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+e horizontal differential layer element method was used to study the active earth pressure of the finite-width soil formed by the
rigid retaining wall for the embankment or adjacent foundation pits.+e cohesionless soil was taken as the research object, and the
soil arch theory was introduced based on the translation mode of rigid retaining wall and the linear sliding fracture surface. +e
minor principal stress line was assumed as circular, considering the deflected principal stress as soil arching effect.+e shear stress
between level soil layers in the failure wedge was calculated, and the differential level layer method was modified. +en, the
theoretical formula of the active earth pressure, the resultant earth pressure, and the point of application of resultant earth
pressure were obtained using this revised method. +e predictions by the proposed formula were compared with the existing
methods combined with the cases. It is shown that the resultant finite pressure increases gradually and approaches to Coulomb
active earth pressure values when the soil is infinite, with the increase of the ratios of the backfill width to height. Moreover, the
horizontal pressure for limited soils is distributed nonlinearly along the wall height. Considering the shear stress between level soil
layers and the soil arching effect, the position of application point of the resultant active earth pressure by the proposed for-
mulation is higher than that of Coulomb’s solution.+e wall is rougher, and the resultant pressure will be smaller.+e application
point distance from the bottom of the wall will increase. Finally, an experiment was conducted to verify the distribution of the
active earth pressure for finite soil against rigid retaining wall, and the research results agree well with those of the
experimented observations.

1. Introduction

In recent years, a large number of high-fill embankment
retaining walls or adjacent foundation pit retaining walls
have appeared in roads and municipal engineering and
urban underground projects, forming a sloping finite-width
soil mass. When the soil of this kind of retaining wall works,
the sliding rupture surface fails to fully develop to the
horizontal plane and the boundary condition and failure
mode of the retaining wall are not in accordance with the
theoretical calculation conditions of the semi-infinite soil
classical earth pressure. +erefore, the calculation of the
active earth pressure of the finite soil mass in the em-
bankment retaining wall requires a novel method or research
based on the mechanism of finite width soil failure.

With the prolonged efforts of scholars, the theoretical
research on the active earth pressure of finite width soil rigid
retaining walls has achieved substantial achievements [1–8].
However, most research objects focus on the narrow-width
soil in adjacent building (basement) wall or bedrock, that is,
the boundary side of the limited soil is fixed, and the other
side of the retaining wall is slightly deformed. +e study of
active earth pressure on the sloping finite soil behind the
retaining wall for the embankment is relatively rare, and
there are few related reports and literatures. Liu [9] nu-
merically simulated the finite soil under sloping conditions,
but the boundary conditions were similar to those of ad-
jacent buildings. Xie et al. [10] used the upper bound theory
to derive the active earth pressure formula of the limited soil
of the retaining wall for the embankment, which assumes
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that the retaining wall is vertical and smooth without
considering the friction between the back and soil layer of
the retaining wall; Fang et al. [11] derived the active earth
pressure resultant force formula of limited soil under sloping
conditions using the limit equilibrium method. But, it did
not study the distribution of finite earth pressure.

Existing indoor model tests and field test studies have
shown that the earth pressure behind the retaining wall is a
nonlinear distribution [12–14]. It is important to explore the
earth pressure calculation model reflecting the nonlinear
distribution law in this research field. To examine the active
earth pressure distribution well, the microstratification
analysis method was proposed to calculate the earth pressure
coefficient according to the horizontal microstratification
equilibrium condition and obtained the high nonlinear
distribution of earth pressure along the rigid retaining wall
in the translational mode. Some scholars have improved
their methods and achieved abundant results, which pro-
moted the development of theoretical research on earth
pressure on retaining walls to some extent [15–18].

However, there are still two deficiencies in studying the
pressure distribution law of soil (either a semi-infinite soil
or a finite-width soil) using the microstratification unit
static equilibrium condition. On one hand, existing re-
search methods usually do not consider the shear stress
among the horizontal microlayers of the sliding soil wedge,
which also lack the rationality of the processing method.
Generally, the frictional force induced by the rough back of
the retaining wall and the filling causes the principal stress-
deflection in the soil. Furthermore, the shear stress exists
in the horizontal direction, forming a soil arching effect, so
that the active earth pressure of the retaining wall in the
translational mode is significantly nonlinear. +erefore,
the horizontal shear stress is inevitable to consider [19–21].
On the other hand, some research methods do not con-
sider the soil arching effect caused by the friction between
the retaining wall and the filling, as well as the filling and
sliding surface. +e main stress deflection causes a large
change in the actual stress state, and it cannot be used only
by the force and moment balance conditions of the
microstratified unit to derive the earth pressure calculation
formula, because in fact, the different shear stress distri-
bution patterns on the horizontal plane will directly affect
the moment balance conditions [22–24]. +erefore, it is
still necessary to unify the static balance conditions, the
shear stress on the microlayered unit, and the stress de-
flection in the back of the retaining wall caused by the soil
arching effect.

Li et al. [25] studied the lateral pressure of restricted
cohesionless material through numerical calculation and
theoretical analysis. +e transition of the lateral pressure can
be divided into two stages, and the stress is redistributed due
to the superposition of arching effect for model with smaller
width. Liu [6] studied the active earth pressures of the
limited cohesionless fills for rigid retaining walls in
mountainous regions and adjacent existing basement
foundation pit. +e reasonable distribution of earth pressure
is obtained with considering the shear stress between dif-
ferential layers.

Based on above evidence, the engineering characteristics
of the finite-width soil of rigid retaining wall under sloping
conditions were initially studied, and the cohesionless filler
was taken as the research object to solve the limit rupture
angle using the overall static equilibrium condition based on
the translational failure mode of the retaining wall. +en,
considering the soil arching effect caused by the friction
between the retaining wall and the filling as well as the filling
on sliding surface, the soil arching theory of the finite soil in
the deformation zone is introduced, and the circular arc
trajectories of minor principal stresses after the stress de-
flection were used to obtain the lateral active earth pressure
coefficient and the average shear stress coefficient through
Mohr’s stress circle; afterwards, the horizontal microlayering
analysis method is used to calculate the horizontal shear
stress between the horizontal microlayers and the horizontal
microstratification analysis method is corrected, thereby an
active earth pressure calculation model was established.

2. Retaining Wall Analysis Model and
Slip Surface

As shown in Figure 1, the height of the rigid retaining wall is
H, the back of the wall is vertical, and the slope behind the
wall is filled with cohesionless soil. +e bottom angle of the
slope is β, the finite width of top surface of the wall is l, the
surface of the fill is horizontal, the friction angle in the soil is
φ, the gravity is c, and the external friction angle between the
back wall of the retaining wall and the fill is δ:

c d � l +
H

tan β

df � l +
H

tan β
 

sin β
sin(α + β)

e d � l +
H

tan β
 

sin β sin α
sin(α + β)

ef � l +
H

tan β
 

sin β cos α
sin(α + β)

h � H − l +
H

tan β
 

sin β sin α
sin(α + β)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

. (1)

When the retaining wall for the embankment reaches the
active limit state in the translational displacement mode, the
slip surface is not fully developed to the top surface of the fill
but stopped on the slope surface due to the limited width of
the soil, and it is assumed that the plane slip surface passes
through the bottom of the wall and forms an angle αwith the
horizontal plane according to the Coulomb earth pressure
theory. +e geometric parameters of the model shown in the
figure satisfy the relation (1).+e limit rupture angle α can be
obtained by applying the method of the active earth pressure
resultant force extreme value.
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As shown in Figure 1, the abfd sliding wedge is taken as
the research object. According to the Coulomb theory
method, the finite active earth pressure formula can be
obtained. Firstly, the equilibrium equation using the vertical
direction and the horizontal static force is established as
follows:

W − Ea sin δ − N cos(α − φ) � 0, (2)

Ea cos δ − N sin(α − φ) � 0. (3)

where Ea is the active earth pressure resultant force, the
direction is opposite to the normal line of the back of the
wall, acting below the normal line; N is the reaction force on
the sliding surface, whose direction forms an angle φ with
the normal of the slip surface and acts below the normal; and
W is the self-weight of the abfd sliding wedge. Formulas (2)
and (3) are synthesized and obtained as follows:

Ea �
W

sin δ + cos δ cot(α − φ)
. (4)

When the soil reaches the active limit state, the corre-
sponding most dangerous slip surface fracture angle value is
solved [6, 11]. +e limit fracture angle is a function of φ, c, l/
H, and δ, and its explicit expression is difficult to obtain in
this problem. +e actual solution can be realized by the
iterative search method, and the limit rupture angle can
calculate the following substituted formula (4), thereby
obtaining the active earth pressure resultant force Ea based
on the generalized Coulomb theory.

3. Active Earth Pressure Intensity Solution

As above, the limit rupture angle can be obtained by using
the overall static equilibrium condition. Based on this, the
horizontal microhierarchical element method is used to
establish active earth pressure differential equation under
the force balance condition and then carry out the distri-
bution of active earth pressure. According to the relative
movement trend of the differential horizontal layer elements
of the soil wedge behind the wall, it can be divided into three
areas and the soil can be divided into upper and lower areas
by the ef boundary, namely, the I and III zones, and the thin

layer elements of transitional zone II is on the ef boundary.
As shown in Figure 2, based on the relative movement trend
and static equilibrium condition of the horizontal layer
elements in each zone, the shear stress action direction
among the layer elements of each partition is further ana-
lyzed by establishing equilibrium equations.

3.1. Zone I. +e sliding fracture surface develops from the
bottom of the wall to the slope because of the small dis-
placement of the retaining wall. +e movement trend of the
upper soil units is affected by the sliding of the lower soil
units. As shown in Figure 3, the force analysis is performed
for the horizontal differential layer elements of zone I and
the static balance condition of the horizontal direction can
be obtained:

σh1dz − τ1dz cot β − dτ1(l + z cot β) � 0. (5)

where the second-order differentials have been omitted (the
second-order differentials are also omitted in the later cal-
culation process, not listed again), σh1 is the horizontal active
earth pressure at the depth z, and τ1 is the horizontal shear
stress of the horizontal unit surface, assuming its average
distribution, which can be expressed as

τ1 � σv1k1. (6)

where k1 is the average shear stress coefficient of zone I
element, which is the ratio of the average shear stress τ1 to
the average vertical stress σv1, which is more complex and
affected by the sliding tendency of the horizontal element,
and k1 is generally a function of wall height, and should be
less than tanφ. In order to simplify the calculation, the linear
variation of k1 with the calculated depth is considered in the
height range of zone I, and the expression is as follows:

k1 �
zkh

h
, (7)

where kh is the average shear stress coefficient at the height h,
that is, the bottom surface of the zone I. According to the
vertical static balance condition of the horizontal unit, it can
be calculated as follows:

τw1dz + σv1dz cot β + dσv1(l + z cot β) − dw1 � 0, (8)

where τw1 is the friction shear stress on the contact surface
between the retaining wall and the soil, and its size can be
expressed as

τw1 � σh1 tan δ, (9)

where dw1 is the self-weight of the horizontal differential unit
of zone I and its size can be expressed as

dw1 � c(l + z cot β)dz . (10)

Formulas (5) and (8) are synthesized as follows:

σh1 �
k1c(l + z cot β)

k1 tan δ + 1
. (11)

+en, the lateral earth pressure intensity at the bottom of
zone I can be obtained when z� h as follows:
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Figure 1: Slip surface through the slope surface.
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σh1
z�h

�
khc(l + h cot β)

kh tan δ + 1
. (12)

Substituting equation (11) into equation (5), there is
dσv1

dz
+

cot βσv1

l + z cot β
−

c

k1 tan δ + 1
� 0. (13)

When z� 0 and σv1 � 0 are the boundary conditions of
the zone I region, and the first-order linear differential
equation of equation (13) can be obtained:

σv1 �
c lz +(1/2)cot βz2( 

k1 tan δ + 1( (l + z cot β)
. (14)

When z� h and σv1 �D1 can be used as the boundary
condition for the equivalent loading of the top surface of the
II region separator:

D1 �
c lh +(1/2)cot βh2( 

kh tan δ + 1( (l + h cot β)
. (15)

3.2. Zone II. Zone II is a thin transition layer with a height of
∆z. +e vertical average compressive stress σv2 �D1 is ap-
plied to the top surface of the z� h thin layer, and the vertical
average compressive stress of the thin layer is σv2 + Δσv2, as
shown in Figure 4. It is shown that the thin layer of zone II is
the research object and is solved according to its equilibrium
condition [26]. When ∆z⟶ 0, it can be obtained:

Δσv2 �
− 2khσv2

kh + tan(α − φ)
. (16)

+e vertical average compressive stress at the bottom of
the z� h thin layer element is

σv2 + Δσv2 �
− kh + tan(α − φ)

kh + tan(α − φ)
σv2. (17)

+erefore, the bottom surface average compressive stress
σv2 + Δσv2 �D2 can be used as the equivalent loading
boundary condition of the top surface of the III region
separator:

D2 �
− kh + tan(α − φ)

kh + tan(α − φ)
D1. (18)

3.3. Zone III. +e stress and boundary conditions of the soil
in Zone III are very different from those of the soil above.
+e vertical and lateral deformation of the soil is deflected by
the friction between the wall and the friction of the soil in the
sliding surface. +e principal stress direction is deflected,
and the shear stress is generated in the horizontal direction,
forming a soil arching effect and resulting in a nonlinear
distribution of earth pressure. Regarding theminor principal
stress trajectory, previous evidence has demonstrated that
the curve is an arch-shaped curve, which can usually be
represented by a circular arc, a catenary, or a parabola
[17, 19, 27]. +is paper uses a circular shape trajectory
commonly used by many scholars to establish a calculation
model as shown in Figure 5. After the stress deflection of the
EF thin layer unit, an arc shape curve having a radius R is
formed through the E point and the center of the circle is the
O point.

+e stress at the Q point on the arc arch line is expressed
as

σvQ �
σ1

1 + sinφ
(1 − sinφ cos 2θ)

σhQ �
σ1

1 + sinφ
(1 + sinφ cos 2θ)

τQ �
σ1 sinφ
1 + sinφ

sin 2θ

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

. (19)

where θ is the angle between the large principal stress at Q
point and the horizontal plane; the angle between points E
and F is expressed as

H
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Figure 2: Calculation model of active earth pressure.
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Figure 3: Forces acting on horizontal elements of zone I.
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Figure 4: Forces acting on horizontal elements of zone II.
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θE �
1
2

π − arcsin
sin δ
sinφ

  + δ 

θF �
π
4

−
φ
2

+ α

⎫⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎭

. (20)

+e radius of the minor principal stress arch curve is
expressed as

R �
Bz

cos θE − cos θF

. (21)

where Bz is the horizontal length of the horizontal thin layer.
+e lateral active earth pressure coefficient [6, 19, 27] can be
defined as

Kawn �
σh3

σv

. (22)

where σh3 is the horizontal lateral pressure at the depth z of
the retaining wall; σv is the average vertical pressure at the
same depth level. In the second formula of the general
formula (19) and the first formula of formula (20), the
horizontal lateral stress σh3 on the E point can be obtained.
Using the integral of the first formula in equation (19), the
vertical average stress σv on the plane of the zone III with the
depth of z can be obtained, followed by substituting σh3 and
σv into equation (22) as follows:

Kawn �
cos2θE + KaRsin2θE

1 + cos2θE + cos θE cos θF + cos2θF(  KaR − 1( ( /3
.

(23)

where KaR is the Rankine active earth pressure coefficient,
and its expression is as follows:

KaR � tan2
π
4

−
φ
2

 . (24)

+e ratio of the average shear stress to the average
vertical stress on the thin layer of the element is used to
represent the average shear stress coefficient k of the element
as follows:

k �
2 sinφ sin3θF − sin3θE( 

3(1 + sinφ) cos θE − cos θF(  − 2 sinφ cos3θE − cos3θF( 
.

(25)

From equation (22), the lateral earth pressure at the top
of zone III can be obtained when z� h as follows:

σh3
z�h

� Kawn σv2 + Δσv2( . (26)

Considering the continuity of the horizontal lateral stress
of the retaining wall, when z� h, the σh1 at the bottom of
zone I is equal to the horizontal stress of the σh3 at the top of
zone III. Using this stress continuity condition, it can be
obtained, by substituting equations (15) and (17) into
equation (26), as follows:

khc(l + h cot β)

kh tan δ + 1
� Kawn ·

− kh + tan(α − φ)

kh + tan(α − φ)

·
c lh +(1/2)cot βh2( 

kh tan δ + 1( (l + h cot β)
.

(27)

+rough simplifying formula (27), it is obtained as
follows:

kh �
Kawn lh +(1/2)cot βh2( 

(l + h cot β)2
− kh + tan(α − φ)

kh + tan(α − φ)
 . (28)

+en, the force analysis is carried out with the horizontal
differential layer units of zone III as the research object, and
the differential layers slide under the action of gravity, as
shown in Figure 6.

+e geometric relationship of the horizontal elements in
zone III is as follows:

gj � (H − z)cot θ

mn � (H − z − dz)cot θ

nj �
dz

sin θ

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎭

. (29)

+e equation is established according to the static
equilibrium condition acting in the horizontal direction on
the horizontal unit, and it can be obtained when the second-
order differential component is omitted as follows:

σh3dz − τ3dz cot α + dτ3(H − z)cot α −
R3 sin(α − φ)dz

sin α
� 0.

(30)

where σh3 is the horizontal active earth pressure; R3 is the
reaction force on the sliding slope; the direction is φ angle to
the normal of the slope, acting below the normal; σv3 is the
vertical normal stress distributed on the surface of the

σh3
σ1

σVQ

σhQ

dz
Z

τw3

τQ

H
 –

 h

E

Q

Bz

α

F

R

θF

θE
θ

O

Figure 5: Trajectory of minor principal stress of zone III.
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horizontal element; τ3 is the horizontal shear stress on the
surface of the horizontal element, assuming it is an average
distribution; the average shear stress coefficient in the height
range of the zone III is k along the wall height, and the size of
τ3 can be expressed as

τ3 � σv3k. (31)

According to the vertical static balance condition of the
horizontal unit, it can be obtained as follows:

τw3dz − σv3 cot αdz + dσv3(H − z)cot α +
R3 cos(α − φ)dz

sin α
− dw3 � 0.

(32)

where τw3 is the friction shear stress on the contact surface
between the retaining wall and the soil, and it is given as
follows:

τw3 � σh3 tan δ. (33)

where dw3 is the self-weight of the horizontal unit of zone III,
and its size is expressed as

dw3 � c(H − z)cot αdz . (34)

Combining formulas (30) and (32), a first-order dif-
ferential equation can be established as follows:

dσv3

dz
+

Bσv3

A(H − z)
−

C

A
c � 0. (35)

In this formula,
A � cot α[k cos(α − φ) + sin(α − φ)]

B � Kawn − k cot α( cos(α − φ)

+ Kawn tan δ − cot α( sin(α − φ)

C � cot α sin(α − φ)

⎫⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎭

. (36)

After solving the differential equation of formula (35), it
can be obtained through the boundary condition formula
(18) as follows:

σv3 �
− Cc(H − z)

A − B
+ D2 +

Cc(H − h)

A − B
 

H − z

H − h
 

B/A
.

(37)

Substituting the above formula (37) into formula (22), it
can be obtained the active earth pressure intensity of zone III
as follows:

σh3 � Kawnσv3 � − Kawn

Cc(H − z)

A − B

+ Kawn D2 +
Cc(H − h)

A − B
 

H − z

H − h
 

B/A
.

(38)

4. Active Earth Pressure Combined Force and
Action Point Position

Integrating σh1 and σh3 high sublevels along the wall, the
horizontal component Eax of the soil pressure resultant force
of the entire retaining wall can be obtained:

Eax � 
h

0
σh1dz + 

H

h
σh3dz � c · G2 h + G1 ln

G1

G1 + h
 

+ G3
1
2
h
2

− hG1 + G
2
1 ln

G1 + h

G1
 

+
Kawn

2(A + B)
Cc(H − h)

2
+ 2∗D2 ∗A(H − h) .

(39)

In this formula,

G1 �
h

kh tan δ

G2 �
l

tan δ

G3 �
cot β
tan δ

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

. (40)

+e active earth pressure resultant expression is as
follows:

Ea �
Eax

cos δ
�

c

cos δ
· G2 h + G1 ln

G1

G1 + h
 

+ G3
1
2
h
2

− hG1 + G1
2 ln

G1 + h

G1
 

+
Kawn

2(A + B)cos δ
Cc(H − h)

2
+ 2D2A(H − h) .

(41)

Horizontal active earth pressure resultant force point
distance from wall bottom y is as follows:

dz σh3

σv3 + dσv3

σv3

τw3

τ3

τ3 + dτ3

dw3

R3

φ

g

m n

j

Figure 6: Forces acting on horizontal elements of zone III.
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y �


h

0 σh1(H − z)dz + 
H

h
σh3(H − z)dz

Eax

�
1

Eax

· c HG2 h + G1 ln
G1

G1 + h
 

+ G4
1
2
h
2

− hG1 + G1
2 ln

G1 + h

G1
 

− G3
1
3
h
3

−
1
2
h
2
G1 + hG

2
1 + G

3
1 ln

G1

G1 + h
 

+
Kawn

3(2A + B)
Cc(H − h)

3
+ 3D2A(H − h)

2
 .

(42)

In this formula,

G4 �
H cot β − l

tan δ
. (43)

5. Example Analysis

5.1. Comparative Analysis. In order to verify the rationality
of the shear stress and soil arch layered element method, the
active earth pressure is calculated by an example in the
literature [11], and the results are compared with those based
on Coulomb’s +eory of earth Pressure. +e slope layer
behind the retaining wall (H� 10 andH� 15) is cohesionless
soil layer, which is vertical. +e external friction angle be-
tween the wall and soil is δ � 2/3φ. +e results are shown in
Table 1.

+e calculated limit fracture angle decreases with the
increase of the ratio of width to height (l/H), which is in line
with the results of Coulomb+eory [11]. Alongside that, the
resultant earth pressure Ea calculated by the generalized
Coulomb method in this paper (equation (4)) is consistent
with the calculation results in [11], and the result of Ea

calculated by differential layer method proposed in this
paper (equation (41)) is almost close to the results in
Coulomb+eory [11], reflecting the common regularity that
with the increase of the ratio of l/H; the resultant earth
pressure Ea of finite soil increases and approaches to
Coulomb’s pressure value of infinite soil. +is is because the
three analysis methods are based on the static equilibrium
condition, assuming that slipping surface forms are the
same, where the horizontal shear stress actually has little
effect on the resultant force value of the soil. So the earth
pressure resultant force is calculated by the improved dif-
ferential layer method, and its regularity stands in line with
other two methods. However, as shown in Figures 7 and 8,
this paper improves the differential layer method to consider
the shear stress and soil arching effect, and the distribution
law of horizontal component of earth pressure along the
height range of the wall can be obtained. In these figures,+e
distribution curve of the horizontal component of active
earth pressure is nonlinear drum shaped, which is similar to

the distribution curve of earth pressure that has been studied
in the translation mode of rigid retaining wall [16, 20, 21].

5.2. PositionandQuality of theActingPoint of theActive Earth
Pressure Force. +e position of the resultant force of the
earth pressure is an important parameter for checking the
stability of the anti-overturning of the rigid retaining wall.
According to Coulomb’s theory of the semi-infinite soil, the
ground pressure resultant force point is located in the lower
third of the wall without overloading. In Figure 9, it shows
the calculation of the literature [11] using the method of this
paper. +e height of the wall is H� 10m and H� 15m.
When the external friction angle is δ �φ, δ � 2/3φ, and δ � 1/
3φ, it can be seen from the figure that considering the
horizontal shear stress between soil layers and soil arching,
the position of the finite earth pressure resultant force point
is slightly higher than the Coulomb theoretical value when
δ > 0; with the increase of the external friction angle δ of
retaining wall and the soil, the position of the resultant force
point increases. At the same time, it can be seen that as the
aspect ratio l/H increases, the position of the resultant force
point increases and tends to a fixed point.

As shown in Figure 10, the wall friction height is
H� 10m and H� 15m and the external friction angle be-
tween the retaining wall and the fill is taken as the resultant
value of the earth pressure with δ � 2/3φ, δ � 1/3φ, and δ � 0,
respectively. +e coarser the soil surface, the larger the
friction angle, the smaller the value of the active earth
pressure combined force, and the soil pressure resultant
value increases nonlinearly with the increase of the aspect
ratio and tends to a stable value.

6. Test Verification

In view of the fact that there are few examples of active earth
pressure calculation of the finite soil in the high-filled
embankment retaining wall and in order to verify the
correctness of the earth pressure distribution curve studied
in this paper, the model test is conducted to compare the soil
pressure distribution patterns.

Table 1: Calculated values of limit rupture angle and active earth
pressure under different l/H.

l/H
H� 10m H� 15m

α (°) Ea (kN/m) α (°) Ea (kN/m)
① ② ① ② ③ ① ② ① ② ③

0.1 62.7 62.7 314 314.6 293.8 62.7 62.7 706 705.7 661.0
0.2 61.4 61.4 352 351.7 332.5 61.4 61.4 791 791.4 748.1
0.3 59.7 59.7 381 381.2 365.3 59.7 59.7 858 857.8 821.8
0.4 57.8 57.8 403 403.5 392.1 57.8 57.8 908 907.8 882.2
0.5 55.8 55.8 420 419.7 413.2 55.8 55.8 944 944.4 929.7
0.6 53.8 53.8 431 431.0 428.6 53.8 53.8 970 969.9 964.5
0.7 51.8 51.8 438 438.3 438.7 51.8 51.8 986 986.1 987.2
0.8 49.9 49.9 442 442.1 443.5 49.9 49.9 995 994.8 997.9
0.9 48.1 48.1 443 443.2 443.1 48.1 48.1 997 997.3 996.9
① Reference [11],② Coulomb’s method in this paper,③ Differential layer
method.
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Figure 7: Distribution of active earth pressure under different l/H values (H� 10m).
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Figure 8: Distribution of active earth pressure under different l/H values (H� 15m).
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6.1. Test Equipment andArrangements. +emodel test uses a
laboratory-made model box with a size of 1200mm
(length)× 425mm (width)× 700mm (height), as shown in
Figure 11, for the active earth pressure test of land slide-
shaped finite width sand [28, 29]. In order to ensure the
accuracy and stability of the active earth pressure mea-
surement, customized resistance-strain micro-earth pres-
sure gauges are used with arranging 8 measuring points
along the vertical centerline area of the steel movable
retaining wall. +e earth pressure gauges are embedded in
the pregrooved movable baffle, and static resistance strain
gauges are used to measure the values.

+e purpose of the model test is mainly to test the active
earth pressure distribution of the finite-width grading soil
after the rigid retaining wall under the translational dis-
placement. Four tests were carried out using the cohesionless
sand soil sample. +e specific model parameters are shown
in Table 2.+emechanical parameters of the sand in this test
are as follows: internal friction angle φ� 39.6°, gravity

c � 16.1 kN/m3, water content w � 5%, slope bottom angle
β� 33.7°, and the outer friction angle is δ � 2/3φ.

6.2. Test Results and Analysis. After the test, the active earth
pressure distributions of three groups of sands with different
aspect ratios were compared with the theoretical calculation
results, as shown in Figure 12.

It can be seen from Figure 12 that the active earth
pressure distribution pattern calculated by the method of
this paper is similar to the soil pressure distribution curve of
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Figure 10: +e resultant earth pressure under different l/H and δ values.

Figure 11: +e test box.

Table 2: List of tests.

Test number Soil height (m) Slope top width (m) Aspect ratio
I 0.500 0.050 0.10
II 0.500 0.100 0.20
III 0.500 0.150 0.30
IV 0.500 0.200 0.40

Advances in Civil Engineering 9



the laboratory model test, and the practice is consistent. +e
drum shape is present in the lower part of the wall body,
mainly due to the soil arching effect. +e decrease of the
earth pressure intensity in the middle and lower part of the
wall is also caused by the soil arching.+e finite soil pressure
obtained by the model test is close to the calculated value of
the theoretical method in this paper, but there are still some
gaps, indicating that the accuracy and parameters of the test
needed to be further improved in the later research.

7. Conclusion

(1) With summarizing the engineering characteristics of
the sloping finite-width soil such as the retaining wall
for the embankment or adjacent foundation pits, the
limit rupture angle in soil sliding failure under the
translational mode of the rigid retaining wall is
obtained by the optimization algorithm according to
the rigid-body equilibrium coulomb theory.

(2) Based on the plane sliding failure mode, the sloping
finite-width soil is divided into three zones. +rough
introducing soil arch theory and considering the
horizontal shear stress between horizontal micro-
layers, the horizontal microstratification analysis
method is modified and the calculation formula for

obtaining the resultant active earth pressure on rigid
retaining wall with sloping finite-width soil, the earth
pressure distribution, and the height of the resultant
force point is obtained.

(3) +e analysis has indicated that, as the aspect ratio
increases, the limit rupture angle of finite soils de-
creases and the active resultant force gradually en-
larges to approach coulomb’s value of semi-infinite
soil. +e distribution curve of active earth pressure
horizontal component was nonlinear drum shaped
considering the horizontal arch shear stress between
the soil arch and the soil layer, and it is detected that
the position of the finite earth pressure combined
force was obviously higher than the Coulomb the-
oretical value. As the outer friction angle of the wall
increases, the active earth pressure resultant force
value decreases while the distance between the re-
sultant force points and the bottom of the wall in-
creases, and as the aspect ratio l/H increases, the
position of the resultant force points increases and
tends to a certain value.

(4) +e laboratory model test results have demonstrated
that the active earth pressure distribution pattern
calculated by the improved differential layer method
is close to the test soil pressure distribution curve.
However, the model test in this paper only changes
the aspect ratio of soil, without considering other
factors such as slope angle, wall height, and friction
condition, which is needed to further research in the
follow-up work.
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