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A Study on Roughness Coefficient Estimations
in Gravel Bed Stream without Water Level-Discharge Data
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Lee, Sin Jae / Park, Sang Woo

Abstract

This study developed a model that could calculate equivalent roughness using shear stress acting on
distributed grains in gravel bed stream. The estimated equivalent roughness by the model developed was
used for estimation of water level and roughness coefficient in the stream without water level-discharge
data. The model was applied to the Gurey-Songjeong stage station section located in the Sumjin river
mid-downstream. The equivalent roughness by the model developed in this study was estimated to be
0.194m at the Gurey stage station. Calculated water level which the estimated equivalent roughness was
applied to the flow model was shown error of within 626 in comparison with observed water level. Also,
roughness coefficient was estimated using observed and calculated water level about each discharge scale
by unsteady flow analysis. As a result, error of roughness coefficient estimated by observed and calculated
water level was shown error of 0~0.002 and could consider variability of roughness coefficient.

keywords : gravel bed stream, equivalent roughness, shear stress, roughness coefficient
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Table 1. Experimental Values of Coefficients for Various Channel Shape

Channel Shape a Source
Very Wide Open Channel 11.09 Keulegan(1938) using Bazin’s data
Rectangular Open Channel 11.55 Zegzhdal(1938)
Trapezoidal Open Channel 12.27 Keulegan(1938) using Bazin's data
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Table 2. Water Level Gaging Stations of Up-Down Boundary in Object River Reach

0 80 120 160 200

Distance(m)

(a) Position

240

(b) Cross Section

280 320

Gaging Type of River . . Tidal Zero of
Staions Control Recording name Longitude Latitude Influence | Gaging(m)
Gurey MOCT T/M Sumjin 127-27-12 35-09-45 None 22.905
Songjeong MOCT /M Sumjin 127-33-28 35-11-20 None 8.203
35
W Gurey Stage Station 2001 year
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Fig. 6. Position Diagram and Cross Section of Object River Reach
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Table 3. The Characteristic of Bed Grains
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Fig. 7. Cumulative Diameter Curve of Bed Grain

Station Effect Diameter D Median Diameter D Uniformity Coefficient D
(D) 1 (Dso) & {Dey/D10o) b
Gurey 1.3mm 17mm 38mm 45mm 34.6 65mm
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Table 4. Calculation Conditions for Equivalent Roughness Estimation

Discharge( @) Water Level(h)

Hydraulic Radius(R)

Bed Slope(S) Bed Shear Stress(7)

3269.46m°/ s 27.725m 4.40m 0.0007 30.20kg/m’
Table 5. Calculated Result of Equivalent Roughness
D, D, F, Uy c, aff 7 X F T X F,
(mm) {m) (m/s) (kg/m) (ke/m) (%)
200 - - - - - - -
150 0.1732 0.070 0.774 0.315 92.326 6.454 21.372
75 0.1061 0.410 0.588 0.306 51.825 21.186 70.160
40 0.0548 0.120 0.360 0.283 17.951 2.156 7.139
25 0.0316 0.086 0.197 0.241 4,604 0.398 1.317
13 0.0180 0.013 0.063 0.138 0.269 0.003 0.011
10 0.0114 0.028 0.000 0.000 0.000 0.000 0.000
475 0.0069 0.053 0.000 0.000 0.000 0.000 0.000
2.36 0.0033 0.100 0.000 0.000 0.000 0.000 0.000
14 0.0018 0.051 0.000 0.000 0.000 0.000 0.000
1.0 0.0012 0.045 0.000 0.000 0.000 0.000 0.000
05 0.0007 0.015 0.000 0.000 0.000 0.000 0.000
0.25 0.0004 0.004 0.000 0.000 0.000 0.000 0.000
0.18 0.0002 0.006 0.000 0.000 0.000 0.000 0.000
0.075 0.0001 0.000 0.000 0.000 0.000 0.000 0.000
Result Equivalent Roughness :k, =0.194m; Grain Shear Stress : 7 = 30.19kg/ m?
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Table 6. Comparison of Observed and Calculated Water Level and Velocity

La+& 0.00m
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Observed Calculated Error Error(%)
Q h v h v Ah Av Ak Av
(my/s) |(EL. m)| (m/s) | (EL. m) {m/s) (m) (m/s)
1,591.88 26.37 1.85 26.18 1.97 -0.19 0.12 -5.49 6.53
1,821.54 26.63 1.95 26.44 2.07 -0.20 0.12 -5.23 6.20
2,070.93 26.77 2.13 26.70 2.17 -0.08 0.04 -1.94 2.02
1,996.50 26.79 2.04 26.62 2.14 -0.17 0.10 -4.38 4.81
2,119.50 26.82 2.15 26.75 2.19 -0.07 0.04 -1.79 1.90
2,252.17 26.93 2.21 26.88 2.24 -0.06 0.03 -1.37 1.28
2,224.32 27.01 2.14 26.85 2.23 -0.16 0.09 -3.90 4.19
2,441.49 27.16 2.26 27.07 2.31 -0.09 0.05 -2.12 2.30
2,576.11 27.20 2.36 27.20 2.36 0.00 0.00 -0.00 0.08
2,536.86 27.25 2.29 27.16 2.35 -0.09 0.06 -2.07 2.49
2,657.09 217.34 2.34 21.27 2.39 -0.07 0.05 -1.69 1.92
2,720.53 27.41 2.36 27.33 2.41 -0.08 0.05 -1.78 1.99
2,976.28 217.55 2.50 27.56 249 0.00 0.01 0.11 0.27
3,073.26 27.58 2.56 27.65 2.53 0.07 -0.03 1.50 -1.28
3,200.11 27.69 2.61 27.76 2.56 0.07 -0.05 1.46 -1.88
3,269.46 27.72 2.64 27.81 2.58 0.08 -0.06 1.77 -2.16
Absolute Mean Error 0.09 0.06 2.29 2.58
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Table 7. Rating Curve Equation at Gurey -Station
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Station Rating Curve Equation Development Year
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Table 8. Comparison of Roughness Coefficient

Roughness Coefficient(n)
(mgs) Observed This study
Water Level [(Calculated Water Level)

1000 0.043 0.045
1500 0.040 0.041
2000 0.037 0.038
2500 0.035 0.035
3000 0.034 0.033
3500 0.033 0.032
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Fig. 13. Comparison of Roughness Coefficient
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