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Estimation of Bed Resistance in Gravel-bed Rivers
Using the Equivalent Roughness Height
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Abstract

The objective of this study is to estimate bed-resistance in gravel-bed rivers using the equivalent
roughness height(k,). We calculated the friction factor(f) with the measured data from 8 domestic
gravel-bed rivers and investigated the size distributions of the bed materials. The averaged k, in each

cross—section, which is determined under the hypothesis that the vertical velocity distribution follows
the logarithmic law, is compared with the reach k&, which is calculated with the cumulative grain

diameter distribution curve of bed materials. Moreover, the applicability of existing formulae, such as
Strickler type equations, is examined by comparing with Manning's n value converted from the k..
According to the results, the reach k, proves to be a good indicator of representative characteristic of
bed materials in a reach, and the Manning’s n based on the reach k, is appropriate for practical
estimation of the bed-resistance, for RMS errors between calculated and measured Manning’'s n is
less than 0.003. The correlation between the k, and specified bed-material size(D,) is very low, so it

is difficult to select a proper one among the existing empirical equations.

keywords . gravel-bed river, bed-resistance, equivalent roughness height, Manning’s n, friction factor
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(a) Gokseong (b) Dongchon (c) Bangnim (d) Iwon

(e) Hyeondo 1 (f) Hyeondo 2 ~ (g) Hwachon (h) Seomyeon
Fig. 1. Study Site

Table 2. Hydraulic Data in Study Reaches

. ¢ Discharge | R.” Hydraulic radius (m) | Average velocity (m?/s)| Distance | Friction
ite
(m?/s) (x10*) | upstream |downstream| upstream |downstream (m) Slope

Gokseong | 31 1-2,894 | 7-8221 | 0.21-498 | 1.45-6.47 0.00-0.23 0.00-0.15 972 06088)1757

Dongchon | 8 144-772 299-1,430] 0.95-2.50 | 0.95-2.39 0.01-0.03 0.01-0.04 300 060(%)1727

Bangnim | 15 3-525 |62-1,988| 0.28-1.83 | 0.18-1.52 0.00-0.13 0.00-0.15 760 0008(;1459_

Iwon 28 | 23-1,615 [58-3,163| 0.88-4.02 | 0.31-3.42 0.00-0.06 0.00-0.07 1,054 0008)5)35_

Hyeondo 1 | 14 8-995 30-2,345| 0.95-3.30 | 0.52-2.44 0.00-0.03 0.00-0.04 1,007 060(%)53_
Hyeondo 2| 16 | 8-1,000 |22-1,968| 0.70-2.56 | 0.37-2.64 0.00-0.05 0.00-0.06 1,024 00'0(3)(5)1677

Hwachon | 15 | 15-1,292 |147-4,363| 0.57-2.09 | 1.25-3.60 0.00-0.27 0.00-0.24 600 060(;)022497

Seomyeon | 15 | 22-2,761 |75-3,649| 0.41-3.66 | 0.62-3.30 0.00-0.17 0.00-0.11 1,230 Oooé)é)fg

# Number of data.

b Reynolds Number.
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Fig. 2. Cumulative Curves of Bed Materials
Table 3. Characteristic of Bed Materials
Site Dy(mm) Dy, (mm) Dy, (mm) Dy (mm) D,/ Dy s?
Gokseong 109.68 257.50 685.40 831.00 6.25 0.398
Dongchon 25.00 66.00 142.48 212.10 5.70 0.378
Bangnim 47.71 105.65 209.26 246.75 4.39 0.321
Iwon 1.98 44.06 158.30 194.94 79.77 0.951
Hyeondo 1 33.95 68.30 111.59 148.82 3.29 0.258
Hyeondo 2 73.64 135.15 204.00 225.22 277 0.221
Hwachon 36.00 83.50 163.48 179.40 454 0.329
Seomyeon 40.00 76.00 140.00 152.20 3.50 0.272
% Sample geometrical standard deviation(s) : s = 0.5log(Dgs/Dig).
0.50 0.50
045 — Gokseong 045 — Gokseong
040 | —=— Dongchon 040 | —— Dongc.hon
) —*— Bangnim : —— Bangnim
035 = = =Iwon 035 = - -Iwon
030 - Is—lwachon 030 —— Hwachon
- 025 1 " —— H;oli,do 1 « 025 r : Zey(:;riljznl
020 © Hyeondo 2 0.20 .~ Hyeondo 2
0.15 0.15
0.10 0.10
0.05 . 0.05
0.00 : 0.00 ‘
1 10 100 1000 10000 1 10 100 1000 10000
Discharge (cms) Discharge (cms)
(a) Upstream (o) Downstream
Fig. 3. Friction Factor Associated with Discharge in Each Reach
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ag=1.0 (Peter-Meyer &
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2.24
1.91
0.29
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2.46
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50
5.21
4.28
3.88
5.18
3.38
4.38
0.80

Site
Gokseong
Dongchon
Bangnim
Iwon
Hyeondo 2
mean (o;)
standard deviation

Table 4. Values of Coefficient of Proportionality («;)
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