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Abstract 

One of the methods for the improvement of soil against the tensile stresses is using the artificial supplements in soil such as metal belts or 
nets, polymer materials and natural fibers. Technically this method is called the reinforced of soil.  When a pavement is located on soft soil, 
great deformations can occur as a result of the crossing of traffic load in superstructure layers of the body. This can finally lead to the 
increase in the cost of maintenance and traffic pause in transportation. The main purpose of this study is to explore the effect of geotextile 
layers place in various depths of the body of pavement layers located on soft soil. For this purpose, models with the identical geometry 
from the transection of road using Finite Element Method software, PLAXIS were analyzed in two dimensions in which the location and 
the number of geotextile layers were considered in various depths. In continue, these models have been under static and dynamic loadings 
due to vehicles and the settlement rate and the lateral deformation of pavement in section has been evaluated. The results show that in static 
loading, the maximum safety factor of stability is that of layers in which the geotextile exists in the partition between subgrade and 
embankment layers. Also, between dynamic loading and increasing number of geotextile layers favorable result is not achieved. Although 
more studies need to be carried out in this area. 
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1. Introduction 

From past until now, the weakness of soil against tension 
stresses, has constrained the researchers to think about 
using physical or chemical supplements to solve for this 
weakness. Today this method is applied with more 
advanced methods and more resistant materials such as 
metal belts and meshes, polymer materials and natural 
fibers, and technically is called soil reinforcement. From 
1970 until now, geosynthetics have been utilized for the 
purpose of stabilizing the soil improvement and 
reinforcing the base layer in pavement design. These 
materials are placed at the interface of the subgrade and 
base layer, or inside the base layer in order to improve the 
operational of road in bearing the definite traffic loads. 
Such a operational improvement includes the increase in 
the volume of traffic loads for the base layer with similar 
thicknesses, or decrease in the thickness of the required 
base layer for the purpose of bearing the fixed traffic 
loads volume or a combination of both the increase in 
transported traffic volume and decrease in thickness. 
When a path without superstructure is situated on a soft 
subgrade, great deformations occur as a result of traffic 
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loading of vehicles. Most of the application of geotextile 
is due to its separation and stabilization in road  

Construction. Using them in road construction leads to the 
development of simultaneous advantages of the four 
major operations of geotextile including filtration, 
drainage, reinforcement, and separation. When the 
materials of base layer and the soil under the base mix 
together, their effective thickness decreases; therefore, the 
capacity of bearing decreases. Therefore, using geotextile 
layers in road decreases the thickness of the required layer 
in pavement design and increase the bearing capacity. The 
main purpose of this study is to explore the effect of 
geotextile layers place in various depths of the body of 
pavement layers located on soft soil. In cotinue, it will be 
described.   

2. Literature Review 

Many researchers have studied the effect of using 
geosynthetics in the pavement design and increase in the 
bearing capacity of reinforced soil. Barenbuerg et al. [1] 
showed that using geosynthetics can severely decrease 
failure potential in soil and prevent the puncture and pit in 
sub base resulting from the load of wheels. According to 
the studies carried out on the main roads of Washington 
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D.C., Christofer and Holts [2] examined the operation of 
the separation of geosynthetics surrounded in silty sand 
between the base and sub base of the road and 
consequently could increase the California Bearing Ratio 
(CBR) from below 3 to 4.4. Yamanouchi [3] reported that 
using geotextile causes the stress to spread throughout soil 
and increase bearing capacity. This influence is 
significant. Roa et al. [4], Shetty [5],Charan and Gopal 
Ranjan [6] and Canceli et al. [7] described the results of 
the experiment series (laboratory tests) (saturated and 
unsaturated CBR) on silty sand reinforced with 
polypropylene textiles random distributed. The results of 
experiments showed that the CBR quantity of soil 
increased significantly by the increase in the amount of 
polymer fibers. The amounts of CBR increase in saturated 
and unsaturated soil by 3% increase in the amount of 
fibers (weight of fibers) were 175% and 125% 
respectively. Benson and Khire [8] proved that when the 
disposable wastes were used for reinforcement, CBR and 
scant modulus of sand increase. Cancelli et al. [8], Benson 
and Khire [9] analyzed the results of full-scale 
experiments on cobblestones reinforced with various cross 
sections of geogrids in saturated silted clay having the 
CBR quantity of about 1% to 8%. The results of the 
experiment showed that the layers which were 
accompanied by geogrids layer produce the best results of 
base reinforcement for sub-base soil having CBR ≤ 3%. 
Montanelli et al. [9] by placing geogrids between gravel 
base layer and sand sub base layer showed that the 
amount of vertical sinking under loading decreases by the 
increase in the amount CBR of sub base. Fanin and 
Sigurdsson [10] , Holtz and Black [11], Al-Qadi and 
Chair [12] in large-scale researches by doing a series of 
large-scale experiments concluded that by using unwoven 
small cashmere geotextiles, the minimum groove depth is 
created and these materials separate subgrade layer and 
sub layer well. Giroud and Noiray [13] concluded that the 
bearing capacity of superstructure soft bed in non-
reinforced stat is q= (࣊) cu and in reinforced state is equal 
to maximum bearing capacity, i.e. qp= (࣊ + ૛) cu. cu is 
the shear resistance of clay without drainage. Giroud and 
Noiray by defining the ratio of bearing capacity in the 
form of maximum bearing in reinforced state to non-
reinforced state suggested the increase in bearing equal to 
1.6. Also similar studies have been performed by Steward 
et al. [14] , Miligan et al. [15]. In these methods the 
increase in the bearing quantity in reinforced state to non-
reinforced state has been suggested as 1.7, 1.8 and 2 
respectively. In this study in addition to surveying the 
stress-strain function of geotextiles, a series of improved 
CBR experiments are conducted on the reinforced and 
non-reinforced superstructure and the obtained results are 
compared. Among the domestics works carried out are the 
works by Makarchian and Eliasi [16] which have 
examined the influence of unwoven small cashmere 
geotextiles on the bearing of super structured road upon 
soft clay layer and under sand layer using PLAXIS 
software. Also Khodadadi and Fakhri [17] have conducted 

laboratory experiments about the function of geotextile 
and geogrids in the increase of the fatigue life of asphalt 
concrete pavements. Hajek etal. [18] and Moayedi et al. 
[19] evaluated effects of geogrid layers locations in paved 
road Improvement. They observed tension stress 
absorption increases with shifting the geogrid towards the 
top of the pavement and attains the highest values when 
the geogrid is placed between asphalt layer and base layer 
in model.  

3. Finite Element Analysis 

In this study, for evaluating the geotextile layer effects in 
bearing capacity of pavement body under statically and 
dynamic loading due to traffics, based on Iran Code 234, 
cross section models observed in figure (1). The 
properties of materials in the layers of road section used in 
PLAXIS software model is observed on table 1 and 
geotextile layer properties is observed in Table 2. In a 
way that in each model the depth of the placement of 
geotextile layer has been considered differently. For 
modeling the geotextile model was considered as a 5 
nodes linear part with the axial hardness of 10000 kN/m 
and with the interaction factor between geotextile and the 
environs soil in intersection elements were used 0.6 for 
expressing the interaction. 

 

 
Figure 1. The section of road pavement in this study [20]  

Table 1. Properties of materials in pavement layer [20] 

 E 
(kPa) 

st 
(kN/m3) 

d 
(kN/m3) 

  
(Degree) 

C 
(kPa) 

parameters 

0.35 12500 18 16 22 10 Ground 
(CL) 

0.3 105000 20 18 32 15 Embankment 
(CL) 

0.3 115000 20 18 34 12 Subgrade 
(SW-SC) 

0.3 125000 20 19 36 5 Sub-base 
(SW-SC) 

0.3 160000 20 19 40 5 Base 
(GW-GC) 

0.15 2.5e7 - 23 - - Cover 
(Asphalt) 
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Table 2. Properties of geotextile layer [20] 

Properties Values 

Weight (g/m2) 163 

Thickness (mm) 0.9 

Static puncture (CBR-test) N 2200 

Dynamic cone drop (mm) 28 

Tensile strength(kN/m) 15 

Elongation at peak stress (%) 45-55 

 

The Mohr-Coulomb model behavior was used for   
modeling of the soil materials in pavement layer   at 
PLAXIS program and for asphalt layer elastic liner 
behavior assumed. Based on hand book of program for the 
simulation of behavior of geotextile layer in models, 
geogrids element with linear elastic behavior was used. 
Also, for incorporate the interaction of geotextile layer 
and soil. Interface element was used. Due to the symmetry 
of the model geometry, half of the cross section has been 
modeled according to figure (2). It should be noted that 
analyses in models performed in plain strain. 

 

 
Figure 2. Finite element model of road pavement section in this study. 

For static loading of model 30 kPa uniform load has been 
used for the purpose of maximum load resulting from 
vehicles which is according to the by-code 234 [21] of the 
periodical of Program and Budget Organization of Iran. 
According to the conducted studies the dynamic load of 
vehicles is 50 to 80 percent greater than static load. 
Therefore, road traffic creates vibratory force with the 
base frequency of 50 to 200 Hz (regarding the vehicle 
type). The Dynamic load has been considered in the form 
of a harmonic sinusoidal function with the base frequency 
of 100 Hz and 50 kPa in this study. Table 3 illustrates the 
models used in this section. 

 

 

Table 3. Spesifications of models in this Study 

Loading 
Amplitude 

(kN/m) 

Base 
Frequency  

(Hz) 

Number 
of 

Geotextile 
layers 

Place of 
Geotextile Model 

50 100 1 No Geotextile 1 
50 100 1 Under Cover 2 
50 100 1 Between Base 3 
50 100 1 Base-SubBase 4 

50 100 1 Between 
SubBase 5 

50 100 1 SubBase-
SubGared 6 

50 100 1 Between 
Subgrade 7 

50 100 1 Subgrade-
Embankment 8 

50 100 1 Between 
Embankment 9 

50 100 1 Embakment-
Ground 10 

50 100 2 Model 8 & 10 11 
50 100 2 Model 6 & 10 12 
50 100 2 Model 4 & 10 13 

50 100 3 Model 7 & 8 & 
10 14 

 

3. Results and Discussion 
3.1. The effect of geotextile layer position  
Based on Table 3, static loading performed on models. 
The first model is non-reinforced and 6 positions have 
been considered for geotextile layer in pavement body. 
Lateral and vertical deformation evaluated in analyses. 
Figure 3 shows the percent level of the decrease in the 
lateral deformation of each model compared to the model 
which has the maximum lateral deformation among all 
models, so that the model with zero percent changes 
represents the model with maximum (critical) lateral 
deformation. According figure 3, it can be seen that 
models 1, 2 and 3 have the maximum lateral deformation. 
In the other words, the position of geotextile layer 
between the bottom of asphalt and the middle of base 
layer no effect to reducing lateral deformation. In contrast, 
the position of geotextile within the embankment layer 
leads to the decrease in the maximum lateral deformation 
up to about 4%. 

 
Figure 3. The maximum lateral deformation percent change the studied 

models. 

Also, figure 4 shows the changes in the percent of 
decrease in vertical deformation of each model can be 
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observed compared to the model having the maximum 
vertical deformation among all models. Therefore, the 
model with the change of zero percent represents the 
model with maximum (critical) vertical deformation.  It 
can be found that models no.1 and no.2 have the greatest 
vertical deformations. In the other words that the position 
of geotextile layer between asphalt and base layer no 
effect to decrease vertical deformation. Although, the 
position of geotextile within embankment and subgarde 
decreases the maximum vertical deformation 
approximately up to 7%. 

 
Figure 4. The maximum vertical deformation percentage change the 

studied models. 

Figure 5 shows the increase percentage of safety factor of 
stability of each model compared to model having the 
minimum safety factor of stability among all models, so 
that the model with changes of zero percent represents the 
model with minimum safety factor of stability. Of course 
it should be mentioned that the safety factor of stability of 
all models is higher than the extent required (safety factor 
of one). According to the figure 5, the maximum safety 
factor stability relates to models in which geotextile layer 
is located within the subgrade layer and embankment and 
the maximum stability relates to the position of geotextile 
layer at the bottom of embankment which not only 
increases the safety factor but also decreases vertical and 
lateral deformations. 

 
Figure 5. Percentage change in safety factors in the studied models. 

In continue, at dynamic analysis the variations of 
maximum vertical settlement and lateral deformation of 
pavement design under the dynamic loading and the 
safety factor of stability of road body were evaluated. The 
dynamic loading on the asphalt layer was applied 
harmonic with the frequency of 100 Hz and maximum 
domain of 50 kN/m at the period of 0.1 of second. Load 
was performed vertically in central part of pavement 
cover.  Figure 6 shows geotextile layer effects on vertical 
settlement in all of models. Diagrams observe that with 
increasing time effect of harmonic loading, vertical 
settlements in models show rising trend. Also, within the 
period of 0.02 second vertical settlement is almost the 
same in all diagrams but with continuing time loading the 
difference among curves increases. Model no.10 has 
minimum settlement than other models. 

 
Figure 6. Effects of Geotextile layers position on vertical settlement in 

all of models at time loading 
Figure 7 shows the changes percentage of the maximum 
vertical settlements history of each model in comparison 
to the maximum vertical settlement of non-reinforced 
model (model no.1). Based on results, all models except 
model 5 have led to the decrease in the maximum vertical 
settlement compared to non-reinforced model. 
Nonetheless, the maximum changes are related to models 
no.10 and no.8 including 8.99% and 8.22% decrease in 
vertical settlement respectively. 
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Figure 7. Percentage variations of maximum vertical settlements 

in all of models 

As can be seen in Figure 8, the changes percentage of 
lateral deformation has increased which demonstrates the 
influence of geotextile layer in the decrease of lateral 
deformation. The placement of geotextile layer in model 5 
has led to the increase in lateral deformation but in other 
models the maximum value decrease is related to models 
no.10 and no.8 with respectively 15.82% and 15.31%. It is 
mentioned that in this diagram variations percentage of 
maximum lateral deformation of models in comparison to 
non-reinforced model (model no.1). 

 
Figure 8. Percentage variations of maximum lateral deformations in all 

of models 

Figure 9 shows the changes percentage of safety factor in 
comparison to model no.1 (non-reinforced model). The 
use of geotextile layer in all models results in the increase 
of safety factor of stability, so that the maximum increase 
relates to models 10 and 8 with respectively 38.96% and 
29.44% increase in the safety factor compared to non-
reinforced model. 

 
Figure 9. Percentage variations of safety factor in all of models 

3.2. The effect of geotextile layer number  
In this section of study, effect of 2 and 3 geotextile layers 
in cross section of pavement body assessed. The 
characteristics of models include no.11, 12, 13 and 14 
which is illustrated in table 2. The amount of lateral 
deformation and vertical settlement of pavement cover in 
static and dynamic loading has been evaluated. Table 4 
shows the maximum lateral deformation, vertical 
settlements and the safety factor of stability in each model 
under static loading. 

Table 4. Results of analyses models under static loading 

FS 
Maximum 
settlement 

(mm) 

Maximum 
Lateral 

Deformation 
(mm) 

Placement 
of 

Geotextile 
Model 

3.44 9.04 7.05 Embakment-
Ground 

10 

3.22 8.90 6.99 Model 8 & 
10 

11 

3.40 9.03 7.05 Model 6 & 
10 

12 

3.23 9.08 7.06 Model 4 & 
10 

13 

3.23 8.81 6.96 Model 7 & 8 
& 10 

14 

As can be seen in Table 4, minimum values of lateral 
deformation and vertical settlement are happen in model 
no.14. Figure 10 and figure 11 respectively show 
variations of percentage of the lateral deformation of 
models no.10 to no.14 in comparison to the non-
reinforced model (model no.1) and the changes in 
percentage of vertical sinking of models no.10 to no.14 in 
comparison to non-reinforced model (model no.1). 
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Figure 10. Percentage variations of maximum lateral deformations in all 

of models 

 
Figure 11. Percentage variations of maximum vertical settlements in all 

of models 

It can be observed in figures mentioned above, in static 
loading, with increase in the number of layers influences 
the placement of geotextile layers in models no.11 and 
no.14 more and causes 5.56% decrease in lateral 
deformation. Also 8.53% and 9.46% in vertical settlement 
respectively. Therefore, with regard to economic 
advantage, model no.11 can be selected as the effective 
model in the arrangement of geotextile layers under static 
loading. In continue, for evaluating number of geotextile 
layer effects on lateral deformation and vertical 
displacement of pavement body under dynamic loading, 
Similar to the previous section, according to the diagram 
below, with the increase in applied harmonic load, the 
vertical settlement differences in all models increase, so 
that all diagrams is almost the same within the period of 
0.02 second. Although, at later times the difference 
among curves increases. 

 
Figure 12. Effects of geotextile layers number on vertical settlement in 

all of models at time loading 

The percentage the changes of maximum vertical 
settlement of each model in comparison to the maximum 
of the same parameter in non-reinforced model (model 
no.1) have been plotted in figure 13.  As can be seen that 
the highest percentages of vertical settlement in the 
diagram related to the history of models no.11 and no.14 
are about 9.25% and 8.90%. 

 
Figure 13. Percentage variations of maximum vertical settlements in all 

of models under dynamic loading 

The percentage variations of the maximum lateral 
deformations in comparison to non-reinforced model 
(model no.1) have been plotted in figure 14. According to 
this figure, the highest percentage of the increase in lateral 
deformation relates to models no.14 and no.11 by 17.35% 
and 15.82% respectively. 
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Figure 14. Percentage variations of maximum lateral deformations in all 

of models under dynamic loading 

In continue, the percentage changes of safety factor 
compared to model no.1 (non-reinforced model) in figure 
15. The use of geotextile layer in all models results in the 
increase of safety factor stability, so that the maximum 
increase relates to model no.11 equal to 50.65% compared 
to non-reinforced model. 

 
Figure 15. Percentage variations of safety factor in all of models under 

dynamic loading 

 It can be concluded that by the increase of the number of 
layers in general, the favorite result will not be obtained, 
so that model no.11 with 2 geotextile layers has more 
decrease in the changes of vertical settlements and safety 
factor in comparison to model no.14. Therefore, the 
position of geotextile layers under embankment and under 
subgrade has better technical and economic justification. 

4. Discussion and Conclusion  

According to the results obtained of the analyses can be 
expressed as follows: 

1- In static loading, models no.1, no.2 and no.3 have 
maximum lateral deformation, which means that the 
placement of geotextile layer within the bottom of asphalt 
layer to the midpoint of base layer leads to no change in 
the decrease of lateral deformation. But the placement of 
geotextile within embankment layer results in the 
decrease of lateral deformation approximately up to 4% 
compared to non-reinforced model.  Also, models no.1 
and no.2 have the maximum vertical displacement. It 
means that the placement of geotextile layer within the 
bottom of asphalt to base layer doesn’t lead to any change 
in the decrease of vertical displacement. But the 
placement of geotextile within the distance of subgrade 
layer and embankment results in the decrease of the 
vertical displacement approximately up to 7% than to 
non-reinforced model. 
2- In dynamic loading, the maximum changes percentage 
vertical displacement relates to models 10 and 8 including 
respectively 8.99% and 8.22% decrease in it than to non-
reinforced model. In these models geotextile layer is 
within the embankment. 
3- In dynamic analysis of one layered models, maximum 
decrease in vertical displacement relates to models no.10 
and no.8 with respectively 15.82% and 15.31% decrease 
compared to non-reinforced model.  In these models 
geotextile model is within the scope of embankment. Also 
maximum decrease percentage of lateral deformation 
relates to models 14 and 11 by 17.35% and 15.82% 
respectively and the use of geotextile layer in all models 
leads to the increase in the safety factor of stability, so 
that maximum increase relates to models 11 equal to 
50.65% compared to non-reinforced model. 
4-In dynamic time history loading, the maximum decrease 
percentage of vertical displacement relates to models 
no.11 and no.14 about 9.25% and 8.90% respectively.  
Therefore, the results analyzes show that in static loading 
state, maximum safety factor of stability relates to models 
in which geotextile layer is placed within the distance of 
subgrade layer and embankment, so that vertical 
displacement and lateral deformation decrease. Also, with 
increasing in the number of layers is more effective than 
to the arrangement of geotextile layers and results indicate 
that to decrease of 5.56% in lateral deformation, 8.53% 
and 9.46% in vertical displacement. So, with considering 
the economic advantage, model no.11 can be selected as 
the effective model in the arrangement of geotextile 
layers. In dynamic loading condition, with increase in the 
number of geotextile model no.11 with 2 geotextile layers 
has more decrease in the lateral deformation and safety 
factor compared to model no.14. Finally, by comparing 
static and dynamic loading it can be concluded that the 
placement of geotextile layers under embankment and 
under subgrade has better technical and economic 
justification and by using geotextile, the changes of the 
results of dynamic loading analysis are more than static 
loading, although more extensive studies have to be 
conducted on this area.      
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