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Fig. 1. (a) Geogrid (b) the application of geogrid for reinforcement of soil in a geotechnical project 
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Fig. 2. Flowchart of the steps of designing and running a model using PLAXIS software 
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Fig. 3. Finite element model of the investigated problem in PLAXIS software 
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Table 1. Granular soil characteristics beneath the foundation 

Value Unit Parameter 

- - Model type: Mohr-Coulomb  

- - Drainage condition: Drained 

17.0 kN/m3 Dry unit weight, γdry 

20.0 kN/m3 Saturated unit weight, γsat 
13000 kN/m2 Modulus of elasticity, E 
0.3 - Poisson's ratio, ʋ 
1.0 kN/m2 Cohesion, C 
32.0 Degree friction angle, ϕ 
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Fig. 4. The amount of settlement of the foundation: (a) No geogrid layer (b) 1 geogrid layer (c) 2 geogrid layers (d) 3 
geogrid layers (e) 4 geogrid layers (f) 5 geogrid layers. 
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Fig. 5. The amount of settlement of the foundation with a geogrid length (a) B (b) 1.5B (c) 2B (d) 2.5B (e) 3B 
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Fig. 6. The amount of settlement of the foundation caused by placing the first geogrid layer in the depth: (a) 0.25B from the 

bottom of the foundation (b) 0.5B from the bottom of the foundation (c) 0.75B from the bottom of the foundation (d) 1B from 
the bottom of the foundation 
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Fig. 7. The amount of settlement of the foundation caused with geogrid tensile strength equal to: (a) 1500 kN/m (b) 2500 kN/m 

(c) 3500 kN/m (d) 4500 kN/m 
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Fig. 8. Values of the foundation settlement (S) with the number of geogrid layers (N) 
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Fig. 9. The stress bulb (stress distribution) beneath the square and strip foundations 
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Fig. 10. Values of the foundation settlement (S) against the length of the geogrid layer (L) 
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Fig. 11. a) Values of foundation settlement (S) with the depth of the first layer of the geogrid (D), b) Values of foundation 

settlement (S) with the tensile strength of the geogrid (EA) 
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Table 2. Characteristics of granular soil for modeling in PLAXIS (Lovisa et al. 2010)   

Value Unit Parameter 

2.62 - Specific gravity, Gs 

13.9 kN/m3 Minimum dry unit weight, γdry(min) 

16.3 kN/m3 Maximum dry unit weight, γdry(max) 

15.0 kN/m3 Average dry unit weight, γdry(avr) 

0.58 - Minimum void ratio, emin 

0.84 - Maximum void ratio, emax 

0.71 - Average void ratio, eavr 

50.0 % Relative density, Dr 

0.14 mm Effective grain size, D10 (mm) 

0.22 mm D30 (mm) 

0.38 mm D60 (mm) 
2.71 - Coefficient of uniformity, Cu 

0.91 - Coefficient of curvature, Cc 

0 kN/m2 Cohesion, C 

39.5 Degree Peak friction angle, ϕ peak 

31.0 Degree Ultimate friction angle, ϕ ult 
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Table 3. Geogrid characteristics for modeling in PLAXIS (Lovisa et al. 2010) 

Value Parameter 

186 Mass per unit area (g/m2) 

0.74 Thickness (mm) 

40 Tensile strength (kN/m) 

15 Elongation – MD (%) 

8 Elongation – XD (%) 

400 Tearing strength – MD (N) 

676 Tearing strength – XD (N) 

4800 Burst strength – CBR plunger (N) 

13 Puncture resistance – drop cone (mm) 
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Fig. 12. (a) Modeling of the geogrid-reinforced foundation (b) foundation settlement caused by a loading of 200 kN  
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Fig. 13. Comparison of foundation settlement due to various loading based on the experimental and model results 
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Abstract 
Reinforcement can significantly reduce foundation settlement, but finding an economic plan requires detailed 

numerical studies. In the present study, the stability of granular soil reinforced with geogrid was analyzed using 

PLAXIS software and the effect of factors such as the number and length of geogrid layers, the optimal depth of 

the first geogrid layer below the foundation, and the tensile strength of the geogrid on the of settlement were 

investigated. The results indicate that the factors mentioned above play a significant role in the foundation 

settlement. The analysis shows that by increasing the number and length of geogrid, the settlement value has 

decreased. Moreover, with the increase in the tensile strength of the geogrid, the settlement has significantly 

reduced. In regard the depth of the reinforced area, it was found that placing the first layer of geogrid after a certain 

depth (optimal depth) below the foundation does not cause a noticeable reduction in the settlement. Based on the 
output of PLAXIS software, the optimal values of the number and length of geogrid layers, the optimal depth of 

the first geogrid layer below the foundation, and the tensile strength of the geogrid layer to minimizing the amount 

of settlement have been proposed. This can lead to a reduction in the costs of foundation design and 

implementation. According to the results, the lowest settlement (41 mm) was for the conditions where 5 layers of 

geogrid were used. The most optimal geogrid length and depth of the first geogrid layer to reduce the settlement 

is equal to 2.5 and 0.5 times the foundation width, respectively. Also, the lowest settlement (80.5 mm) for geogrid 

with tensile strength of 4500 kN/m was obtained. Finally, the accuracy of the results has been checked based on 

the modeling of actual data published by Laviza et al.  
 

Keywords: Numerical evaluation, Geogrid, Reinforced soil, Foundation settlement, PLAXIS 

 

Introduction 
Improving and enhancing the geotechnical 

properties of soil using natural and synthetic 

materials has been of interest to mankind for a 

long time. Today, the method of soil 

improvement is one of the branches of 

geotechnical engineering that with scientific 

principles and the use of new technologies, 

uses appropriate materials to strengthen the 

soil, and as a result, improves various 

geotechnical characteristics such as strength, 

bearing capacity, and settlement. During the 

recent decades, the use of different synthetic 

materials (under the name of geosynthetics) in 

geotechnical projects have made significant 

progress. These materials are made of rubber 

and plastic materials. According to the type of 

application and expected performance, 

synthetic materials are produced with different 

shapes and characteristics. Separation, 

filtering, protection, drainage, reinforcement 

and insulation against water are some of the 

main functions of geosynthetics. These 

synthetic materials are widely used in most 

projects such as dam construction, road 

construction, retaining wall, building 

construction, soil improvement and many other 

related-soil projects. One of the common types 

of geosynthetics used in geotechnical projects 

is geogrid.  

Due to the increasing progress of technology 

and the use of synthetic materials to strengthen 

and reduce soil settlement, geogrids are of 

interest to geotechnical engineers. Geogrids (as 

polymer products) are economical and 

compatible with the soil, so they are widely 

used in geotechnical projects. Anyway, use of 

geogrids in the soil should be so that the best 

practical results obtained in the geotechnical 

project. One of these results is the reduction of 
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the settlement of the foundation built on the 

soil. Accordingly, the aim of this research is 

propose design parameters geogrid 

reinforcement (parameters including the 

number of geogrid layers, the length of the 

geogrid layer, the optimal depth of the first 

geogrid layer under the foundation, and the 

tensile strength of the geogrid) to minimizing 

the settlement of the foundation on granular 

soil through numerical modeling in PLAXIS 

software. 

 

Materials and methods 
In this study, PLAXIS finite element software 

was used to model the most optimal conditions 

in terms of the number of geogrid layers, the 

length of the geogrid layer, the optimal 

embedding depth of the first geogrid layer 

under the foundation, and the tensile strength 

of the geogrid to minimize soil settlement. 

Various models were built and analyzed 

according to the variables mentioned above. 

Based on the output of the numerical models, 

the role of each of the geogrid variables on the 

amount of settlement of the strip foundation 

located on the soil was investigated and the 

most optimal conditions were suggested to 

minimize the settlement. Finally, the accuracy 

of the results has been examined by comparing 

the actual results of one of the previous 

experimental studies and the results obtained 

from modeling by PLAXIS software. 

 

Results and discussion 
By increasing the number of geogrid layers 

from 0 to 5 layers, the settlement of the 

foundation showed a decreasing trend. 

However, the reduction of settlement up to 3 

layers of geogrid was noticeable. Besides, for 

soil reinforced with 4 and 5 layers of geogrid, 

slight changes in the rate of settlement 

reduction were observed. Based on this, it can 

be concluded that increasing the number of 

geogrid layers does not necessarily decrease 

the settlement. In fact, for each specific type of 

soil and geogrid, there is a particular value for 

the number of geogrid layers in which the most 

optimal amount of foundation settlement 

reduction occurs. However, the analyses 

revealed that the amount of settlement 

reduction is noticeable for up to the geogrid 

length equal to 3B (B is the width of the 

foundation). In contrast, for geogrid with 

length greater than 3B, the foundation 

settlement reduction rate becomes 

insignificant. The modeling results attained 

from PLAXIS indicated that by embedding the 

first layer of geogrid at a depth equal to half the 

width of the foundation (0.5B), the amount of 

foundation settlement reaches its minimum 

possible value. In other words, the optimal 

embedding depth of the first layer of the 

geogrid is at a distance of 0.5B from under the 

foundation. The settlement of the foundation 

showed a decreasing trend with the increase of 

the tensile stiffness of the geogrid. Regardless 

of the number of geogrid layers, the foundation 

containing geogrid with higher tensile strength 

shows less settlement than the geogrid with 

lower tensile strength. However, when the 

tensile strength of the geogrid reaches more 

than 3500 kN/m, a significant change in the 

settlement rate is not achieved. 

 

Conclusion 
The results revealed that the geogrid 

parameters including the number and length of 

geogrid layers, the optimal depth of the first 

geogrid layer below the foundation, and the 

tensile strength of the geogrid had a critical role 

in the amount of foundation settlement. 

Moreover, the data analysis indicated that 

among the geogrid parameters, the number of 

layers and the optimal depth of the first geogrid 

layer below the foundation had the most and 

least effects in reducing settlement, 

respectively. 
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