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Abstract

Extensive engineering experience has shown that the stability of cohesive soil slopes behind retaining walls has a
significant impact on earth pressure. This manuscript investigates the influence of the stability of a cohesive soil slope
behind a retaining wall on earth pressure. To elucidate the patterns of how slope stability affects earth pressure, first, an
analysis of the interaction mechanism between the wall and the slope was carried out to clarify the mechanical behavior of
clay soil pressure. Secondly, based on the assumption of plane slip damage and limit equilibrium condition, the active earth
pressure calculation equation for cohesive soil considering slope stability was proposed. Thirdly, based on the proposed
equation, this manuscript analyzed the influence of various slope parameters on earth pressure and proposed a method for
determining the most dangerous slip surface and inclination angle of a slope. Finally, the validity of this equation was
verified through a large number of arithmetic examples. These results can be conveniently and easily applied to the
calculation of earth pressures in slopes with clayey and sandy soil and also provide a new approach and reference for
gaining a deeper understanding of the complex mechanical behavior of earth pressure in cohesive soils.
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1. Introduction

When a retaining wall moves away from the soil, causing the soil behind the wall to reach a state of limit equilibrium,
the earth pressure acting on the wall is called active earth pressure [1, 2]. The Coulomb theory and the Rankine theory
are commonly used to calculate earth pressure [3-5]. However, when applying these two methods, certain prerequisites
must be met in the external environment, such as smooth retaining walls or non-cohesive soil slopes, and therefore the
calculated earth pressure results may contain some error [6, 7]. To address this issue, scholars worldwide have proposed
various solutions [8-10]. A series of earth-pressure calculation equations was derived based on the plane-slip failure
hypothesis and the limit-equilibrium condition, and the special cases of these equations correspond to the results of
Coulomb and Rankine theories [11, 12]. Terzaghi [13] proposed a graphical method for determining lateral earth
pressures in cohesive soils by plotting multiple Mohr circles [14, 15]. At the same time, the method was further
developed and simplified, and analytical expressions for the earth-pressure coefficients were derived [16-18].

Although there is already a wealth of well-established research on the calculation of earth pressures on retaining
walls both domestically and internationally [19-21], existing research has not yet addressed the impact of the stability
of the slope behind a retaining wall on earth pressure. Therefore, further study is warranted. This manuscript investigates
the influence of slope stability behind retaining walls on earth pressure in cohesive soil slopes; the workflow is shown
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in Figure 1. Based on the plane slip failure hypothesis and limit equilibrium conditions, an equation for calculating
active earth pressure in cohesive soil that accounts for slope stability was derived. Using this equation, this manuscript
reveals the relationship between slope stability and earth pressure, provides a recommended method for determining the
most dangerous slip plane and its inclination angle, and identifies the influence of various slope parameters on earth
pressure. These findings facilitate straightforward calculations of earth pressure in slopes with clayey and sandy soil,
while also offering a new approach and reference for deepening the understanding of the complex mechanical behavior
of earth pressure in cohesive soils.
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Figure 1. Workflow diagram

2. Derivation of Earth Pressure Calculation Equations
2.1. Interaction Mechanism Between Walls and Slopes

When slope instability leads to sliding failure, the slip surface may exhibit complex forms such as arcs, broken lines,
or planes. For illustrative purposes, this paper assumes a planar slip surface and studies the retaining wall system model
shown in Figure 2. The focus is on investigating the interaction mechanism between the wall and the slope behind it.
This analysis proposes an earth pressure calculation equation that accounts for slope stability behind the wall, revealing
the influence of slope stability on earth pressure.

F A

Figure 2. The model of wall and soil system

Figure 2 depicts a wall-soil system model composed of retaining wall ABEF and the slope ABD behind the wall.
The wall and soil interact with each other. It is currently widely accepted that active earth pressure is the pressure
exerted on the wall when the soil reaches an active limit equilibrium state due to the displacement caused by the
wall. The relationship between the two is that wall displacement induces slope instability. If the portion of the slope
behind the wall exhibits a tendency to slide downward along any slip surface AC with inclination angle 6, the sliding
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mass ABC will exert pressure on the wall. This results in an earth pressure E acting on the wall, which
simultaneously provides an equal counterforce to maintain static equilibrium. In other words, although the wall is
subjected to the force exerted by the sliding mass, it can generate sufficient resistance to prevent the progression of
the sliding tendency, thereby maintaining its own equilibrium state. The slope behind the wall may exhibit different
slip surfaces due to varying inclination angles 6 of the slip surface AC, resulting in differing earth pressures exerted
on the wall. Among these, the slip surface with inclination angle 6, corresponds to the slip body exerting the
maximum earth pressure Ea on the wall. This slip surface represents the most potentially hazardous slip surface
within the slope. If the wall can still provide sufficient resistance to balance Ea at this point, equilibrium is
maintained even if the wall exhibits displacement tendencies. Otherwise, the sliding tendency of the slip block will
continue, causing excessive wall movement and damage. This state of equilibrium is termed the static limit
equilibrium state, where ‘limit’ indicates that the earth pressure E reaches its maximum value Ea, where Ea is the
active earth pressure. Below, we explore the equation for calculating Ea based on this interaction mechanism
between the wall and the slope.

2.2. Derivation of the Active Earth Pressure Equation for Cohesive Soils Based on Slope Stability

The model in Figure 1 involves eight slope parameters: slope height H, vertical inclination angle p of the wall surface
(wall-soil contact surface) AB (positive for downward-sloping walls, negative for upward-sloping walls), friction angle
o0 between the wall and soil, horizontal inclination angle § of the crest surface BD, unit weight y of cohesive soil, cohesion
C, internal friction angle ¢, and uniformly distributed gravity load g on the crest. When the sliding body interacts with
the wall to reach a state of static equilibrium, assume that the most dangerous slip plane is AC with its inclination angle
6. The forces acting on the sliding body ABC include earth pressure Ea, the body's self-weight Wo, and the gravitational
load W, generated by the crown load q. Decomposing these forces along the slip plane AC direction, according to slope
stability analysis methods, the resisting force P and the sliding force N in the slip plane AC direction must be in a state
of limit equilibrium (i.e., they should be equal). Therefore:

P =WcosO,tanp + C - AC + E,[sin(6, — €) tang + cos(0, — €)]

N = Wsin6, (1)
P=N
where, W is gravitational load, W = W, + W, = ﬂ(1 4 2any , cos@-P)cos®r-p). £ s Earth pressure; P is Slip
! ! 0 q 2 yH cos2psin(6—B) ' !
resistance in the AC direction; N is Downward force in the AC direction; q is Uniformly distributed dead load; C is
Hcos(p—P) .

Cohesion; y is Soil density; AC is Sliding surface length, AC = AB is Wall-soil contact surface; H is Slope

cospsin(6-p)’
height; & is Slide angle; p is Vertical angle at the wall-soil interface AB; ¢ is Angle of friction between the wall and
soil; ¢ is Internal friction angle; # is The horizontal slope angle of the roof surface BD; € = § + p.

cosfcosp

os(p=PB)’

In the above equation, n is the influence coefficient of the load g, n =
Equation 1 yields the following expression after calculation:

Solving for earth pressure Ea from

__ Wsin#rcos@(1-F)
- cos(Or—w)

E,
2
__ tang mcosp

tanfr  cos(6y—p)siné,

where, F is Safety fazcctor when the slope behind the wall is in a state of ultimate equilibrium; m is Bond strength influence
coefficient, m = ;W =@ +e¢

YH+2gn
Substituting the equations for W and F into Equation 2 yields another expression for Ea:

= YH g 4 2an
Ea =5 (1+7 DK,

__cos(p—B) _ sin(6r—¢)cos(fr—p)—mcospcosy
Ko = cosZp * sin(fy—B)cos(Br—w) ®)
cos(p—f)cose " sinfrcos(0r—p)(1—F)

cosZp sin(8y—pB)cos(Or—w)

K, =

Equation 3 represents the calculation equation for active earth pressure in cohesive soils when assessing slope
stability, where K, denotes the earth pressure coefficient. When applying Equation 3, the critical issue lies in identifying
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the most dangerous slip plane within the backfill behind the wall and its inclination angle Or. This matter is discussed
below, along with several methods for resolving it.

2.3. Method for Determining the Angle of Inclination ér of the Most Dangerous Slip Surface
2.3.1. Determine 6r Based on the Potential Slip Planes within the Slope Body

For certain geotechnical slopes, potential slip surfaces may exist within the slope body due to geological structures,
topographical conditions, and other factors. Examples include the most unfavorable stratum in rock slopes following the
bedding plane (Figure 3-a), potentially reactivated ancient landslide slip surfaces (Figure 3-b), unfavorable layers or
bedrock surfaces in fill slopes, and steep geotechnical layers in embankment slopes. These potential slip surfaces may
represent the most hazardous slip surfaces. After identifying potential slip planes in actual engineering projects, one can
utilize empirical data, field testing, geological surveys, and other information to determine whether a given plane is the
most hazardous slip plane and establish 6; through theoretical analysis or numerical simulation. Once 6, is determined,
it can be directly substituted into Equation 3 to calculate the earth pressure Ea.

Limestone

Schist

(a) The most unfavorable layer (b) Ancient Landslide Slip Surface

Figure 3. Two cases of potential slip surfaces in slopes

2.4. Determine 6r Using the Equation

If the slope behind the wall consists of earth or earth-like rock, it may be treated as a continuous homogeneous body.
When the wall face is steep or nearly vertical, a plane slip tendency typically develops within the slope. The angle 6;
can be determined using either an iterative or analytical method based on Equation 3.

(1) Trial Algorithm

The eight slope parameters in the model shown in Figure 2 can all be determined through design, testing, or
geological survey data in actual engineering projects. Once these parameters are established, the earth pressure E
becomes solely a function of 4. Therefore, Ea can be calculated using trial-and-error methods. This is illustrated with
the following example.

In the model of Figure 2, assuming the eight determined parameter values are H=6m, =15°, p=10°, §=20°, C=10kPa,
=300, y=20kN/m3, and q=20kPa, find the value of §r. Substituting E and & for Ea and 0, in Equation 3, then substituting

4874814+ [sin(B-30)cos(8-10)-01078] g nstitute different O values into the above equation
sin(6—-15)cos(6—-60)

to calculate the corresponding E values. The results can be tabulated (as shown in Table 1) or plotted as a curve of E
versus @ (as shown in Figure 4). This yields 6, =~ 58° and Ea =~ 148 kN/m.

these parameter values yields: E =

Table 1. Soil pressure values calculated for different slip plane inclinations

Slope angle 6 (°) 40 50 55 60 70 80 90

Earth pressure value E (kN/m)

(rounding to the nearest integer) 52 133 144 145 129 89 25
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160
Ea/kN/m
120
80
40
0
30 40 50 60 70 80 90

Figure 4. The curve between earth pressure E and inclination angle 0 of the sliding surface

(2) Analytical Method

Similarly, substituting E and @ for Ea and 6, in Equation 3 and solving for their extremum, and setting g—z = 0 yields
the analytical expression for 6;:

cotd, = —M +VM? + N

_ tang*tanw—tanftanp+m(tanw+tanf)
- tan@—tanf[1+tang(tanw—tanp)]+m(1—tanptanw) (4)

__ tanw-—[1+(tan@-tanf)tanw]tanp+m(l-tanftanw)
- tan@—-tanfB[1+tane(tanw—tanp)]+m(1—tanptanw)

After determining &, substitute it into Equation 3 to obtain Ea. For example, substituting the parameter values used
in the trial method into Equation 4 yields 6,=58.5°. Substituting & into Equation 3 calculates K;=0.311, and the final
calculation gives Ea=147.60 kN/m, which is consistent with the result from the trial method. In engineering practice,
these two methods can be integrated into a simple software tool to facilitate the determination of 6.

3. Influence of Slope Stability Behind the Wall on Earth Pressure

Once 6, within the slope behind the wall is determined, the slope stability significantly influences the earth pressure.
Wsin6,.cos@
cos(fr—w)

represents the reduction in total pressure due to the enhanced stability of

The safety factor can be calculated using Equation 2, where represents the total pressure exerted on the wall

by the gravitational load W, and Ysnéreose-F

cos(6;~w)
the slope behind the wall provided by the two strength parameters of cohesive soil. The greater the value of F, the more
stable the slope behind the wall becomes, leading to a greater reduction in total pressure and enhancing the wall's safety.
When F<1, the slope behind the wall tends to slide and compress the wall due to instability. The wall provides an equal
amount of resistance to maintain equilibrium in the wall-soil system. At this point, the earth pressure Ea calculated from
Equation 2 is positive, indicating the wall is subjected to corresponding earth pressure. When F>1, the slope behind the
wall is in a state of critical stability or stability. Even without the wall's obstruction, the slope will not slip or become
unstable, so the wall is not subjected to earth pressure. The stability level of the slope behind the wall can serve as a
reference for the rational design of retaining walls.

To further illustrate the effect of F on Ea, consider the example from Section 2.3.2. In this example, 6,=58.5° has
been determined. From Equation 2, F=0.5741<1, indicating that the slope behind the wall tends to slide along a slip
plane inclined at 58.5°. At this point, Ea calculated using Equation 2 is Ea=346.6217*(1-F) =147.60 kN/m. If the bond
strength C value in this example is increased from 10 kPa to 40 kPa, 6,=66° is obtained using Equation 4. The resulting
F=1.11>1 from Equation 2. Calculating Ea using Equation 2: Ea=288.693*(1-F) =-31.76kN/m. This indicates the slope
behind the wall is stable and can be designed for slope protection.
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4. Factors Affecting Earth Pressure Calculations
4.1. Earth Pressure Coefficient Ka

The Equation 3 for the earth pressure coefficient K, can be rewritten as:

Ka = Kal - Kaz

__ cos(p—B) _ sin(fr—¢)cos(fr—p)
Kal - 2 * = _ _ (5)
cos4p sin(6r—B)cos(Or—w)
mcospcos@*Kgq

Kaz = sin(6r—@)cos(6r—p)

where, Kz is Sand pressure coefficient; Ky is Clay pressure coefficient.

Equation 5 indicates that the earth pressure coefficient K, for cohesive soils is composed of two components: Kj,
and Ka, , which are derived from the sandiness index ¢ and cohesion index C. The presence of C enhances slope stability,
resulting in K, being negative and K, being greater than K,. For quantitative illustration, substitute the parameter
values used in Example 1.3.2 into Equation 5. Calculation results: Ka1=0.472, K3=0.1609, Ka1/K:=0.341. If the
cohesion parameter C=0 in Equation 3, then m=0, allowing its application to sandy soil pressure calculations. The soil
pressure coefficient is Ka1, but 8, must be recalculated using Equation 4. The resulting calculations verify consistency
with the classical Coulomb soil pressure equation [22].

Regarding the distribution of earth pressure stress on the wall surface, let yH+2gn=ga, which represents the
equivalent vertical stress generated by the soil's self-weight and load g. Equation 3 then becomes:

H H
E, = 2 *qoKq = 2 * qaKq1w —H * qcKgq (3A)

cospcos@*C
sin(8y—@)cos(r—p)’
Since the slip plane is assumed to be planar, Equation 3A indicates that the distribution of earth pressure on the wall
surface is also linear. Ea represents the earth pressure value corresponding to the superposition of a triangular
distribution and a rectangular distribution.

In the equation: q. = this represents the equivalent vertical stress generated by the bond strength.

4.2. Wall-soil Separation Causing Cracks

Some literature suggests that displacement caused by earth pressure may lead to separation between the upper soil
layer and the wall surface, resulting in cracks. This assertion warrants further discussion. When the wall and soil mass
are in a state of static equilibrium at the limit state, the wall provides a resisting force equal to Ea. With no displacement
of the wall, no cracks exist. Otherwise, displacement of the wall occurs, and at this point, studying the effect of cracks
on earth pressure becomes meaningless. The wall-soil model in Figure 5-a is used below to further illustrate this point.

___E B A2CKGT
(G v
Zy
—y D
H Ea ZO
E G
0 B|_F c
F A yHK, yHK,,
(a) Wall soil body model (b) Stress distribution (c) Stress distribution

Figure 5. The slope model and earth pressure stress distribution

In this model, the walls are smooth and vertical, while the slope surface is horizontal and unloaded. The
corresponding slope parameters in Equation 3 are: =0, p=0, =0, q=0. Here, n=1, m=2C/(yH), and w=g¢. First, calculate
6. From Equation 4, M=tang and N=1. Substituting into Equation 4, cotor=(1-sing)/cosp, yielding 6:=45°+¢/2. Next,
calculate the earth pressure coefficient Ka. From Equation 5, K, =tan2(45°-¢/2). In Equation 3A, g.=yH and
gc=2C/Kj, 1/2, transforming Equation 3A to:

Eq =2+ YHK, (3B)

Eq=2%YHKqgy — 2C[Kgy + H (3C)
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At this point, the distribution of earth pressure on the wall surface should be linear. If calculated using Equation 3B,
the earth pressure distribution takes the form shown in Figure 5-b, which is a triangular distribution with base K, and
height H. Calculating using Equation 3C yields an earth pressure distribution as shown in Figure 5-c. This represents
the sum of a triangular distribution with base K, and height H, and a rectangular distribution with base ZC\/K—a1 and
height H. The combined result forms a trapezoidal distribution EFCG. Based on the stress distribution diagram in Figure
5-c, the separation of soil at height Z, in the upper wall section from the wall surface, resulting in cracks, is attributed to
wall displacement. Therefore, it is recommended to adopt the earth pressure corresponding to triangle DFC as the final

. yH? 2¢?
earth pressure value: E, = ——* Koy — 2CH\/Kgy + =

According to this equation, when the cohesion ¢ > YHT‘/K—“ Ea increases rapidly with increasing C value, which is

inconsistent with the earth pressure characteristics of cohesive soils. However, when calculated using Equation 3C, Ea

- VK VK, . . . .
decreases as C increases when C < M; when C > M, Ea becomes zero or negative, which aligns with the
4 4

characteristics of cohesive soils. Therefore, for wall-soil models such as the one shown in Figure 5-a, it is recommended
to use Equations 3B or 3C to calculate earth pressure.

4.3. Influence of Slope Parameters on Earth Pressure

Equation 3 is a function of eight slope parameters (H, S, p, J, C, ¢, y, q), and changes in any parameter will affect
the Ea value. Understanding how these parameters influence Ea provides a reference for selecting appropriate parameter
values in engineering design. The influence of & has been discussed earlier, and the equation for calculating 8, (Equation
4) has been derived. When examining the effects of these eight parameters, we will continue to employ the single-factor
method used in the analysis of &'s influence. This involves treating a specific parameter as the variable of interest while
keeping all other parameters constant. First, determine the most dangerous slip surface within the slope and its inclination
angle 6. Based on this, discuss the influence of these parameters. For this example, the eight parameters and 6, retain
the values from the example in Section 2.3.2: 6,=58.5°, H=6m, f=15°, p=10°, 6=20°, C=10kPa, ¢=30°, y=20kN/m?, and
g=20kPa.

(1) Effect of wall height H

Let H be the variable, after calculation, Equation 3 becomes:

_ cos(p—B)xcos(8r—p)sin(6r—p)+y _
Ea = 2cos? psin(0,—B)cos(0,—w) *H[H — A] (6)

__ZCcospcose _ 2dn gy hstityting the known parameter values into the above equation yields
y*cos(6r—p)sin(Br—¢) Y

the quantitative relationship between Ea and H: Ea=4.7196H(H-0.7877).

In the equation: A =

The resulting curve of Ea versus H is shown in Figure 6, where Ea increases non-linearly with increasing H. In
practical engineering applications, Equation 6 can be used to select a reasonable wall height to control the earth pressure
value.

880
Ea/kN/m

660 /

440

220 /

-
"/ H/m

2 4 6 8 10 12 14

Figure 6. The curve of Ea and H
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(2) Effect of wall surface inclination angle g

Setting S as the variable, after calculation, Equation 3 becomes:

2q 1
E = BHcos(8,—p)sin(6,—@)tanp . Btanp tanp AT @
a 2cospcos(6,—w)cosb, tanf,—tanf
In the equation: B = yH — —2S25P%¢ gy hstituting the known parameter values into the above equation yields

cos(6,—p)sin(6r—)’
the quantitative relationship between Ea and g: E,, = 21276201058+ tanf)
1.6319—tanpf

The resulting curve of Ea versus £ is shown in Figure 7, where Ea increases non-linearly with increasing g. It is
worth noting that larger B angles can cause surface slope instability.

200
Ea/kN/m

175 /

/.//

pre
100
0 5 10 15 20 25
Figure 7. The curve of Ea and g
(3) Effect of wall inclination angle p
Setting p as the variable, after calculation, Equation 3 becomes:
2 pei p N
__ YH?sinBsin(0,—@)sinb, " (D +tanp)(F +tanp) (8)

a~— 2sin(6,—B)sin(0,—p—8)  cosp[cot(0,—¢p—5)+tanp]

mcosg

YH+2q
/= g —_—
sin(6,—@)sinb,

In the equation: D = ritang Substituting the known parameter values into the above

372.5745%(4.9761+tanp)(0.3437+tanp)
cosp(6.6912+tanp) '

= cotl, —

equation yields the quantitative relationship between Ea and p: E, =

The resulting curve of Ea versus p is shown in Figure 8, where Ea increases non-linearly with increasing g. It is
worth noting that larger B angles can cause surface slope instability. As p increases, Ea increases. When the wall is
inclined and the angle of inclination p is less than arctan(-0.3437) = -18.97°, Ea becomes negative, indicating the stability
of the slope behind the wall.

220

“ %
1
%

110 /

-
ek

=20 -15 -10 -5 0 5 10 15 20

Figure 8. The curve of Ea and p
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(4) Effect of the friction angle d between the soil and the wall

When ¢ is set as a variable, this variable appears only in the cos(@r-w) term of Equation 3, after calculation, Equation
147.5659

3 becomes: Ea = m.

The resulting curve of Ea versus ¢ is shown in Figure 9, when §=18.5°, Ea reaches its minimum value.

160
Ea/kN/m

155 \

150 \

145

o/
0 5 10 15 20 25 30

140

Figure 9.The curve of Ea and

(5) Effect of soil cohesion C
When C is set as a variable, this variable appears only in the term m=2C/(yH+2qn) of Equation 3, after calculation,
Equation 3 becomes: Ea=7.637(29.3321-C).

The resulting curve of Ea versus C is shown in Figure 10. As C increases, Ea decreases linearly. When C exceeds
29.3321 kPa, Ea becomes negative, indicating that the slope behind the wall is stable and the wall is not subjected to

earth pressure.

250

200

150

Ea/kN/m

100

C/kPa

Figure 10. The curve of Ea and C

(6) Effect of internal friction angle ¢ of soil
Setting ¢ as the variable, substituting the known parameter values into Equation 3 yields the relationship between
Ea and ¢:

__ 469.2566[sin(6,—¢)—0.1879cos¢] (9)
- c0s(28.5—-¢)

Eq
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The resulting curve of Ea versus ¢ is shown in Figure 11. As ¢ increases, Ea decreases approximately linearly.

315

270

Ea/kN/m
5

180

20 25 30

=1
w
[=]
wl

Figure 11. The curve of Ea and ¢

(7) Effect of soil weight y
Setting y as the variable, after calculation, Equation 3 becomes:

_ HZcos(p—B)cos(8,=p)sin(6r—¢)
Ea = 2cos? psin(6,—P)cos(0,—w) [ G] (10)
In the equation: G = ———c0P<Os¢ 247 g netituting the known parameter values into Equation 10 yields the
Hcos(0y—p)sin(Or—@) H
relationship between Ea and y: Ea=8.4953(y-2.6255).
The resulting curve of Ea versus y is shown in Figure 12. As y increases, Ea increases linearly:
Ea/kN/m >
160 //'
140 //
120 //
100 /
e
y/°
12 14 16 18 20 22 24
Figure 12. The curve of Ea and y
(8) Effect of surface load g
Setting q as the variable, after calculation, Equation 3 becomes:
(11)

__ nHcos(p—pF)cos(8,—p)sin(6,—¢p)
Ea - cos?psin(0,—L)cos(60,—w) [q + H]
. . _ ﬁ _ C*cospcosgp - - - . .
In the equation: H = o meost0—pysin(o )’ Substituting the known parameter values into Equation 11 yields the

relationship between Ea and q: Ea=2.704(q+34.5852).
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The resulting curve of Ea versus g is shown in Figure 13. As g increases, Ea increases linearly.

Ea/kN/m /
160 /)

140 ./

120

100
n/ q/kPa

0

10 15 20 25 30

w

Figure 13. The curve of Ea and q

5. Application of Equation 3

Figure 2 model involves eight parameters. Assigning different values to each parameter yields distinct wall-soil
system models, and Equation 3 is also applicable for calculating earth pressure in these models. When C=0, this equation
is also suitable for calculating earth pressure in sandy soils. The general calculation steps when using Equation 3 are as
follows: (1) Determine the model and parameters based on the project conditions; (2) Identify the most dangerous slip
surface and its inclination angle 6; using the method described in Section 2.3; (3) Calculate the safety factor F for the
slope behind the wall using Equation 2; (4) If F<1, calculate Ea using Equation 3. If F>1, terminate the calculation, as
the calculated Ea will be zero or negative. The following example provides further illustration.

(1) Figure 14 presents a wall-soil system model established based on a specific project. The crest ground level is
horizontal, with the inclined wall surface having a slope ratio of 1:0.2. The parameters required for Equation 3,
determined through design and testing, are: H=8m, =0, p=-11.3°, §=15°, C=15kPa, ¢p=24°, y=19kN/m?3, q=10kPa.
Calculate the earth pressure Ea

b Byl d b b llge k.
CR&”

D

yHK,

Figure 14. Wall-soil system model and the stress distribution

(D) Calculate using Equation 3

At this point, the influence coefficient g is n=1, the cohesion influence coefficient m=0.1744, and w=27.7°. The wall
surface is steep, and the slope behind the wall is a quasi-soil slope, satisfying the conditions for plane sliding instability.
The inclination angle 6, of the most dangerous sliding surface can be determined using Equation 4. From Equation 4:
M=tan27.7°, N=1.5266, cot6,=0.8175, #,=50.7°. Calculating the safety factor F for the slope behind the wall using
Equation 2 yields F=0.8352. Calculating the earth pressure coefficient K, using Equation 3 yields K;=0.0783, and the
earth pressure value Ea=53.87kN/m.
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(2) Calculate according to the standard.

According to Section 6.2.3 of the Technical Specifications for Engineering of Building Slopes (GB 50330-2013):
Based on the plane slip plane assumption, the resultant active earth pressure can be calculated using the following
equation:

1
E, =-*yH?K,

2
(Kqlsin(a + 8)sin(a — 8) + sin(ep + §)sin(p — F)])
I +2nsinacosgcos(a + f — @ — 95) I

K = sin(a+p) "
@~ sinZasinZ(a+B-p—p) —2/Kgsin(a + B)sin(p — B) + nsinacose (11)
k X \JKgsin(a — 8)sin(p + 8) + nsinacose )
_ 2qsinacosp
Kq - yHsin(a+p8)
=2
i

When calculating earth pressure according to the standard (Equation 11), with a=90°-p=101.3° and $=0°, and all
other parameters unchanged, substituting these values into Equation 11 yields: #=30/(19%8)=0.1974, K;=1.1316,
Ka=0.0886, Ea=53.87kN/m. The earth pressure values obtained from both methods are identical.

(2) The model and parameters from Figure 14 are still used, but the wall is backed by a sandy soil slope, so the
cohesion parameter C in the parameters is set to 0. The earth pressure Ea on the wall is calculated accordingly.

(D) Calculate using Equation 3

At this point, n=1, m=2C/(yh+2gn) =0, and »=27.7°. The conditions for plane slip failure are still satisfied. First,
determine the inclination angle 6 of the most dangerous slip plane. Substituting all parameters into Equation 4 yields:
cot6,=0.8813, 6,=48.6°. Next, using Equation 2, the safety factor F for the slope behind the retaining wall is calculated
as F=0.3925. Finally, applying Equation 3, the earth pressure value Ea is determined to be Ea=209.03kN/m.

(2) Calculate according to the standard.

When calculating earth pressure according to the standard (Equation 11), with n=2C/(yH)=0, and all other parameters
unchanged, substituting these values into Equation 11 yields: K;=0.3438, Ea=209.03kN/m. The earth pressure values
obtained from both methods are identical.

6. Conclusions

A large number of engineering projects have shown that the stability of cohesive soil slopes behind retaining walls
has a significant influence on earth pressure. To clarify how slope stability affects earth pressure, this study investigates
the influence of cohesive soil slope stability on the pressure acting behind retaining walls. First, the interaction
mechanism between the wall and the slope was analyzed to better understand the mechanical behavior of clayey soil
pressure. Second, based on the assumptions of planar slip failure and limit equilibrium conditions, an active earth
pressure calculation equation for cohesive soil that considers slope stability was proposed. Third, using the proposed
equation, the influence of various slope parameters on earth pressure was analyzed, and a method for determining the
most critical slip surface and slope inclination angle was introduced. Finally, the validity of the proposed equation was
verified through numerous numerical examples. The main findings are summarized as follows:

e The interaction mechanism between the retaining wall and the slope was analyzed to clarify the mechanical
behavior of clayey soil pressure. Based on the assumptions of planar slip failure and limit equilibrium conditions,
an active earth pressure equation for cohesive soil considering slope stability was developed.

e Using the proposed equation, the influence of slope stability and various slope parameters on earth pressure was
analyzed. In addition, a method was proposed for determining the most critical slip surface and slope inclination
angle.

e To verify and apply the proposed equation, several case studies on earth pressure acting on retaining walls were
conducted. Earth pressure values were calculated using both the proposed equation and the standard code-based
equation. A comparison of the results showed strong agreement between the two methods, confirming the validity
of the proposed equation.

These findings provide a simple and practical approach for calculating earth pressure in cohesive or sandy soils and
offer a useful reference for improving the understanding of the complex mechanical behavior of earth pressure in
cohesive soils.
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