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Roughness Correction Blocks

ABSTRACT

A volume density of roughness correction blocks in a channel is defined and the corresponding roughness coefficient(n) is estimated
by analyzing the diverse hydraulic characteristics of VR, the product of the average velocity and the hydraulic radius, block Reynolds
number (Re*), drag coefficient (Cp), and the roughness coefficient (1;) of bottom shear. The increase of VR and block Reynolds number
causes the exponential decrease of roughness coefficient converged to a constant value as expected. The drag coefficient also
exponentially decreases as block Reynolds number increases as well. The drag force is governed by the block shape defined by volume
density in high block Reynolds number of turbulent flow region. For more accurate estimation of roughness coefficient the use of the
correlation equation of it is required by block Reynolds number and volume density. The regression equations for 7-VR, Co-Re’, and
my-Cp are presented. The regression equations of roughness coefficient are also presented by block Reynolds number and volume
density. The developed equation of roughness coefficient by block Reynolds number and volume density has practical use by
confirming the coincidence between the experimental results and the results of HEC-RAS using the developed equation.
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Fig. 1. Force Balance for a Given Control Volume
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Table 1. Experimental Schemes
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Table 2. Relation Equations of n— VR, C}/) -Re’,and n,— 01'7
Types Relation Equations Correlation Coefficients
Case 1 n=0.00017 VR~ '** R*=0.91
- Case II n=0.00085 VR~ % R*=0.82
n—
Case III n=10.006 VR "% R*=0.98
Total n=0.001 VR *? R*=0.77
Case 1 Cp=2x10"R" " R*=0.98
, Case 11 C=2x10%R" R*=0.93
CD -Fe , —231
Case I C, =6x10"Re R*=0.99
Total Ch=4x102R" " R2=0.65
Case | n,=1433C," R =0.99
, Case 11 n, =2.088C, R =0.99
n,, - CD 1053
Case Il n, =2.58C, R*=0.99
Total n, =2.032C,) R*=0.76

Table 3. Relation Equations of the Roughness by Block Reynolds Number and Volume Density

Types Relation Equations Correlation Coefficients
Case 1 n=—2.590x10" " Re" —0.243\" +0.073 R*=0.93
. Case 1I n=—1.880x10""Re" +0.087\" +0.077 R*=0.98
noAeA Case 11 n=—9.740<10""Re" +0.003\" +0.079 R?=0.83
Total n=—1.080<10"*Re” +0.279A" +0.043 R?*=0.93
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Table 4. Comparison of Hydraulic Characteristics between the Experiments and the HEC-RAS Results Using Relation Equation of
Roughness Coefficient

Experiments HEC-RAS
Types Q Block Reynolds| ~ Volume Depth | Velocity « | Depth Velocity
« | Rough
(/) Number | Density A* | O 2T () (m/s) |Rovghnessn | ) (m/s)
1 Casell 0.0139 13,176 0.0758 0.0599 0.3540 0.1400 0.0626 0.3550 0.1400
2 Caselll 0.0155 16,733 0.0862 0.0635 0.3140 0.1660 0.0642 0.3150 0.1650
3 Caselll 0.0248 28,502 0.0920 0.0477 0.2770 0.1770 0.0480 0.2800 0.1800
4 Caselll 0.0251 21,170 0.0674 0.0535 0.2740 0.2340 0.0534 0.2750 0.2300
5 Casell 0.0275 18,631 0.0507 0.0476 0.2595 0.2390 0.0434 0.2650 0.2350
6 Case | 0.0312 37,625 0.0369 0.0250 0.2155 0.3649 0.0285 0.2200 0.3620
7 Casell 0.0312 27917 0.0710 0.0287 0.2430 0.2990 0.0314 0.2450 0.2950
8 Caselll 0.0325 43,432 0.2337 0.0383 0.2240 0.3510 0.0375 0.2250 0.3450
9 Case | 0.0327 41,836 0.0422 0.0201 0.1885 0.4337 0.0223 0.1895 0.4310
10 | Casell 0.0328 23,774 0.0581 0.0359 0.2230 0.3580 0.0346 0.2250 0.3550
11 Casell 0.0329 31,489 0.0765 0.0247 0.2100 0.3640 0.0266 0.2150 0.3560
12| Casell 0.0331 34,135 0.0824 0.0222 0.2080 0.3960 0.0242 0.2150 0.3900
13 Case | 0.0342 36,721 0.0302 0.0300 0.2635 0.3249 0.0296 0.2620 0.3300
14 | Casell 0.0348 28,496 0.0655 0.0288 0.1930 0.4290 0.0277 0.1950 0.4200
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Fig. 9. Comparison of Hydraulic Characteristics between the Experiments and the HEC-RAS Results Using Relation Equation of Roughness
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