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ABSTRACT: The model tests were conducted in the laboratory without and with reinforcement in fly ash steep slopes on 

soft foundation to check the stability of steep slope. In this experiment fly ash is used as a filling material and two types of 

reinforcement were used: (a) Three dimensional circular geocell strip (diameter =5 cm and height=1cm) made from waste 

plastic bottles and (b) polyester geogrid strip (width = 4.5 cm and thickness = 0.3 mm). The properties of geocell and 

geogrid strip are determined. From the experiments, load and settlement have measured. From these data, load –settlement 

curves have reported. It has been observed from test results that load carrying capacity of geocell is more than that of 

geogrid strip. The deformation of geocell  is slightly more than that of geogrid strip. 

A Finite Element Method (F.E.M.) was also evaluated using PLAXIS 8 version. The failure pattern, deformations and 

factor of safety are reported based on analytical programme. The results from experimental data and analytical programme 

are compared and reported. 

 

 

INTRODUCTION  

The three dimensional circular geocell strip is 10mm deep 

50 mm diameter and 210 mm length open honeycomb 

cellular structure constructed by cutting from the waste 

plastic bottles and polyester geogrid strip is 40 mm width 

and 210 mm in length  used in the present study. The series 

of interlocking cells are filled with flyash collected from 

thermal power plant from Gujarat. The circular geocell 

confine the flyash within its pocket. Many authors such as 

Edgar [1], Krishnaswami et al. [2], Mhaiskar and Mandal 

[3], Rowe and Mylleville [4], Khedkar and Mandal [5,6]  

and Mandal and Bhardwaj [7] have used metallic and 

cellular reinforcement for reinforced soil walls and slopes. 

Here a model test with waste plastic circular geocell strip 

and geogrid strip was used for the construction of steep 

slopes using waste flyash. The experimental and finite 

element analysis was reported..  

   

PROPERTIES OF FLY ASH ,CIRCULAR GEOCELL 

AND GEOGRID STRIP 

The properties of the fly ash are:  specific gravity = 2.18, 

D60=0.045mm, D30=0.014mm, D10=0.003mm, coefficient of 

uniformity (Cu) =15, coefficient of curvature (Cc) =1.45, 

cohesion=3 kN/m2, angle of internal friction=150, optimum 

moisture content = 25.02% and maximum dry density = 

11.91 kN/m3. 

 

The properties of the circular geocell strip are:   mass= 

264.2  gm/m2, thickness = 0.4 mm, tensile strength = 12 

kN/m.  

 

The properties of the geogrid strip are:   mass= 595.5  

gm/m2, thickness = 0.3 mm, tensile strength = 9.2 kN/m.  

 

MODEL TEST SETUP 

The model test set up used in this study is fabricated at 

geosynthetics testing laboratory at IIT Bombay and the 

dimension of the test set up is as follows: length= 700 mm, 

width= 400 mm and height= 500 mm. 

 

The line sketch of model is shown in the Fig.-1 Test was 

performed in the laboratory without and with circular 

geocell  reinforcement. One side of the model set was 

covered with Perspex sheet to observe the failure pattern. 

 

 
Fig.1 Test set up 

 

To minimize the friction effect, oil is applied to the inner 

side of the set up. Surcharge was applied to get the failure. 

The procedure adopted in this study is in the following 

manner: 

 Fly ash foundation is prepared of length= 700 mm, 

width= 400 mm and depth= 150 mm.   

 A slope of height= 300 mm is prepared over the 

foundation at a slope angle of 600 as shown in the Fig. 

2. 

 The fly ash is compacted at 23% on dry side of 

optimum moisture content. The fly ash was compacted 
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using modified proctor hammer in subsequent layer of 

60 mm.  

 When entire compaction is over, the incremental load 

is applied through hydraulic jack on the plate of size 

350 mm x 100 mm placed at the distance of 50 mm 

from the edge of the slope. 

 

 

Fig.2 Model of unreinforced fly ash slope 

 

 Two LVDT’s are placed on the slope face to measure 

the lateral deformation of the slope and two LVDT’s 

are placed on the top of plate to measure the vertical 

deformation of the slope. 

 Failure surface has been observed. 

CASE 1: UNREINFORCED FLY ASH SLOPE 

The failure surface of unreinforced slope as obtained is 

shown in the Fig. 3. 

 

 
Fig. 3 Failure surface of unreinforced fly ash slope 

CASE 2: REINFORCED FLY ASH SLOPE USING 

CIRCULAR GEOCELL STRIP 

Circular geocell strip of size 50 mm width x 210 mm in 

length is made by joining unit cell by stapling and use of 

adhesive as shown in the Fig. 4. Fly ash slope is reinforced 

with Circular geocell strip having length =210 mm and at a 

vertical spacing of every 75mm in 4 layers and horizontal 

spacing of 20 mm. The model prepared is shown in the  

Fig. 5.  

The failure surface as obtained is shown in the Fig. 6. 

 

 
Fig.4 Circular geocell strip 

 

 

 
Fig.5 Model of reinforced fly ash slope with circular 

geocell strip 

 

 
Fig.6 Failure surface of reinforced fly ash slope with 

circular geocell strip 

 

CASE 3: REINFORCED FLY ASH SLOPE USING 

POLYESTER GEOGRID STRIP 

Geogrid  strip of size 40 mm width x 210 mm in length is 

used in the present study. Laying of geogrid strip is  shown 

in the Fig. 7. 

554



 

    

Reinforced fly ash slope using different Geosynthetics 

  

 

Fly ash slope is reinforced with geogrid strip having length 

=210 mm and at a vertical spacing of every 75mm in 4 

layers and horizontal spacing of 20 mm. The model 

prepared is shown in the Fig. 8.  

 

 
Fig.7 Laying of polymer geogrid strip 

 

 

 
Fig.8 Model of reinforced fly ash slope with polyester 

geogrid\ 

 

The failure surface of fly ash slope as obtained is shown in 

the Fig. 9.  

 

Fig.9 Failure surface of reinforced fly ash slope with 

polyester geogrid 

 

LOAD –DEFORMATION CURVE 

Load deformation curve for three different cases are shown 

in Fig. 10 comparison is being made between three cases. 

 

 
Fig.10 Load –Deformation curve for 3 different cases 

 

FINITE ELEMENTAL ANALYSIS 

A finite element analysis using PLAXIS version 8 has been 

used for unreinforced and reinforced soil cases. The failure 

pattern and total displacement of unreinforced soil slope is 

9.62 mm as shown in Fig.11. The failure pattern and total 

displacement of reinforced circular geocell strip fly ash 

slope is 22.56 mm as shown in Fig.12. The failure pattern 

and total displacement of reinforced fly ash slope using 

geogrid strip is 19.49 mm as shown in Fig.13. 

 

 
Fig.11 Total displacement of unreinforced soil slope 

 
Fig.12 Total displacement of reinforced soil slope using 

circular geocell strip 
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Fig. 13 Total displacement of reinforced soil slope using 

polyester geogrid strip 

 

RESULT AND DISCUSSION 

Table 1 shows the load deformation of unreinforced and 

reinforced soil with circular geocell strip and geogrid strip. 

From the experimental results it has been observed that 

both Geocell strip and geogrid strip reinforced steep soil 

can take more load than that of unreinforced soil. Load 

carrying capacity of geocell strip is more as compared to 

geogrid strip. The increment of stress is due to the 

confinement effect of geocell and or hoop stress. The factor 

of safety for unreinforced and reinforced circular geocell 

strip and geogrid strip are tabulated in Table 2 

 

Table 1 Load deformation of unreinforced and reinforced 

Type Factor of safety 

(Slip circle 

method) 

Factor of 

safety (FEM 

Analysis) 

Unreinforced  0.664 0.456 

Reinforced with 

circular geocell strip 

2.55 1.86 

Reinforced with 

geogrid strip 

1.88 1.69 

 

Table 2 Factor of safety for unreinforced and reinforced fly 

ash slope 

Type Load 

(Kg) 

Deformation 

(Experimental) 

(mm) 

Deformation 

(FEM analysis)

 (mm) 

Unreinforced 70 8.6 9.62 

Reinforced with 

circular geocell strip 

500 20.56 22.56 

Reinforced with 

polyester geogrid 

strip 

450 18.76 19.49 

It has been noted that the unreinforced soil fail. On the 

other hand reinforced geocell strip and geogrid strip fly ash 

slope is safe.  

 

 

CONCLUSION 

The abundant of fly ash is available in India. The use of 

wastage fly ash can be suitable for the construction of 

infrastructure like embankments, reinforced soil walls and 

slopes. The waste plastic bottle was used in the form of 

mattress and strips form. The circular geocell reinforcement 

develop significant amount of confinement and/or hoop 

stresses. The geocell strip is more efficient than that of 

geogrid strip. The factor of safety satisfies the design of 

steep circular geocell reinforced soil slope.  
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