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Abstract

Field measurements of resistance to flow are analyzed for 739 rivers vegetated with grass (281
channels), shrubs (150 channels) and trees (308 channels). The measured distribution of Manning roughness
coefficients ranges from 0.015~0.250 for grass, 0.016 ~0.250 for shrubs, 0.018 ~0.310 for trees. Significant
trends are obtained between Darcy—-Weisbach (or Manning roughness coefficients) and flow discharge,
friction slope, and relative submergence. The regression equations for Darcy-Weisbach and Manning
roughness coefficients in vegetated rivers are: f,, =0436Q "%, [  =33055"" and n,,6 =0061Q *'*,

Moy = 0144501 V=53 (h/dy,)"** \JghS;, 8/ (= V/u.)=5.75log(5h/dy,), respectively. These semi-empirical

relationships should be useful for hydraulic engineering practice.

Keywords : vegetated rivers, roughness coefficients, relative submergence, roughness coefficient relation—
ships, semi-empirical relationships
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Table 1. Equations for Roughness Coefficients in Vegetated Rivers
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Table 2. Manning’s Roughness Coefficients for Vegetation by Chow (1959)

Manning’s n
Description
Minimum Normal Maximum
Grass 0.025~0.030 0.030~0.035 0.035~0.050
Shrub 0.035~0.070 0.050~0.100 0.070~0.160
Trees 0.030~0.11 0.040~0.150 0.050~0.200
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(b) View of reach looking upstream

Fig. 1. Photographs of Waipaoa River at Kanakanaia in New Zealand (Hicks and Mason, 1998)

(a) View of upstream toward left bank

(b) View of upstream toward right bank

Fig. 2. Photographs of Chenango River near Chenango Forks, N.Y. (Coon, 1998)

Table 3. Field Measured Data for Vegetated Rivers Used in This Study

Type Data | Flow discharge | Friction slope |Median diameter | Average velocity Flow depth
no. Q (m*/s) 8 (=) dy, (mm) v (m/s) h (m)
Grass 281 0.01~750.48 0.00007~0.0179 0.33~304.8 0.06~3.66 0.16~3.96
Shrub 150 0.38~542 0.00001 ~0.034 16~893 0.10~3.64 0.16~3.96
Tree 308 0.02~3,220.00 0.0001 ~0.0405 0.17~397 0.07~5.11 0.10~9.17
Total 739 0.01~3,220.00 0.00001 ~0.0405 0.17~893 0.06~5.11 0.10~3.96
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Table 4. Detailed Data for Vegetated Rivers in Table 3

Apesh Aol 2t el el Y &

FElow: _ Grass Shrub Tree
property Detatled range Data no.| Distribution |Data no.| Distribution |Data no.| Distribution
Q<50 213 0.01~49.56 123 0.38~42.3 157 0.02~49.87
Flow 20< <300 62 50.41 ~447.46 25 50.6~413 127 50.98 ~448
discharge | 500< @< 1,000 6 563~750.48 2 527~542 12 511~962
Q (m'/s) 1,000< @ - - - - 12 1,059 ~3,220
Total 281 0.01~750.48 150 0.38~542 308 0.02~3,220
5,<0.0001 42 10.00007~0.00048| 19 0.0001 ~0.00039 24 0.0001~0.00035
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Total 281 ] 0.00007~0.0179 | 150 0.0001 ~0.034 308 0.0001 ~0.0405
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Table 5. Summary of Box-Whisker Plot for Darcy-Weisbach's f and fQ”“/S;/?’ in Vegetated Rivers

Quartile (percentile)
Items | Name | Number A & C. D E F B/A | D/C | F/E
Min. Max. |Median| Mean . )
First (25th) | Third (75th)
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Table 6. Summary of Box-Whisker Plot for Manning’s » and nQ”S/S}J/“ in Vegetated Rivers
Quartile(percentile)
Items | Name | Number A B ¢ 2 B/A | D/C | F/E
a i Min. Max. | Median | Mean ) E ) F
First (25th) | Third (75th)
Grass 281 0.015 | 0.250 | 0.034 | 0.046 0.029 0.055 16.67 | 1.35 1.90
Shrub 150 0.016 | 0.250 | 0.042 | 0.058 0.031 0.064 1563 | 138 | 2.06
n Tree 308 0.018 | 0.310 | 0.037 | 0.047 0.031 0.037 1722 | 1.27 1.19
Total 739 0.015 | 0.310 | 0.037 | 0.049 0.031 0.055 20.67 | 1.32 1.77
Average 0.02 0.28 0.04 0.05 0.03 0.05 1755 | 1.33 1.73
Grass 281 0.05 1.67 0.157 | 0.178 0.126 0.200 3340 | 1.13 1.59
s Shrub 150 0.077 | 0.69 0172 | 0.195 0.125 0.214 896 | 1.13 1.71
nﬁ/ﬁ Tree 308 0.066 | 0622 | 0.185 | 0.196 0.148 0.223 942 | 1.06 151
! Total 739 0.05 1.67 0.173 | 0.189 0.13 0.212 3340 | 1.09 | 1.63
Average 0.06 1.16 0.17 0.19 0.13 0.21 21.30 | 1.10 161
e V =53(h/ds0)"®3(ghS9"? : This study
————————— V = 5(h/ds0) "(ghS9Y? : Manning-Strickler
Viu:=15.75 log(Zh/dz) : Practical purposes
_ —— — Viu:=5.75log(12.2h/d=) : Hydranlically rongh boundaries
—————a——= Viu:=5.75 log(5h/ds0) : This study
_1 1739 data
| + grass | = et
3 | shrub 4 ‘___};ﬁ-—-"‘::—-: s
= *  tree %-x""- | T
-? 1 —""(‘ﬂ. - " ﬁz’é‘
g 10— g e e ©
= = L% xR L]
- — S 4
= =] % # "’&x ! :' ¢
Eﬁ *""',;"7 *®
E -
E
i’/
= / '/
10% - y
= l{ *®
10" 10’ 10 10’ 10® 10* 10°
Relative submergence h/dso
Fig. 9. Analysis of Manning-Strickler and Relative Submergence in Vegetated Rivers
Table 7. Summary of Darcy-Weisbach and Manning Roughness Coefficients in Vegetated Rivers
Roughness coefficients
Name Number Manning n Darcy-Weisbach f
Min. Average Max. Min. Average Max.
Grass 281 0.015 0.046 0.250 0.016 0.097 6.121
Shrub 150 0.016 0.058 0.250 0.015 0.155 12.910
Tree 308 0.018 0.047 0.310 0.030 0.102 21.462
Total 739 0.015 0.049 0.310 0.015 0.109 21.462
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Table 8. Summary of Box-Whisker Plot for the Coefficients and Parameters in Vegetated Rivers

Darcy—Weisbach Manning
1/4/ ¢1/3 1/8 / o1/6
Name f FQS; n nQ"%/S;

Mean | Third (75th) | Mean | Third (75th) Mean | Third (75th) Mean Third (75th)
/Median | /First (25th) | /Median | /First (25th) | /Median |/First (25th) | /Median | /First (25th)

Grass 2.79 3.77 1.39 2.19 1.35 1.90 1.13 1.59

Shrub 3.75 5.00 2.06 3.08 1.38 2.06 1.13 1.71

Tree 4.25 3.09 1.32 2.00 1.27 1.19 1.06 151

Average 3.6 39 1.6 24 1.3 1.7 1.1 1.6

Table 9. Comparisons with between This Study and Chow(1959) and Julien(2002) in Manning's n,

Manning roughness coefficients
Name Minimum Average Maximum
This study Chow Julien | This study Chow Julien | This study Chow Julien
Grass 0.015 0.025~0.030 0.046 0.030~0.035 0.250 0.035~0.050
Shrub 0.016 0.035~0.070 | 0.03 0.058 0.050~0.100| 0.05 0.250 0.070~0.160 | 0.07
Tree 0.018 0.030~0.11 0.047 0.040~0.150 0.310 0.050~0.200
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