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Analyses of Shear Stress and Erosion Characteristic in a
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ABSTRACT: This study analyzed shear stress and erosion characteristic of a vegetated levee embankment with root fiber
quantity, which is an important factor for evaluating the stability of it. The averaged root fiber quantity in a vegetated levee
revetment was measured by the sampler manufactured by this research. The Phragmites Japonica Steud which is somewhat
dominant species in a vegetated levee embankment was selected as an experimental vegetation. As a result of experiment of
each flow regime, the shear stress was increased while root fiber quantity was increased and the erosion rate was
exponentially decreased as the root fiber quantity was increased. The erosion rate was exponentially decreased as the shear
stress was increased which is shown that the increase of shear stress by root fiber quantity results in the increase of erosion
resistance in a vegetated soil. The relationship between shear stress and erosion rate with root fiber quantity were analyzed
and their regression equations were suggested with high determination coefficients. The hydraulic stability is governed by
the increase of shear stress by root fiber quantity and the Froude number of flow characteristic in a vegetated levee revetment
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Photo 1. Phragmites Japonica Steud and its sampling of root fiber
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Fig. 1. Sampling for experiments
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Table 1. Sieve analysis and classification of sampled soil

A A s A

o 3¢ ok

o
3=

AR 2 Zol= 12 m,
0.4 mel HArgolck AFet 4

£29] 4~5m A 0.4 m
loje] AJ5z Ao WAL ol H4R 4
A5 9lste] AR nieke NRE ol
UAAA F= vl AlRE T == A
SAlT) 21A71o)0] 2L TR gl
ZRE 7410111‘2 olg3to] =
= &4 (LPIlOO)
z‘sx%s].oﬂr,]. /\47;" %31:-] 2L Flg 29]_ 7ro

Photo 2 (b)= F=20)|4 2] AAH-S Yehfar 9]

Sieve Nnumber Transmission rate (%) Uniformity coefficient
No. 4 96.90
No. 10 93.28
No. 20 77.80
No. 40 64.16 C, =283
No. 60 24.60
No. 140 8.42
No. 200 2.86
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(particle size distribution is a good
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(a) Direct shear test

(b) Experiment for erosion

Photo 2. Direct shear test and experiment for erosion
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Fig. 2. Experimental setup for erosion
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Table 2. Experimental conditions for erosion

B Slote] Aol mago] B Wl AL
A7) 8714 casesS Ao, AHE B
mek 7He 0.0379, 0.0557, 0.0584, 0.0766, 0.0803,
0.0109, 0.01277, 0.1333 g/em’o|t} (Table 3).

Vzarlr?/gi)ty D(errp]))th Froude number Flow( n(;.i]iL:]r)ation Height 01; r'\1/)egeta1tion
0.296 0.233 0.196
0.485 0.150 0.400 15 0.08
0.843 0.080 0.952

Table 3. Averaged root fiber quantities for experiment

Averaged Averaged Averaged Averaged root Averaged root
Sample sample weight dry weight moisture weight fiber weight fiber quantlty
(9) (9) (9) (9) (glem’)
1 106.80 90.49 16.31 1.34 0.0379
2 105.43 93.32 12.11 2.06 0.0557
3 107.34 85.16 22.18 2.06 0.0584
Phragmites 4 91.82 72.60 19.22 2.71 0.0766
japonica steud | 5 86.86 69.31 17.55 2.84 0.0803
6 96.74 81.01 15.73 3.85 0.1090
7 101.53 71.88 29.65 4.51 0.1277
8 96.83 71.86 24.97 4.71 0.1333
Table 4. Averaged shear stress according to averaged root fiber quantity
Averaged root Experimental averaged Averaged horizontal Averaged
fiber quantlty time duration load shear stress
(glem’) ) (kg) (kg/em?)
0 209 26.40 0.9339
0.0379 294 28.90 1.0223
0.0557 250 31.65 1.1197
0.0584 305 3247 1.1484
0.0766 280 34.65 1.2257
0.0803 300 35.40 1.2522
0.1090 250 38.70 1.3689
0.1277 237 38.50 1.3619
0.1333 251 39.25 1.3884
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Fig. 3. Shear stress according to averaged root fiber quantity

Table 5. Erosion rate according to averaged root fiber quantity

Froude number Froude number Froude number
Averaged root Initial 0.196 0.400 0.952

fIbe(rg/?:Lrinar)mty V((:;Iumrgl)e r;/r(r)::ir::d Erosion rate r(\e/rﬂ:ir:: 4 | Erosion rate r::,g:: 4 | Erosion rate

(cm®) (%) (cm?) (%) (cm®) (%)

0 11059.2 10508.8 4.98 9734 .4 11.98 7449.6 32.64

0.0379 14035.2 13580.8 3.24 13228.8 5.75 12524.8 10.76

0.0557 13286.4 13088.0 1.49 12595.2 5.20 11974.4 9.87

0.0584 15334.4 15091.2 1.59 14604.8 4.76 14054.4 8.35

0.0719 14284.8 14124.8 1.12 13894.4 2.73 13299.2 6.90

0.0803 14905.6 14739.2 1.12 14451.2 3.05 13971.2 6.27

0.0998 15142.4 15001.6 0.93 14726.4 2.75 14470.4 4.44
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Fig. 4. Erosion rate according to averaged root fiber quantity

Table 6. Regression equations for erosion rate

Froude number Regression equation Determination coefficient
0.195 e, =0.0430,” %" R>=0.929
0.400 e, =0.317g,” % R*=0.803
0.952 e, =0.5950, 9? R2=0.903

Where, e, : Erosion rate (%), o, :

Root fiber quantity (g/cm?)
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Fig. 5. Shear stress according to erosion rate

Table 7. Regression equations of erosion rate according to shear stress

Froude number Regression equation Determination coefficient
0.195 e, =2.80957 12 R*=0.878
0.400 e, =6.467 > R*=0.819
0.952 e, =12.687 %! R*=0.952

Where, e, : Erosion rate (%), 7 : Shear stress (kg/cm’)

Table 8. Multiple regression equations for erosion rate

Multiple regression analysis equation

Determination coefficient

e, = —065.5590, + 7.872 F1r + 4.817

R*=0.918

e, = —11.8827+ 7.872 Fr + 14.537

R?=0.921

Where, e, : Erosion rate (%), 7 : Shear stress (kg/cm?), o, : Root fiber quantity (g/cm®)
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