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ABSTRACT 
 

     This paper evaluated selected geotextile materials namely Coconet, Geomat, and 
Geocell in terms of reducing soil erosion on road cut slope. Each geotextile material 
was installed on a 45° slope and in 4 meters x 5 meters plot in Mogpog, Marinduque, 
Philippines.  Runoff and soil loss behavior, degradation through tensile strength, and 
growth of vegetation of the three geotextiles after weather exposure were assessed. 
Field and laboratory tests were carried out to evaluate the performance of the 
geotextiles. Results were compared with a control plot. In general, the three geotextiles 
produced larger runoff volumes indicating that slopes treated with geotextiles absorbed 
less water rendering the soil to be less saturated than the control, thereby presenting 
effectiveness in preventing soil erosion. Further, the three geotextiles produced lesser 
amount of soil loss than the control plot indicating the effectiveness of the materials in 
reducing soil loss. Geocell has significantly high tensile strength as compared to 
Coconet and Geomat which is attributed to its structure. Finally, vegetation was best 
developed on the Geocell-covered slope attributed to its large opening sizes of 
apertures allowing vegetation roots to penetrate and grow progressively. 
 
1. INTRODUCTION 
 
     Soil erosion and landslides used to occur naturally due to environmental forces. 
Nowadays, these occur at a faster rate due to increased human activities and 
prevalence of climate change. This paper deals with two kinds of soil erosion: (1) runoff 
generated by rainfall and (2) soil loss caused by wind and other environmental factors 
such as earthquake or ground movement. Thus, prevention and control measures such 
as slope protection became essential. Slope protection structures stabilize the slope 
and provide security from damage to the surrounding properties and to the general 
public. The most common and natural element used for erosion control is vegetation. It 
aids in protecting the soil and preventing erosion by absorbing water that the soil is 
unable to take, and by hindering the wind that might blow off topsoil. Vegetation can 
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reduce soil erosion rate by 90% (Moore et al. 2003). It normally takes several seasons 
for it to become fully established thus its growth is usually impeded by rain and runoff 
especially during its early growth stages. During these periods where erosion risks are 
high, geosynthetics such as geotextiles are used as adjuncts to vegetation for 
controlling soil erosion. 

In the Philippines, the use of geotextiles is one of the several slope protection 
methods being undertaken. Geotextiles are defined by the Department of Public Works 
and Highways (DPWH) as “fabrics for use in subsurface drainage, hydraulic filter, 
erosion control, sediment control, pavement structures as a waterproofing and stress 
relieving membrane, and as a permeable separator to prevent mixing of dissimilar 
materials”. Among these several fields of application, the erosion control properties and 
vegetation management of geotextiles are the sole focus of this study. 

Generally, geotextiles are classified into natural and synthetic products. Natural 
geotextiles are biodegradable and are therefore temporary and would last for about 2 to 
5 years depending on the type of material. On the other hand, synthetic geotextiles are 
made from polymeric materials and are relatively permanent due to their non-
biodegradability. They could last for around 20 years or more (Moore et al. 2003). 

This paper examines three of the most commonly available geotextiles in the 
Philippine market: Coconut Fiber Net or “Coconet”, Geosynthetic Erosion Mat or 
“Geomat”, and Cellular Confinement Systems or “Geocell” (Fig. 1). Coconet is a natural 
geotextile, while Geomat and Geocell are both synthetic products. 
 

   
 

Fig.1 Coconet, Geomat, and Geocell 
 
COCONET 
 Coconut fiber, commonly known as Coir, is extracted from the outer shell of a 
coconut. Coir erosion fabrics provide firm support on slopes due to its strength which 
slowly degrades longer than other natural fiber alternatives such as cotton or jute. The 
hand woven property is said to increase surface cover and surface roughness, which 
are essential in controlling soil erosion for slope protection. However, due to its 
biodegradability, Coconets have shorter lifespan as compared to the synthetic ones (Ali 
2011). 
 
GEOMAT 

Similar with the Coconet, Geosynthetic Erosion Mat (Geomat) is also 
assembled into a net, however it is synthetic while the Coconet is made from natural 
material. The three-dimensional feature is helpful for retaining a layer of topsoil and 
securing the growing grass roots leading to a more stable surface highly resistant to the 
forces of rainfall and runoff. By reinforcing the soil during vegetation growth, geomats 
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improve the development of a strong and deeper root system and become a reliable 
topsoil erosion control for slopes of different lengths and gradients (Koerner 1992). 
 
GEOCELL 

Geocells as honeycombed cellular structures formed by gluing together 
nonwoven geotextile strips or by the extrusion of HDPE fibers Ayuba et al. (2014). 
These HDPE strips are welded together ultrasonically in series which are expanded to 
form the stiff walls to hold the infill. The cell walls are usually textured and patterned 
with protuberances that enhance friction (Kief & Rajagopal 2011). Due to its 3D 
structure, it offers additional confinement to the soil. The confinement system reduces 
the lateral movement of soil particles, thereby maintaining compaction and forming a 
stiffened mattress. This promotes the high bearing capacity of geocells and longer-term 
durability (Supersonic 2017). 
 
2. METHODS 
 

A field trial on erosion control was performed on a highway road cut slope in 
Mogpog, Marinduque at an elevation of 1H:1V slope with a total area of 16m x 5m. 
Marinduque, a province located in Southwestern Tagalog Region of the Philippines, 
has been consistently on the list of the top most landslide-prone areas within the 
country. The three geotextiles were laid out on the slope and were subjected to weather 
exposure for three months as shown in Fig. 2. The degradation of the geotextiles after 
weather exposure were determined by acquiring samples of the exposed materials and 
were submitted for laboratory testing together with the runoff and soil loss collected to 
the Department of Science and Technology - Philippine Textile Research Institute 
(DOST-PTRI) while observing standards set by the American Society for Testing and 
Materials (ASTM). The influence on vegetation performance was determined through 
examination of the actual appearances of the slopes.  

 

 
 

Fig. 2 Illustration of the Field Application of the Geotextiles on Project Site with 
Vegetation 
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     To determine whether the type of geotextile affects the facilitation of vegetation, 
three kinds of live plants and seeds as recommended by the DPWH were sowed evenly 
on the entire soil with geotextiles, specifically: Vetiver grass, Kakawate and Ipil stakes. 

Runoff and soil loss from the plots were collected at the downslope end. Runoff 
and soil loss were intercepted by a gutter at the bottom of each slope and were 
collected through pails as shown in Fig. 3 
 

 
 

Fig. 3 Runoff and Soil Loss Collection showing Gutter and Pail at Downslope End 
 

Runoff volumes were recorded every significant rainfall event by measuring the 
volume of water and soil mixture collected. The runoff mixture of water and soil was 
homogenized and then submitted for oven drying to determine the amount of soil loss. 
As for the appearance of the slopes for the evaluation of degradation, and facilitation of 
vegetation, photos of the actual slopes were taken monthly so as to closely monitor 
progress or regress. 
     In order to determine the performance of the geotextiles after weather exposure 
and ability to prevent erosion through runoff and soil loss, samples were examined at 
the DOST-PTRI in terms of the methods outlined in Table 1. 
 
Table 1. Laboratory and Field Experiments for testing the Properties of the Geotextiles 

 

Test Properties Reference Standard 
Geotextile for 

Testing 

1. Tensile Strength 

ASTM D4595-09 Coconet 

ASTM D5035 Geomat 

ASTM D4595-09 Geocell 

2. Deterioration from Outdoor 
Exposure 

ASTM D5970-96 
Coconet 
Geomat 
Geocell 

3. Soil runoff 
based on previous 

studies enumerated in 
Table 2 

Coconet 
Geomat 
Geocell 

4. Soil loss 
based on previous 

studies enumerated in 
Table 2 

Coconet 
Geomat 
Geocell 
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Table 2. Overview of Studies on the Effects of Geotextiles on Soil Loss and Runoff 

 

Authors Title of the published study 

Smets et al., 
(2011) 

Evaluation of biological geotextiles for reducing runoff and 
soil loss under various environmental conditions using 
laboratory and field plot data 

Bhattacharyya et 
al., (2010) 

Effect of biomats on runoff and water erosion under 
selected agro-environmental conditions 

Smets et al., 
(2008) 

Impact of plot length on the effectiveness of different soil-
surface covers in reducing runoff and soil loss by water 

Adekalu et al., 
(2007) 

Grass mulching effect on infiltration, surface runoff and soil 
loss of three agricultural soils in Nigeria 

Mitchell et al., 
(2003) 

Field studies of the effects of jute geotextiles on runoff and 
erosion in Shropshire, UK 

Krenitsky et al., 
(1998) 

Runoff and sediment losses from natural and man-made 
erosion control materials 

Sutherland et al., 
(2006) 

Hillslope runoff and erosion as affected by rolled erosion 
control systems: a field study. 

Sutherland et al., 
(1996) 

Geotextile effectiveness in reducing interill runoff and 
sediment flux 

Weggel et al., 
(1992) Soil erosion by rainfall and runoff—state of the art 

McGregor et al., 
(1988) 

Effects of surface straw on interrill runoff and erosion of 
Grenada silt loam soil 

Gilley et al., 
(1986) Runoff and erosion as affected by corn residue 

Singer et al., 
(1978) 

Effect of mulching on sediment in runoff from simulated 
rainfall 

 
     Summarized in Table 3 are the computations used for each of the test methods to 
analyze the data gathered. 
 
Table 3. Formulae of all the Test Methods used and Corresponding Equation Numbers 
 

Test Method Formula Equation 
Number 

Tensile Strength 
(Coconet) 
 

𝛼𝑓 =
𝐹𝑓

𝑊𝑠
 

𝜀𝑝 =
(𝐸𝑥𝑅𝑥100)

(𝐶𝑥𝐿𝑔)
 ELONGATION 

𝜀𝑝 =
(∆𝐿𝑥100)

𝐿𝑔
 

Eq. (1) 
 

Eq. (2) 

Eq. (3) 
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Deterioration from 
Outdoor Exposure 
 

𝑇𝑎𝑣𝑔 =
𝑃𝑎𝑣𝑔

𝑤
 

𝑇𝑟𝑒𝑡. =
𝑇𝑎𝑣𝑔

𝑇𝑢𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑
𝑥100 

Eq. (4) 
 

Eq. (5) 

Runoff 
R =

𝜋ℎ

3
(𝑟1

2 + 𝑟1𝑟2 + 𝑟2
2) 

Eq. (6) 

Soil Loss 
𝑆𝐿 =  

𝑊𝑠𝑅

500
 

Eq. (7) 

Runoff Reduction 
Effectiveness 

𝑅𝑅𝐸𝑖 = (
𝑅𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑅𝑖

𝑅𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) 𝑥 100 

Eq. (8) 

Soil Loss Reduction 
Effectiveness 

𝑆𝐿𝑅𝐸𝑖 = (
𝑆𝐿𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑆𝐿𝑖

𝑆𝐿𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) 𝑥 100 

Eq. (9) 

 
Runoff Results 
     Table 4 outlines the runoff volumes collected on all plots, accumulated runoff, 
runoff reduction effectiveness, and accumulated RRE for two significant rainfall events. 
 

Table 4. Runoff Measurements of the Control and Geotextile-treated Plots 
 

PLOT 
EVENT 
(2017) 

Runoff (cm3) 
Accumulated 
Runoff (cm3) 

RRE % 
Acc. 

RRE % 

Control 
18-Jan  10,192.26  

13,807.42  N/A   N/A  
3-Feb  3,615.15  

Coconet 
18-Jan  24,331.42  

35,489.68 
-138.72  -         

157.03  3-Feb  11,158.26  -208.65  

Geomat 
18-Jan  15,136.07  

24,468.84 
-48.51  -          

77.22  3-Feb  9,332.77  -158.16  

Geocell 
18-Jan  22,229.40  

25,844.55 
-118.10  -          

87.18  3-Feb  3,615.15   0  

 
     During the first rainfall event, Coconet and Geocell plots produced large volumes 
of runoff yielding almost 3 times as much volume as compared to the control plot. 
Meanwhile, the Geomat treatment generated lesser runoff volume than the Coconet 
and Geocell but still greater than the control. However, for the second rainfall event, it is 
notable that the runoff volumes were reduced in all treatments especially for the 
Geocell which produced an equivalent amount to that of the control. In the Philippines, 
January and February are months wherein the season is transitioning from a rainy 
season to dry season. This signifies that during this period, the country experiences 
fewer rains, which accounts for the lesser runoff volumes collected in the plots. 
Nevertheless, Coconet had the largest runoff volumes for both rainfall events while the 
control plot produced the lowest runoff. 
     The results suggest that notable runoff volumes were produced in view of the fact 
that the volumes were recorded during the early phase of establishing vegetation thus 
development was poor, and the soil surface was relatively disturbed due to the cutting 
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of the hillside to form an engineered slope. The results are consistent with a previous 
study conducted by Á lvarez-mozos et al. (2013) wherein geotextiles used in their study 
(coir and jute) resulted in increased runoff volumes (2-3 times larger) compared to the 
control plots which also produced negative effectiveness values. From another 
standpoint, the geotextiles were effective in preventing too much water from infiltrating 
into the soil, consequently preventing excessive saturation of the ground. According to 
Das, B.M. (2013), the more the soil becomes saturated, the lesser its shear strength is 
which contributes to soil erosion. Thus, the geotextiles are therefore effective in 
preventing soil erosion in terms of runoff. 
 
Soil Loss Results 
     Table 5 presents soil loss data, accumulated soil loss, soil loss reduction 
effectiveness, and accumulated SLRE for two significant rainfall events. 
 

Table 5. Soil Loss Measurements of the Control and Geotextile-treated Plots 
 

PLOT EVENT 
Soil Loss 

(g/m2) 
Acc. Soil loss 

(g/m2) 
SLRE % Acc. SLRE % 

Control 
18-Jan 12.84 

19.81 N/A N/A 
3-Feb 5.82 

Coconet 
18-Jan 5.35 

9.23 
58.32 

53.43 
3-Feb 3.35 42.49 

Geomat 
18-Jan 0.91 

16.27 
92.93 

17.88 
3-Feb 11.85 -103.64 

Geocell 
18-Jan 9.56 

12.92 
25.57 

34.78 
3-Feb 2.06 64.60 

 
     The results show that the control plot had the highest soil loss rates than any of 
the treatment, with Geomat showing the lowest soil loss amount in January and Geocell 
having the lowest amount for the month of February. As for the accumulated values,  
Coconet has the lowest soil loss among all the geotextiles, with the control plot still 
demonstrating the highest soil loss rate. The low erosion rates of the Coconet could be 
attributed to its hand woven property which increases surface cover and surface 
roughness which are important factors that help resist erosion. Also, coir geotextiles 
were proven to have very close random fiber structure resulting to its superior 
drapability which refers to its attachment to the soil especially when wet (Bhattacharyya 
et al., 2010). Next to Coconet is Geocell that also had lower amount of soil loss than 
the control. This is due to its 3D structure as it offers additional confinement to the soil 
thereby holding it in place, resulting to reduced soil loss. Additionally, the geocell’s cell 
walls are usually textured and patterned with protuberances that enhance friction (Kief 
& Rajagopal, 2008) thus retaining soil in its place. 
 
Tensile Strength 
     Table 6 details the results of the tensile strength of the geotextiles after weather 
exposure. 
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Table 6. Tensile Strength Measurements of the Control and Geotextile-treated Plots 

 

GEOTEXTILE TEST VIRGIN 
1st 

month 
2nd 

month 
3rd 

month 

Coconet 
Machine Direction 6.2 4.3 3.6 2.6 

Cross Machine 
Direction 

8.0 3.1 4.0 2.2 

Geomat 
Length 0.112 0.074 0.072 0.069 

Width 0.117 0.137 0.105 0.090 

Geocell Machine Direction 17.0 N/A N/A 11.7 

 
     Geocell has the best tensile strength when compared to the other two geotextiles 
which means that under extension force, the Geocell performed best even after being 
employed in the field. Geomat exhibited very low values of tensile strength which 
implies the brittleness of the material. This could be attributed to its 3D structure which 
seems to be more susceptible to breakage as compared to the intertwined fibers of the 
Coconet and extruded cellular structure of the Geocell. Thus, among the three, it is 
Geocell that could best withstand the expansion force brought about by the laboratory 
testing even after weather and field exposure. 
     In general, the tensile strength of the three geotextiles decreased throughout the 
three-month period. This deterioration entails strength loss after exposure per month. 
Consequently, the percent of strength retained is computed by comparing the 
unexposed materials to those of the conditioned samples. Shown in Fig. 4 are the 
computed percent retained of Coconet and Geomat in terms of machine direction and 
cross machine direction.  
 

 
 

Fig. 4 Retained Strength of the Materials during the three-month Period 
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     Evidently, the retained strength of both Coconet and Geomat generally declined 
within three months of exposure to field and weather conditions. The Coconet 
decreased its strength by 16% from 1st month and by 28% from the 2nd month, while 
the Geomat decreased by 2.7% and 4.16% from the 1st and 2nd month, respectively. 
Surprisingly, the Geomat (Cross Machine Direction) had the highest retained strength 
among all the geotextiles. This is probably because its tensile strength is very low to 
begin with, thus the consecutive values would vary narrowly from it. Particularly, the 
Geomat (CMD) had the highest percent retained. Geocell comes in second place 
followed by Geomat again (MD). Unfortunately for the Geocell, only two data were 
obtained which are the tensile strength of the virgin material (17kN/m) and the exposed 
material on the 3rd month (11.7kN/m) due to limitations in procurement and laboratory 
testing. Nonetheless, the retained strength expectedly decreased from the unexposed 
material. These results imply the influence of field and weather exposure on the tensile 
strength of the geotextiles which explain their effectiveness in reducing soil loss and 
runoff. 
 
Vegetation 
     Shown in Fig. 5 and Fig. 6 are the control plot alongside with the geotextile-
treated plots for each month to visually identify the variability of vegetation development. 
 

 
 

Fig. 5 Control, Coconet, Geomat and Geocell slopes with vegetation (January) 
 

 

 

Fig. 6 Control, Coconet, Geomat and Geocell slopes with vegetation (February) 
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     Based from the photos above, it can be observed that vegetation was best 
developed in the slope covered with Geocell. This substantiates previous findings 
reported by Guo et al. (2015) that because of Geocell’s large opening sizes in forms of 
apertures and pockets, vegetation roots were able to penetrate thus were able to 
progress generously. The Geocell is followed by the vegetation on the control plot, 
whereas vegetation on the Coconet and Geomat were hardly distinguishable from each 
other. The bare soil in the project site was found to be fertile due to its clayey property 
which explains the proper development of vegetation on the control plot. Guo et al. 
(2015) also revealed that due to the small openings of some geotextiles, it is difficult for 
vegetation roots to penetrate them which gives justification for the poorly developed 
vegetation on Coconet and Geomat. 
 
3. CONCLUSIONS 
 

The Coconet-treated slope had the largest accumulated runoff volume which 
was almost 3 times larger than the control plot. Similarly, Geomat and Geocell 
produced larger runoff volumes that were almost twice as much the control, but lesser 
than the Coconet by about 27-31%. This suggests that the slopes treated with 
geotextiles absorbed less water rendering the soil to be less saturated than the control, 
thereby presenting effectiveness in preventing soil erosion. 

In terms of accumulated soil loss produced, Coconet had the best performance 
followed by the Geocell, then the Geomat. The low erosion rates of the Coconet could 
be attributed to its hand woven property which increases surface cover and surface 
roughness which are important in controlling soil erosion. Also, coir geotextiles were 
proven to have very close random fiber structure resulting to its superior drapability 
which refers to its attachment to the soil especially when wet. On the other hand, the 
control plot had the highest soil loss both on monthly and accumulated values, 
rendering high erosion rates. This resulted to positive effectiveness of the geotextiles 
indicating their capability to reduce soil loss. 

In relation to the tensile strength of the geotextiles, the Geocell generally 
exhibited significant strength as compared to the Coconet and Geomat. This is due to 
the structure of the Geocell which is comprised of HDPE strips that are welded together 
ultrasonically in series and are expanded to form the stiff walls. Thus, among the three, 
it is Geocell that could best withstand the expansion force brought about by the 
laboratory testing which reflects its capability to endure weather and field conditions. 
The Coconet follows Geocell in the tensile strength ranking. On the 3rd month of 
exposure, although the Coconet was 4-5 times less durable than the Geocell, it still 
significantly exceeded the tensile strength of Geomat. This can be attributed to its 
hand- woven property which is more credible to resist the expansion force as compared 
to the 3D structure characteristic of the Geomat. Due to limitations in testing, only the 
retained strength on the 3rd month of Geocell was obtained, thus comparison was 
applied on the said month. 

The tensile strength values are then translated to percent retained to determine 
how much of the tensile strength is retained after each month of exposure. The retained 
strength of both Coconet and Geomat generally declined within three months of 
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exposure to field and weather conditions. The Coconet decreased its strength by 16% 
from 1st month and by 28% from the 2nd month, while the Geomat decreased by 2.7% 
and 4.16% from the 1st and 2nd month, respectively. Surprisingly, the Geomat (Cross 
Machine Direction) had the highest percent retained comparing all values from 
geotextiles on the 3rd month. This is probably because its tensile strength is very low to 
begin with, thus the consecutive values would vary narrowly from it. Although the 
Coconet’s tensile strength is higher than the Geomat, the reduction of strength as time 
passed by was greater in Coconet than the Geomat. Geocell comes in second place 
followed by Geomat again (MD). Overall, the tensile strength of Coconet was found 
superior when compared to the commercial specification. Geocell is at par with the 
commercially available material while Geomat was inferior. Still, the Geomat 
manifested low reductions in strength per month as compared to the other two 
geotextiles. Given these, when applying a Geomat on a slope, it would be best to roll 
down the slope horizontally as the result from the CMD expansion force was greatest 
when compared against the other geotextiles of various orientations too. 

With respect to the geotextiles’ vegetation management property, Geocell had 
the most dense vegetation attributed to its large opening sizes in forms of apertures 
and pockets wherein vegetation roots were able to penetrate and thus were able to 
progress generously. On the contrary, due to the small openings of Coconet and 
Geomat, it is difficult for vegetation roots to penetrate them which gives justification for 
the poorly developed vegetation on the slopes covered with Coconet and Geomat. Next 
to Geocell on having the most dense vegetation was the control plot, which is also 
attributed to the type of soil in the area which is made up significantly of clay denoting 
the fertility of the soil and capability to cultivate plants.  

Taking everything into account, the three geotextiles all have their respective 
advantages and disadvantages when applied on a slope. However, Geocell’s 
performance ranged from average to best in terms of the properties investigated, within 
the given period of time. Limitations to further improve the study have influenced the 
results obtained and therefore suggest opportunities for further research. 
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