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Abstract: The general assumption of linear variation of
earth pressures with depth on retaining structures is still
controversial; investigations are yet required to deter-
mine those distributions of the passive earth pressure
(PEP) accurately and deduce the corresponding centroid
location. In particular, for rigid retaining walls, the cal-
culation of PEP is strongly dependent on the type of wall
movement. This paper presents a numerical analysis for
studying the influence of wall movement on the PEP dis-
tribution on a rigid retaining wall and the passive earth
thrust location. The numerical predictions are remark-
ably similar to existing experimental works as recorded
on scaled test models and full-scale retaining walls. It is
observed that the PEP varies linearly with depth for the
horizontal translation, but it is nonlinear when the move-
ment is rotational about the top of the retaining wall.
When rotation is around the top of the wall, the resultant
of PEP is located at a depth that varies between 0.164
and 0.259H of the wall height measured from the base
of the wall, which is lesser than 1/3 of the wall height.
The passive earth thrust location is highly affected by the
soil–wall friction angle, especially when the friction angle
of the backfill material increases. Despite the herein pre-
sented results, further experiments are recommended to
assess the corresponding numerical predictions.

Keywords: passive pressure, numerical analysis, rotation,
translation movement, wall

1 Introduction

Earth pressure distribution is an important condition for
the economical and secure design of retaining walls,
sheet piles, and diaphragm walls. The soil pressures
determined by the theory of Rankine [1] or Coulomb [2]
assumed a linear surface of failure and the resultant of
the passive earth pressure (PEP) is located at 1/3H mea-
sured from the wall base. The geotechnical engineers still
follow these ideas in the analysis and design of retaining
walls until now. Several experimental studies suggested
that the movement of the wall greatly affects the distribu-
tion of PEP and its centroid [3–9]. Based on the existing
contributions in this field, the coefficient of PEP (Kp) and
the normalized depth (h/H) where the resultant of PEP
acts are considered the key parameters in estimating the
distribution of PEP. Literature review showed that few
investigations are available as related to PEP induced
by retaining walls. Earlier, Fang et al. (1994) [4] studied
different displacement modes and various densities of
sand to analyze the distribution of PEP.

Later, Fang et al. (2002) [10] conducted series of
experiments dealing with PEP distribution using loose
cohesionless backfill material. Those authors concluded
that the passive pressure distribution is linear and in
good agreement with a classical solution.

Recently, Dou et al. [5] carried out experimental and
analytical investigations for studying the distribution of
the passive soil pressure exerted on a wall model sub-
jected to rotation around its top. Those authors analyzed
the effect of relative density of the backfill material on
PEP distribution and the centroid of passive earth force.

Regarding analytical contributions, the solution pro-
vided by Kérisel and Absi [11] enables the effect of soil–
wall frictional contact to derive the PEP.

Studying the effects of the types of movement on the
distribution of PEP exerted on a retaining wall is very
useful because of its substantial importance in the prac-
tice of design and analysis of retaining structures. As the
first example, coal mining activities and ships operations
during berthing represent some of the main applications
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of induced passive earth stress by quay wall. The second
example corresponds to buildings comprising basement
levels when subjected to the wind solicitation and also
generates the passive earth state.

The numerical analysis applications have been extended
to several problems; it has been concluded that such tools
are suitable to analyze geotechnical problems [12–16].
However, the FEM requires calibration by selecting appro-
priate parameters or a soil constitutive model. Accord-
ingly, this numerical investigation’s main objective is to
investigate the distribution of PEP on a rigid retaining wall
subjected to a horizontal translation movement and rota-
tional movement around its top. Applicability of the trans-
lation and rotation movements is essentially viewed from
the in situ observed failure modes. Meanwhile, one can
adopt that translation movement applies for soil failure
only produced over the retaining structure’s height. How-
ever, rotation failure mode essentially involves in a more
significant volume of landslide surrounding the retaining
structure. In this paper, a numerical analysis is performed
to predict a purely frictional soil behavior subject to trans-
lation and rotation movements by a rigid wall. The com-
puted passive earth force, for different values of the inter-
face soil–wall resistance, is compared to existing analytical
and experimental results. Two main parameters govern the
passive earth force: its intensity and normalized location
with respect to normalized location regarding the rigid wall
height. Therefore, the present work focuses on the deter-
mination of PEP induced by two types of rigid wall move-
ments, e.g., translation and rotation around the top, on
which very few contributions exist. Indeed, the proposed
results highlighted the significant influence of the type of
wall movement on the distribution and the resultant of PEP
for cohesionless backfill material.

2 Numerical analysis

A numerical model is adopted to predict the PEP distri-
bution on a rigid wall undergoing two movement types.
The first type of movement is a horizontal translation (T),
where S represents the maximum uniform horizontal dis-
placement as shown in Figure 1a. The second type of
movement is a rotation around the top of the wall (RT)
(Figure 1b), where θ indicates the rotation angle. In both
cases, the PEP is mobilized along with a purely frictional
contact between the soil and the wall.

A rigid retaining wall model is analyzed in plane
strain condition using 2D finite-difference element code
FLAC [17]. The cohesionless backfill material is assumed

dry and homogenous. Preliminary numerical trials were
implemented to select the suitable geometry of retaining
wall, size of mesh, boundary conditions, and rate of dis-
placements, (S in T movement) and (θ in RT movement),
applied at the nodes over the wall height. Figure 2 shows
the geometry of the wall model of 1 m height. Following
the guidelines provided in FLAC [17], the dimensions of the
soil model are chosen to be equal to 6 times the wall
height in horizontal (x coordinate) and vertical (y coordi-
nate) directions tomitigate the boundary effects. Boundary
conditions are the following (Figure 2):
• At x = 6H and 0 ≤ y ≤ 6H, only vertical displacement is
permitted.

• Two different boundary conditions are adopted at x = 0
and 0 ≤ y ≤ 6H:
(1) x = 0 and 5H ≤ y ≤ 6H, there are two cases: uniform

horizontal displacement as shown in Figure 1a and
rotational displacement as shown in Figure 1b.

(2) x = 0 and 0 ≤ y < 5H, the horizontal displacement is
zero; the vertical displacement is allowed.

• y = 0 and 0 ≤ x ≤ 6H, the horizontal and vertical dis-
placements are not allowed (zero values).

Several numerical models were performed to choose
the most appropriate one to ensure that the developed
failure surface is entirely located in the backfill material,
i.e., it does not intercept the vertical right-hand boundary.
The mesh size is refined near the wall-soil interface, where
the maximum deformations are distributed, as shown in
Figure 2. The discretization of the experimental model
requires introducing a suitable interface element to char-
acterize the friction soil–wall contact. Hence, joints of zero
thickness are used to simulate the interface element. The
cohesionless interface is characterized by a normal stiff-
ness Kn = 103 MPa/m and a shear stiffness Ks = 103 MPa/m;
the frictional contact at the soil and wall interface takes the
following normalized values: δ/φ = 0; 1/3; 1/2; 2/3; 1. The
friction angle of the backfill material (φ) varies as 20, 25, 30,
35, and 40° (Fang et al. 1994) [4]. Following the recommen-
dations given in the FLAC [17] users guide, the values of

Figure 1: Assumed wall movements. (a) Translation, (b) rotation
about top.
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normal and tangent stiffnesses, Kn and Ks, of the soil–wall
interface are assumed equal ten times the equivalent stiff-
ness of the adjacent element. The stress–strain behavior of
soil is supposed to be linear elastic-perfectly plastic and to
obey Mohr–Coulomb failure criteria with related flow rule.
The soil properties are: unit weight (γ) is 20 kN/m3, the
Young modulus (E) is 27MPa, Poisson’s ratio (ν) is 0.35,
the shear modulus (G) is 10MPa, and the bulk modulus
(K) is 30MPa [18]. It is noted that the magnitude of the
PEP coefficient (Kp) does not depend on the soil’s elastic
properties [19].

The rigid retaining wall moves towards the backfill
material to create the passive soil failure. In the case
of the translation movement (T), a prolonged displace-
ment rate of 10−6 m/step is applied to all wall elements
(Figure 3a). For the rotational movement (RT), a rotation
angle of magnitude 2.10−4 rad is applied around the wall’s
top edge (Figure 3b). As the wall starts tomove towards the
soil, a steady plastic flow is induced in it, which is accom-
panied by gradual increase in the PEP. The corresponding
PEP to the displacement causing the plastic condition
describes the ultimate passive earth force as shown in
Figure 4, where Pp corresponds to the ultimate passive
force’s recorded asymptotic value. Hence, the coefficient
of PEP (Kp) can be calculated using equation (1):

= /( )K P γH δ2 cosp p
2 (1)

The centroid of the resultant of the PEP is normalized
to the wall height (h/H); where h is the distance between
the wall base and the location of the PEP resultant.

3 Results and discussion

3.1 Analysis of rigid wall under translation
movement

Assessment of the numerical model’s predictions is car-
ried out through comparison with available experimental
results and theoretical solutions of the PEP coefficient
(Kp), the PEP distribution, and the centroid of the PEP
force.

3.2 Predictions of the coefficient of PEP (Kp)

First, Kp’s numerical results are compared with the existing
solutions offered in research [11,18,20]. Figures 5 and 6
show the variation of PEP coefficient (Kp) obtained from
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Figure 2: The adopted mesh of the proposed numerical model.
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those existing solutions versus the friction angle of backfill
material (φ) and the angle of frictional contact between
the soil and the wall (δ). Four prediction methods are

considered, including the analytical methods suggested
in ref. [11,20]. Numerical predictions correspond to the pre-
sent analysis and the analysis by Benmeddour et al. [18].

(a)

(b)
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Figure 3: Predicted displacements field in the backfill material at the passive state. (a) Translation movement (T), (b) rotation around the
top (RT).
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Note that Benmeddour et al. [18] did not calculate the Kp

value for δ = φ. Figure 6 shows the comparison corre-
sponding to this case only considered with ref. [11,20].

From Figure 5, it is clear that in the range 0 ≤ δ/φ ≤ 1/3,
the proposed numerical and analytical methods lead to
the same value of the PEP coefficient Kp. A little difference
between Kp values is noted when the backfill material’s
friction angle exceeds 35°. The conservative prediction
is that obtained by the present analysis; the maximum
prediction of Kp corresponds to the research proposed by
ref. [20]. In turn, from δ/φ = 2/3 to 1, Figure 6 shows
significant differences between the values of Kp obtained
by the present analysis and the existing numerical and

analytical methods. For the most considered assump-
tion, i.e., δ/φ = 2/3, the maximum difference is marked
between Kp values 6 and 7 for φ = 35°, then between 10.8
and 12.5 for φ = 40°. This difference becomes more
remarkable when assuming a total adhesion between
the soil and wall interface: δ = φ. Regardless the relative
differences between the results herein presented and
those proposed by Kérisel and Absi [11] and Soubra
and Macuh [20], one notes that the kinematic approach
of limit analysis often provides an upper bound solu-
tion that is visible from Figure 6. Absi and Kérisel’s
analytical solution is found between the upper bound
solution and the proposed numérical results deduced
from FLAC 2D code. The latter, as perceived as an
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approximation of an exact solution, may lead to under-
estimated predictions.

3.3 PEP distribution

Figure 7 shows the normalized distribution of PEP on a
rigid vertical wall, where the earth pressure is divided by
the overburden pressure (γH), and the depth (z) is divided
by the wall height (H). Linear variation of the PEP is
almost predicted over 90% of the rigid wall height; mean-
while, close to the wall base, a nonlinear variation of the
PEP is obtained, particularly in case of a perfectly rough
wall (δ = φ). First, the results shown in Figure 7 indicate
that the present numerical investigation’s predictions are
confirmed by the analytical solution proposed by the
Rankine’s theory up to a depth that equals 0.93H. The
nonlinearity observed at the wall base is attributed to
the boundary conditions applied to the node in discre-
tizing the wall by the finite-difference method. One notes
that the increase in the angle of friction of the soil–wall
contact causes the PEP growth with an exception made to
the case δ = φ.

Figure 8 shows the variation of maximum shear
strains behind the rigid wall undergoing a translation
movement in cases of the smooth soil–wall interface
(δ = 0) and rough soil–wall interface (δ = φ) for φ =
30°. When a smooth soil–wall interface is considered,
the shear failure surface is linear and oriented from the
wall base to the ground surface and the failure angle (θ)
is about 29.214° (Figure 8a). The angle of the failure
plane, concerning horizontal direction, is approximately
equal to the theoretical value by Rankine theory, i.e., θ =
tan−1(45 − φ/2) = 29.985° [1]. In contrast, Figure 8b shows
that the shear failure surface is somewhat curved log-

spiral one for a rough soil–wall contact. The corre-
sponding predicted failure mechanism is quite similar
to that of the limit equilibrium Prandlt’s solution.

Using the critical state concept, Fang et al. [10] ana-
lyzed the effect of the relative density (Dr) of backfill
material on the PEP. The experiments were performed
for horizontal cohesionless backfill material retained by
a vertical rigid wall undergoing horizontal translation
movement. Fang et al. [10] concluded, for a loose backfill
material (Dr = 38%), that the passive condition occurred
when the normalized wall displacement is about Smax/H =
0.17. In the case of medium dense (Dr = 63%) and very
dense (Dr = 80%) backfill material, the peak of PEPs
were recorded for normalized horizontal displacements
of Smax/H = 0.03 and Smax/H = 0.01, respectively. After
that, adopting the residual shear strength of backfill
material, the predicted PEP is reduced; the ultimate pas-
sive force was recorded at normalized horizontal displa-
cement Smax/H = 0.10 for medium dense backfill material
and Smax/H = 0.20 for dense backfill material. Table 1
compares PEP’s predicted coefficient (Kp) by FLAC code
with those suggested by Fang et al. [10].

The present analysis results provide an acceptable
estimation of the PEP coefficient (Kp) with a maximum
relative difference of −20.84, 9.54, and 6.82% for the dense,
medium dense, and loose backfill materials, respectively.
When adopting the peak shear strength for the dense
backfill material, the maximum difference in the normali-
zed horizontal displacement is equal to 50%. Indeed, in
the case of dense sand, from Table 1, the normalized
horizontal displacement is between 0.01 and 0.2. Based
on the maximum relative differences of Kp values, one
notes that friction angles adopted by Fang et al. of
42.1°, 38.30°, and 33° for dense, medium, dense, and
loose sands, respectively, are overestimated. More likely,
Fang et al. [10] adopted those failure values in a range
exceeding the small strain one, i.e., greater than 5%.

Indeed, for sands, current friction angle values of
those three density states are rather equal to 28–29°,
30–31°, and 38–39°, respectively Kérisel and Absi [11].
As such, the high relative difference for the dense sand
can be argued.

4 Analysis of rigid wall under
rotational movement

Early experimental work presented by Fang et al. [4]
showed a nonlinear distribution for the PEP on the rigid
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rigid wall subjected to translation movement (φ = 30°).

Impact of wall movements on the location of passive Earth thrust  575



wall, which depends on the wall movement’s type before
reaching the failure phase. Experimental results of those
authors are used to assess the predictions by the present

numerical analysis. The main parameters used in the
study are the backfill material’s friction angle φ = 30.9°
and the friction angle of soil–wall is δ = 19.2°. When a
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rigid wall undergoes a translation movement, Figure 9
indicates that the variation of experimental normalized
PEP with depth well agrees with the predicted one up to a
normalized depth equal to 0.8. Precisely, from the ground
surface to a depth equaling to 0.38H, numerical predic-
tions are underestimated compared to the experimental
results; the maximum relative difference equals 24%.
Meanwhile, for depth between 0.38 and 0.8H, the numer-
ical predictions overestimate the experimental results
obtained by Fang et al. [4] with a maximum relative dif-
ference of 23%.

From Figure 9, when a rigid wall undergoes a rota-
tion around the top RT, between depths 0.37 and 0.95H,
the predicted PEP significantly overestimates the recorded
values [4]. The experimental centroid is located at a depth
equal to 0.18H above the rigidwall base (Table 2). However,

the predicted numerical centroid equals 0.26H above the
rigid wall base. The relative difference between the two
results is not negligible, i.e., 30.77%. Although the experi-
mental and numerical normalized horizontal displacement
of the rigid wall is in good agreement, the discrepancy in
terms of recorded and predicted passive stresses can be
attributed to the adopted value of soil–wall contact’s fric-
tion angle.

From the results suggested by Fang et al. [4], one
concludes that the magnitude of the passive force and
its location significantly depend on the type of wall
movement (Figure 9).

Further, the assessment of numerical predictions
using Dou et al.’s [5] experimental data leads to a good
agreement between the values of the centroid of passive
force predicted by FLAC 2D code which clearly appears in
Table 3. For the loose and the medium dense backfill, the
maximum relative difference is 0.57 and 0.09%, respec-
tively. However, for the dense sand case, the passive
force’s centroid is applied at depth of 0.8032H, which
is slightly different from the experimental result, i.e.,
0.735H. Scatter is about 8.18% for recorded data and
7.28% for analytical results. Also, at depths less than
0.3H, there is no effect of the relative density of the back-
fill material on PEP’s value; the numerical results agree
well with those recorded from the experiments.

Figure 10 shows that the predicted PEP in loose sand
is not confirmed by Dou et al. [5] results, significantly
beyond a normalized depth equal to 0.5. In turn, for
medium and dense sands, FLAC predictions are in good

Table 1: Comparison of predicted Kp and Smax values with recorded data by Fang et al. [10]

Shear strength Backfill density Dr (%) δ (°) φp (°) Fang et al. [6] Present analysis

Kp Smax/H Kp Smax/H

Peak shear strength Loose 38 9.8 33.0 5.0 0.17 5.366 0.17
Medium 63 12.6 38.3 6.5 0.03 6.500 0.03
Dense 80 14.0 42.1 8.2 0.01 6.786 0.02

Residual shear strength Loose 38 9.8 31.5 5.0 0.17 5.008 0.17
Medium 63 12.6 31.5 4.8 0.10 5.306 0.11
Dense 80 14.0 31.5 4.8 0.20 5.453 0.20
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Figure 9: Distribution of PEP with experimental results by Fang et al.
[4] (φ = 30.9° and δ = 19.2°).

Table 2: Predicted maximum horizontal displacement, Smax, and the centroid of PEP force compared with results of Fang et al. [4]

Wall movement φ (°) δ (°) Fang et al. [4] Present analysis

Smax/H Centroid Smax/H Centroid

Translation (T) 30.9 19.2 0.18 0.36 0.18 0.334
Rotation around the top (RT) 0.20 0.18 0.20 0.260
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agreement with recorded data. Figure 10 shows the vali-
dation of FLAC 2D code predictions by the experimental
results up to a depth equals the half of the wall height for
medium sand retained by a rigid wall rotating around
its top.

Beyond this depth, the results obtained by FLAC 2D
code overestimate the experimental results by 33%. The
results shown in Figure 10 show that the predicted PEP by
the FLAC 2D code for loose, medium, and dense backfill
materials underestimates the experimental results up to a
depth equal to 0.63H. Beyond this depth, this trend is
reversed.

5 Recommended design
parameters

The proposed numerical model was used to investigate
the effects of the friction angle (φ) of backfill material and
the contact friction angle (δ) between the soil and rigid
wall on the PEP coefficient and the centroid of resultant
of passive pressure. Table 4 summarizes the calculated
PEP coefficient and centroid for five values of the friction
angle of backfill material (φ = 20°, 25°, 30°, 35°, and 40°)

and five values of contact friction angle (δ = 0, 0.333φ,
0.5φ, 0.667φ, and φ). Overall, the predicted PEP coeffi-
cient and centroid in the present work, for both T and RT
movements, are in good agreement with earlier solution
suggested by Kérisel and Absi [11]. Moreover, the pre-
dicted PEP coefficient for translation movement (T) is
higher than that of rotational movement (RT).

Figure 11 shows, in normalized scale, in case of RT
movement, the variation of the PEP with depth for dif-
ferent values of the contact friction angle (δ) between the
soil and wall and the friction angle of backfill material is
(φ = 30°). It is evident from the results shown in Figure 11
that the normalized PEP is marginal and not influenced
by the contact friction angle (δ) from the top of the wall to
a depth equal to 0.4H. Then, from depth equaling to 0.4H
to a depth equaling to 0.83H, the normalized pressure
increases linearly with a noticeable effect on the contact
angle (δ). In this range of depth, when the value of δ
increases, the PEP also increases. There is an arbitrary
distribution at depth greater than 0.94H for the normal-
ized PEP, which can be related to the boundary condi-
tions at the base of the rigid wall both for the T and RT
movements.

Based on the results shown in Figure 12, it is clear at
depth equaling to 0.32H from the wall base in the case of
translation movement, the centroid of PEP is almost con-
stant. Therefore, the soil–wall friction angle (δ) and the
friction angle of backfill material (φ) have negligible
effects on the variation of PEP with depth. The centroid
of passive earth distribution decreases significantly in the
range from 0.259 to 0.164H measured from the rigid wall
base in the case of rotational movement (RT). In this case,
one concludes the noticeable effects both of angles (δ)
and (φ) on the predictions

A slight change was noticed in PEP’s magnitude
when the contact friction angle (δ) increases from zero
to φ. The centroid of PEP moves towards the wall base due
to the increase in the soil density and its friction angle.
Therefore, the horizontal displacement of the wall can be
neglected. The present analysis’s numerical predictions

Table 3: Comparison of the calculated centroid of PEP with results of Dou et al. [5]

Backfill density φ (°) δ (°) The centroid of earth pressure from the soil surface

Dou et al. [5] Present analysis

Experimental Theoretical

Loose sand 32.60 10.87 0.7547 0.7796 0.7590
Medium sand 34.00 11.33 0.7786 0.7827 0.7793
Dense sand 42.99 14.33 0.7375 0.7448 0.8032
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RT: G Dou et al. (2017), h/H= 0.7547 (0.2453) Loose Sand
RT: G Dou et al. (2017), h/H= 0.7786 (0.2214) Medium Dense Sand
RT: G Dou et al. (2017), h/H= 0.7375 (0.2625) Dense Sand
RT: Present analysis, h/H=0.7590 (0.2410) Loose Sand
RT: Present analysis, h/H= 0.7793 (0.2207) Medium Dense Sand
RT: Present analysis, h/H= 0.8032 (0.1968) Dense Sand

Figure 10: Variation of the PEP with depth from experimental results
[5] and predictions by the numerical analysis.
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indicate that PEP’s centroid can be taken to H/3 from
the wall base for a horizontal translation movement (T).
However, the centroid of PEP for rotation about the top of
the wall (RT) is lesser than H/3 from the wall base. Values
given in Table 5 are recommended for estimating the cen-
troid of PEP on a rigid wall undergoing a rotational move-
ment about its top.

6 Conclusion

This paper aims at the numerical determination of the
passive earth force generated by a rigid wall movement,
either in translation or in rotation around the top, against
a purely frictional soil. Implemented parametric study

Table 4: Comparison of Kp and the centroid of the resultant of PEP as obtained from the present analysis with Kérisel and Absi [11] solution

φ (°) φ/δ Kérisel and Absi [11] Present analysis

Kp Centroid T-mode RT-mode

Kp Centroid Kp Centroid

20 0 2.05 0.333 2.076 0.322 2.052 0.235
1/3 2.40 2.403 0.327 2.311 0.240
1/2 2.55 2.564 0.328 2.438 0.246
2/3 2.75 2.720 0.329 2.549 0.249
1 3.10 2.956 0.336 2.717 0.259

25 0 2.45 0.333 2.515 0.320 2.45 0.214
1/3 3.10 3.079 0.326 2.893 0.223
1/2 3.40 3.376 0.327 3.110 0.232
2/3 3.70 3.676 0.329 3.283 0.239
1 4.40 4.205 0.336 3.658 0.241

30 0 3.00 0.333 3.070 0.316 2.970 0.196
1/3 4.00 4.024 0.325 3.685 0.210
1/2 4.60 4.571 0.326 4.040 0.220
2/3 5.30 5.163 0.330 4.313 0.234
1 6.50 6.291 0.340 5.070 0.236

35 0 3.70 0.333 3.786 0.311 3.651 0.183
1/3 5.40 5.418 0.325 4.828 0.203
1/2 6.50 6.480 0.326 5.479 0.213
2/3 8.00 7.669 0.327 6.170 0.217
1 10.50 10.180 0.332 7.703 0.218

40 0 4.50 0.333 4.729 0.309 4.381 0.164
1/3 7.60 7.605 0.323 6.397 0.183
1/2 9.60 9.676 0.323 7.817 0.192
2/3 12.00 11.970 0.328 9.511 0.202
1 18.00 18.710 0.351 13.560 0.225
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Figure 11: The effect of contact angle (δ) on the variation of the
normalized PEP (φ = 30° and RT-movement).
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Figure 12: Location of the resultant of PEP for various friction angles
of the backfill material considering translation and rotation around
the wall movements.
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considered the influence of the friction angle, e.g., den-
sity, of the cohesionless soil and the soil–wall friction
angle on the PEP.

The main findings from the numerical analysis con-
ducted by the 2D FLAC code are the following:
• The type of wall movement highly influenced the resul-
tant of the PEP and its location. Good agreements are
observed between the obtained numerical predictions,
analytical results by Kérisel and Absi (1990), and experi-
mental data proposed by Fang et al. (1994, 2002) and
Dou et al. (2017).

• The variation of the PEP force predicted by the pro-
posed numerical wall model for translation and rota-
tion around the top movements (T and RT) is in good
accordance with those obtained from previous studies.

• For a horizontal movement of a rigid wall (of height H)
and various friction angles of backfill material, the
numerical predictions showed a linear variation of
the earth pressure with depth. Besides, passive pres-
sure is located between 0.309 and 0.354H from the
wall base. However, a nonlinear variation of the PEP
was predicted in the case of rotational movement (RT),
and the resultant of passive pressure is located at 0.4H
from the wall base.

• The distance between the resultant of PEP and the wall
base decreases as the backfill material density increases.

• The centroid of PEP is somewhat different from the
classical solutions’ values when the rigid wall experi-
enced rotational movement around its top. The cen-
troid is approximately under 1/3H estimated from the
wall base. Therefore, consideration of the suggested
values (given in Table 5) is more useful for the analysis
of rigid retaining walls subjected to rotational move-
ment around the top.

• The proposed results require further developments by
investigating other types of walls and related move-
ments by using other numerical codes. In such a way,
much better update of recommendations for the design
of retaining walls can be confirmed.
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