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1 INTRODUCTION 
 
The main functions of geosynthetics are mainly sepa-
ration, filtration, reinforcement and drainage. Re-
cently, civil engineering construction is often made 
up of large-scale and complex processes, so that the 
function of geosynthetics requires complex multi-
functionality. In particular, the contents required from 
the functional standpoint are as follows. 

1) Demand for products with improved lateral 
drainage characteristics for drainage of soil water 
generated between the original soil layer and the em-
bankment layer. 

2) Possibility to create new markets through the 
development of functional characteristics capable of 
draining by natural osmotic pressure in the absence of 
horizontal gradients 

From this point of view, the characteristics re-
quired for the product should be ensured for long-
term dimensional stability, improvement of AOS and 
horizontal permeability. Research and introduction of 
fabric structure is required for capability of satisfying 
such performance. For this characteristics, weaving 
design and technical development of a special struc-
ture is needed with composed of composite yarns. 

In this study, high strength yarn (polypropylene 
type, flat yarn, split yarn, other high strength yarn, 
etc.) and shaped yarn for giving wicking property are 
applied to manufacture high performance geotextiles 
with reinforcing and separating function. For the de-
velopment of high functionality (improvement of 

friction interaction coefficient, improvement of per-
meability, improvement of tensile property), yarns of 
different cross sections were used for warp and weft. 

In order to design the fabric structure in which the 
characteristics of the friction surface of the woven 
fabric are improved and the apparent void and the wa-
ter passage are secured, mono filament yarns or flat 
yarns are used for warp yarns, and the wicking weft 
yarns are used not only for vertical permeability but 
also for the improved horizontal permeability and 
friction interaction coefficients. 

In order to impart these functions, the basic prop-
erties of the geotextile with horizontal permeability 
woven using the woven structure design technology 
were verified through laboratory tests, and the verti-
cal and horizontal absorption rate tests of the devel-
oped geotextiles were conducted to test the horizontal 
capacity in the soil layer, which is similar to the actual 
site conditions, an indoor test was designed and 
tested.  

In this study, we performed to test for one general 
PP woven geotextiles and two woven geotextiles with 
different types of shaped yarn, and was conducted to 
confirm whether the horizontal permeability in the 
soil layer is exerted. 

 
 

2 TEST SAMPLE PREPARATIONS 
 

The basic physical properties such as tensile strength, 

permeability and effective hole size were evaluated 
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for the geotextile products developed in this study and 

the vertical absorption performance and the horizon-

tal absorption performance were evaluated to evalu-

ate drainage performance in the horizontal direction. 

The basic performance was evaluated. 
The field test was conducted by selecting the ex-

isting PP filament geotextile (PP GT, #1) and hori-
zontal drainage geotextile (HD GT, #2) 
 
Table 1. Test samples 

Sample Warp Weft 
#1 PP GT  PP FILAMENT  PP FILAMENT 
#2 HD GT PP FILAMENT 

PET WICK  
Yarn1: PP FILAMENT  
 Yarn2: PET(A-FSW-25) 

 
 
3 PREPARE FOR FIELD EXPERIMENT 

3.1 Prepare for field experiment 

The field test was carried out to verify whether the 
wicking behaviour of the PP filament geotextile (#1) 
and the developed horizontal drainage geotextile (#2) 
It has its purpose. 
 

 
Figure 1. Field test concept 

3.2 The concept of field test and preparation 

In the field test, the weight of the sandy soil was 1.7t 
/㎥ and the backhoe compaction was applied. Unlike 
the laboratory test, it is impossible to economically 
and economically generate pore water from the bot-
tom, so that the geotextile is installed on the upper. 

3.3 Analysis of pre-test results - Failure cases 

Embankment materials were tested in situ using the 
same sand as in the indoor test. The embankment was 
carried out using the backhoe. 

Geotextile was placed at the top of the embank-
ment and the water content sensor was buried in the 
middle of the embankment. 

The water content sensor used in the field test was 
the same type as the sensor applied in the room test. 

After setting the field test, the water level was 
maintained at the top of the embankment and the ex-
periment was conducted for about 9 days. 

Measurement sensor CH011 is a sensor immediately 
adjacent to the experimental geotextile and is located 
10cm below the top of the embankment. The increase 
of the water content ratio started to increase from 23 
hours after the start of the experiment and the water 
content increase rate was increased to 0.14% and the 
water content converged at 34%. 

The measurement sensor CH012 is a measurement 
sensor located 20 cm below the measurement sensor 
CH011. It was observed that the water content in-
creased from about 149 hours (6.2 days) after the start 
of the experiment. 

 

 

 

a. Soil Compaction b. Install the Sensor1 

 
 

c. Install GT d. Data log connection  

 
 

e. Cover the GT f. Conducting spraying   

  

g. Install the Sensor2 h. Water level check 

Figure 2. Field test preparations 

 
Measuring sensors CH013 and CH014 showed no in-
crease in water content during 9 days of experiment. 

Due to the increase of the field test period, it was 
difficult to manage the field and it took a long time to 
obtain the test results, so the field test was stopped 
and it became necessary to control the permeation 
speed of the embankment material. Therefore, we de-
cided to select the embankment material by measur-
ing the permeability of the embankment material. 
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Figure 3. Pre-test for permeability of embankment 

3.4 Selection of embankment material for field test 

In the quarry, three types of embankment materials 
were collected from 13mm stone, crushed sand, and 
abundant stone, and the permeability was measured 
with three types of sandy soil (existing embankment 
material), crushed sand and abrasive grains. 
 

a.13mm Stone b. Crushed sand  c. Abundant stone  

Figure 4. Embankment materials  

 
Simplified permeability measurement was performed 
by filling the sample with 1.6t /㎥ in diameter of 
10cm high and 13cm in diameter. Selecting the fill 
material to be used for the field test by measuring the 
water feed rate from the top to the bottom respec-
tively. 
 

Figure 5. Simple measurement of permeability 
 

The results of permeability measurement test for em-
bankment material are as follows. 
 
 

Table 2. Permeable time for each embankment materials  
Permeable time(s) Remarks 

Sandy soil 2185 Indoor & Field 
test Embankment 
material 

Crushed sand 27 
 

Abundant stone 930 
 

 
As a result of measuring the permeability time of the 
embankment material, it was found that water was 
poured when 2185 seconds of sand, 27 seconds of 
crushed sand, and 930 seconds of crushed stone were 
used. 99 % of crushed sand was 57 % respectively. 

The crushed sand was watered at the beginning of 
the test and water was pumped to the bottom at too 
high speed during the field test, and water was moved 
to the bottom before the horizontal wicking perfor-
mance of the geotextile was developed. It was judged 
inappropriate to verify the performance. It was ob-
served that the amount of the powder was decreased 
by about 57 % compared with that of the sandy soil. 
Therefore, it was considered that the stone powder 
was used as the filler for the field test. 
 
 
4 FIELD TEST RESULTS  
 
In order to verify the wicking performance of the se-
lected stones, the water content of the PP filament ge-
otextile (# 1) and the developed horizontal drainage 
geotextile (# 2) were measured using four sensors. 

4.1 PP Filament geotextile(#1) 

CH011 Measured data of the water ratio sensor It is 
the instrument at the bottom right of the geotextile 
and it is the synchronizer for the comparison and anal-
ysis of the reliability of the field test data. The con-
vergence function ratio was 31.6 % and the water rate 
increase rate was 0.55 % / hr. 
 

 
Figure 6. PP Filament geotextiles Test results  
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CH012 In case of water content sensor, the rate of in-
crease of water content was 0.39% / hr with the sensor 
installed at the bottom of 20cm of geotextile, and con-
vergence function ratio was formed at 30.6% 

CH013 In the case of the water content sensor, the 
water rate increase rate was 0.39% / hr with the sensor 
installed at the bottom of 40cm of geotextile and the 
convergence function ratio was formed at 24.3% 

CH014 In the case of the water content sensor, the 
rate of increase of water content was 0.12% / hr with 
the sensor installed at the bottom of geotextile 60cm, 
and convergence water ratio was formed at 13.0% 
 
Table 3. Water content times of PP Filament GT(#1) 

Channels CH 011 CH 012 CH 013 CH 014 

Increased W/C 2hr 27hr 84hr 121hr 

Delayed W/C - 25hr 57hr 37hr - 

 
Table 4. Water content of each channels of PP Filament GT (#1) 

4.2 Horizontal Drainage geotextile (#2) 

 
Figure 7. Horizontal drainage geotextiles Test results  

 
CH011 Test data of the water content sensor The re-
liability of the field test data and the data for the com-
parative analysis of the data were measured by the in-
strument at the bottom of the geotextile. The 
convergence function ratio was 31.2 % and the water 
rate increase rate per hour was 0.50 % / hr . 

CH012 In case of water content sensor, the rate of 
increase of water content was 0.39 % / hr with the 
sensor installed at the bottom of geotextile 20 cm and 
convergence water ratio was formed at 28.0 %. 

CH013 In the case of the water content sensor, the 
water rate increase rate was 0.15 % / hr and the con-
vergence water ratio was 21.0 % at the bottom of 
40cm of geotextile. 

CH014 In the case of the water content sensor, the 
water rate increase rate was 0.04% / hr with the sensor 
installed at the bottom of the geotextile 60cm and the 
convergence water ratio was formed at 13.2% 
 
Table 5. Water content of each channels of HD GT (#2) 

 Increased W/C Convergence 
W/C (%) Time(hr) W/C (%) 

Increasing speed of W/C 

CH 011 
1~43 8.5~29.8 

31.2 
0.50 

CH 012 
29~73 8.6~26.1 

28.0 
0.39 

CH 013 
89~164 8.8~20.1 

21.0 
0.15 

CH 014 
120~227 9.0~13.2 

13.2 
0.04 

4.3 Analysis for Field test results 

CH011 Test object of water ratio sensor It is the in-
strument for the synchronization of the field test data 
reliability and the data comparison analysis with the 
measuring instrument just below the geotextile. The 
rate of increase of water content of PP filament geo-
textile (#1) was 0.55 % / hr and that of convergence 
function was 31 %. Horizontal drainage geotextile 
(#2) showed 0.55 % / hr water conversion rate and 
31% convergence ratio. CH011 The water ratio sen-
sor is installed in the lower part of the experimental 
geotextile. It is more reliable than the wicking perfor-
mance of the geotextile because it confirms the relia-
bility of the field test. 

CH012 The water ratio sensor is a sensor installed 
at the bottom 20cm below the CH011 sensor. It is a 
position where the rate of increase in water content 
and the convergence function ratio will appear when 
the wicking property of geotextile is manifested. As a 
result of the field test, PP filament geotextile (# 1) was 
observed to have a water content increasing rate of 
39 % / hr and a convergence water content ratio of 
30.6 %. Horizontal drainage geotextile (# 2) showed 
a water content increasing rate of 39 % / hr and a con-
vergence ratio of 28 %. Convergence function ratio 
showed about 2 % difference and the rate of increase 
in water content was similar. CH012 The ratio of con-
vergence function ratio of 2% at the water ratio sensor 
position shows that the wicking performance of geo-
textile is manifested and the number of pore moving 
vertically is decreased. 

CH013 The water content sensor is a sensor in-
stalled at the bottom of 20 cm below the CH012 sen-
sor. It is installed at 40 cm below the CH011 sensor. 
Field test results showed that the rate of increase of 
water content of PP filament geotextile (#1) was 
0.39 % / hr and the convergence function ratio was 

  

Increased W/C 
Convergence 

W/C(%) 
Time(hr) W/C(%) 

Increasing speed of W/C 

CH 011 
0~39 8.4~30.0 

31.6 
0.55 

CH 012 
29~83 8.6~29.8 

30.6 
0.39 

CH 013 
88~124 8.8~22.8 

24.3 
0.39 

CH 014 
121~155 8.8~13 

13.0 
0.12 
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24.3 %. Horizontal drainage geotextile (#2) was ob-
served at 0.15 % / hr and convergence ratio of 21%.  
 

 
Figure 8. Field test results for channel 11  

 

 
Figure 9. Field test results for channel 12   

 
CH014 The water content sensor is installed at the 
lower 20cm below the CH013 sensor. It is installed at 
the rate of increase in water content was reduced by 
the bottom of the instrument by 60 cm below the 
CH011 sensor. Field test results showed that the rate 
of increase of water content of PP filament geotextile 
(#1) was 0.12 % / hr, and the convergence ratio was 
13 %. The rate of increase in the water content of the 
horizontal drainage geotextile (#2) was 0.04 % / hr, 
and the convergence ratio was 13 %. The rate of in-
crease in water content was reduced by 66 % and the 
convergence ratio was observed to be similar to 13 %. 
It can be concluded that the geotextile with wicking 
performance reduced the number of pores moving 
vertically due to the number of pores moving horizon-
tally. 
 

 
Figure 10. Field test results for channel 13   

 

 
Figure 11. Field test results for channel 14 

 
 
5 CONCLUSIONS 
 
Based on the above test results, it was confirmed that 
the wicking mat applying the deformed cross-section 
yarn was effective in reducing the number of pores 
going to the upper part by moving the pore water 
moving upward in the soil layer in the horizontal di-
rection, The function of HD GT was proved to be 
problem-free. This suggests that pore water in the 
ground is prevented from being transmitted to the up-
per part of the road, and that the rainfall falling on the 
upper part of the road cannot be prevented from en-
tering the road. In order to ensure the efficient hori-
zontal draining ability without lowering the strength 
of the MAT in the future, studies should be conducted 
in order to secure a proper thickness and weaving 
method of the cross-section yarn. 
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