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ABSTRACT 

 

The reinforcement by geotextiles or geogrids helps to improve the embankment 

stability and guarantee more uniform settlement. The factors effect on the stability of 

the reinforced embankment on soft clay, in terms of slope stability and sliding 

resistance has been studied using a finite element program (GEO5 program). In this 

paper, the effect of geogrid Spacing, the height of the first geogrid layer, unit weight 

of embankment fill, and the angle of internal friction was studied. The numerical 

model results indicated that the optimum spacing between the geogrid layers is 0.5 m.  

Increasing the angle of internal friction for the embankment fill causes to increase the 

factors of safety. Increasing the density of the embankment fill causes to decrease the 

factors of safety. Also, it was recommended to install the first geogrid layer between 

the embankment base and underlying soft clay layer without any vertical distance. 

 

Keywords: Reinforced Embankment, Geogrid, Soft clay, Lateral sliding, Stability of 

slope. 

 

 

1.Introduction   

 

Reinforcement of soil can be divided into three categories: (a) reinforcement 

of a steep slope embankment, (b) reinforcing the backfill soil like mechanically 
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stabilized earth wall, (c) reinforcing the foundation soil. The reinforcing unit 

may be made from geotextile, geogrid, and steel strips. The embankments 

which are founded on soft clay subject to many problems like settlement, 

overturning, sliding and shear failure. These problems have a dangerous effect 

on the safety of the existing embankments. Geosynthetics like polymer grids 

and Geotextile are used as a reinforcing material. Due to increasing traffic 

recently, many of road and railways embankments had been constructed on 

soft clay soil. As shown in figure (1) The reinforcement by geotextiles or 

geogrids helps to increase the stability against the overall failure of 

embankment and foundation soil. Also, increase the embankment stability 

against sliding failure along reinforcing material surface and guarantee more 

uniform settlement [1]. Reinforced embankment over soft clay can be divided 

into two categories [2]: 

a) Reinforcement to control internal and external stability without controlling 

settlement (see figure 2). 

b) Reinforcement to control both stability and settlement of embankment (see 

figure 3).     

                          

 
Fig. 1: Effect of Geosynthetics on the stability of embankment on soft soil (after the 

International Geosynthetics Society). 
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Fig. 2:  Control only stability of embankment using reinforcement 

(after BS 8006-1,2010) 

 
Fig. 3: Control both stability and settlement of embankment using reinforcement 

(after BS 8006-1,2010) 
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Various factors effect on the internal and external stability of the reinforced 

embankment on soft clay. In this search, the stability of the reinforced 

embankment on soft clay was studied. This can be achieved by studying the 

various values of the parameters affect the factors of safety of the reinforced 

embankment to set the maximum and minimum value of these factors. These 

parameters include the effect of geogrid spacing, the height of the first geogrid 

layer, unit weight of embankment fill, and the angle of internal friction. A 

GEO5 program was used in this analysis to evaluate the influence of changing 

of varying factors values on the values the safety factors. 

 

 

2. The main Failure Mechanisms 

 

The shearing resistance of foundation soil is the main factor affecting the 

stability of the embankment constructed on soft clay. The geogrid or geotextile 

layers placed at the bottom of the embankment to resist the shear failure in 

foundation soil and to prevent the embankment fill from sliding. 

The main failure modes for a reinforced embankment on soft clay that should 

be taken into consideration are as follows [2]: 

a) Rotational stability of the embankment [figure 4(a)].  

b) Lateral sliding stability of the embankment fill [figure 4(b)].  

c) The overall stability of the embankment [figure 4(c)]. 

Figure (4) shows the main failure modes for a reinforced embankment on soft 

clay. The failure due to rotational can be deep-seated or shallow. The shallow 

failure occurs when the soft clay is located at a shallow depth. In case of 

retaining wall the shallow depth that is, depth less than 1.5 times of the width 

of the retaining wall base. Deep-seated failure occurs along a cylindrical 

surface due to the existence of soft clay layer at a depth more than 1.5 times 

the width of the retaining wall base [3]. 

The critical cylindrical failure surface can be determined by trial and error and 

or finite element programs. Also, the designer must consider the ultimate limit 

states which include: rotational stability of the embankment, lateral sliding 

stability of the embankment fill, and the overall stability of the embankment to 

determine the maximum tensile force needed to resist the rotational limit state 

and lateral sliding, then the number, the length, the spacings of the geogrid 

layers can be calculated to get a safely reinforced embankment. This safety 

cannot be achieved without using reinforcement. The stability analysis of the 

embankment slope can be carried out by various method like Limit 

Equilibrium Method, Spencer's method, Bishop's method, and finite element 

programs. 
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Fig. 4:  The main failure modes for the reinforced embankment on soft 

clay (after BS 8006-1,2010) 

 

 

3. Design Method of Reinforced Embankment 

 

Since 1982 till now, many research papers have been published about the 

design of reinforced embankment [4,5,6,7,8, 9,10,11,12,13,14]. Kasim et al. 

studied the safe height of the reinforced embankment on soft clay with 

different geotextile spacing [15]. Siavoshnia et al. studied the effect of the 

number of geotextile layers, the length of geotextile, and geotextile stiffness 

[16]. Payam Majedi et al. studied the effect of the geogrid Stiffness, the 

embankment slope, and the number of geogrids layers on reinforced 

embankment deformation [17]. The common method of construction the 

reinforcement embankment is laid the geogrid or geotextile horizontally in 

parallel with the same length. In some cases, the structural designers may take 

the grid layers with different length. Jewell et al [4] developed a set of charts 

to design the reinforced embankment. The two-part wedge program WAGGLE 

used to estimate the value of the maximum horizontal force (T) required to 

keep the stability of the embankment slope as shown in figure (5). 

In this method, the seismic load is not taken into consideration. Internal and 

external stability failure mechanisms must be evaluated. The design charts to 

determination reinforcement length according to slope angle (β°) are shown in 

figure (6). 

From charts, the minimum length of reinforcement (L) can be determined 

based on the slope angle (β°) and the height of the embankment (H). 
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Fig. 5:  The two-part wedge mechanism (After Jewell et al,1991) 

 

 
Fig. 6: Determination the reinforcement length (After Jewell et al,1991). 

 

 

4.Numerical Analysis 

 

 The steps for analysing using GEO5 program can be summarized as follow: 

 

4.1Geometry of Model 

 

In this analysis, the main model is symmetric with 3m height, 10m crest width, 

and with slope 1V:2H as shown in figure (7). The traffic load was simulated 

as a surcharge load equal10 kN/m2. The depth of clay layer 5 m. 
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Fig. 7: Geometry of Model 

 

4.2Properties of Materials Used in Modelling 

 

The materials characteristics used in this analysis were as follows: 

Embankment fill: sand with a unit weight = 19 kN/m3, cohesion (c) = 0, 

friction angle (ϕ) = 35 degrees, modulus of elasticity (E) =35 Mpa, and 

Poisson’s ratio (𝜈) =0.3. 

Foundation soil: clay with a unit weight = 18 kN/m3, cohesion (c) = 20 kN/m2, 

friction angle (ϕ) = 0degree, modulus of elasticity (E) =10Mpa, and 

Poisson’s ratio (𝜈) =0.4. 

The reinforcement: a layer of geogrid, the type is Tensar 160RE, the 

coefficient of direct slip along reinforcement =0.85 and the coefficient of 

the interaction of soil and geo-reinforcement =0.9. 

 

 

5.Method of Analysis 

 

The stability analysis of the geogrid reinforced embankment has been done by 

GEO5 program. GEO5 is a group of programs using to solve most geotechnical 

problems. GEO5 program contains two options to solve geotechnical 

problems: traditional methods and finite element method (FEM). The Finite 

element method gives more details for the behavior of soil and allows the 

designer to study more variables during the design process. The model 

parameters are: unit weight (γ), modulus of elasticity (E), Poisson’s ratio (𝜈), 

friction angle (ϕ) and cohesion (𝑐). GEO5 (FEM)) program and GEO5 slope 

stability program was used in this analysis. Various types of modelling were 

carried out. First modelling was to determine the length and the number of 

geogrid layers. Second, various values of factors effect on the factors of safety 

of the reinforced embankment are used to set the maximum and minimum 

value of these factors. These factors include the effect of geogrid Spacing, the 
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height of the first geogrid layer, unit weight of embankment fill, and the angle 

of internal friction. 

 

 

6. Results and Discussion 

 

The results can be summarized as follow: 

 

6.1 Effect of Geogrid Spacing 

 

To study the effect of geogrid spacing, five types of reinforced embankments 

with Tensar 160 RE geogrid and a continuous length from the edge to edge are 

modelled, a various geogrid spacing was used as follow 

(0.25,0.4,0.5,0.6,0.75m). Factors of safety for both lateral sliding and slope 

stability were determined as shown in figures 8&9.  When the spacing between 

geogrid layers was less than 0.5 m, the factor of safety for both lateral sliding 

and slope stability was 1.22 and 1.2 respectively, that is unacceptable value. 

When the spacing between geogrid layers was 0.5 m, the factor of safety for 

both lateral sliding and slope stability was 1.82 and 1.93 respectively, that is 

an acceptable value. For geogrid spacing more than 0.5 m, the increase in 

factors of safety was minimal. 

 

 
Fig. 8: The relation between geogrid spacing and the factor of safety against lateral 

sliding 
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Fig. 9: The relation between geogrid spacing and the factor of safety for slope 

stability 

 

6.2 Effect of The Height of The First Geogrid Layer 

 

The first geogrid layer may be installed at the embankment base, therefore the 

height of the first geogrid layer equal zero. In some cases, the first geogrid 

layer may be installed at a distance from the embankment base (see figure 10). 

To study the effect of the height of the first geogrid, seven types of reinforced 

embankments with four layers from Tensar 160 RE geogrid and a continuous 

length from the edge to edge are modelled. The first geogrid layer has various 

heights (0,0.2,0.4,0.6,0.8,1,1.2m) respectively. According to the GEO5 

program results, the factors of safety for both lateral sliding and slope stability 

increased as the height of the first geogrid layer decreased as shown in figure 

11&12. 

 

6.3 Effect of Angle of Internal Friction  

 

In this analysis, the reinforced embankment is modelled with different angle 

of friction for the embankment fill (30,35,40,45 degree) respectively. 

The results showed that increasing the friction angle for the embankment fill 

causes to increase the factors of safety for both lateral sliding and slope 

stability as shown in figures 13&14. The increase in the angle of internal 

friction results in increases in the interaction coefficient between the 

embankment fill and the geogrid layers. Increase the interaction coefficient 

result in an increase in the frictional resistance of the geogrid layers, and 

therefore increases the stability of the embankment. 
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Fig. 10: Position of geogrid layers 

 

 
Fig. 11: Effect of the height of the first geogrid layer on the factor of 

safety against lateral sliding 

 

 

Fig. 12:  Effect of the height of the first geogrid layer on and the factor of safety for 

slope stability 
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Fig. 13:  The relation between the angle of internal friction and the factor of safety 

against lateral sliding 

 

 
Fig. 14: The relation between the angle of internal friction and the factor of safety 

for slope stability 

 

6.4 Effect of Unit Weight 

 
At this part, the reinforced embankment is modelled with different unit weight 

for the embankment fill as follow (17,18,19,20,21,22 kN/m3) with the same 

slope and reinforcement geometry. The results showed that increasing the unit 

weight for the embankment fill causes to decrease the factors of safety for both 

lateral sliding and slope stability as shown in figures 15&16. 

The decreasing of the safety factors due to increasing the unit weight of the 
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active earth pressure which causes lateral sliding and increases the total vertical 

force which causes increase the total weight of a slice as shown in figure (17). 

.  

 
 

Fig. 15: The relation between the unit weight and the factor of safety against lateral 

sliding 

 

 
Fig. 16:  The relation between the unit weight and the factor of safety for slope 

stability 

 

 
Fig. 17: Effect of the unit weight on embankment stability 
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7.Conclusion and Recommendations 

 

The main function of the geogrid layers is to provide a stable force at the 

reinforcement layers-soil interface due to the friction action and the interlock 

between the soil particles and geogrid layers. So, the reinforcement distributes 

the applied load over a larger area from the soil and transmit the tensile strength 

to surrounding soils. The main findings from the analysis are as follows: 

1- The optimum spacing between the geogrid layers is 0.5 m. 

2- It is recommended installing the first geogrid layer between the embankment base 

and underlying soft clay layer without any vertical distance. 
3- Increasing the angle of internal friction for the embankment fill causes to 

increase the factors of safety.  

4- Increasing the unit weight for the embankment fill decrease the factors of 

safety for both lateral sliding and slope stability. 
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 الملخص العربى  
 

 اتزان الجسور المسلحة بالجيوجريد المؤسسة على طين لين 
 
 

إن استخدام تقنية تسليح التربة بواسطة الجيوجريد أو الجيوتكستايل يساعد على زيادة 

استقرار الجسور المؤسسة على التربة الطينية الضعيفة كما يساهم فى انتظام الهبوط  

أسفل الجسر. فى هذا البحث تم دراسة العوامل المؤثرة على  اتزان  الجسور المؤسسة  

وم ضعيفة  طينية  تربة  برنامج  على  باستخدام  وذلك  الجيوجريد  من  بطبقات  سلحة 

متخصص فى حل المسائل الجيوتقنية . حيث تم دراسة تأثيرمجموعة من العوامل على  

معامالت األمان للجسر. من ضمن العوامل التى تم دراستها العوامل التالية: المسافات 

, كثافة تربة الردم    الرأسية بين طبقات الجيوجريد , ارتفاع أول طبقة من الجيوجريد 

للجسر, زاوية االحتكاك الداخلى لتربة الردم للجسر. أظهرت النتائج أن المسافة الرأسية  

متر وأن زيادة زاوية االحتكاك الداخلى لتربة    0.5المثلى بين طبقات الجيوجريد هى  

ل  الردم للجسر تزيد من معامالت األمان للجسر وأن زيادة كثافة تربة الردم للجسر تقل

أول طبقة من طبقات   يتم وضع  بأن  التوصية  تمت  كما  للجسر.  األمان  معامالت  من 

 الجيوجريد عند قاع الجسر مباشرة على التربة الضعيفة بدون أى مسافات رأسية. 

 


