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ABSTRACT: Shallow landslips are one of the major natural disasters and cover a lot of mountainous areas, specifically in 
the regions with high annual precipitation. Soil erosion in slopes often takes place prior to the occurrence of shallow lands
lips. Erosion control blankets are one of the materials to protect the slope from soil erosion, and products with various co
nstituents are manufactured and used in practice. This research aims to discover the advantage of erosion control blankets f
or protecting the slope from potential shallow landslips in terms of monitoring soil moisture content induced by rainfall. T
he erosion control blanket used in the study is manufactured by curl Polypropylene (PP) filaments. Field instrumentations a
re established in a slope covered with blankets and in a bare slope to monitor soil moisture contents at various depths. Th
e arrival time of the wetting front at various depths during rainfall for the slope area covered with erosion control blanket
s is compared with that in a bare slope. Delay in the arrival time of the wetting front resulted from the installation of ero
sion control blankets is quite noticeable. Erosion control blankets are potentially effective in protecting the slope from shall
ow landslips.  

RÉSUMÉ : Les glissements de terrain peu profonds sont l'un des principaux désastres naturels et couvrent un grand nombre de 
régions montagneuses, en particulier dans les régions où les précipitations annuelles sont élevées. L'érosion du sol dans les pentes a 
souvent lieu avant l'apparition de glissements de terrain peu profonds. Les couvertures de contrôle d'érosion sont l'un des matériaux 
pour protéger la pente de l'érosion du sol, et les produits avec divers constituants sont fabriqués et utilisés dans la pratique. Cette 
recherche vise à découvrir l'avantage des couvertures anti-érosion pour protéger la pente contre les glissements de terrain peu 
profonds en termes de surveillance de l'humidité du sol induite par les précipitations. La couverture anti-érosion utilisée dans l'étude 
est fabriquée par des filaments de polypropylène (PP) ondulés. Les instruments de terrain sont établis dans une pente couverte de 
couvertures et dans une pente nue pour surveiller le taux d'humidité du sol à différentes profondeurs. Le temps d'arrivée du front 
mouillant à différentes profondeurs pendant les précipitations pour la zone de pente recouverte de couvertures de contrôle de l'érosion 
est comparé à celui dans une pente nue. Le retard dans le temps d'arrivée du front de mouillage résultant de l'installation de 
couvertures anti-érosion est tout à fait perceptible. Les couvertures anti-érosion sont potentiellement efficaces pour protéger la pente 
des glissements de terrain peu profonds. 
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1  INTRODUCTION.  

Erosion control blankets made from synthetic fibers are one of 
the important materials used in protecting slopes from soil 
erosions. Soil loss is mainly used to assess the performance of 
erosion control blankets. During the past decades, various high-
quality synthetic fiber products have been developed in solving 
various kinds of soil erosion problems in different 
circumstances.  
Reducing soil loss in the slope is the main issue for the erosion 
control blanket. The soil loss ratio is used to identify the 
performance of the erosion control blanket. Soil loss for the 
erosion control blanket can be evaluated based on ASTM D 
7101 and ASTM D 7207. Additionally, the erosion control 
blanket may have the ability to hinder the infiltration of rainfall-
induced surface runoff at the shallow depth of a slope. Rainfall-
induced infiltration in the shallow depth in a slope results in an 
increase in soil moisture contents. The potential for triggering 
shallow landslips may increase if soil moisture contents at 
shallow depths in a slope increase significantly during rainfall. 
Occurrence of shallow landslips can therefore be effectively 
lessened if rainfall-induced infiltration in the slope can be 
restrained by erosion control blankets. 
This research aims to investigate the field performance of rolled 
erosion control products (RECP) made from synthetic fibers by 
comparing the arrival time of the wetting front at various depths 
in a 30-degree slope covered with the blanket with that of a bare 
slope. Delay in the arrival time of the wetting front in the soil 

resulted from the installation of the erosion control blankets is 
used as an indicator to evaluate the field performance of the 
material.  
 
2  METHODS AND MATERIALS.  

The experimental site is located in Jiasian district in Kaohsiung, 
Taiwan. The experimental slope dips southeastward and is 
covered with mixed woods. Photo of the experimental slope is 
shown in Figure 1. The average precipitation in the region is 
about 2800 mm/yr for the past 30 years. Typhoon in this region 
occurs quite often in the summer time and brings considerable 
amount of precipitations. Soil erosion and shallow landslides 
are commonly seen in this region. The average slope gradient at 
the experimental site is about 30. The topography of the slope 
is shown in Figure 2. The slope is mostly covered with residual 
soils, with thickness of 3 to 4 m. Rock fragments are 
occasionally seen at the experimental site. Physical properties 
of the soil are acquired at the laboratory. Specific gravity of the 
soil ranges from 2.66 to 2.7. Liquid limit of the soil ranges from 
30 to 32, and plastic index ranges from 18 to 23. Soils at the site 
are classified as CL based on unified soil classification system. 
Figure 3 shows typical soil particle distribution curves at the 
site. 
Soil moisture sensors were installed at depths of 0.15 m, 0.5 m, 
1 m, 1.5 m, and 2 m by using a soil auger at two adjacent 
locations in the slope. One of them is covered with erosion 
control blankets, with a dimension of 1.5 m  2 m, 
manufactured with synthetic fibers, and another one is a bare 
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 slope. An automatic logging system is installed at the 
experimental slope in the field. Soil moisture contents are 
recorded every hour. 

Table 1 Properties of the rolled erosion control product (RECP) 
used in the study 

Items Test methods Results 

Mass per unit area ASTM D 6475 215.7 g/m2 
The ultimate tensile 
strength 

ASTM D 6818 7.47 kN/m at a str
ain of 16.8% (MD)
3.52 kN/m at a str
ain of 12.7% (TD) 

Thickness ASTM D 6525 3.4 mm 
Unvegetated RECP 
ability to protect soil 
from hydraulically-
induced shear stresses 
under bench-scale 
conditions 

0.33 psf for 30 
min 

Soil loss=61.7 g 

0.92 psf for 30 
min 

Soil loss=140 g 

1.5 psf for 30 min Soil loss=236.7 g 

Soil loss curve 
intercept 

2.02 psf @ 0.5 inch 
soil loss 

Remarks: MD: machine direction; TD: transverse direction 

The rolled erosion control product (RECP) used in the study, 
manufactured by Seven States Enterprise Co., Ltd., is made 
with curl Polypropylene (PP) filaments and reinforced with 
synthetic top and bottom nets with 1 cm square openings, as 
shown in Fig. 4. Typical properties of the material used are 
illustrated in Table 1. 

 
Figure 1. Photo at the experimental site. 

Figure 2. Topography of the experimental site.  

3  RESULTS AND DISCUSSION.  

3.1  Variation of soil moisture contents with time 

Figure 5 show the variation of soil moisture content at various 
depths with time from Aug. 2015 thru May, 2016 for the slope 
covered with the erosion control blanket and in the bare slope, 
respectively. Major rainfalls occur in Aug.~Oct. of 2015, 
January, 2016 and May, 2016. The soil moisture contents 
increase noticeably at some of the depths in the bare slope 
during rainfall, whereas the soil moisture content at some of the 

depths in the site covered with the blanket shows slight 
variation during the rainfall periods. The soil moisture content 
at a depth greater than 1.5 m for the slope covered with the 
erosion control blanket shows almost no change during the 
monitoring period. The soil moisture content decreases with 
time following the rainfall for the site with and without the 
erosion control blanket. The data show that the erosion control 
blanket used in this study can hinder the rainfall-induced runoff 
from infiltrating the shallow depth in a slope. 

Figure 3. Particle size distribution at the site.  
 

Figure 4. The close-up view of the rolled erosion control 
blanket used in the study.

3.2  The soil moisture content in rainfall events 

The behavior of soil moisture contents for the slope covered 
with the erosion control blanket is investigated in a single event. 
The rainfall events with high and low cumulative precipitations 
were selected in the study. The cumulative precipitation for the 
rainfall event on Sep. 28, 2015 is 275.5 mm, and it lasts 21 
hours, as shown in Fig. 6. Additionally, the cumulative 
precipitation for the rainfall event on Oct. 25, 2015 is 49.5mm, 
and it lasts 4 hours. The rainfall data for this event is shown in 
Fig. 7.  

 
(a) 
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(b) 
Figure 5. Variation of soil moisture content in the experimental slope. (a) 
the slope covered with the erosion control blanket and (b) the bare slope.
 

 
Figure 6. The rainfall data on Sep. 28, 2015. 

Figure 7. The rainfall data on Oct., 25, 2015.  

The soil moisture contents at various depths for the slope 
covered with the erosion control blanket and the bare slope 
during the rainfall event on Sep. 28, 2015 are shown in Fig. 8. 
The soil moisture content at a depth of 0.15 m increases 
noticeably in the slope covered with the erosion control blanket, 
whereas the soil moisture content at the depth greater than 0.15 
m remains unchanged during the rainfall. Nevertheless, the soil 
moisture content in the bare slope increases up to a depth of 2 m 
during the rainfall event. The soil moisture sensor at a depth of 

1.5 m was out of order during the monitoring period in the bare 
slope.  

 
(a)

 
(b)

Figure 8. Variation of the soil moisture content with time during 
the rainfall event on Sep. 28, 2015. (a) the slope covered with t
he erosion control blanket and (b) the bare slope. 

In addition, the soil moisture contents at various depths for the 
slope covered with erosion control blankets and in the bare 
slope during the rainfall event on Oct. 25, 2015 are shown in 
Fig. 9. The soil moisture content at various depths in the slope 
covered with the erosion control blanket remains unchanged 
during this rainfall event. The soil moisture content in the bare 
slope increases noticeably up to a depth of 1 m during this 
rainfall event.       
The data observed in this study show that the erosion control 
blanket has a significant role in hindering the rainfall-induced 
runoff from infiltrating the slope.  

 
(a)
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(b) 

Figure 9. Variation of the soil moisture content with time during 
the rainfall event on Oct. 25, 2015. (a) the slope covered with t
he erosion control blanket and (b) the bare slope. 

3.3  The arrival time of the wetting front during rainfall 

The depth of the wetting front can reach and the arrival time (Ts) 
of the wetting front at a given depth in a slope during rainfall 
can be a good indicator for assessing the ease of a slope 
subjected to rainfall-induced infiltration. The arrival time (Ts) 
of the wetting front at a given depth is defined as the time when 
the soil moisture content increases during a rainfall event, as 
shown in Fig. 10. Figure 11 shows the arrival time (Ts) of 
wetting front at various depths in the bare slope and in the slope 
covered with the erosion control blanket in the rainfall event on 
Sep. 28, 2015 and Oct. 25, 2015. The Ts value at a depth of 0.15 
m for the slope covered with the erosion control blanket is 14 
hrs and is noticeably greater than that in the bare slope, Ts=5 
hrs at a depth of 0.15 m, in the high-precipitation rainfall event 
on Sep. 28, 2015. The wetting front reaches to a depth of 2 m in 
the bare slope, whereas the depth where the wetting front 
reaches in the slope covered with the erosion control blanket is 
0.15 m in this rainfall event. The erosion control blanket has the 
capability to considerably delay the arrival of the wetting front 
in the slope.  

Figure 10. The arrival time (Ts) of the wetting front and the rate 
of increase in soil moisture content at a given depth during rainf
all (Fan and Chang, 2015).  

For the low-precipitation rainfall on Oct. 25, 2015, the wetting 
front in the bare slope reaches to 1 m, whereas the wetting front 
in the slope covered with the erosion control blanket is not 
observed. Hence, the erosion control blanket used in the slope is 
considered favorable in hindering the rainfall-induced 
infiltration in the slope. This feature may lower the possibility 
of triggering the shallow landslip for a potentially unstable 
slope.  
In addition, the rate of increase (Rm) in soil moisture content 
for a given depth in the rainfall events is calculated, and its 
definition is shown in Fig. 10. The Rm value at a depth 0.15 m 

in a 30-degree bare slope is 8.5%/hr, which is about 275% of 
that (3.1%/hr) in a slope covered with erosion control blankets. 
The erosion control blanket is effective in hindering the runoff 
from infiltrating the slope.  

 
(a) 

 
(b) 

Figure 11. The arrival time of wetting front for the rainfall event. 
(a)rainfall event on Sep. 28, 2015 and (b)rainfall event on Oct. 2
5, 2015.

4  CONCLUSION 

This paper investigates the field performance of rolled erosion 
control products (RECP) made from synthetic fibers in a 30-
degree slope based on monitoring soil moisture contents during 
rainfall. The arrival times of the wetting front at various depths 
in a 30-degree slope covered with the blanket and in a bare 
slope are obtained in rainfall events. The main findings 
summarized from the research are: (1) The erosion control 
blanket can effectively restrain the rainfall-induced infiltration 
in the slope; (2) The erosion control blankets noticeably delay 
the arrival time of the wetting front in a slope in a single rainfall 
event. (3) The rate of increase in soil moisture contents for a 
slope covered with erosion control blankets is considerably 
lower than that in a bare slope in rainfall events.  
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