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Abstract—This study aims to use PlAXIS 2D to model an 

anchored retaining wall with various combinations of the 

wall's behavior and to create a database that can satisfy 

Libya's needs for anchored retaining wall design. By using 

PLAXIS finite element software, the anchored wall's 

structural design takes into account the soil beneath the 

wall as well as the soil on its front and rear. Therefore, the 

purpose of this research is to examine the impact of depth 

walls on the behavior of anchored walls by employing 

various walls and loads behind the wall in terms of 

displacements, bending moments, stresses, and shear 

forces. The findings demonstrated the PLAXIS model's 

adaptability in reacting to various combinations of the wall 

and soil parameters, and also demonstrated distinct 

structural behavior by the anchored wall with each 

modification of the wall and soil characteristics. As a 

result, conclusions relating to various parameter 

combinations were generated for any associated future 

research. 

 

Key Words— Wall depth – soil behavior- Anchored wall- 

Wall characteristics.   

I. INTRODUCTION 

ETAINING walls are used for a range of items, including 

agricultural terraces, structures, railroads, and highways. 

There are four common types of retaining walls: gravity, 

semi-gravity, cantilevered, and anchored, California Dot 2004, 

[1]. When deep foundations are needed, gravity walls cannot 

be used. Semi-gravity retaining walls should only be used 

when their foundations can be built to reduce total and 

differential settlements to acceptable levels because they are 

most cost-effective at low to medium wall heights (California 

Dot, 2004). The settlement of gravity walls can cause the 

failure of the wall or big damage to the houses, roads, and 

railways behind the wall. The non-gravity cantilevered walls 

are constructed of vertical members consisting of partially 

embedded soldier piles or continuous sheet piles.  The passive 

resistance at the wall's base and a vertical wall's ability to 

resist moments are both necessary for this sort of wall to 
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function. Additionally, the height of this sort of wall is 

constrained to withstand lateral stresses. When there is a 

desired change in ground elevation that exceeds the angle of 

repose of the soil, an anchored wall is a structure built to resist 

the lateral pressure of soil. As will be discussed in the context, 

numerous writers have done investigations regarding the 

properties of the anchored wall.  Merc Bilgin and Mohamad 

Gabar in 2016, [2] investigated how varying wall heights, 

sloping bedrock, and dirt beneath the wall affected wall 

behavior. In particular for rigid constructions, Chehade et al 

2008.’s, [3] study shown a significant fluctuation in the peak 

bending moment in the structure after excavation. The sheet 

pile wall technique can be used to reduce ground vibrations 

brought on by excavation, according to Dinakar 2014 [4]. 

Merrill Bilgint the impact of subsurface soil characteristics on 

floodwall behavior was examined in 2009 [5]. In accordance 

with the National Cooperative Highway Research from 2008 

[6], anchors are put when a wall is taller than 6 meters or 

when it is supporting large loads from a building. In Libya, 

many old buildings require stability and safety, especially 

while digging is being done in populated areas. This study 

examined the dry excavation building method depicted in Fig. 

[1]. Concrete diaphragm walls that are tied back by pre-

stressed earth anchors support the excavation. Many of the 

excavation support systems and anchored retaining walls use 

tiebacks to supply the lateral resisting force. 

1.1 OBJECTIVE OF THIS PAPER 

Soils in front and back of the anchored wall are taken into 

account in the structural design of retaining walls today. Some 

earlier investigations revealed that the thickness and existence 

of a soft soil layer below the wall had an impact on the 

deformations of the wall (Bilgin, 2009). Yet the impact of the 

soils below the anchored wall has not received as much 

attention in many earlier investigations. By using various 

depth walls and loads behind the wall in terms of 

displacements, bending moments, stresses, and shear 

pressures, this research intends to examine the impact of depth 

walls on the behavior of anchored walls. 

1.2 STUDY'S PURPOSE AND PARAMETRIC 

Twenty samples were investigated in order to determine how 

the depth of the wall affected the behavior of the wall in terms 

of total displacement, wall bending moment, wall shear forces, 

and soil stresses. The situation is: 

Different wall depths (D = 15 m to 18 m) by using different 

properties: 
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a) Different Young Modulus (E) =20,000, 25,000, 30,000, 

35,000, 40,000 (kn/m
2
).  

b) Different friction angles (ϕ) = 30°, 33°, 35°, 38°, 40°.  

c) Flexural rigidity (EI) of the wall = (10, 12, 15, 20, 30)*10
4
 

(kn.m
2
 /m).  

d) Axial stiffness (EA) of the anchor = (02, 06, 10, 14, 

20)*10
5
 (kn).  

e) Distribution load (q) behind wall = (10, 20, 30, 40, 50 (kn).  

 

Note that not all potential combinations take into account all 

the parameters and ranges. The main objective of the 

parametric study is to understand how the wall's surroundings 

affect the behavior of the wall displacement, soil stresses, wall 

shear force, and wall bending moment. The PLAXIS 2D 

version 8 finite element program, which uses 15-noded 

triangular elements, was used to carry out the investigation. 

 
Fig.1.Geometry Model of the Situation of A dry Excavation at Depth 5m    

(By Author) 

II. NUMERICAL MODEL 

Commercial software now uses finite element methods. The 

analysis of structural components requiring excavation 

techniques has been done using PLAXIS. However, prior 

failures suggested that choosing the constitutive model to 

represent soil behavior and choosing the associated soil 

parameters were crucial for a successful analysis utilizing the 

codes. With PLAXIS, it will be possible to model various 

element types, such as the anchors used to support the 

retaining wall, various wall types, such as sheet pile walls and 

diaphragm walls, various types of loads placed behind the 

wall, and the elements that act as an interface between the 

anchored retaining wall and the soil.  

The primary aim of the parametric analysis is to determine 

how different wall depths affect wall behavior. The PLAXIS 

2D finite element program, which uses 15-noded triangular 

elements, was used to carry out the investigation. To 

comprehend the impact of various parameters on the wall 

behavior as indicated above, the total displacement of the wall, 

wall bending moments, stresses, and wall shear forces were 

examined for all the examples modeled and studied. 

2.1 EFFECT OF WALL DEPTHS (D) 

Using several parameters (E, EI, EA, & q) like total 

displacement, wall bending moment, wall shear forces, and 

soil stresses, a parametric analysis was carried out to evaluate 

the influence of wall depths on the wall behavior as shown in 

Figures 2(a & b) (D = 15m to 18m).The walls of the 

diaphragm are modeled as plates. 

Modeling the impacts of soil structure interaction is done 

using the plate interfaces. 

 
Fig. 2a. Geometry Model of the Situation of wall depth (D = 15m)              

(By Author) 

 
       Fig. 2b. Geometry Model of the Situation of wall depth (D = 18m)    

(By Author) 
It is modeled to use various soil data (silty sand, clay, sand, 

and sand & clay). A material set of the plate type contains the 

characteristics of the concrete diaphragm wall. Considering 

that the wall is 0.35 meters thick and the concrete's Young's 

modulus is 35 GN/m
2
. Two material data sets are required to 

describe the characteristics of ground anchors: one of the 

Anchor type and the other of the Geogrid type. Both sets of 

data—Anchor and Geogrid—contain information on the 

characteristics of the anchor rod and grout body, respectively. 

Tables 1, 2, and 3 list every piece of information. 
 

TABLE1:  MATERIAL PROPERTIES OF THE ANCHORED WALL (PLATE)              

(BY AUTHOR)

 
TABLE2:  MATERIAL PROPERTIES OF THE ANCHOR ROD (NODE TO NODE 

ANCHOR) (BY AUTHOR) 

 
TABLE3:  MATERIAL PROPERTIES OF THE GROUT BODY (GEOGRID)                  

(BY AUTHOR)
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III. RESULT AND DISCUSSION 

3.1 WALL DEPTH'S IMPACT (D) 

As shown in Tables 4 through 24 and Figures 3 through 28, 

additional modeling and analysis were conducted using 

comparative wall depths to examine the impact of wall depth 

by using different soil properties, wall & anchor properties, 

and the load behindhand wall on the performance of the wall. 

These results will be discussed in this section. 

WALL DISPLACEMENTS: As shown in Figures (9, 13, 17, & 

21), the Maximum total wall displacements decrease as soil 

and wall & anchor properties (E, ϕ, EI, & EA) increase for all 

wall depths. However, entire displacements behave similarly 

under changing loads behind the wall, as shown in Figure 25. 

SOIL STRESSES: For all wall depths, Figures 10, 14, 18, and 

22 shown that the stresses in the soil decrease as soil 

parameters and wall & anchor properties (E, ϕ, EI, & EA) 

increase. 
WALL SHEAR FORCE & WALL BENDING MOMENT: As 

shown in Figures (11, 12, 15, & 16), the shear force and 

bending moment of the wall decrease as soil characteristics (E 

& ϕ) increase, while they increase as wall & anchor properties 

(EI & EA) increase (19, 20, 23, & 24). Additionally, as shown 

in Figures 25, 26, 27, and 28, the displacement of the wall, soil 

stress, shear force, and bending moment of the wall all exhibit 

the same behavior under varying loads behind the wall.

 
Fig.3. Total Wall Displacement for Wall Depth, D = 16m (E=30000 Kn/m2 & 

ϕ=35°) (By Author)  

 
Fig.4. Total Wall Displacement for Wall Depth, D = 18m (E=30000 Kn/m2 & 

ϕ=35°) (By Author) 

 
Fig.5. Soil Stresses Vectors for Wall Depth, D = 16m (E=30000 Kn/m2 & 

ϕ=35°) (By Author) 

 
 

 
Fig.6. Soil Stresses Vectors for Wall Depth, D = 18m (E=30000 Kn/m2 & 

ϕ=35°) (By Author) 

 

 

                                                       
          D = 16m                                                       D = 18m   

Fig. 7. Wall Shear Forces for Wall Depth, D = (16m & 18m) (E=30000 Kn/m2 

& ϕ=35°) (By Author) 
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Fig.9. Total Wall Displacement Ut (m) at Varying Wall Depths (D) and (E) 

(By Author) 

 
Fig. 10. Soil Stresses (Kn/m2 ) at Varying Wall Depths (D) and (E) (By 

Author) 

 
Fig. 11. Wall Shear Force (Kn/m) at Varying Wall Depths (D) and (E) (By 

Author) 

 
Fig. 12. Wall Bending Moment (Kn.m/m) at Varying Wall Depths (D) and (E) 

(By Author) 

 
Fig. 13. Total Wall Displacement Ut (m) at Varying Wall Depths (D) and (ϕ) 

(By Author) 

 
Fig. 14. Soil Stresses (Kn/m2 ) at Varying Wall Depths (D) and (ϕ) (By 

Author) 
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Fig. 15. Wall Shear Force (Kn/m) at Varying Wall Depths (D) and (ϕ) (By 

Author) 

 
Fig. 16. Wall Bending Moment (Kn.m/m) at Varying Wall Depths (D) and (ϕ) 

(By Author) 

 
Fig. 17. Total Wall Displacement Ut (m) at Varying Wall Depths (D) and (EI) 

(By Author) 

 
Fig. 18. Soil Stresses (Kn/m2 ) at Varying Wall Depths (D) and (EI) (By 

Author) 

 
Fig. 19. Wall Shear Force (Kn/m) at Varying Wall Depths (D) and (EI) (By 

Author) 

 
Fig. 20. Wall Bending Moment (Kn.m/m) at Varying Wall Depths (D) and 

(EI) (By Author) 
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Fig. 21. Total Wall Displacement Ut (m) at Varying Wall Depths (D) and 

(EA) (By Author) 

 
Fig. 22. Soil Stresses (Kn/m2 ) at Varying Wall Depths (D) and (EA) (By 

Author) 

 
Fig. 23. Wall Shear Force (Kn/m) at Varying Wall Depths (D) and (EA) (By 

Author) 

 
Fig. 24. Wall Bending Moment (Kn.m/m) at Varying Wall Depths (D) and 

(EA) (By Author) 

 
Fig. 25. Total Wall Displacement Ut (m) at Varying Wall Depths (D) and (q) 

(By Author) 

 
Fig. 26. Soil Stresses (Kn/m2 ) at Varying Wall Depths (D) and (q) (By 

Author) 
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Fig. 27. Wall Shear Force (Kn/m) at Varying Wall Depths (D) and (q) (By 

Author) 

 
Fig. 28. Wall Bending Moment (Kn.m/m) at Varying Wall Depths (D) and (q) 

(By Author) 

V. CONCLUSION 

To comprehend the impact of the wall displacements, wall 

bending moments, wall shear forces, soil stresses, and 

anchoring properties on the anchored wall at various wall 

depths (D), the wall behavior was examined. The analyses 

were put into practice utilizing PLAXIS software and finite 

element analysis. The study's overall conclusions show that 

the soil properties, anchor and wall characteristics, and wall 

depths influence the structural behavior of the wall and should 

be taken into account while designing the walls. In summary, 

the findings point to predictable wall behavior with reduced 

displacement, shearing, and bending moments due to 

improved soil and wall features.  However, several factors had 

a discernible impact; for instance, the results noted below: 

1. For all wall depths, the extreme total wall displacements 

decrease with increasing soil and wall & anchor 

properties (E, ϕ, EI, & EA), but overall displacements 

behave similarly under varying loads behind the wall. 

2. For all wall depths, the soil stresses are reduced by 

increasing the soil characteristics as well as the wall and 

anchor properties (E, ϕ, EI, & EA). 

3. The shear force and a bending moment of the wall rise 

with increasing wall and anchor properties but decrease 

with increasing soil properties (E & ϕ). (EI&EA). 

Additionally, under varying loads behind the wall, the 

displacement of the wall, the soil stress, the shear force, 

and the bending moment of the wall all exhibit similar 

behavior.  

This analysis confirmed plaxis2D's capacity and reactivity to 

minute changes in the data. A huge number of data tables were 

prepared for various parameter groupings. These data can be 

used to construct retaining walls with a level of precision that 

is projected to be acceptable. However, if some field work is 

done to accompany this study and validate some of its 

findings, the degree of accuracy can be established.  
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