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ABSTRACT:  Mechanically stabilised earth is a composite construction material which stabilizes the unstable slope. 

The strength of engineering fill is enhanced by horizontal laying of the artificial reinforcing elements such as steel or 

the geo synthetic materials. These materials are of strong inextensible tensile reinforcement in the form of strip. The 

forces which develop between the soil and the reinforcement provide the strength to the composite material. 

Retaining walls hold the soil mass or the materials that cannot withstand vertically by its own weight. Present study 

includes the analysis of mechanically stabilized earth retaining wall with backfill as C-ɸ soil and waste tyre chip- sand 

mixture. Geogrid is used as reinforcing material for both the fills. Parametric study has been conducted by varying 

spacing and stiffness of geogrid. The results of retaining wall with reinforced and unreinforced cases have been 

compared. The complete analysis has been carried out in Plaxis 2D. The wall is analysed under static and dynamic 

conditions. In which to satisfy the later condition pseudo static and pseudo dynamic methodologies are adopted. In 

Static case displacements are less when tyre-chip sand mixtures are used than c-phi soil. Displacements are again less 

for both pseudo-static and pseudo dynamic cases when tyre- chip sand mixture is used than c-phi soil. Percentage 

reduction graphs also have been presented. 
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1 Introduction 

 

As the topography of the earth is the combination 

of the plain, slope and undulating terrain, earth 

retaining walls  are  necessary  to  be  constructed  in  

order  to support such  combination of  earth.  These 

structures also support the earth which is steeper and 

which cannot withstand vertically.  MSE walls can 

also be defined as the structures which support the 

soil banks to protect them from the destruction 

problems by stabilizing them with reinforcing 

elements. According to the geotechnical engineering 

essence, MSE wall makes the retained geo material 

backfill to maintain its shape and prevent it from 

falling (Stability), geo material may be soil and helps 

to keep up its service function (Serviceability) [1]. 

 
2 Definition of the Problem 

 

Let two tier wall of height be 24m with 12m of 

height each tier. Wall has got two backfills such 

as c-ϕ soil as backfill material and another is tyre-

chip sand mixture material.  Geogrid reinforcement is 

being stimulated with the spacing interval of 0.25m 

spacing from 0.25m spacing to 1m spacing. And with 

the geogrid stiffness from 500kN/m to 2500kN/m 

with stiffness interval of 500kN/m. Wall with the 

backfill and geogrid is subjected to uniform 

surcharge load of 20kN/m
2
. To determine the 

horizontal, vertical and total displacements using 

plaxis-8.2v and also percentage reduction in the 

displacements. 

 
 2.1 Modelling and Analysis  
 

Using plate material wall has been drawn. Also using 

basic geometry lines soil layers have been put. Pseudo 

static and Pseudo dynamic analysis has been done. 

For both cases seismic acceleration coefficients, 

horizontal seismic acceleration coefficients taken as 

kh=0.1, kh=0.2, kh=0.3. For each case of horizontal 

seismic acceleration coefficient kh, vertical seismic 

acceleration coefficient kv is taken as kv=0, kv= 
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1/2kh, kv=kh. Material properties used in the analysis 

are shown in the table 1.1 and 1.2.  
Table 1.1 Material Properties 

 

Table 1.2 Geogrids Parameters 

 

 
Fig 1.1 Typical numerical modelling of MSE wall in 

pseudo-static condition 

 

Variation of total displacement is noted down for 

different spacing and stiffness values. Figure 1.2 

shows the plot of total displacement against spacing 

and stiffness of geogrid for c-phi soil. Increase in the 

spacing of geogrid increases the total displacement. It 

is seen from the graph that at EA=1500kN/m, 4.38% 

of total displacement is increased for the increase in 

the spacing from 0.25m to 0.50m. The total 

displacement is found to be increasing also with the 

decrease in the stiffness. Total displacement also 

increases with decrease in the stiffness of the geogrid. 

It is seen from the plot that at 0.50m spacing, 3.78% 

of increase in total displacement for the decrease in 

the stiffness of from 1500kN/m to 1000kN/m.  

3 Results 

 
Fig 1.2 Variation of total displacements at kh=0.1, 

kv=0.0, c-phi soil 

 

Figure 1.3 is the plot of vertical displacement with 

spacing and stiffness of geogrid. It is seen from the 

figure that the vertical displacement increases with the 

increase in the spacing of geogrid. At EA=2500kN/m, 

5% of increase is noted in the vertical displacement 

for the increase of spacing from 0.25m to 0.50m. 

Decrease of stiffness of geogrid also increases the 

displacement in vertical direction. At 0.50m spacing, 

4.6% of increase in vertical displacement is noticed 

for the decrease in the stiffness from 1500kN/m to 

1000kN/m. 

 

 
Fig 1.3 Variation of vertical displacements at kh=0.1, 

kv=0.0, c-phi soil 

Parameters c-ϕ soil  Tyre-chip 

sand  

MSE wall  

Model type Mohr 

coloumb  

Mohr 

coloumb 

Elastic  

EA (kN/m)      -     - 1.050E+10 

EI (kNm
2
)      -     - 8.7505E+8 

γdry (kN/m
3
) 18 13.6 7.2 

Poison’s ratio  0.33 0.33 0.150 

Cohesion 

(kNm
2
) 

10 11     - 

Angle of 

internal friction, 

ϕ 

25 25      - 

Young’s 

modulus 

(kN/m
2
)
 

6000 5170     - 

Parameter Stiffness (kN/m) 

Geogrid  

2500 

2000 

1500 

1000 

500 

12 m 

12 m 
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Fig 1.4 Variation of horizontal displacements at kh=0.1, 

kv=0.0, c-phi soil 

From the figure 1.4 it is seen that displacement 

increases as the spacing of geogrid increases. It is 

noted that, at EA=2000kN/m, for the increase in the 

spacing from 0.25m to 0.50m, 12.7% of increase is 

found in the horizontal displacement. It is also being 

noted that decrease in the stiffness of the geogrid 

increases the displacement in the horizontal direction. 

At 0.25m of geogrid spacing, for the decrease of 

EA=1500kN/m to 1000kN/m, horizontal displacement 

is increased for about 2.5%.  

 

4 Results and conclusions  
From the above figures 1.5 to 1.8 for both the cases of 

pseudo static and pseudo dynamic analysis it is clearly 

shown that as the stiffness of the geogrid decreases 

from 2500kN/m to 500kN/m, total displacement 

increases. Also with the increase in the spacing value 

of the geogrid from 0.25m to 1m total displacement 

again increased. 

 
Fig 1.5 Pseudo static analysis for c-phi soil at kh=0.1 and 

kv=0.0 

 

 

 

 

 

 
Fig 1.6 Pseudo static analysis for tyre-chip sand mixture 

at kh=0.1 and kv=0.0 

It is found that the wall with c-ϕ as backfill material 

experienced more deformation than the wall with 

tyre-chip sand mixture as backfill material. It is noted 

that that spacing and stiffness of geogrid greatly 

influence in the deformation of soil model. It is seen 

that the increase in the spacing of geogrid and 

decrease in the stiffness of geogrid results in the 

increase of horizontal, vertical and total deformation.  
Comparing figures 1.5 and 1.6, for the case of pseudo 

static analysis, total displacement is found to be more 

for the case of c-phi as backfill material compared to 

the tyre-chip sand mixture as backfill material for 

each geogrid stiffness from 500kN/m to 2500kN/m 

with respect to changing spacing values from 0.25m 

to 1m with 0.25m spacing as interval. Thus use of 

tyre-chip sand mixture is more advantageous than that 

of using c-phi soil as backfill material.  

 
Fig 1.7 Pseudo dynamic analysis for c-phi soil at kh=0.1 

and kv=0.0 
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Fig 1.8 Pseudo dynamic analysis for tyre-chip sand 

mixture at kh=0.1 and kv=0.0 

From the figures 1.9 and 2.0, it is clearly shown that 

percentage reduction is drawn in ordinate against 

geogrid spacing from 0.25m to 1m spacing with the 

interval of 0.25m spacing in abscissa. From the fig 1.9 

it is seen that for 500 kN/m geogrid stiffness and for 

the spacing of 0.25m, percentage reduction is more, 

around 13%, whereas for the same geogrid stiffness of 

500 kN/m for 1m geogrid spacing percentage 

reduction is lesser around 4%. So for every geogrid 

stiffness value from 500 kN/m to 2500kN/m, 

percentage reduction values decreases with the 

increase in the spacing value from 0.25m to 1m. 

 
Fig 1.9 Percentage reduction total displacements at 

kh=0.3 and kv=0 for pseudo dynamic condition for c-phi 

soil. 

Similarly for the case of tyre-chip sand mixture in the 

fig 1.10, for the geogrid stiffness of 500kN/m, at the 

spacing of 0.25m, percentage reduction is found to be 

15%. Whereas for the same geogrid stiffness value of 

500 kN/m, with the spacing value of 1m percentage 

reduction is found to be 6%. Here also for each 

geogrid stiffness value, percentage reduction 

decreases from as the spacing of the geogrid 

increases.  

Now comparing the figures 1.9 and 1.10, it is found 

that percentage reduction is found to be more for the 

case tyre-chip sand mixture as backfill material than 

that of c-phi soil as backfill. For both the backfills for 

the same geogrid stiffness of 500kN/m with the 0.25m 

as geogrid spacing, Percentage reduction in case tyre-

chip is found to be around 25. Whereas for the case of 

c-phi soil it is lesser with 22%. Hence use of tyre-chip 

sand mixture is more advantageous than that of c-phi 

soil as backfill material.  

 
Fig 1.10 Percentage reduction in total displacement at 

kh=0.3and kv=0 for pseudo dynamic condition for tyre-

chip sand mixture 
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