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Abstract. Geogrid has been used for the last few decades mainly as a reinforcing 

material. The application of geogrid in railway embankment formation to lessen 

the settlement and thereby stress is well addressed by researchers. This literature 

explores the application of geogrid to arrest the possible shear failure at the rock- 

soil interface in deep rock cuts for the formation of high railway embankments. 

The geogrid is fixed to the rock-cut face using anchors and plates with adequate 

overlap. This provision of geogrids will avoid the requirement of berm for- 

mations for the interface stability and this in turn evades the toe cutting of rock 

mass which may affect global stability. An extensive parametric study is per- 

formed by numerical modelling of railway embankments at deep cut rocks using 

the finite element tool, PLAXIS 2D. The strength and other parameters of geogrid 

required for this application are decided by numerical studies and are recom- 

mended for field implementation. 
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1 Introduction 
 

Rapid urbanization demands the expansion of railway networks, the principal mode of 

transportation for freight and passengers in India. A stretch of around 3 kilometers re- 

quires deep rock cuts of nearly 50 m, for the construction of a new railway alignment. 

Railway embankments of heights ranging from 15 m to 25 m are proposed on the over- 

all stretch. The stability analyses are performed for the rock cut slopes against all pos- 

sible failures, viz. toppling, planar sliding and wedge failure. In view of critical anal- 

yses, no further toe cutting is advised on the rock-cut slopes which restricts the possi- 

bility of bench formations to arrest the shear failure at the rock-soil interface. This leads 

to the implementation of a typical geosynthetics material, geogrid on embankment fill 

to overcome the shear failure at the rock-soil interface. 

 

Geogrids are widely used in transportation infrastructure due to their high strength, sta- 

bility and deformability [1-3]. In the case of soft foundations, embankments and retain- 

ing walls geogrids have already proven effective in increasing the tensile strength of 

soil structures [3-9]. The enhanced interfacial properties in the reinforced soil help to 

achieve enhanced bearing capacity, resilient modulus and deformation resistance. How- 

ever, this literature moves away from the traditional usage of geogrid and focuses on 
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its application in railway engineering mainly targeting to arrest the possible shear fail- 

ure at the rock-soil interface. 

 

For its field application, the length, strength and spacing of geogrids to be used are to 

be investigated. A systematic study on this area is required to understand its effective- 

ness in minimizing the shear failure at the rock-soil interface. Laboratory and field ex- 

periments on the same can be time-consuming and costly. Also, the data obtained from 

the experiments alone are limited and not sufficient to conclude the understanding and 

proceed with field implementation. On the other side numerical modelling is more con- 

venient in generating desired data and can be used to understand the proper behaviour 

and mechanism, if properly validated. The present study explains numerical study using 

a finite element tool, Plaxis 2D, on geogrids used at the rock-soil interface. In the first 

phase, the numerical model is validated with some centrifuge experiment results (from 

literature) of a similar application. Afterward, extensive parametric studies are per- 

formed to understand the overall mechanism. The study concludes with the case-spe- 

cific design parameters to be used in the field, as well as findings in general. 

 

2 Numerical Model 
 

2.1 Validation 

Zhang et al. 2022 [10] studied the reinforcement effect of geogrids in the junction be- 

tween new and existing subgrades in highway widening. This research group performed 

centrifugal tests in high gravity environments (at 60 g) (Fig. 1 shows a schematic rep- 

resentation of the centrifuge model), to simulate the field dimension and the outcome 

of the research was the field implementation of geogrid in widening a highway in China. 

Hence the present study also aims for a similar application of geogrid, this centrifuge 

experiment results are taken for the validation of numerical models. The centrifuge ex- 

periment (or highway widening using geogrids) is replicated numerically in 19 stages 

as given in Table 1. The important stages are shown in Fig. 2. 
 

Fig. 1. Schematic representation of highway widening (centrifuge model). 
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Table 1. Stages of numerical model simulating centrifuge test. 
 

   

Stage 0  Application of foundation soil conditions 

Stage 1 Stage 11* Filling of subgrade layer 1 (*and paving 1st layer geogrid) 

Stage 2 Stage 12 Consolidation for 14 days 

Stage 3 Stage 13* Filling of subgrade layer 2 (*and paving 2nd layer geogrid) 

Stage 4 Stage 14 Consolidation for 14 days 

Stage 5 Stage 15* Filling of subgrade layer 3 (*and paving 3nd layer geogrid) 

Stage 6 Stage 16 Consolidation for 14 days 

Stage 7 Stage 17 Pavement fill 

Stage 8 Stage 18 Consolidation for 14 days 

Stage 9 Stage 19 Traffic operation (applying 10 kPa load for 5475 days) 

Stage 10  Cutting and excavation of steps (riser: 0.8 m and tread: 1 m) 

 

The material parameters (shown in Table 2) used in the model were obtained from the 

field test, laboratory consolidation test, and direct shear test [10]. Three layers of ge- 

ogrids are used named from the bottom as D1, D2 and D3. Fig. 3 illustrates the strains 

observed at each geogrid layer in the present numerical study. It also portrays the close- 

ness of observed numerical results to the values obtained from the centrifuge model 

study. The numerical model is thus validated, and further extensive parametric studies 

are performed on the application of geogrids at the rock-soil interface. 

 
Table 2. Material properties (After Zhang et al. 2022). 

 

Layer 

material 

Elastic 

modulus 

(MPa) 

Poisson ratio Density (kg/m3) Cohesive force (kPa) Friction angle (°) 

Pavement  1200 0.2 2300 ….. …. 

Subgrade  20.75 0.25 1870 13.4 32.1 

Foundation 6.67 0.35 1920 2.28 26 
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Fig. 2. Numerical model(a:Stage 9, b:Stage 10, c:Stage 11, d:Stage 13, e:Stage 15, f:Stage 19) 

 
 

Fig. 3. Strains on geogrids: Numerical (present study) and experiment results (Zhang et al. 

2022). 

 
2.2 Geogrids for rock-soil interface 

For the construction of railway embankments of up to 20 m in height, it is proposed to 

fill it in layers with geogrids to minimize the sliding of soil at the rock-soil interface. 

Fig. 4 is the photograph of the existing condition of one stretch at the project site show- 

ing the exposed rock cut. Almost half of the height of the rock-cut slope is to be filled 
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for railway embankment construction. The application of geogrids (properly anchored 

to rock face) in embankment layers is imperative as no further toe cutting is advised 

considering the stability aspects. 

 

Fig. 4. Photograph of a stretch at the project site showing exposed rock cut face. 

 

 
A critical section along the whole stretch of the project is considered and is modelled 

in Plaxis 2D (Fig. 5). Construction sequences at the site are simulated in numerical 

modelling and are analyzed stagewise, viz. initial rock cut slope, layer by layer filling 

of embankment fill (with and without geogrid placement), modelling subgrade, ballast, 

sleepers and finally applying railway load. The material properties used in the numeri- 

cal modelling are determined from laboratory tests and are given in Table 3. To identify 

the effect of geogrid various points A1 to A9 (at 3 m vertical distance) at the rock-soil 

interface is marked in the numerical model to check the slippage (relative vertical dis- 

placement) of soil. Geogrids are anchored to the rock face using rock anchors as shown 

in Fig. 6. 32 mm dia CRS (corrosion resistance steel) are modelled as rock bolts using 

embedded beam element (enabling rock bolt behaviour), in Plaxis. The anchors are in- 

serted 2 m inside the rock mass at 20 degrees inclination with horizontal. The rock bolts 

are modelled from a node on geogrid to ensure proper connection between geogrid and 

rock bolt. An overlapping length (i.e., length of geogrid on rock face from the connec- 

tion joint/node) of 0.5 m is provided. 
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Table 3. Material properties used in numerical modelling. 

 

Material Constitutive 

model 

Young’s 

modulus 

(kPa) 

Unit 

weigh 

t 

(kN/ 

m3) 

Pois- 

son 

ratio 

Uniaxial com- 

pressive 

strength (kPa) 

Cohesion 

(kPa) 

Friction 

angle (°) 

Poor rock 
Hoek- 

Brown 

56.59x103 26.3 0.2 88.77x103   

Intermediate 

rock 

Hoek- 

Brown 

32.19x105 26.5 0.2 131.6x103   

Strong rock 
Hoek- 

Brown 

21.83x106 26.67 0.2 172.8x103   

Embankment 

fill 

Mohr-Cou- 

lomb 

40x103 17 0.3  7.2 31 

 

 
 

 

Fig. 5. Numerical modelling of a critical section of high embankment on rock cut slope. 
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Fig. 6. Numerical model showing anchoring of geogrid layers on the rockface. 

 

3 Parametric Study 
 

To identify the effect of geogrid, various points A1 to A9 (at 3 m vertical distance) at 

the rock-soil interface are marked in the numerical model to check the slippage (relative 

vertical displacement) of soil. Geogrid layers with 3 m vertical spacing are named G1 

to G7 from bottom to top of the embankment fill. Parametric analyses are performed 

by considering different cases as mentioned in Table 4. 

 
Table 4. Parametric studies. 

 

Case Specifications Length of 

geogrid (m) 

Vertical 

spacing be- 

tween ge- 

ogrids (m) 

Activated ge- 

ogrid layers in 

Numerical 

model 

Case 1 Embankment fill without geogrid …. …  

Case 2 Embankment fill with 7 layers of geogrid Full length 3 G1-G7 

Case 3 Embankment fill with 3 layers of geogrid Full length 9 G1, G4 and G7 

Case 4 Embankment fill with 3 layers of geogrid Full length 6 G2, G4 and G6 

Case 5 Embankment fill with 3 layers of geogrid 15 m 6 G2, G4 and G6 

Case 6 Embankment fill with 3 layers of geogrid 7 m 6 G2, G4 and G6 

 
3.1 Design Considerations 

Fig. 7 shows the relative vertical displacements of points A1 to A9 for different cases 

of geogrid applications. The values shown are at the final stages after simulating the 

railway live load. Shear displacements at no geogrid case are minimized by an average 

of 80% by the application of geogrid, keeping them well within the permissible limits. 

This indicates the relevance of implementing geogrid to arrest the shear failure at the 
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rock-soil interface. The main outcome of this parametric study is to finalize the design 

considerations, mainly length, vertical spacing and strength of geogrid. 

 
Vertical spacing 

The shear displacements at Case 2 (embankment fill with 7 layers of geogrid, with ver- 

tical spacing 3 m) are minimum whereas the same at Case 3 (embankment fill with 3 

layers of geogrid, with vertical spacing 9 m) exceeds the permissible limits. In compar- 

ison with Case 2, Case 4 (embankment fill with 3 layers of geogrid, with vertical spac- 

ing 6 m) is more economical. Also, the shear displacements observed at points A1 to 

A2 are significantly reduced. This points to the consideration of vertical spacing be- 

tween the geogrid layers as 6 m in the field application. 

 
 

Fig. 7. Shear displacements at rock-soil interface. 

 
Length 

Fig. 8 to 12 show the axial force mobilized on the geogrid layers at the final stage of 

railway loading. The mobilized axial force is maximum at the rock-soil interface, and 

it decreases along its length. Furthermore, it is observed that the mobilized axial force 

dies downs after around 5-6 m in each layer. These observations are further examined 

and confirmed with decreased length of geogrid layers (15 m in Case 5 and 7 m in Case 

6). In these investigations, it is examined that the mobilized axial forces and the extent 

to which they are mobilized will not change significantly as the geogrid lengths are 

reduced up to 7 m. This indicates further increases in the length of geogrid layers are 

not going to contribute to the stability aspect at the rock-soil interface. Though the ex- 

tent of mobilized axial force is up to maximum 6 m from the rock face, considering 

other precautional aspects, the length of geogrid layers for filed implementation is con- 

sidered as 7 m. 
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Fig. 8. Case 2: Mobilized axial force on geogrid layers. 
 

Fig. 9. Case 3: Mobilized axial force on geogrid layers. 

 

Fig. 10. Case 4: Mobilized axial force on geogrid layers. 
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Fig. 11. Case 5: Mobilized axial force on geogrid layers. 

 

Fig. 12. Case 6: Mobilized axial force on geogrid layers. 

 
Strength 

Fig. 13 illustrates the maximum axial force mobilized on geogrid layers at the final 

stage of railway loading. In all the cases considered the maximum axial force is mobi- 

lized on G4. This highlights the position of G4 as very pertinent. The maximum mobi- 

lized axial force being around 45 kN/m and the average being 25 kN/m, it is recom- 

mended to use uniaxial geogrid of the ultimate strength of 100 kN/m. 

 
 

Fig. 13. Maximum mobilized axial force on geogrid layers. 
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4 Conclusion 
 

Based on the criticality of the project and the stability of rock slopes being a major 

concern, further excavation in nearby rock slopes is prohibited owing to which the sus- 

ceptible interface shear failure at high embankment needs to be arrested with geogrids. 

As the field application of this particular case is very limited and the experimental stud- 

ies on this are more tedious, numerical analyses are performed to study the effect of 

geogrid on minimizing the shear displacement at the rock-soil interface. Extensive par- 

ametric studies are performed, and the results are incorporated to determine the design 

considerations for the field application on an existing railway project. The following 

are the main conclusions from the study. 

 
i. The vertical spacing of the geogrid layers to minimize the shear failure is op- 

timized to 6 m. 

ii. The length of geogrid is confirmed as 7 m, beyond which there is no effect. 

iii.The ultimate strength of the geogrid layers to be used in the field is determined 

as 100 kN/m. 
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