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Abstract: With increasing land prices and topographic complicated site conditions, 
structures made of reinforced soil with geogrids consistently represent an economic 
and ecologic alternative to conventional constructions methods like e.g. concrete 
retaining walls. The big flexibility of these structures, relating to the diversity of 
possible facing systems and the adaptability to in-site conditions is one of the major 
decision criterions for the geosynthetic construction technology. The presented project 
from Romania, ’’Bellevue Residence’’ Brașov represents a construction method which 
allowed a fast, economical and ecologic solution under the project specific conditions. 
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1.  INTRODUCTION 

In accordance with ASTM D4439, geosynthetic materials are defined as follows:  
Geosynthetic – a polymeric material used with different types of earth or other materials 

designed by humans to function as a whole or as a system.  
 The first construction material that mankind had at hand was the earth, of which constructions 

were made bold, but limited in size and performance due to physical and mechanical characteristics of 
this natural material. 

Geosyntetics brought with them not only the possibility of developing new technologies and 
solutions, but allowed theoretical approaches in construction of  land by  bringing new concepts such as 
reinforcement and then containment, control water flow and thus the phenomenon of internal erosion, 
sometimes radical improvement of the fundamental features of the earth. 
 Use of geosynthetic materials proposes two basic elements: (a) better behavior considering the 
life of the structure (reduced degradation) and (b) savings compared with traditional solutions and 
materials (either low initial cost or reduced maintenance costs). 
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2. CALCULATION METHODS – FINITE ELEMENT METHOD (FEM) 

 
- Plane strain 0=== zxyzz γγε . 
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 zσ can be obtained from the relation 
( ) Exyzz /0 νσνσσε −−==              (2) 

after  xσ and yσ are known. 
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2.1 The equilibrium equations 

Figure 1 shows a plane differential element. The equilibrium equations are developed stating that the 
differential element is in equilibrium under forces applied to it. Forces come from stresses on the edges 
and from body forces. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 1.  Stresses and body forces that act on a plane differential element of constant thickness. 
 
The stresses in the structure must satisfy the following equilibrium equations: 
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where fx and fy are body forces , such as gravity forces, per unit volume. In the finite element method, 
these equilibrium equations are satisfied in an approximate sense. 
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2.2 Constant strain triangle (T3) 
 
The two-dimensional simplex element is a triangle as shown in Fig. 2, it has two degrees of freedom at 
each node. It is also called linear triangular element. This element, has three nodes at the vertices of 
the triangle, which are numbered around the element in the counterclockwise direction. Each node has 
two degrees of freedom (can move in the x and y directions).  
 
 
 
 
 
 
 
 
 
 
 
                                      Fig. 2. Linear triangle finite element (T3). 
 
The displacements u and v are assumed to be linear functions within the element that is: 
 

                                                                                                                 (7) 
                                                                                         .                                                                    (8)

 
The constants α and β are determined imposing the nodal conditions. Solving the system of equations 
we can find the coefficients in terms of nodal displacements and coordinates. 
 

2.3 Stress calculation 
 
 
 
 
 
  
 
 
 

 
 
 

Fig. 3. Principal stresses. 

3. COMPARATIVE STUDY ON THE SLOPES OF THE ”BELLEVUE RESIDENCE”  
BRASOV 

 This study aims to follow in a comparative study the influence of geosynthetic materials, 
precisely the geogrids, on stresses, displacements and safety factor for the hybrid systems build in 
“Bellevue Residence” complex, in Brasov. 
Thus were taken into account two types of typical profiles: 

A) reinforced soil structure 
B) two overlapped concrete support walls with reinforced soil behind them, in both cases it is 

present an 25KN/mp overload from the traffic. 
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 Each profile was examined across two hypotheses: 
A.1) unreinforced soil slope; 
A.2) reinforced soil slope; 
B.1) overlapped support walls with unreinforced soil; 
B.2) overlapped support walls with reinforced soil; 

 Influence of geogrids over the stresses of the unreinforced/reinforce slope soil 
 

                                                  
           Fig. 4. Case A.1 Sigma X               Fig. 5. Case A.2 Sigma X 

 

                                                
Fig. 6. Case A.1 Sigma Y                Fig. 7. Case A.2 Sigma Y 
 

Influence of geogrids over the displacements of the unreinforced/reinforced slope soil 
 

 

                                                       
Fig. 8. Case A.1  Delta X                            Fig. 9. Case A.2Delta X  

 

                                                      
Fig. 10. Case A.1 Delta Y                               Fig. 11. Case A.2 Delta Y 
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Influence of geogrids over the stresses of the unreinforced/reinforced slope soil system 

 
 

                                 
Fig. 12. Case B.1 Sigma X                                                Fig. 13. Case B.2 Sigma X  

 

                               
Fig. 14. Case B.1 Sigma Y                                               Fig. 15. Case B.2 Sigma Y  

 
 
Influence of geogrids over the displacements of the unreinforced/reinforced slope soil system 
 

                               
Fig. 16. Case B.1 Delta X                                           Fig. 17. Case B.2 Delta X  

 

                               
Fig. 18. Case B.1 Delta Y                             Fig. 19. Case B.2 Delta Y 
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Influence of geogrids over the safety factor F.S. 

 
 

                       
Fig. 20. Factor of safety case A.1 F.S=1                  Fig. 21. Factor of safety case A.2 F.S=1.6 

 
 

                                 
 

Fig. 22. Factor of safety case B.1 F.S=1.5                Fig. 23. Factor of safety case B.2 F.S=4.3 
 
 

Table 1. Table of  displacements 
 
 
 
 
 
 
 
 
 

Tabel 2. Table of stresses 
 
 

 

 

 Reinforced soil Retaining walls 
  Case I Case II Case I Case II 
Delta X min [cm] -7,91 0,06 -0,02 -0,003 
Delta X max [cm] -111,87 -5,64 4,15 6,22 
Delta Y min [cm] 5,13 -0,52 -0,31 -0,47 
Delta Y max [cm] -53,4 -7,36 -4,39 -6,65 
  

                     Reinforced soil Retaining walls 
 Case I Case II Case I Case II 
Sigma X min [KN/mp] 100,74 42,87 166,66 109,25 
Sigma X max [KN/mp] -730,4 -234,32 -574,46 -230,64 
Sigma Y min [KN/mp] 112,8 3,4 256,53 41,23 
Sigma Y max [KN/mp] -635,15 -633,54 -963,32 -455,8 
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4. CONCLUSIONS 

In the analysis by finite element method, namely by performing a linear analysis of plane stress 
condition and a nonlinear analysis (safety analysis, bearing capacity), there is noted an improvement in 
slope stability variant A.2 40% (SF = 1 > SF = 1.4), a reduction of maximum stress value of 
approximately 53%, 7.5 times the vertical displacements and horizontal displacements of about 22 
times. 
In the case of retaining walls stacked with reinforced filling we noted that the presence of geogrid in 
filling determines a decrease of maximum efforts by 54% and an increase in safety factor of 
approximately 2.9. 
In the A.2  case, we can notice the requirement to use geogrids in order to reinforce the slope of the 
ground whereas in the case A.1  it loses its stability to a factor equal to one. 
More precisely, in case B.1(unreinforced filler see Fig. 18) there is a concentration of displacements at 
the lower retaining wall, and in the case B.2 (reinforced filling, see Fig. 19) we can observe a small and 
evenly distributed displacements of the whole structure, consisting in reinforced filling and stacked 
elastic retaining walls. 
In Figure 20 we observe the production of significant compaction of the unreinforced fill behind 
stacked walls, and the figure 21 shows that  the presence of geogrids in filling causes an uniform and 
segnificant reduction of compaction of the filling material. 
These issues found on the movement play an important role in choosing the type of structure, 
considering that above the filling it was planned to make all access roads within residential Bellevue 
Residence, which requires displacements as reduced as possible in order  to give to the running surface 
a smoothness and continuity during the exploitation period. 
On the terms of the safety factor determined by nonlinear analysis we might conclude that these 
retaining structures are oversized, but viewed in terms of allowable displacements, it is fully justified 
the rational use of geogrids, with role in reinforcement of earth filling. 
At the end of this study, after analyzing the obtained data and time tracking of structures build on the 
field we can state that geogrids play an important role in the safety factor of slope stability, in the 
reduction of active pressure against the retaining walls and also in reducing compaction and horizontal 
displacements of reinforced filling. 
 

 
Fig. 24 – Soil structure (He=7,00m) 
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Fig. 25 – Soil structure (He=10,00m) Fig. 26 – Soil structure (He=13,00m) 
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