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ABSTRACT: The calculation of the active and passive earth pressure coefficients is still a major issue for the design of gravity or 
embedded walls both for static and seismic conditions. For static conditions, one of the conventional approaches to determine these 
coefficients in weighted ground conditions is to use the tables from Caquot, Kerisel and Absi (Caquot and Kerisel, 1948, Kerisel and 
Absi, 1990) which are based on the Boussinesq’s theory. In order to illustrate how these differential equations are solved in practice, 
this paper includes an example dealing with their numerical integration by explaining the different steps that have been followed. The 
results are compared to those obtained by Caquot, Kerisel and Absi on the one hand and Sokolowski (1965) on the other hand. For 
seismic conditions, a solving procedure is also proposed and compared to the solutions obtained by applying rotations principles. For 
both static and seismic conditions, failure mechanisms are determined and compared to the solutions obtained through the kinematical 
approach of the yield analysis considering log-spirals and rotational mechanisms. The aim of this paper is to revisit a complex problem 
for which the original formulation is increasingly less highlighted. 

KEYWORDS: Active earth pressure coefficient, passive earth pressure coefficient, weighted ground conditions, numerical integration, 
slip line, seismic design 

 
1 INTRODUCTION 

The calculation of the active and passive earth pressure 
coefficients is still a major issue for the design of gravity or 
embedded walls both for static and seismic conditions.  

Conventionally, the active and passive earth pressures are 
calculated by applying a principle of superposition which leads 
to the consideration of three types of coefficients, by means of 
the corresponding states theorem (Caquot, 1934): an active or 
passive earth pressure coefficient Ka or Kp for weighted 
ground conditions, an active or passive earth pressure 
coefficient Kaq or Kpq for weightless ground conditions, an 
active or passive earth pressure coefficient Kac or  Kpc for 
cohesive soils. 

For a sake of simplification for reading and understanding, 
the notations from the tables established by Kerisel and Absi in 
1990 (Kerisel and Absi, 1990) are used (Figure 1): the angles , 
 and  designate respectively the stress inclination of the active 
or passive earth pressures on the wall p or b, the slope of the 
ground surface and the wall inclination. The load applied on the 
free ground surface is q and its inclination from the normal axis 
is  (this angle designates more generally the inclination of the 
stress for any radial straight line starting from the origin O). The 
ground properties are the weight density , its friction angle  
and its cohesion c. 
The active and passive earth pressures can be determined for 
any length l along the wall by the following equations: 

p ൌ Kୟஓγl ൅ Kୟ୯q െ Kୟୡc (1) 
b ൌ K୮ஓγl ൅ K୮୯q ൅ K୮ୡc (2) 

The coefficients Kaq ou Kpq are used to calculate the active and 
passive earth pressures induced by a load q located on the free 
ground surface and can be determined by a closed-form solution 
established by Absi and L’Herminier (1962) or Lancelotta 
(2002). The use of the corresponding states theorem by 
assuming that the cohesion c is similar to a confining pressure 
c/tan allows to determine the coefficients Kac and Kpc (see 
Annex A). 

In static conditions, the coefficients Ka and Kp depend 
only on the friction angle  and can be determined through the 
equations proposed by Boussinesq (1876). Caquot and Kerisel 
have given a first method to solve these equations leading to the 
publication of tables in 1948 (Caquot and Kerisel, 1948) 

updated in 1966, 1972 and 1990. Other approaches had been 
developed by Résal (1903) or Ravizé (1945) notably. Some 
differences, which are negligible in practice, can be identified 
in the various tables reflecting the uncertainties in the solving 
process of the differential equations: for example, regarding the 
passive earth pressure, for a vertical wall (=0), a horizontal 
ground surface (=0), a stress inclination  equal to - and a 
friction angle  equal to 30°, the following values can be read: 
6.42 in 1948, 6.56 in 1966 and 6.50 in 1990. Moreover, these 
values can be compared to those proposed by Sokolowski 
(1965) obtained by an application of the slip line field theory 
(Salençon, 1974, Absi, 1984) and using a finite difference 
method: for this example, the value is equal to 6.55. 

 
Figure 1. Notations 

In seismic conditions, the rotation principles (Seed and 
Whitman, 1970) are usually used to determine these 
coefficients KaE and KpE. Intermediate parameters are thus 
defined: 

θୣ୯ ൌ atan ൬
a୦

1 േ a୴
൰ (3) 

λ∗ ൌ λ േ θୣ୯ and β∗ ൌ β േ θୣ୯ (4) 

γ∗ ൌ γ
ሺଵേୟ౬ሻ

ୡ୭ୱ஘౛౧
 and q∗ ൌ q

ሺଵേୟ౬ሻ

ୡ୭ୱ஘౛౧
 (5) 

Kୟ୉ஓ ൌ Kୟஓ
∗ ଵേୟ౬

ୡ୭ୱ஘౛౧
 with Kୟஓ

∗ ൌ Kୟஓሺλ∗,β∗ሻ (6a) 

K୮୉ஓ ൌ K୮ஓ
∗ ଵേୟ౬

ୡ୭ୱ஘౛౧
  with  K୮ஓ

∗ ൌ K୮ஓሺλ∗,β∗ሻ (6b) 

where ah and av are the horizontal and vertical seismic 
acceleration components. 

The aim of this paper is to present an original method to 
solve Boussinesq’s equations for both static and seismic 
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conditions. In static condition, the results are compared to those 
obtained by Caquot, Kerisel and Absi on the one hand and 
Sokolowski (1965) on the other hand. For seismic conditions, 
the results of the solving process are compared to the solutions 
obtained by applying rotations principles (Seed and Whitman, 
1970, Lancelotta, 2007, Mylonakis and al., 2007). For both 
static and seismic conditions, failure mechanisms are 
determined and compared to the solutions obtained through the 
kinematical approach of the yield analysis considering log-
spirals and rotational mechanisms. 

2 BOUSSINESQ’S EQUATIONS – STATIC 
CONDITIONS 

2.1 Fundamental equations 

Boussinesq’s equilibrium leads to consider the static 
equilibrium of an elementary volume OMN behind a retaining 
structure with a weight W per unit length (Figure 2). The 
equilibrium in terms of rotation around the point O gives the 
equation 7 and the equilibrium in terms of forces along [OM] 
gives the equation 8 (see, Caquot and Kerisel, 1949 for more 
details). The following system of differential equations is thus 
obtained: 

dn
dω

ൌ 3t െ sinω 

obtained from: 
୬

ଷ
െ

୬ାୢ୬

ଷ
൅ tdω ൌ

ଶ

ଷ
Wsinω 

(7) 

dt
dω

ൌ nm െ cosω 

obtained from: 
୬ୢன

ଶ
൅

ୢ୲

ଶ
െ kndω ൅ Wcosω ൌ 0 

(8) 

with: m ൌ 2k െ 1, W ൌ
ୢன

ଶ
 and 

m ൌ 1 ൅ 4tanଶφ േ
ସ

ୡ୭ୱ஦
ඥtanଶφ െ tanଶα  

where  is the angle between the fictitious vertical plane and 
any radial plane and  is the inclination of the stress on the 
normal line of radial plane with n the normal component and t 
the tangential component: tanα ൌ 𝑡 n⁄   

The parameter m ensures that the Mohr-Coulomb failure 
criterion is respected. It describes an ellipse depending on the 
variable tan: the upper part of the ellipse (with the sign +) is 
linked to the active earth pressure while the lower part of the 
ellipse (with the sign -) is linked to the passive earth pressure. 

Boussinesq shows that this differential equation system 
cannot be solved using closed-form solutions. Consequently, 
numerical integration is necessary: solving procedures have 
been largely developed in the framework of the slip line theory 
after 1950 (see for example, Absi, 1984) and are based on the 
principles of lower bonds regarding the yield analysis (see for 
example, Salençon, 1974).  

 
Figure 2. Equilibrium for an elementary volume (from Caquot and 

Kerisel, 1949) 

2.2 Solving procedure 
The solving procedure starts with the determination of two 
domains (Figure 2): the Rankine domain and the Boussinesq 
domain. For the Rankine domain, the solution is defined by 

straight slip lines and it has been shown by Ravizé (1945 from 
Caquot and Kerisel, 1949) that it is the only solution. The slip 
line at the end of the Rankine domain defines a line of 
singularities, used as an initial boundary condition to solve the 
differential equations (7) and (8) in the Boussinesq domain. 
The Rankine slip line corresponds to an angle 0 calculated 
from the vertical fictitious plane: the stress inclination is equal 
to  for active state and - for passive state as it ensures 
Rankine equilibrium. The normal and tangential components n0 
and t0 are determined by considering the equilibrium of the 
wedge OMN (as the stress inclination is equal to +/- the slip 
line inclination is also inclined to +/- from the radial plane 
defined by the angle 0, see Figure 3): 

p଴ ൌ 2P଴ ൌ 2ሺW୘ േ W୒tanφሻ ൌ
ୡ୭ୱሺனబିஒሻୱ୧୬னబ

ୱ୧୬ሺனబିஒേି஦ሻ
  (9) 

n଴ ൌ cosφ
ୡ୭ୱሺனబିஒሻୱ୧୬னబ

ୱ୧୬ሺனబିஒേି஦ሻ
 and t଴ ൌ േsinφ

ୡ୭ୱሺனబିஒሻୱ୧୬னబ

ୱ୧୬ሺனబିஒേି஦ሻ
  (10) 

with: ω଴ ൌ
஠

ସ
േ

஦

ଶ
േ

൫னಊേஒ൯

ଶ
   and   ωஒ ൌ arcsin ቀ

ୱ୧୬ஒ

ୱ୧୬஦
ቁ 

with (-) for active state and (+) for passive state. The angle 0 
is positive from the vertical fictitious plane. 

 
Figure 3. Calculation of the terms WOMN, B0 and b0 

As shown by Salençon (1974), the system of differential 
equations (7) and (8) with the boundary conditions on the 
Rankine slip line is undetermined. It is possible to solve these 
equations from the Rankine slip line to the wall but the stress 
inclination on the wall cannot be chosen.  
Figure 4 shows the calculations for the case study: φ = 30°, β = 
0, λ = 0, with δ/φ = –1 for the passive state. The first solution 
leads to path 1, starting from the Rankine slip line toward the 
wall. To compute the earth pressure for any stress inclination, a 
second solution (path 2) is calculated in the opposite direction, 
from the wall toward the Rankine slip line. The passive pressure 
at the wall is adjusted iteratively (using, for example, a 
dichotomy method) to ensure continuity at the Rankine slip line 
between paths 1 and 2. For both paths 1 and 2, the solutions are 
obtained by explicit numerical integration of the governing 
equations (Equations 7 and 8) using a 4th order Runge–Kutta 
procedure (RK4) (see Burlon, 2023 for more details). The 
resulting coefficients closely match those of Caquot, Kerisel, 
Absi, and Sokolowski. 

 
Figure 4. Passive earth pressure coefficient variation according to  
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3 BOUSSINESQ’S EQUATIONS – SEISMIC 
CONDITIONS 

In seismic conditions, the equations (7) and (8) are modified to 
account for the inertial forces into the ground where ah and av 
are respectively the horizontal and vertical acceleration 
components. 
ୢ୬

ୢன
ൌ 3t െ ൫ሺ1 േ a୴ሻsinω േ a୦cosω൯    (11) 

ୢ୲

ୢன
ൌ nm െ ൫ሺ1 േ a୴ሻcosωേ a୦sinω൯     (12) 

The initial boundary conditions on the Rankine slip line are also 
modified. The angle 0 is modified to 0

* in order to integrate 
the equation (11) and (12): 

ω଴
∗ ൌ

π
4
േ
φ
2
േ
൫ωஒ∗ േ β∗൯

2
േ θୣ୯ 

 with ωஒ∗ ൌ arcsin ቀ
ୱ୧୬ஒ∗

ୱ୧୬஦
ቁ 

(13) 

with (-) for active state and (+) for passive state.  
The values n0 and t0 are also modified according to the 

notations of Figure 3. The solving steps remain the same as 
those performed for static conditions. 

Considering the following case (=30°, =0, =0 with 
/=1 for the active state and /=-1 for the passive state), the 
acceleration components ah and av respectively equal to 0.2 and 
-0.1. The stress variations in function of  and  can be 
determined to obtain the seismic coefficients KaE and KpE: the 
active earth pressure coefficient is equal to 0.449 (in 
comparison to 0.307 in static conditions) and the passive earth 
pressure coefficient is equal to 4.90 (in comparison to 6.55 in 
static conditions). 

Figures 5 and 6 shows the comparison between the seismic 
coefficients KaE and KpE and the coefficients K*

a and K*
p 

obtained by the rotation principles considering a modified 
geometry from the initial geometry. The difference can be 
interpreted by the rotating term: (1±a0)/coseq. The active and 
passive earth pressures KaE and KpE calculated by 
Boussinesq’s equations in seismic conditions correspond to the 
active and passive earth pressures obtained by applying the 
rotation principles: 

Kୟ୉ஓ ൌ Kୟஓ
∗ ଵേୟ౬

ୡ୭ୱ஘౛౧
    and    K୮୉ஓ ൌ K୮ஓ

∗ ଵേୟ౬
ୡ୭ୱ஘౛౧

       (17) 

4 AN EXAMPLE IN STATIC CONDITIONS 

4.1 Studied case 
An simple example is used : =30°, =0, =0. Various 
solutions are presented in terms of comparisons: the values 
from Kerisel and Absi (1990), the values from Coulomb (only 
for the active pressure cases) and the values considering a 
closed-form solution used for weightless conditions (see 
L’Herminier and Absi, 1962 or Lancelotta, 2002) where the 
load at the free surface q is replaced by the ground weight 
.l.cos(-). 

 

 
Figure 5. Comparison between K*a and KaE 

 
Figure 6. Comparison between K*p and KpE 

 
Figure 7. First Rankine slip line for the active and passive states for 

the three cases under consideration 

4.2 Results 
The results are presented in table 1 for the present example. The 
results obtained by the proposed method and Caquot Kerisel 
method are quite similar, which shows that the solving 
procedure developed in this paper is quite appropriate. 
Coulomb method as it derives from a kinematical approach in 
the framework of the yield analysis gives lower values for 
active states (for passive states, the values have not been 
calculated as it is known that the assumption of straight failure 
lines is not valid). The closed-form solution derived from 
weightless conditions provides results that are very close to the 
proposed method or Caquot Kerisel method. They are also on 
the safe side with higher values for active states and lower 
values for passive states. When the inclination of the slope or 
the wall is high, the obtained values can be considered as too 
cautious. 

4.2.1 Comparisons with log-spiral method 
Comparisons with log-spirals may be also presented in terms of 
active and passive earth pressure coefficients and failure 
mechanisms. Log-spiral methods (Rendulic, 1935 from Brinch 
Hansen, 1953) can be seen as an application of the kinematical 
approach in the framework of the yield analysis. Hence, the 
values of active earth pressures are expected to be slightly lower 
than those calculated by means of Boussinesq’s equations and 
the values of passive earth pressures are expected to be slightly 
higher (Soubra, 2000; Patki, 2015). Log-spiral calculations are 
performed using the software Talren (Talren 2022): the most 
critical log-spirals used for the calculation of the active or 
passive earth pressure coefficient is determined by investigating 
various locations of the log spiral centres, of the curvature 
angles, and positive or negative concavities. Table 2 provides 
some values obtained by the two calculation methods (proposed 
solution for Boussinesq equations and log-spirals method). The 
results are in line with the expectations stated earlier and the 
two values are always very close. 
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Table 1. Comparison of active and passive earth pressure coefficients 
for the case 1 

Active state 
Inclination /=-1 /=-2/3 /=0 /=2/3 /=1 

Proposed 
method 

0.886 0.477 0.333 0.301 0.307 

Caquot and 
Kerisel 

0.981 0.476 0.333 0.300 0.308 

Coulomb 0.866 0.469 0.333 0.297 0.297 
Closed-form 

solution 
1.006 0.484 0.333 0.301 0.315 

Passive state 
Inclination /=-1 /=-2/3 /=0 /=2/3 /=1 

Proposed 
method 

6.55 5.26 3.0 1.46 --- 

Caquot and 
Kerisel 

6.50 5.30 3.0 1.46 --- 

Closed-form 
solution 

5.80 5.26 3.0 1.38 --- 

Table 2. Comparisons with log-spiral method 
Active state 

Inclination /=-1 /=-2/3 /=0 /=2/3 /=1 

Proposed 
method 

0.886 0.477 0.333 0.301 0.307 

Log-spiral 0.817 0.467 0.333 0.297 0.297 
Passive state 

Inclination /=-1 /=-2/3 /=0 /=2/3 /=1 

Proposed 
method 

6.55 5.26 3.0 1.46 --- 

Log-spiral 6.931 5.341 3.0 1.650 --- 

5 AN EXAMPLE IN SEISMIC CONDITIONS 

5.1 Case under consideration 
The exampled is now considered for various acceleration 
conditions: ah=0.1 (a) ; 0.2 (b) and 0.3 (c). The vertical 
acceleration component can be positive (+) or negative (-) and 
is equal to the half of the horizontal acceleration component. 
Considering the rotation principles with the angle eq, the 
closed-form solutions (Lancelotta, 2007) presented previously 
provide the values 𝐾′௔ாఊ

∗  and 𝐾′௣ாఊ
∗ : 

K′ୟ୉ஓ
∗ ൌ K′ୟ୯∗ cosሺβ െ λሻ         (14) 

K′୮୉ஓ
∗ ൌ K′୮୯∗ cosሺβ െ λሻ         (15) 

5.2 Results 

For a stress inclination ratio / equal to 1.0 for the active state 
and -1.0 for the passive state, the results are provided in Table 
3 for the proposed method based on Boussinesq’s equations, the 
log-spiral method and the closed-form solution derived from 
Lancelotta (2007). They give very close and consistent results: 
when the vertical acceleration is negative (upwards), the earth 
pressures are reduced in comparison to the case where the 
vertical acceleration is positive (downwards) for both the active 
and passive states. The results from the closed-form solution are 
still on the safe side. The log-spiral method gives lower values 
for active states and higher values for passive states, which is 
consistent for a kinematical approach in the framework of the 
yield analysis. For the three methods, the variations are higher 
for the active states than for the passive states.  

Table 3. Seismic earth pressures 

 Kୟ୉ஓ  K′ୟ୉ஓ
∗   Kୟ୉ஓ  

(log-spiral) 
K୮୉ஓ  K′୮୉ஓ

∗   K୮୉ஓ  
(log-spiral) 

Static 0.307 0.315 0.297 6.548 5.804 6.931 
(a+) 0.392 0.396 0.387 6.403 5.740 6.845 
(a-) 0.362 0.366 0.358 5.747 5.157 6.148 
(b+) 0.498 0.500 0.496 6.223 5.637 6.712 
(b-) 0.449 0.449 0.448 4.895 4.456 5.301 
(c+) 0.632 0.632 0.632 6.004 5.493 6.527 
(c-) 0.600 0.600 0.600 3.957 3.667 4.340 

6 FAILURE MECHANISMS 

6.1 Main results 
In addition to the active and passive earth pressure coefficients, 
the failure mechanisms can be plotted: the first part in Rankine 
domain is a straight line as assumed by this theory while the 
second part in Boussinesq domain is close to a log-spiral curve 
(without being one exactly). This curve can be determined 
using the Mohr circle and the slip line field theory (Absi, 1984) 
by the following equation considering a radius r equal to 1.0 at 
the location of the wall: 

r ൌ eି׬ ୲ୟ୬ஞሺனሻ.ୢன        

ξሺωሻ ൌ
஠

ସ
െ േ

஦

ଶ
േ
ሺனಉേ஑ሻ

ଶ
  and  ω஑ ൌ arcsin ቀ

ୱ୧୬஑

ୱ୧୬஦
ቁ  

(16) 

with (-) for active state and (+) for passive state. 
() represents the angle between the slip line and the 

normal line to any radial plane. At the location of the wall, for 
a stress inclination equal to zero (=0 and =0), the slip line 
inclinations are equal to /4±/2 for active and passive state. 
For a stress inclination  on the wall corresponding to a ratio 
/ respectively equal to 1.0 for active state and -1.0 for passive 
state, the slip line inclination is equal to  or - on the wall 
(=± and =±/2). Figure 8 shows the failure mechanisms 
determined for various stress inclinations. The ability to 
represent the failure mechanisms for active and passive states is 
useful to see the involved ground volume, especially for slopes 
of cuttings or embankments, and thus check if the calculation 
of the active or passive earth pressure coefficient is acceptable. 

For the active states, the slip lines are straight, which 
explains the small differences between Coulomb and 
Boussinesq theories. Nevertheless, for the passive states, it is 
not possible to assume straight lines (except when the stress 
inclination on the wall is equal to zero). Moreover, it can be 
noticed that the concavity of the slip lines can be positive or 
negative according to the inclination on the wall. The failure 
mechanisms are quite similar to those obtained by Sokolowski 
(1965). 

 
Figure 8. Envelope of slip lines for the active state 

 
Figure 9. Envelope of slip lines for the passive state 
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For static conditions, Figures 10 and 11 show the failure 
mechanisms using Boussinesq’s equations and log-spirals only 
regarding the active and passive earth pressure mechanisms. 
The two failure mechanisms are close, which is in accordance 
with the low differences that have been obtained between the 
values of earth pressures. The concavity of the failure 
mechanisms is also the same, which means that both negative 
and positive values of concavity should be investigated with 
log-spiral methods. 

 
Figure 10. Failure mechanisms-comparison with log-spirals (active) 

 
Figure 11. Failure mechanisms-comparison with log-spirals (passive) 

For seismic conditions, Figures 12 and 13 give an example 
for a horizontal acceleration equal to 0.3 both for active and 
passive earth pressures with positive and negative vertical 
accelerations. In comparison to static conditions, the extension 
of the failure mechanism is increased in seismic conditions: this 
observation is especially important for the design of retaining 
structures interacting with each other. For the active state, the 
extension modification in seismic conditions is larger than for 
the passive state, which is consistent with the stronger variation 
of the active earth pressure coefficient as mentioned previously. 

Figures 14 and 15 show another example considering 
stabilising (stb) and destabilising (dst) horizontal accelerations 
and illustrate the modifications of the failure mechanisms with 
the direction of the acceleration. The active and passive earth 
pressure coefficients are the following (│ah│=0.2 and av=-0.1): 

KaE(dst)=0.449            KaE=0.307           KaE(stb)=0.185 
KpE(dst)=4.895            KpE=6.548           KpE(stb)=6.732 

 
Figure 12. Slip line enveloppes for the active state 

(ah=0.3 and │av│=0.15) 

 
Figure 13. Slip line enveloppes for the passive state 

(ah=0.3 and │av│=0.15) 

 
Figure 14. Envelope of slip lines for the active state  

(│ah│=0.2 and av=-0.1) 
 

 
Figure 15. Slip line enveloppe for the passive state 

Figure 16. (│ah│=0.2 and av=-0.1) 

CONCLUSIONS 

This paper presents an original numerical procedure to solve 
Boussinesq’s equations to calculate earth pressure coefficients 
for both static and seismic conditions. In static conditions, the 
obtained results have been compared to the values from the 
tables established by Caquot, Kerisel and Absi on the one hand 
and by the log-spiral approach on the other hand. The results 
are quite similar, which proves the relevance and the 
consistency of the developed numerical procedures. The 
closed-form solutions proposed by both L’Herminier and Absi 
(1962) and Lancelotta (2002) are also very close and can be 
considered as cautious estimate for both active and passive 
earth pressures. The failure mechanisms have also been plotted 
in order to appreciate the ground volume involved in the active 
and passive states. In seismic conditions, the same results have 
been established, and similar conclusions are drawn. The failure 
mechanisms provide some insights about the extent of the zone 
of influence in both static and seismic conditions. Rotation 
principles can be applied to any calculation approach that has 
been validated in static conditions. 
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ANNEX A: COEFFICIENTS KAQ, KPQ, KAC AND KPC 
This annex gives the equations proposed by L’Herminier and 
Absi (1962) or Lancelotta (2002) to calculate active and passive 
earth pressure coefficients Kaq and Kpq in weightless conditions. 
Only the fundamental equation is given when the log-spiral is 
between to Rankine mechanisms. When the two Rankine 
mechanisms are in interaction (a or b < 0), other equations 

should be used (see L’Herminier and Absi, 1962, for more 
details). 
The coefficients Kaq and Kpq are determined according to the 
following equations:  

𝐾௔௤ ൌ
𝑐𝑜𝑠𝛿 െ 𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜔ఋ
𝑐𝑜𝑠𝛼 ൅ 𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜔ఈ

𝑒ିଶటೌ௧௔௡ఝ 

𝐾௣௤ ൌ
𝑐𝑜𝑠𝛿 ൅ 𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜔ఋ
𝑐𝑜𝑠𝛼 െ 𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜔ఈ

𝑒ଶట೛௧௔௡ఝ 

𝑠𝑖𝑛𝜔ఋ ൌ
𝑠𝑖𝑛𝛿
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For a vertical loading, the inclination  is chosen as following: 
𝛼 ൌ െ𝛽. 
The coefficients 𝐾௔௖ and 𝐾௣௖ used to account for the cohesion 
can be determined by the following equations for their 
implementation by means of the corresponding state theorem: 

𝐾௔௖ ൌ
ଵ

௧௔௡ఝ
ቀ

ଵ

௖௢௦ఋ
െ 𝐾௔௤,ఈୀ଴ቁ with 𝐾௔௤,ఈୀ଴ the value 𝐾௔௤ 

calculated for 𝛼 ൌ 0  

𝐾௣௖ ൌ
ଵ

௧௔௡ఝ
ቀ𝐾௣௤,ఈୀ଴ െ

ଵ

௖௢௦ఋ
ቁ with 𝐾௣௤,ఈୀ଴ the value 𝐾௣௤ 

calculated pour 𝛼 ൌ 0 
These relationships are based on the fact that the adhesion 
between the wall and the ground is equal to: 

𝑎
𝑐
ൌ
𝑡𝑎𝑛𝛿
𝑡𝑎𝑛𝜑
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