8,707.4
9.70 11.90 27.7 2.292 11,427.1
9.74 18.04 56.9 2.049 17,3432
10.57 3.12 1.1 1.883 3,063.5
10.58 6.03 3.1 1.421 5,922.9
122.5 10.60 9.01 52 1.067 8,856.7
10.63 11.97 8.3 0.965 11,776.5
A 1083 10.73 17.94 14.7 0.760 17,701.6
10.50 3.08 2.0 2.639 3,015.5
10.50 6.00 62 2.146 5,886.8
141.5 10.50 9.00 11.2 1.724 8,829.5
10.50 11.92 18.7 1.641 11,691.9
10.53 17.46 36.3 1.486 17,135.0
10.37 3.06 1.1 2.061 3,069.8
10.37 6.07 2.8 1.329 6,099.1
119.5 10.40 8.98 44 0.955 9,024.8
10.41 11.91 7.4 0.912 11,978.9
5 150 10.48 17.72 139 0.774 17,860.5
10.21 3.12 2.1 2343 3,123.8
10.21 5.96 6.3 1.929 5,962.6
151.5 10.21 9.03 12.8 1.710 9,026.5
10.34 11.96 21.4 1.629 12,001.2
10.40 17.74 425 1.469 17,839.0
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Table 3. C,,,/ C,, according to axis a and ¢ of cobbles
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no. R,:4,000 | R :12,000

3 0.474 0.508 2.001 2.583

1 0.550 0.632 1.711 2.746

2 0.579 0.650 1.879 2.014

5 0.619 0.691 1.287 1.795

4 0.738 0.756 1.437 1.724

Total cobbles 1.687 2.077
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Fig. 7. Profile of the drag force and the experimental flow rate measured for cobble No.4
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