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ABSTRACT: The objective of this study is to determine the effects of rolled erosion control mat and vegetation on soil er
osion in a channel flow tests. ASTM D6460 test method was used to conduct the soil erosion performance tests. Soil eros
ion was increased with increasing channel slope and flow rate. Placing RECP over the test soil would significantly reduce 
the soil erosion. The soil erosion rates for the vegetated soil and vegetated RECP conditions are all only around one perce
nt. Four to six months vegetation period is required for using RECP for erosion control applications.  

RÉSUMÉ: l’objectif de cette étude est la détermination des effets de contrôle anti-érosion tapis et végétation sur l’érosion des sols à l’aide 
de contrôle de débits de canaux. Le méthod de test ASTM D6460 fut utilisée afin de mener les contrôles de l’érosion des sols. L’érosion 
du sol augmente proportionellement à à l’augentation du débit des canaux et pentes. Placer les produits anti-érosion sur les sols à tester 
peuvent considérablement réduire les effect d’érosion. Le niveau d’érosion des sols pour terres végétales et les conditions RECP végétaux 
sont d’un pourcent seulement. Quatre à six mois de période de végétation est requise afin d’utiliser les RECP. 
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1  INTRODUCTION 

To evaluate the vegetation and rolled erosion control mat 
efffects on soil erosion control properties is dicussed in this 
paper.  
 
2  TEST PROGRAM, EQUIPMENT AND MATERIALS 

2 .1  Test program 

A series of channel erosion test was conduct to evaluate the soil 
erosion properties of a rolled erosion control product. ASTM 
D6460 test standard was used in this study. Soil erosion rate 
was determined by measuring the eroded soil loss weight of 
each container in the study. A sandy silt obtained from a local 
river bed, Dong-Gang creek, was used in the study. A local 
made green color rolled erosion control mat was chosen for the 
study. Bahia grass was chosen as the vegetation grass for the 
study. The test soil conditions included bare soil bed, vegetated 
soil bed, erosion control mat covered soil bed, and vegetated 
erosion control mat covered soil bed. 3 different flow pump 
capacities and 2 different channel slope conditions were used to 
provide 6 various flow conditions for the tests. The flow 
velocity, the Manning’s coefficient, and quantity of soil erosion, 
were measured for the each test conditions. 

2 .2 Test equipment 

A test flume was used for the soil erosion tests. The test flume 
is 0.6 meters in width, 0.6 meters in height, and 24 meters in 
length with an adjustable slope bed. The slope of the test flume 
can be varied ranging from 0 to 5 degrees. Three hydraulic 
pumps with capacities of 15HP, 40HP, and 50HP can be 
arranged to meet different flow requirement needs.(table1) A 
schematic view of the test flume is shown in Figure 1. Three 
80-cm long stainless containers were placed in the test section 
for holding the test soils, vegetation, or rolled erosion control 
mat. A schematic view of the container is shown in Figure 2. To 
reduce the variation in flow and erosion condition, a 700 cm 
long approaching section and a 500 cm long posttest section 
were covered with the test erosion control mat as shown in the 
Figure 1. The flow velocity was measured using an acoustic 

Doppler velocimeter (model A1243) produced by Sontek Inc. 
The measurement range is ±250 cm/s with accuracy of 0.01 
cm/s. The velocimeter was mounted on a sliding trolley 
mounted on the top of the test flume. The stainless container 
was lifted and carried from outside to placement within the 
channel flume using a mechanical crane. 
 
Table 1 Different hydraulic configuration provide flow capacity 
by  two slope condition with three pump condition 

Slope  Flow pump Flow capacity Q (m3/s) 

0∘ 

40HP 0.067~0.077 

65HP 0.07~0.089 

90HP 0.10~0.137 

0.5∘ 

40HP 0.067~0.077 

65HP 0.07~0.089 

90HP 0.10~0.137 

 

 
Figure 1 Schematic side view of test flume. 

 

 

 

a)Schematic representation b) Overall view. 

Figure 2 Stainless steel container 
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 2 .3 Test materials 

One types of local made rolled erosion control product (RECP) 

was chosen for this study. The green color product was made 

from curl polyethylene filaments stitched onto a square 

patterned net to form a 3 D structural erosion control mat. The 

typical RECP engineering properties are listed in Table 2. 

Close-up views of these RECP products are shown in Figure 3.  

The typical engineering properties of the soil used in the tests 

are summarized in Table 3. According to the ASTM D6460 

(2012) and D698 (2012) standards, the test soil was compacted 

to around 80% to 85% of its maximum dry density using 3 

layers in the test container for vegetation or channel flow tests 

and the rain splash tests. Bahia grass was chosen for the soil 

erosion test program. Bahia grass is suitable for turf surface and 

soil and water conservation applications. It can be planted in 

dry and wet soil con 

 

Table 2 Typical engineering properties of the test  

rolled erosion control products. 

Item Method Unit Result

Mass per unit area ASTM D6566-12 g/m2 259.9

Tensile strength (MD) ASTM D6818-02 kN/m 10.3

Elongation at break (MD) ASTM D6818-02 % 32.3

Tensile strength (XD) ASTM D6818-02 kN/m 1.7 

Elongation at break (XD) ASTM D6818-02 % 278.0

Thickness ASTM D6525-12 mm 5.03

Light penetration ASTM D6567-00 % 55.06

P.O.A. Optical instruments % 45.52

Notes: MD = machine direction, XD = cross machine direction, & 

P.O.A. = percent of opening. 

 

Table 3 Typical engineering properties of the test soil. 

Item Method Results 

Atterberg 

 limit tests 
ASTM D4318-10e1 

LL = 27.28% 

PI = 2% 

Unified classification ASTM D2487-11 Sandy silt (ML) 

Compaction test ASTM D698-12e1 
γd max = 17.29 (kN/m3)

O.M.C = 15.8 (%) 

 

 

Figure 3 Close-up views of the test rolled erosion control product in the 

study. 

 

3 VEGETATION 

The test soil was compacted to around 80% to 85% of its 

maximum dry density using three layers in the stainless steel 

test containers. The vegetation program included vegetation on 

the test soil without and with rolled erosion control product 

(RECP) covered on the test soil. The seeding density was about 

25 g/m2 and the vegetation growth duration was 8 weeks. 

Typical vegetation conditions for the test soil without RECP are 

shown in Figure 4. As shown in the figure 8 weeks was 

required to allow the grass to fully cover the test soil. In 

addition, the typical 8 weeks vegetation conditions for the test 

soil with RECP are shown in Figure 5. The authors believe that 

covering soil bed with RECP would hold soil moisture during 

dry season, however, that also would reduce the sun light 

exposure for the growth of vegetation. Therefore, 8 weeks of 

vegetation growth was not long enough for a full test grass 

growth during the tests. Unit dry root weight of each container 

was measured as the root density (De Baets et al. 2006). Root 

pulling resistance was determined by averaging the pulling 

force of ten roots for each container. Six sets of root density and 

root pulling resistance tests are summarized for both conditions 

in the Figure 6, the root densities with 8-week growth in the test 

soil were quite uniform and the pulling resistances varied. 

However, the pulling forces and root densities of the vegetation 

grass for the covered with RECP conditions were all much 

lower than those for vegetation in soil conditions. Typical 8 

weeks root conditions for both vegetation programs are shown 

in Figure 7. The results indicated that vegetation for RECP 

covered on the test soil will require more than 8 weeks 

vegetation period in future studies. 

 

a) 2 weeks b) 4 weeks 

 

c) 6 weeks d) 8 weeks 

Figure 4 Bahia grass vegetation condition in the test boxes for 

the test soil without RECP covered at different periods. 

 

a) 2 weeks b) 4 weeks 

c) 6 weeks d) 8 weeks 

Figure 5 Bahia grass vegetation conditions in the test boxes for soil 

covered with RECP at different periods. 
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Figure 6 The root-pulling resistance versus vegetation root density for 

the test soil covered with or without RECP. 

 

 
Figure 7 The root growth condition for Bahia grass at 8 weeks in the 

test soil covered with or without RECP. 

 

4. RESULTS AND DISCUSSIONS 

Various cover and vegetation conditions were used in the 

channel soil erosion test program. The channel cover conditions 

included bare soil bed, vegetated soil bed, erosion control mat 

covered soil bed and vegetated erosion control mat covered soil 

bed. The bare soil and three different erosion protection 

conditions before the channel erosion tests are shown in Figure 

8. A total of 6 different test flow conditions were used in this 

channel soil erosion tests, combined with three different 40HP, 

65HP, and 90HP, flow pump capacities, and two different 0 

degree and 0.5 degree, channel slope conditions. These 6 flow 

conditions were all conducted for the bare soil condition and 

three other erosion protection conditions.  

The average flow capacity, flow velocity, Manning’s 

coefficient and quantity of soil erosion were measured for the 

four test conditions. However, the Manning’s coefficient is 

nearly a constant value for the condition. The Manning’s 

coefficients versus average channel flow capacity for different 

test conditions are shown in Figure 9. Near constant Manning’s 

coefficient values are also shown for the other test conditions. 

The authors believe that 8 weeks vegetation has more effect on 

increasing the Manning’s coefficient than the test RECP. The 

growth of vegetation at soil bed would increase the Manning’s 

coefficient, and reduce the flow velocity and soil erosion near 

soil bed. The authors believe that the installation of RECP on 

soil bed would prevent the vegetation from fallen down during 

high flow velocity and indirectly increase the Manning’s 

coefficient.  

An average of 125 kg test soil using 3 layers compacted in 

the stainless steel container was used for all test conditions. 

Three containers were used in each test. Only the soil erosion 

test results obtained from the center container was weighted and 

used in this study. The first and third containers were placed in 

the test channel to reduce the test boundary effect. The soil 

erosion increased with the increase in channel slope and pump 

capacity. The soil erosion rate versus flow velocity for the bare 

soil and soil covered with RECP test conditions are shown in 

Figure 10. The author believe that placing RECP over the test 

soil significantly reduced the soil erosion rate to single digit 

percent for the test conditions. 

The soil erosion rates are all less than one percentage for the 

test flow conditions. It seems that vegetation exhibits a very 

good effect on reducing the soil erosion rate for the test flow 

conditions. The soil erosion rate versus flow velocity for 8 

weeks vegetated soil and soil covered with RECP and 

vegetation conditions are shown in Figure 11. Since the 

vegetation for the test soil with RECP required more than 8 

weeks vegetation growth, the erosion rates for test soil with 

RECP cover conditions are slightly higher than that for the 

vegetated soil conditions. Based upon previous experience, it is 

suggested that 4 to 6 months vegetation growth period is 

required for the RECP covered on soil condition in future 

studies. However, full vegetation growth is a necessary 

condition for using vegetation soil cover for erosion control 

applications.  

 

a) The erosion type of Bare Soil b) The erosion type of RECP 

c)The erosion type of Vegetation 
d) The erosion type of RECP & 

Vegetation 

Figure 8 Typical views of 4 different soil erosion flow test 

conditions. 

 

 
Figure 9 Manning’s coefficients versus average channel flow 

capacity for different test conditions. 
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Figure 12 The soil erosion rate versus flow velocity for soil 

covered with or without RECP. 

 

 
Figure 13 The soil erosion rate versus flow velocity for 8 weeks 

vegetation and RECP with vegetation conditions. 

 
5. SUMMARY AND CONCLUSIONS 

A series of channel erosion tests were conducted to evaluate the 

soil erosion properties of a local made rolled erosion control 

product. The ASTM D6460 test standard was used in this study. 

Eroded soil loss weight was measured in the study. Sandy silt 

obtained from a local river bed was used in the study. Bahia 

grass was chosen as the vegetation grass. The test cover 

conditions included bare soil bed, vegetated soil bed, erosion 

control mat covered soil bed and vegetated erosion control mat 

covered soil bed. A total of 6 various flow conditions were used 

based upon different pump capacities and channel slopes. The 

flow velocity, Manning’s coefficient and quantity of soil 
erosion were measured for the each test condition. The 

following conclusions are made based on the previous 

discussions: 

Eight weeks vegetation growth period is required for Bahia 

grass to develop enough uniform root density in the test soil. 

However, more than 8 weeks vegetation growth is required for 

the RECP cover on the test soil condition. The increase in 

channel slope and/or pump capacity will increase the flow 

capacity and flow velocity. However, the channel slope and 

pump capacity have no significant effect on the Manning’s 
coefficient. Change soil bed condition could significantly 

increase the Manning’s coefficient. Vegetation has more effect 

on increasing the Manning’s coefficient than the test RECP. 
RECP with vegetation showed the best effects on increasing the 

Manning’s coefficient for the test channel beds.  

Soil erosion was increased with increasing channel slope and 

pump capacity. Placing the RECP over the test soil would 

significantly reduce the soil erosion. The soil erosion rates for 

the vegetated soil and vegetated RECP conditions are all only 

around one percentage. However, full vegetation growth is a 

necessary condition for using of vegetation soil cover for 

erosion control applications. Placing RECP on soil would 

provide a good initial growth condition for vegetation. Four to 

six months of vegetation growth is required for using RECP for 

erosion control applications. 
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