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An Experimental Study on the Variation of Hydraulic Characteristics due to
Vegetation in Open Channel
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Abstract

An understanding of the hydraulic characteristics in the compound channel with vegetation is
important in designing stream restorations or managing the floodplain. A laboratory flume of 16 m
long and 0.8 m wide was used for analysis of the hydraulic characteristics in the single section
channel and the compound channel with artificial vegetation. Slope of experimental channel is 0.5 %.
Discharges are ranged from 0.2 m’/s to 0.4 m’/s. The experiments were done by changing water depth
ratio, vegetation density and vegetation location. When water depth ratio in the single section channel
with vegetation increase up to 3.5, the results showed that the increment of water depth due to
vegetation may be ignored in practice. The maximum increment of water depth was measured up to 6
% in the compound channel with vegetation and the range of velocities increment in the low flow
channel was from 25 % to 8 % compared with section average velocities. As the vegetation densities
increase and water depth ratios decrease, the velocity of the low flow channel increased. The range of
roughness coefficients in the vegetated reaches were estimated from 0.055 to 0.14 in the single section
channel and from 0.063 to 0.085 in the compound channel using HEC-RAS and RMA-2 model.

keywords : hydraulic experiment, open channel, vegetation, hydraulic characteristic
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Table 1. Vegetation Experiment Researches

. . . Channel
Researcher Year Channel | Channel Size Veget‘aFlon Vegetqtlon Bed Discharge(m3 <)
Shape |(L(m)xW(m))| Condition Density ..
Condition
Semi
Fukuoka, S. et al. | 2001 | Compound 28 x 0.8 Rigid - Fixed 0.23
Channel
Lopez, F and Single . N B . _
Garcia, M.H. 2001 Channel 195 x 0.95 Rigid 1.09~2.46(m-1) Fixed 0.098~0.181
Single . .
Jarvela, J. 2002 5 x 1.1 Flexible 0.004~0.03 Fixed 0.04~0.29
Channel
Stephan, U. and Single . B . N

Dicter, G. 2002 Channel 175 x 1.0 Flexible Fixed 0.13~0.3
Stone, BM. and Single .. _ .

Shen, H.T, 2002 Charmel 12 x 0.45 Rigid 0.0055~0.061 Fixed 0.0566
Jordanova AA. Single .. 0.0065~
and James, C.S, 2003 Channel 15 x 0.38 Rigid 0.028 Movable 0.0085(m%/s)
Wilson, CAME. | o503 | Single 110 g5 | Blexible | 167(m-1) Fixed | 00005~0.025

et al. Channel
Struve, Jetal | 2003 | el 9 x 12 | Flexible | 0.0005~0.0019 | Fixed | 0.016~0.108
Channel
. 3.0 x 0.1 Rigid 0.0035~0.031 Movable _
James, CS. et al. | 2004 Cshmglel 15 x 038 | Rigid | 0.0082~0.024 | Fixed 0'8%%27
anne 15 x 038 | Rigid 0.0014 Fixed '
Cokgor, S. and Single .. B . N
Kucukali, S. 2005 Channel 18 x 0.5 Rigid Fixed 0.11~0.039
Carollo, FG. et al | 2005 | 8 | 145 x 06 | Flexible | 14~22(m-1). | Fixed | 012~0017
Channel
Semi .
Rigid ) . 0.01095~
Yang. K 2005 | CompoundC 16 x 0.3 Flexible Fixed 0.02221
hannel
Single . 160step/1.44m’ B
Lee, SH. et al. 2000 Charmel 20 x 0.6 Flexible 4%0step/1 44 Movable
Single .
Yoon, TH et al. | 2002 20 x 0.9 Flexible 0.044 Movable -
Channel
Single 30 x i _ . N
Cho, HJ. et al 2002 Channel (6.4~85) Rigid 0.1~0.490 Fixed 0.15~0.16
Song, J.W. and Single . _ . _
Park, S.5. 2004 Channel 20 x 0.8 Flexible 0.008~0.03 Fixed 0.03~0.06
Single Rigid, . _
Yeo, HK. et al 2004 Channel 14 x 15 Flexible 0.061 Fixed 0.03~0.15

. Single .. . ,

Choi, SW. et al | 2004 12 x 0.9 Rigid 0.02 Fixed 0.05 (m/s)
Channel
. Single . . ,
Choi, SW. et al 2005 8 x 0.45 Rigid 1.375 Fixed 0.00375(m7s)
Channe]
Rhee, DS etal | 2006 | P8 | 165 x 1.0 | Flexible - Fixed 0.01~0.08
Channel
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{b) Center

Table 2. Experimental Condition

(c) Channel Side

Single Section Channel

Compound Section Channel

Channel Slope 0.005 0.005
Discharge 0.01m%/s, 0.03m%/s, 0.04m"/s 0.02m%/s, 0.03m’/s, 0.04m’/s
Vegetation Density 3.5% 1.4%, 2.4%, 3.5%

Vegetation Location

Low Flow Channel

Floodplain.
Channel Side of Floodplain
Center of Floodplain
Bank Side of Floodplain

Depth-Vegetation Height Ratio 1.5 22, 28, 34 1.6, 2.3, 3.0
E
C)I c . ‘.' = '. ; c
H L] - hd . hd L ] L ]
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Fig. 8. Location of Velocity Measurement in Compound Section Channel
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(a) Bank side (b) Center

{c) Channel side

Vegetation area

Fig. 15 Velocity Distribution Diagram for Vegetation Location Variation in Floodplain
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Table 3. Water Depth Change Ratio for Vegetation Condition (Single Section Channel)

Water Depth-Vegetation Height Ratio
15 2.2 28 3.4
Water | 0.01 m%/s 1.22 1.01 1.00 1.00
Depth 1 03 m¥/s 1.48 1.09 1.01 1.01
Change 3
Ratio | 0.04 m%s 1.68 1.18 1.03 1.01

Table 4. Water Depth Change Ratio for Vegetation Condition (Compound Channel)

Density Change of Vegetation
3.5 2.4 14
Water Depth -
Vegetation Height 16 2.3 3.0 16 2.3 3.0 16 2.3 3.0
Ratio
Water 0.02 ms/s 1.02 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.00
c]?s::e 003m¥s | 103 | 101 | 101 | 101 | 101 | 1000 | 100 | 100 | 1.000
Ratio | 004 m¥%s | 106 | 1.02 1.01 101 101 1.01 100 | 100 | 1.000
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Table 5. Velocity Change Ratio of Low Flow Channel for Vegetation Condition (Compound Channel)

Density Change of Vegetation
35 24 14
Water Depth ~
Vegetation Height 1.6 2.3 3.0 16 2.3 3.0 16 2.3 3.0
Ratio
Low Flow | 002 m%s | 168 155 147 1.49 1.42 135 1.40 1.27 125
Channel
Velocity | 0.03 m%s | 1.84 157 1.48 163 1.43 1.38 141 130 1.30
Change 3
Ratio | 004 m%/s | 185 1.64 156 167 1.46 1.41 1.46 1.39 1.32
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Table 6. Velocity Change Ratio for Vegetation Location Variation in Floodplain (Compound Channel)

7

Location Change of

. Bank Side Center Channel Side
Vegetation
Water Depth—Vegetation
Height Ratio 16 2.3 3.0 1.6 2.3 3.0 16 2.3 3.0
Low Flow Channel
Velocity Change Ratio 1.52 1.25 1.20 1.33 1.25 1.20 1.44 1.14 1.14
35
0.28

33
31 0.27
29

E 2 B 0.26

g 25 W 50.25 —‘**f

é 23 ¢
21 0.24 o Moasured
8 "= "Measured’ 023 - RMA2
17 {—o—HEC-RAS |
18 - 0.22

0 2 4 6 8 10 12 14 16 o 2 4 8 8 10 12 14 18
Distance(m) el im
{a) Single Channel(HEC-RAS) b) Compound Channel(RMA-2)
Fig. 16 Comparison of Experimental Data with Numerical Model data
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Table 7. Roughness Coefficients in Vegetated channel

Numerical Model HEC-RAS RMA-2
Single Section Channel Compound Channel
Discharge 0.04m*/s 0.04m%/s
Eé(é’sgl?s;t Wat;;ig)epth 22 238 34 16 23 30
Density 3.5% 3.5%
No Vegetation 0.0175 0.0180
Manning’s | Vegetation | 4 | 05 0.055 0.063 0.072 0.085
n Area
Coefficient Section - - - 0.038 0.041 0.046
Average ’ )
Toln, AAFo] AT 2EATE AU o 1 9o 2 AW 35S AA3HRE 45 74
& 0055 ~ 014 AEE AMAFHAL F5E 24" v7h 37t @48 A 9% 99 FedFe
4% A= 0018, AFlE= 0.063 ~ 0.08 A Aastg o, FAN7E of 35 o] 4R HE A Al
T2 AAHJY B2 gdHHA 22 AFE 73] § g 9 Ve AY fle Aoz AFHAG
E}fﬂ il %%Tfr 7t 2o ‘]J ZEATE o] 0 Bom Eoe] BES AME AO 9 Aia
$31 Eq. (D(SEA, 200€ F5E] 448 2 o Hol 6% e e
g dde® Hgd Zdi 0038 ~ 0046 AEE 4HA
H Ak 3 EdAe ZFEY #E9 A ATE Y 5%
& Hanel aanFsol s o 25 % ~
S| 8 % A= F7hsidth meb o) 444
n = |20 W o AF2e) FEFE A AATE 2
£ of ),
gohdold 2EASs vaA ZA APAElE, 4. FE AR G AFE & M2 A
ol 449 Aws} 35 % = WA, 2 AW =k s Saviehs sl E e,
Aol 442 szl Weos dddn. £ 444 5. A% 9ol AR AN 208 A AAX
SE FARS GYE 2eATRoR AT AL de QBTN 2EASE GUHY A
SHAZY Qo FA4Ea §AE Tol A% TS 0055 ~ 0.14 Boide]l AL 0063 ~ 0085 = AF
£ nesop i Azdn. Table 78 2EATE Bk £ FrEo) 448 BuRdAg
B2 g HéelAel gholw AnkHl ZTAlG oS WAREFZREASE 0038 ~ 0046 02 AAEYC
o= B B2 Ag g A= xErF gasidy s o o] ATSe B A7 Ay WA Azt
. ol 447 2EAF WA FF A% o
/b Besitia g,
5. # &
2 ATNE A2t gud fus $4EE 7 #Atel 2
A BUH FEoA BE AAA] s HE 54 B s AMTERS 295 R AARES S
& 2HSATh 1AL 18 AoH, 7%, TR, mstee) 9eae @ 2003dE AAA ) 2AT]
AAEE, ABAA S5 WsAIE ARS ANEE aeyaastacs-onl 9 EAFFARRE S
o} AEee ALt dxEte 2EATE AY ATAlere] A7 Az}
AN Bol /\}%51 2%+ HEC-RAS ¢ RMA-2 23
& o] &3t FAIAL. 1 AHRE A oo i n2s
z2tt.
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