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ABSTRACT 
 

In this study, a formulation and models have been proposed to calculate the active earth pressure 

on the wall and to determine the angle of failure wedge with line surcharge effect and taking into 

account the soil cohesion. The proposed method has the advantage of taking into account soil 

parameters such as cohesion, the angle of friction between the soil and the wall, the surcharge effect 

in the elasto-plastic environment, and the range that determines the critical surcharge. This paper 

presents dimensionless diagrams for different soil specifications and surcharges. According to 

these diagrams, it is easy to determine the distribution of excess pressure caused by surcharge, the 

distribution of the total active earth pressure on the wall, the angle of the failure wedge as well as 

the minimum and maximum active coefficient of the pressure with respect to surcharge distance. 

Furthermore, all soil parameters, surcharge and the results have been addressed. In general, the 

results indicated that increasing the angle of internal friction of the soil and cohesion would result 

to a nonlinear reduction in the active earth pressure coefficient, contrary to the line surcharge, 

which increases the active earth pressure of the soil and ultimately increases the active earth 

pressure coefficient. In this research, a diagram has been presented that expresses the surface that 

the active earth pressure coefficient changes with respect to the surcharge distance. The lower limit 

of each graph expresses the minimum active earth pressure coefficient (kas (min)) at the minimum 

surcharge distance, whereas the upper limit indicates the maximum active earth pressure coefficient 

(kas (max)) at the maximum surcharge distance from the wall. Comparison of the results of the 

proposed method with previous methods, codes and numerical software shows that in general, the 

proposed method is able to simplify the analysis of walls with surcharge effect in cohesive-

frictional soils. In addition to the formulation and diagrams, a computer program in MATLAB 

software has been written. Using the results of these codes, the pressure on the wall with the linear 

surcharge effect, angle of failure wedge and pressure distribution on the wall in the cohesive-

frictional soils can be calculated for all scenarios. 
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RESUMEN 
 

En este estudio se ha propuesto una formulación y modelos para calcular la presión de tierra activa en el 

muro y determinar el ángulo de falla de la cuña con efecto de sobrecarga de línea y teniendo en cuenta la 

cohesión del suelo. El método propuesto tiene la ventaja de tener en cuenta parámetros del suelo como la 

cohesión, el ángulo de fricción entre el suelo y la pared, el efecto de sobrecarga en el ambiente elastoplástico 

y el rango que determina la sobrecarga crítica. Este artículo presenta diagramas adimensionales para 

diferentes especificaciones de suelo y sobrecargas. De acuerdo con estos diagramas, es fácil determinar la 

distribución del exceso de presión causado por la sobrecarga, la distribución de la presión de tierra activa 

total en el muro, el ángulo de la cuña de falla así como el coeficiente activo mínimo y máximo de la presión 

con respecto a la distancia de sobrecarga. Además, se han abordado todos los parámetros del suelo, la 

sobrecarga y los resultados. En general, los resultados indicaron que el aumento del ángulo de fricción 

interna del suelo y la cohesión daría como resultado una reducción no lineal en el coeficiente de presión de 

tierra activa, contraria a la sobrecarga lineal, lo que aumenta la presión de tierra activa del suelo y finalmente 

aumenta el coeficiente de presión de tierra activa. En esta investigación se ha presentado un diagrama que 

expresa la superficie que cambia el coeficiente de presión de tierra activa con respecto a la distancia de 

sobrecarga. El límite inferior de cada gráfico expresa el coeficiente mínimo de presión de tierra activa (kas 

(min)) a la distancia mínima de sobrecarga, mientras que el límite superior indica el coeficiente máximo de 

presión de tierra activa (kas (max)) a la distancia máxima de sobrecarga del muro. La comparación de los 

resultados del método propuesto con métodos anteriores, códigos y software numérico muestra que, en 

general, el método propuesto es capaz de simplificar el análisis de muros con efecto de sobrecarga en suelos 

cohesivo-friccionales. Además de la formulación y los diagramas, se ha escrito un programa informático en 

software MATLAB. Usando los resultados de estos códigos, la presión en la pared con el efecto de 

sobrecarga lineal, el ángulo de cuña de falla y la distribución de la presión en la pared en los suelos cohesivo-

friccionales se pueden calcular para todos los escenarios. 

 

Palabras claves: Presión de tierra activa, Sobrecarga de línea, Ángulo de fricción interna, Ángulo de cuña 

de falla, Muro de contención. 

 

1. INTRODUCTION 
 

Important factors influence the active earth pressure on the wall. Various researchers have so far investigated 

such parameters. None of the methods presented by the researchers has addressed all of these parameters, 

and that each of the proposed methods suffers from a certain level of limitations. One of the parameters not 

taken into account is the cohesion or angle of friction between the soil and the wall. In methods where most 

of the parameters are considered, the proposed method does not completely respond to the designer's need, 

for example, it is either not a seismic, or does not present the distribution of stress and the location of the 

force effect. In the full range of methods presented in recent years, water cavity pressure, surcharge and soil 

layering are often neglected, or that the proposed method is not able to calculate the displacement of the 

wall. 

 

Soil active pressure is calculated in various ways, such as the infinite method  (Coulomb, 1773), plasticity 

theories (Rankine, 1857), elasticity theories, experimental methods and in-vitro methods. In retaining walls 

with surcharge, to calculate the excess pressure caused by surcharge on the retaining walls, one of the 

approaches is that first, the surcharge effect on the embankment is separately calculated using the elasticity 

theory. Then the results are combined with the results of wall analysis in the absence of surcharge. With this 

approach, (Braja M. Das, 1992), referring to the difference in the results of the elastic method for calculating 

the effect of surcharge with real values, provided relations with the assumption of elastic behavior. Further, 

with this approach, the (AASHTO, 2002) and  U.S. Army Crops (2005) have provided an analytical method 

for calculating the soil lateral pressure. The other approach is to simultaneously consider the effect of soil 

and linear surcharge. 
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With this approach, using Coulomb theory,(Motta, 1994) and (Greco, 1999, 2003, 2005, 2006), examined 

the effect of surcharge on active pressure on unarmored retaining walls and presented an analytical method 

for calculating the pressure and effect point. In (Cheng, 2003) and (B. M. Das & Puri, 1996) presented 

lateral soil pressure in cohesive soils. 

 

(YILDIZ, OZYAZICIOGLU, & OZKAN, 2010) calculated the pressure on the wall with the effect of strip 

surcharge and using the neural network based on finite element method data. (Basha & Basudhar, 2010), 

using the limit equilibrium method taking into account Logarithmic spiral failure wedge, investigated the 

stability of reinforced soil structures under the effect of surcharge in seismic conditions. According to (M. 

Ahmadabadi & Ghanbari, 2009), (Ghanbari & Taheri, 2012) calculated the pressure on the wall and the 

reinforcing force with the effect of surcharge. Furthermore, (Esmaeili & Fatollahzadeh, 2013), using the 

first approach, calculated the lateral pressure on wall with elasticity assumptions due to the railroad load. 

(Ouyang, Xu, He, Luo, & Wu, 2013) proposed a generalized limit equilibrium method for solving the active 

pressure behind a retaining wall and considered the failure wedge without any hypothetical aspect. 

 

(Farzaneh, Askari, & Fatemi, 2014) presented a two-dimensional analysis method with the simultaneous 

effect of soil weight and surcharge and presented their results as design charts. The limitation of this method 

is also not to consider soil cohesion. (Han, Gong, & Zhang, 2016), using the finite element method, 

introduced the seismic pressure on the wall in layer soils. The researchers presented two types of linear and 

curve failure wedges and evaluated the effects of friction angle between soil and wall and cohesion. The 

results showed that for a small friction angle, the failure surface is flat. 

 

(Mojtaba Ahmadabadi & Faghirizadeh, 2017) calculated the most seismic pressure on the wall for a circular 

failure wedge, whose values are more critical than the linear failure wedge. Among the limitations are the 

complexity of the formulation and the need for coding in MATLAB software.  (Pain, Choudhury, & 

Bhattacharyya, 2017) investigated the stability of the retaining wall with a log-spiral failure wedge and in 

the reinforced soil. The limitation of this method is to ignore soil cohesion and the angle of friction between 

the soil and the wall and the effect of surcharge. In (Mojtaba Ahmadabadi & Faghirizadeh, 2017) method, 

formulation was presented for retaining wall with linear surcharge and non-cohesive soils, which includes 

3n equations and 3n unknowns. Using such formulation, the active pressure coefficient, the angle of the 

failure wedge and the location of the resultant force at the level of failure with the effect of a linear surcharge 

is obtained. One of the limitations of the above method is ignoring soil cohesion. For this purpose, in this 

study, by elaborating (Mojtaba Ahmadabadi & Faghirizadeh, 2017) method and taking into account the soil 

cohesion, a more complete formulation and functional diagrams were presented to calculate active pressure 

on the wall. 

 

Gupta and Sawant (2019) presented a method for calculating the seismic pressure of artillery wall. It should 

be noted that they ignored the friction angle between the soil and the wall as well as the effect of surcharge 

and did not present the results of the stress distribution on the wall and presented their results for various 

confidence coefficients. 

 
The minimum of active earth pressure 

coefficient in minimum surcharge distance 

(dimensionless) 

kas(min) 

 

Nomenclature 

 

The maximum of active earth pressure 

coefficient in minimum surcharge distance 

(dimensionless) 

kas(max) 
resultant of shear force and vertical 

force at the surface of failure 
Fi 

cohesion of soil (kPa) c height of wall (m) H 

distance of surcharge from the wall (m) x 
Active earth pressure coefficient 

without surcharge (dimensionless) 
Ka 
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distance of force 𝐹 to Heels of the Wall 

(m) 
xFi 

coefficient of active pressure from 

the surcharge (dimensionless) 
Kaq 

Greek letters

Active earth pressure coefficient 

with the effect of surcharge 

(dimensionless) 

Kas 

Angle of failure wedge(o) linear surcharge (kN/m) Q 

Angle of failure wedge without 

surcharge(o) 


Active earth pressure without 

surcharge(kN/m) 
Pa 

Angle of failure wedge on the location of 

the effect of surcharge (∘) 


resultant lateral earth pressure from 

the surcharge (kN/m) 
Paq 

Angle of failure wedge with the effect of 

surcharge (∘) 


Active earth pressure with the 

effect of surcharge (kN/m) 
Pas=Pasurcharge 

Angle of failure wedge in the 𝑖th 

experimental wedge (∘) 
i

Active pressure on wall in the 𝑖th 

wedge 
Pi 

Total unit weight (kN/m3) 
Normal force on failure surface for 

ith wedge (kN) 
Ni 

friction angle between wall and backfill 

soil () 


shear force on failure surface for ith 

wedge (kN) 
Si 

angle of internal friction of soil () weight of ith slice (kN) Wi 

 

2. MATERIALS AND METHODS 

 

Proposed Formulation for the calculation of pressure on retaining wall with the effect of linear surcharge in 

cohesive-frictional soil: 

In this paper, with the expansion of (Mojtaba Ahmadabadi & Faghirizadeh, 2017) method and taking into 

account soil cohesion, the number of unknowns would vary from three to four, which requires four equations 

as follows. 

(1)  0sincoscos0  iiiiix NSPF
i


 

(2)  0sinsincos0  qWPSNF iiiiiiyi


 

(3)  0..
tan3

cos
3

0  xqxN
HWHP

M Fii

i

ii
oi 



 

(4)  
 








i

ii

H
cNS




sin
tan

 
 

By solving the above four equations for each test wedge, four unknowns include Pi, Ni, Si and xFi are 

obtained for the ith failure wedge (i). Now in the proposed formulation to determine the angle of the failure 

wedge, the amount of active pressure on the wall is calculated for different angle failures. The angle that 

produces the maximum active pressure is recorded as the angle of the failure wedge. Pa is active pressure 

of the soil without surcharge indicate by 1, Pas is active soil pressure with the effect of linear surcharge 

indicate by β3 and Paq is excess pressure on the wall under linear surcharge. 

 

(5) 
aqaas PPP



 

Considering the surcharge distance from the wall, we consider three modes for calculating the pressure on 

the wall (Pi). 
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Mode 1: If the linear surcharge distance from the wall is less than 3tan

H
x 

, the active pressure on the 

wall is obtained in accordance with equation (6), below. 

 

(6) 
surcharge

3tan
aas PPP

H
x 


 

 

Mode 2: If the linear surcharge distance is equal to the value 13 tantan 

H
x

H


, in this case, by placing 

the angle 2 in equations 1 to 4, the amount of pressure on the wall can be obtained in accordance with 

equation 8. 

(7) 
x

H
Arc tan2 

 

(8) aPPP
H

x
H


2

13 tantan



 

Mode 3: If the linear surcharge distance from the wall is greater than 1tan

H
x 

, it states that the existence 

of a linear surcharge on the wall is ineffective, and in order to calculate the pressure on the wall, one can 

consider the amount of surcharge equal to zero in equations 1 to 4, and equation 9 is presented. 

(9) aPPx
H


1tan

 
 

Now, three types of active soil pressure coefficients can be defined as follows. 

 

(10) 2

2

1
H

P
K a

a





 

(11) 2

2

1
H

P
K as

as





 

(12) 2

2

1
H

P
K

aq

aq




 
 

 

3. RESULTS AND DISCUSSION 
 

3.1. Functional diagrams 

 

In order to provide design diagrams, changes in the soil friction angle, linear surcharge, friction angle 

between the soil and the wall and cohesion have been investigated. Also, the active pressure coefficient 

(Kas) has been used to make the diagrams dimensionless. As shown in Figures 1 to 3, increasing the angle 

of internal friction of the soil and cohesion reduce the Kas coefficient in a nonlinear way i.e. unlike the 
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linear surcharge, which increases the active pressure of the soil and ultimately increases the Kas coefficient. 

Using these three diagrams, one can obtain pressure on the wall for all the soil parameters with surcharge 

and even without the effect of surcharge. It should be noted that for other soil parameters, one could use 

interpolation method or refer to equations or use MATLAB program codes. 

 

 

 
Figure 1: Variation in the active pressure coefficient (Kas) against the variation of the soil friction angle for 

different values of cohesion and linear surcharge for = 
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Figure 2: Variation in the active pressure coefficient (Kas) against the variation in the angle of soil frictional 

for different values of cohesion and linear surcharge for 
 

 
Figure 3: Variation of the active pressure coefficient (Kas) against the variation of the angle of soil friction 

for different values of cohesion and linear surcharge for . 
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Figure 4 shows the surcharge distance from the wall. For this purpose, the variation of the active pressure 

coefficient (kas) against the variation in the surcharge distance from the wall is plotted. As the surcharge 

distance from the wall is extended, the pressure on the wall decreases. These variations are plotted for 

surcharges of 100 and 200 kN/m, the cohesion of 0 and 20 kN / m2 as well as the friction angle of 20 to 40 

degrees. These variations start with a surcharge separation from the wall from a maximum limit and end at 

a minimum. By increasing the angle of internal friction of the soil, the maximum impact distance of the 

surcharge is reduced. In addition, with the increase for surcharge, the pressure on the wall increases, and the 

distance of the surcharge results in the reduction of difference and eventually becomes zero. 

 

 
Figure 4: variations in the active pressure coefficient (Kas) against the variation of surcharge distance from 

the wall for different values of the angle of internal friction of the soil and the cohesion and linear surcharge 

 

Figure 5 shows the surface that the active pressure coefficient changes with respect to the surcharge distance. 

The lower limit of each diagram expresses the minimum active pressure coefficient (kas (min)) at the 

minimum surcharge distance, and the upper limit indicates the maximum active pressure coefficient (kas 

(max)) at the maximum surcharge distance of the wall. Charts are plotted for 4 linear surcharge and cohesion 

values of 0, 10 and 20, and interpolation can be used for other values. 
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Figure 5: Maximum and minimum active pressure coefficient (Kas) with respect to the change of surcharge 

distance for different values of linear surcharge and cohesion 

 

3.2. Determination of angle of failure wedge with linear surcharge effect in cohesive-frictional soils: 

The angle giving the maximum active pressure is recorded as the angle of the failure wedge. In Fig. 6, the 

variations in the angle of the failure wedge are plotted against the changes in the angle of internal friction 

of the soil. Increasing the linear surcharge, the angle of internal friction of the soil and cohesion increase 

the angle of the failure wedge. 

 

 
Figure 6: Variations of the angle of failure wedge against the variations of the angle of internal friction of 

soil for different values of linear surcharge and cohesion 
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3.3. Distribution of stresses on walls with linear surcharge effect in cohesive-frictional soil: 

In Figures 7 to 10, the distribution of stress is plotted for different values of the angle of internal friction, 

cohesion and linear surcharge. In Figure 7, the excess pressure distribution due to surcharge is plotted, which 

can be obtained by calculating the surface area of this diagram, which can be due to excess surcharge (Paq). 

In Figure 8, the distribution of total stress, including soil pressure and surcharge effect, is plotted. By 

calculating the surface below this diagram, one can obtain the total pressure of the wall (Pas). Increasing 

the angle of internal friction of the soil will always reduce the stress distribution. 

 

 
Figure 7: Excess pressure distribution due to surcharge for different values of the angle of internal friction 

of the soil and the cohesion and linear surcharge 

 

 
Figure 8: Distribution of the total active pressure on the wall for different values of the angle of the internal 

friction of the soil and the cohesion and linear surcharge 
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In Figs. 9 and 10, the distribution of the total active pressure on the wall is plotted with linear surcharge 

changes and the angle of internal friction of the soil. Increased surcharge causes inflation and non-linearity 

in the stress distribution diagram. 

 

 
Figure 9: Distribution of total active pressure across the wall for different values of linear surcharge for  = 

30 and 



3.3. Comparison of the results of the proposed method with the results of other researchers and codes: 

 

Table 1 compares the results of the proposed method for a retaining wall with linear surcharge effect with 

the results of four methods including (Mojtaba Ahmadabadi & Faghirizadeh, 2017), (Farzaneh et al., 2014), 

(Ghanbari & Taheri, 2012) and (Motta, 1994) under equal conditions. The results are considered in three 

cases: surcharge 20, 50, and 100 (kN / m) and for  = 30o and C = 0 kN /m2. The results of the proposed 

method are closely related to (Mojtaba Ahmadabadi & Faghirizadeh, 2017) and (Farzaneh et al., 2014) and 

(Motta, 1994), with a difference of less than 0.2 percent, but about 7 percent in surcharge conditions of q = 

100 (kN / m) and about 1.2% at q = 20 (kN / m) with (Ghanbari & Taheri, 2012). 

 

Table 1: Comparison of the proposed method results of total pressure on the wall with the results of other 

researchers 
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Resultant lateral earth pressure from the surcharge (kN/m2)

=2/3,c=10kN/m2,=30o,=20kN/m3

q=0kN/m
q=50kN/m
q=100kN/m
q=150kN/m
q=200kN/m
q=250kN/m
q=300kN/m
q=350kN/m
q=400kN/m
q=450kN/m
q=500kN/m

=20(kN/m3),  =10o,  x=4m,  H=10m,  o ,  C=0 kN/m2 

Pas(kN/m2) (Motta, 

1994) 

(Ghanbari & 

Taheri, 2012) 

(Farzaneh et 

al., 2014) 

(Mojtaba Ahmadabadi 

& Faghirizadeh, 2017) 

Proposed 

method 

318.9 315.08 319 318.34 318.34 q=20(kN/m) 

334.9 321.69 335 333.8 333.8 q=50(kN/m) 

361.6 334.73 366 361.04 361.04 q=100(kN/m) 
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In table 2, the proposed method results of the angle of the failure wedge were evaluated using (Mojtaba 

Ahmadabadi & Faghirizadeh, 2017), (Ghanbari & Taheri, 2012) and (Motta, 1994) methods in equal 

conditions for  and respectively. 

 

Table 2: Comparison of the proposed method results of the angle of failure wedge with the results of other 

researchers 

 

The results of this comparison with the three types of surcharge and two types of the angle of internal friction 

are presented in Table 3 to compare the results with regard to the cohesion effect Ghanbri and Taheri (2012). 

The difference in results increase with an increase in the angle of friction, which varies between 0.1% and 

5%. 

 

Table 3: Comparison of the proposed method results of total pressure on the wall with the results of 

(Ghanbari & Taheri, 2012) with cohesion effect 

=20(kN/m3),  =10o,  x=4m,  H=10m,  C= kN/m2 

Pas(kN/m2) 
(Ghanbari & Taheri, 2012) Proposed method 

    

C=10 C=0 C=10 C=0 C=10 C=0 C=10 C=0 

205.86 315.08 326.88 457.58 211.48 318.34 329.86 457.96 q=20(kN/m) 

212.059 321.69 357.89 472.42 227.38 333.8 348.21 475.44 q=50(kN/m) 

223.24 334.73 360.77 491.45 255.25 361.04 380.42 506.5 q=100(kN/m) 

  

Table 4 compares the results of the proposed method for a retaining wall with no surcharge and in cohesive-

frictional soil with six other methods under equal conditions. In comparison, two types of linear and circular 

failure wedges have been used. The results are considered in three cohesion states of 0 to 20 and for =20o
 

and =30o. The results show the convergence between the proposed method and the other six methods. 

 

Table 4: Comparison of the results of total pressure on the wall and the angle of the failure wedge with the 

results of other researchers without surcharge effect 

 

q=0(kN/m), =10 

Proposed method 
Ahmadabadi 

et al. (2017) 

(Ghanbari & 

Taheri, 2012) 

Ahmadabadi and 

Ghanbari (2009) 
(Cheng, 2003) 

(B. M. Das & 

Puri, 1996) 

Coulomb 

method 

Pa  Pa  Pa  Pa  Pa  Pa  Pa  

C=0 
kN/m2 

 446.74 446.74 446.74 
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r 
F
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lu

re
 W

ed
g
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446.74 446.74 446.74 446.74 446.74 446.74 446.74 446.74 446.74 51 

 308.45 308.45 308.45 308.45 308.45 308.45 308.45 308.45 308.45 308.45 308.45 308.45 58 

C=10 
kN/m2 

 318.03 318.03 318.03 318.03 318.03 318.03 318.03 318.03 318.03 318.03 318.03 318.03 - 

 201.23 201.23 201.23 201.23 201.23 201.23 201.23 201.23 201.23 201.23 201.23 201.23 - 

C=20 
kN/m2 

 190.43 190.43 190.43 190.43 190.43 190.43 190.43 190.43 190.43 190.43 190.43 190.43 - 

 94.37 94.37 94.37 94.37 94.37 94.37 94.37 94.37 94.37 94.37 94.37 94.37 - 

 

In these codes, soil parameters are not considered and the soil is studied as elastic, whereas in the proposed 

method, the soil parameters such as the angle of internal friction and the angle of friction between the soil 

=20(kN/m3), =10o, x=4m, H=10m,  C=0 kN/m2 
Angle of    

failure wedge 

(degree) 

(Motta, 1994) 
(Ghanbari & 

Taheri, 2012) 

(Mojtaba Ahmadabadi 

& Faghirizadeh, 2017) 
Proposed method 

        

51.4 57.3 51.9 57.2 52 59 52 59 q=20(kN/m) 

52.1 58.1 53.3 59.7 53 60 53 60 q=50(kN/m) 

52.9 59 55.7 61.6 56 62 56 62 q=100(kN/m) 
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and the wall are considered. Table 5 compares the results of the proposed method with different codes. The 

reason for the difference in results in this table is the lack of consideration of the soil specifications, 

including the angle of internal friction and the angle of friction between the soil and the wall in these codes. 

As it is known, the results can be approximated by changing the soil specifications in the proposed method. 

 

Table 5: Comparison of the proposed method results of excess pressure under surcharge effect and 

(Ghanbari & Taheri, 2012) and codes 

 

The results of this study are accomplished with four sample numerical models with ABAQUS finite element 

software (6.14). ABAQUS software is one of the most powerful simulation software in a limited run. The 

geometry of the model is 2D and as deformable type. Elastic and plastic specification, soil and wall are 

selected according to Table 6. The parameters c, φ and  are the cohesion, internal friction angle, and angle 

of expansion of the materials in Mohr–Coulomb’s behavioral model. The mesh generation is selected of the 

Tri-Element type. The results show the appropriate convergence between the proposed method and 

ABAQUS software and the maximum difference of results is about 5.8 %. 

 

Table 6: Comparison of the results of the proposed method with numerical modeling with (Abaqus, 2014) 

software. 
2, x=4m, H=10m,  C=10 kN/mo=10), 3=20(kN/m Proposed method 

Dilation Anggle , 2H=10m,  C=10 kN/m, x=4m, o=10), 3kN/m=20( 

pa)Modulus of elasticity of soil Poisson's ratio  
Soil 

 (Abaqus, 2014) 
 =24total unit weight )(c,pa10)=2.1*10 Modulus of elasticity of concrete(c

H=10mPoisson's ratio ,3kN/m 
Wall 

(Abaqus, 2014) Proposed method 
 

    

202.54 310.6 211.48 329.86 q=20(kN/m) 

218.73 335.6 227.38 348.21 q=50(kN/m) 

 

 

4. CONCLUSIONS 
 

In this research, the following results can be extracted: 

 

1. The proposed method has provided a simple solution, using the limit equilibrium method with direct 

approach to the effect of soil and surcharge for calculating the active pressure on the wall with linear 

surcharge effect in cohesive-frictional soils. It has the ability to provide three types of soil active pressure 

coefficient with linear surcharge effect, the angle of failure wedge, distribution of total pressure on the wall 

and the distribution of excess pressure for different soil specifications, including cohesion and angle of 

internal friction. In the previous methods, the cohesion and the angle of friction between the soil and the 

wall are neglected, or the proposed methods require a complex and long-term solution. 

 

Paq(kN/m2) 

x=4m,  H=10m,  ɣ= 20 kN/m3 , C= 0kN/m2 

Proposed method 
(Ghanbari & 

Taheri, 2012) USACE 

(2005) 

(AASHT

O, 2002) 

 
 4

 
     

q=50(kN/m) 55.9 49.79 42.2 26.8 24.4 24.1 24.67 12.72 36.07 26.78 

q=100(kN/m) 
111.

8 
99.58 84.5 53.6 48.8 48.2 43.08 25.05 54.76 54 
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2. Dimensionless diagrams have been proposed where the variations of the angle of internal friction of the 

soil, linear surcharge, the angle of friction between the soil and the wall and cohesion are considered. The 

results indicate that the increase of the angle of internal friction of the soil and cohesion will reduce the 

active pressure coefficient in a nonlinear way unlike a linear surcharge, which increases the active pressure 

of the soil and ultimately increases the Kas coefficient. Also, by increasing the surcharge distance from the 

wall, the pressure on the wall decreases. These changes start with a surcharge distance from the wall from 

a maximum limit and end at a minimum. By increasing the angle of internal friction of the soil, the maximum 

impact distance of the surcharge is reduced. In addition, with the increase in the amount of surcharge, the 

pressure on the wall increases, and the distance between the surcharge and this difference decreases and 

eventually becomes zero. 

 

3. In this research, a diagram is presented that expresses the surface that the active pressure coefficient 

changes with respect to the surcharge distance. The lower limit of each diagram expresses the minimum 

active pressure coefficient (kas (min)) at the minimum surcharge distance, whereas the upper limit indicates 

the maximum active preassure coefficient (kas (max)) at the maximum surcharge distance from the wall. 

The diagrams are plotted for different surcharges and cohesion, and interpolation can be used for other 

values. 

 

4. With the presented equations and diagrams, the angles of failure wedge can be obtained with linear 

surcharge effect, and the results show that increasing linear surcharge and angle of internal friction of the 

soil and cohesion increase the angle of failure wedge. 

 

5. In the proposed method, it is possible to plot the excess pressure distribution due to the surcharge and the 

distribution of the total active pressure on the wall, which can be calculated by calculating the surface below 

this diagram to calculate the excess pressure and total pressure on the wall. Increasing the angle of internal 

friction of the soil and cohesion always reduces stress distribution. Furthermore, increasing surcharge causes 

inflation and non-linearity in the stress distribution diagram. 

 

6. The results of the proposed method for the retaining wall have been compared with the results of the 

codes and the numerical software (Abaqus, 2014) and four methods including (Mojtaba Ahmadabadi & 

Faghirizadeh, 2017), (Farzaneh et al., 2014), (Ghanbari & Taheri, 2012) and (Motta, 1994) in equal 

conditions with linear surcharge effect. In order to verify the angle of failure wedge, the results of (Mojtaba 

Ahmadabadi & Faghirizadeh, 2017), (Ghanbari & Taheri, 2012) and (Motta, 1994) have been evaluated. It 

has also been compared to six other methods for retaining wall without surcharge effect and in cohesive-

frictional soil under equal conditions. In comparison, two types of linear and circular failure wedges have 

been used. 
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