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In this study, a formulation has been proposed to calculate the pressure on wall and determine the angle of failure wedge based on
limit equilibrium method. The mentioned formulation is capable of calculating active pressure coefficient, culmination of forces
in failure surface, and pressure distribution on wall with the effect of line surcharge. In addition, based on the proposed method, a
simple formula has been proposed to calculate the angle of failurewedge by the effect of surcharge.Moreover, the proposed approach
has the advantage of taking into account the effect of surcharge on elastoplastic environment by considering the parameters of soil
and determining the extent to which the surcharge is effective in pressure distribution on the wall. However, in most previous
methods and specifications, resultant lateral pressure from surcharge in elastic environment had been considered. Finally, based
on the obtained results, the design diagrams for different soils and different surcharges have been proposed. According to these
diagrams, pressure on wall, pressure distribution on wall, and angle of failure wedge will easily be achieved. Also, a computer
program has been written in MATLAB software environment. Using the results of these codes, the pressure on wall with the effect
of surcharge, the angle of failure wedge, and pressure distribution on wall will be determined.

1. Introduction

The calculation of active soil pressure on retaining walls is of
fundamental issues in foundation engineering. It is typically
examined using the theory proposed by Coulomb [1] or
Rankine theory [2]. On the other hand, active pressure is
influenced by external loads affecting the soil behind the wall.
In order to calculate the resultant lateral pressure on retaining
walls caused by surcharge, Boussinesq method [3] is usually
used that assumes a homogeneous and elastic behavior for
soil. On the other hand, referring to the difference between
the results of elastic methods by Boussinesq [3], Das [4]
proposed equations with the assumption of elastic behavior
to calculate the surcharge with actual values.

Gerber [5] and Spangler [6] examined the effect of
surcharge on lateral pressure on retaining wall caused by a
concentrated load using large-scale tests. The principles of
the theory of elasticity to study the effects of line surcharge
were initially used by Misra [7] and for strip surcharge
by Jarquio [8]. In addition, Motta [9] offered a method

for extensive uniform surcharges using developed Coulomb
formulation and calculated active pressure on wall with
the effect of surcharge according to the angle of failure
wedge.

Seismic stability of retaining walls due to the effect of
surcharge was studied by Caltabino et al. [10].The researchers
considered the effect of earthquake as quasi-static based on
the method presented by Okabe [11] and Mononobe and
Matsuo [12].

Using experimental results, Georgiadis and Anagnos-
topoulos [13] compared the result of pressure on shields
under surcharge with those of different methods, including
elastic stress distribution, and approximation of 45-degree
slope, as well as the results of Coulomb method. As a result,
elastic approach has a significant difference with real values.
Kim and Barker [14] studied the impact of live surcharge
caused by traffic load on retaining walls. The researchers
proposed an analytical approach to calculate horizontal active
pressure on retaining wall using equivalent bending moment
method.
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Using the theory of Coulomb, Greco [15–18] investigated
the effect of strip surcharge on active pressure on nonrein-
forced retaining walls and presented an analytical method
for the calculation of pressure and the resultant effect point.
AASHTO [19] and US Army Crops [20] specifications pro-
posed an analytical method for calculating resultant lateral
earth pressure caused by surcharge according to the type of
surcharge incurred on the wall. Cheng [21] presented lateral
pressure coefficient in seismic state for cohesive-friction soils
and 𝑞 surcharges.

Basha and Basudhar [22] examined the stability of rein-
forced soil structures under seismic conditions using limit
equilibrium method and assuming logarithmic spiral wedge
failure. The researchers imposed seismic acceleration on
reinforced soil structures using quasi-static method.

Ghanbari and Taheri [23] calculated the pressure on
wall and reinforced force with the effect of surcharge on
reinforced soil walls, under the assumption of Ahmadabadi
and Ghanbari [24]. The results for changes in the angle of
failure wedge with the size of the surcharge suggest that
increasing the amount of surcharge will result in an increase
in the angle of failure wedge; however, by changing the
distance of the surcharge from the wall, the angle of failure
wedge does not change anymore.The results of their research
indicate that with increasing the distance of surcharge from
the wall, the lateral pressure of soil will be reduced and when
it is out of the angle of failure wedge, it has no effect on active
earth pressure.

In this paper, a simple solution has been presented to
calculate active pressure on wall with effect of line surcharge
using limit equilibrium method. In the previously proposed
methods, either the effect of friction angle between soil
and wall was neglected or complex and lengthy solutions
were required. The primary objective of the research was to
develop a simple method based on limit equilibrium that can
calculate the angle of failure wedge and force distribution
on wall with the effect of surcharge. Then the effect of angle
of internal friction angle, the amount of line surcharge, the
distance of line surcharge from the wall, and the angle of
internal friction of soil will be discussed.

2. Formulation for the Calculation
of Pressure on Retaining Walls with
the Effect of Line Surcharge

According to Figure 1, a retaining wall where 𝛿 is the angle of
internal friction between soil and wall will be considered. If
the hypothetical angle of failure wedge forms the angle 𝛽with
the horizon, according to Figure 2, the angle which calculates
the greatest amount of pressure on the wall with the line
surcharge can be shown with 𝛽3 and without the surcharge,
it can be shown with 𝛽1. To achieve the desired formulation,
the following assumptions can be considered:

(1) The failure surface is considered as a page.
(2) The analysis is based on the limit equilibriummethod.
(3) The failure surface passes from the wall.
(4) The soil mass is considered homogeneous.
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Figure 1: The equilibrium of forces in the 𝑖th failure wedge.

(5) The behavioral model intended for cohesive soil is
elastoplastic model of Coulomb.

According to Figure 1, with the line surcharge, equilibrium
equations for a hypothetical failure wedge can be written as
follows:

∑𝐹𝑥𝑖 = 0 →

𝑃𝑖 cos 𝛿 + 𝐹𝑖 sin𝜑 cos𝛽𝑖 − 𝐹𝑖 cos𝜑 sin𝛽𝑖 = 0,

∑𝐹𝑦𝑖 = 0 →

𝐹𝑖 cos𝜑 cos𝛽𝑖 + 𝐹𝑖 sin𝜑 sin𝛽𝑖 + 𝑃𝑖 sin 𝛿 −𝑊𝑖 − 𝑞 = 0,

∑𝑀𝑜𝑖 = 0 →

−
𝑃𝑖𝐻
3

cos 𝛿 −
𝑊𝑖𝐻
3 tan𝛽𝑖

+ 𝐹𝑖 ⋅ 𝑥𝐹𝑖 cos𝜑 − 𝑞 ⋅ 𝑥 = 0.

(1)

By solving the three equations for each experimental wedge,
𝑃𝑖, 𝐹𝑖, and 𝑥𝐹 for the 𝑖th failure wedge (𝛽𝑖) are obtained. Now,
in the proposed formulation in order to determine the angle
of failure wedge, the amount of active pressure on wall is
calculated for different angles of failure wedge; then the angle
that gives maximum active pressure is recorded as the angle
of failure wedge, where 𝑃a is the active soil pressure without
surcharge with 𝛽1,𝑃as is the active soil pressure with the effect
of line surchargewith𝛽3, and𝑃aq is the added pressure onwall
under line surcharge.

�⃗�as = �⃗�a + �⃗�aq. (2)

Given the distance of surcharge from the wall, in order
to calculate the pressure on wall (𝑃𝑖), three modes are
considered.
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Figure 2: The distance of line surcharge from the wall in three
different modes.

First Mode. If the distance of line surcharge from the wall is
less than 𝑥 ≤ 𝐻/ tan𝛽3, then the active pressure on wall is
obtained according to (2).

𝑥 ≤ 𝐻
tan𝛽3
→ 𝑃 = 𝑃as = 𝑃asurcharge . (3)

Second Mode. If the distance of line surcharge equals the
amount of 𝐻/ tan𝛽3 ≤ 𝑥 ≤ 𝐻/ tan𝛽1, then by substituting
the angle 𝛽2 in (1), the amount of pressure on the wall can be
obtained according to

𝛽2 = Arctan
𝐻
𝑥
, (4)

𝐻
tan𝛽3
≤ 𝑥 ≤ 𝐻

tan𝛽1
→ 𝑃 = 𝑃𝛽2 ≥ 𝑃a. (5)

Third. If the distance of the line surcharge is greater than
𝐻/ tan𝛽1, it states that the line surcharge on the wall has no
effect and to calculate the pressure on wall, the amount of
surcharge in (1) can be considered zero and present it as (6).

𝐻
tan𝛽1
≤ 𝑥 → 𝑃 = 𝑃a. (6)

Now three types of active earth pressure coefficient can be
defined as follows:

𝐾a =
𝑃a
(1/2) 𝛾𝐻2

,

𝐾as =
𝑃as
(1/2) 𝛾𝐻2

,

Table 1:The features of the samplewall in the analyseswith the effect
of line surcharge.

Wall height (𝐻, m) 10m
Linear surcharge (𝑞, kN/m) 0–500 kN/m
Soil density (𝛾, kN/m3) 20 kN/m3

Friction angle between wall and backfill soil (𝛿,
degrees) 0∘–𝜙∘

Internal angle of soil friction (𝜑, degrees) 20∘–40∘

Distance of surcharge from the wall (𝑥, m) 0–20m
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Figure 3: Changes in active pressure coefficient (𝐾as) against
changes in the angle of internal soil friction for different amounts
of line surcharge.

𝐾aq =
𝑃aq
(1/2) 𝛾𝐻2

.

(7)

3. The Evaluation of the Results
of the Proposed Method with
the Effect of Line Surcharge

The proposed formulation has the ability to calculate the
active pressure on wall, angle of failure wedge, and pressure
distribution on wall for a variety of soil features. For this
purpose, a sample retaining wall is intended whose features
can be seen in Table 1. In addition, the results of analyses
carried out on the wall are discussed.

First, for one retaining wall, active pressure coefficient
changes against the change in the angle of internal friction
angle are examined by comparing different amounts of line
surcharge. In order to provide dimensionless design diagram,
active pressure coefficient (𝐾as) is used. As Figure 3 shows,
an increase in the angle of soil internal friction of the soil
reduces the coefficient of 𝐾as nonlinearly. Also, an increase
in the line surcharge increases the active soil pressure and
ultimately increases𝐾as coefficient.

According to Figure 4, increasing the friction angle
between soil and wall reduces the coefficient of 𝐾as
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Figure 4: Changes in active pressure coefficient (𝐾as) against
changes in the angle of internal soil friction for different amounts
of friction angle between soil and wall.
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Figure 5: Changes in active pressure coefficient (𝐾as) against
changes in the distance of surcharge fromwall for different amounts
of the angle of internal soil friction.

nonlinearly. This trend changes in 𝜙 larger than 35∘ and 𝛿
larger than 2𝜙/3.

In Figures 5 and 6, active pressure coefficient (𝐾as) is
plotted against the change in distance of discharge from the
wall. With increasing the distance of surcharge from the wall,
the pressure on wall is reduced. In Figure 5, the changes for
surcharge 100 kN/m and in Figure 6 the changes for surcharge
200 kN/m are drawn. These changes always start from a
maximum and end at a minimum level. For example, in 𝜙 =
20, active pressure coefficient is always fluctuating between
0.43 and 0.49. By an increase in the angle of internal friction
of soil, the maximum distance of surcharge is reduced. For
example, in 𝜙 = 20, maximum distance of surcharge reduces
to 7meters and in 𝜙 = 40, this amount is reduced to 4meters.

In Figure 7, active pressure coefficient (𝐾as) is plotted
against changes in the angle of internal friction. These dia-
grams indicate the surface where active pressure coefficient
changes according to the distance of the surcharge.The lower
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Figure 6: Changes in active pressure coefficient (𝐾as) against
changes in the distance of surcharge fromwall for different amounts
of internal soil friction.

limit in each diagram states the minimum active pressure
coefficient in the minimum distance of surcharge; however,
the upper limit shows themaximumcoefficient of active earth
pressure on the wall in the maximum distance of surcharge.
The diagrams are plotted for four values of line surcharge and
for other values, interpolation can be used.

4. Determination of the Angle of Failure
Wedge with the Effect of Line Surcharge

The angle that gives maximum active pressure is recorded as
the angle of failure wedge. In Figure 8 changes in the angle of
failure wedge against changes in the angle of internal friction
of soil are plotted. Increased line surcharge and internal
friction angle increase the angle of the failure wedge. To
calculate the angle of failure wedge, the following proposed
formulas can be used:

if ⋅ ⋅ ⋅ 𝑞 = 0 kN
m2
⇒ 𝛽 = 0.6𝜑 + 38,

if ⋅ ⋅ ⋅ 𝑞 = 100 kN
m2
⇒ 𝛽 = 0.54𝜑 + 43.2,

if ⋅ ⋅ ⋅ 𝑞 = 200 kN
m2
⇒ 𝛽 = 0.44𝜑 + 50.

(8)

In general, this equation can be used to calculate the angle of
failure wedge.

𝛽 = −
𝑞𝜑
7𝜋
+
108𝜑
𝜋
+
𝑞
5𝜋
+ 12𝜋 (9)

5. Distribution of Stress to the Walls with
the Effect of Line Surcharge

In Figures 9 and 10, stress distribution is plotted for different
values of the angle of internal friction. In Figure 9, total
stress distribution, which includes earth pressure and the
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Figure 7: The changes of active pressure coefficient (𝐾as) against changes in the angle of internal friction for the distance of surcharge from
the wall.

effect of surcharge, is drawn. By calculating the area under
the diagram, the total pressure on wall (𝑃as) can be obtained.
In Figure 10, lateral pressure distribution from the sur-
charge is plotted. By calculating the area under the diagram,
the pressure from the surcharge (𝑃aq) can be obtained.
Increased internal friction angle always reduces the stress
distribution.

In Figures 11–13, stress distribution with changes in line
surcharge is plotted. In Figures 11 and 12, the total pressure
distribution for two values of 𝜙 = 30 and 𝜙 = 40 is drawn.
In Figure 13, resultant lateral pressure distribution from
the surcharge for different values of 0 kN/m to 200 kN/m
is plotted. Increased line surcharge increases total stress

distribution and resultant lateral pressure distribution from
the surcharge.

6. Comparison of the Results of the Proposed
Method with the Results of Other Studies
and Specifications

In Table 2, the results of the proposed method for retaining
wall with the effect of line surcharge have been comparedwith
the results ofGhanbari andTaheri [23] andMotta [9] on equal
terms. Results are intended in three modes of surcharge, that
is, 20, 50, and 100 (kN/m), and for two internal friction angles.
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internal friction angle of soil for different values of line surcharge.
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Figure 9: Total active pressure distribution on the wall for different
values of the angle of internal friction.

Also in Table 3, the results of the proposedmethod have been
evaluated with different specifications. In the specifications,
soil parameters have not been considered and have been
studied in an elastic mode; however, in the proposedmethod,
soil parameters such as internal friction angle and the angle of
friction between soil and wall have been taken into account.
In Figure 14, resultant lateral pressure distribution from the
surcharge has been plotted for the proposed approach, Das
[4] elastic method, and AASHTO [19] specification. The
stress distribution has been obtained with the assumption
of an elastoplastic behavior and is somewhat different from
stress distribution on Das [4] method and AASHTO [19]
specificationwhere the assumption of elastic behavior is used.
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Figure 10: Resultant lateral earth pressure from the surcharge for
different values of the angle of internal friction.
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7. Conclusions

Based on the studies presented in this study, the following
results can be extracted:

(1) For the retaining wall with the effect of line surcharge,
a formulation has been proposed which contains 3𝑛
equations and 3𝑛 variables and using it, the coefficient
of active pressure, angle of failure wedge, and the
effect of the resultant forces at the failure surface with
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Table 2: Comparison of the results of the proposed method with Ghanbari and Taheri [23] and Motta [9].

𝑥 = 4m,𝐻 = 10m, 𝛿 = 10∘, 𝛾 = 20 kN/m3

𝜙 = 20∘ 𝜙 = 30∘

Proposed method Ghanbari and Taheri Motta Proposed method Ghanbari and Taheri Motta
[23] [9] [23] [9]

𝑞 = 20 (kN/m)
𝑃as 457.96 457.5 463.5 318.34 315.08 318.9
𝛽 52 51.9 51.4 59 57.2 57.3
𝑞 = 50 (kN/m)
𝑃as 475.44 472.4 488.9 333.80 321.7 334.9
𝛽 53 53.3 52.1 60 59.7 58.1
𝑞 = 100 (kN/m)
𝑃as 506.50 491.4 531.5 361.04 334.7 361.6
𝛽 56 55.7 52.9 62 61.6 59

Table 3: Comparison of the results of the proposed method with Ghanbari and Taheri [23] and specifications (1994).

𝑥 = 4m,𝐻 = 10m, 𝛾 = 20 kN/m3

𝑃aq
Proposed method Ghanbari and Taheri [23] Beton

Kalendar
[25]

USACE
[20]

AASHTO
[19]𝜙 = 20 𝜙 = 40 𝜙 = 20 𝜙 = 30

𝛿 = 0 𝛿 = 𝜙/3 𝛿 = 𝜙 𝛿 = 0 𝛿 = 𝜙/3 𝛿 = 𝜙
𝑞 = 50 (kN/m) 55.9 49.79 42.2 26.8 24.4 24.1 24.67 12.72 22.62 36.07 26.78
𝑞 = 100 (kN/m) 111.8 99.58 84.5 53.6 48.8 48.2 43.08 23.05 45.31 54.76 54
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Figure 12: The total active pressure distribution on the wall for
different values of line surcharge for 𝜙 = 40.

the effect of surcharge are obtained. The proposed
methodhas also the advantage of plotting the pressure
onwall and resultant lateral pressure distributionwith
the effect of line surcharge. Finally, three types of
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Figure 13: Resultant lateral earth pressure distribution for different
values of line surcharge.

active earth pressure coefficient, 𝐾as and 𝐾aq and 𝐾a,
can be defined.

(2) The results of the proposed method for retaining wall
with the effect of line surcharge have been compared
with the results of Ghanbari and Taheri [23] and
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Figure 14: Resultant lateral earth pressure from the surcharge for
the proposed method and AASHTO [19] and Das [4].

Motta [9], andAASHTO[19],USACE [20], andBeton
Kalendar [25] specifications. The stress distribution
has been obtained with the assumption of an elasto-
plastic behavior and is somewhat different from stress
distribution on Das [4] method and AASHTO [19]
specificationwhere the assumption of elastic behavior
is used.

(3) The proposed method is able to calculate the angle of
the failure wedge with the effect of line surcharge. In
addition, a formula has been proposed for calculating
the angle of failure wedge with the effect of line
surcharge. The conclusion was drawn that increased
internal friction angle and line surcharge will result
in the angle of failure wedge.

(4) In the research presented, a series of graphs has been
applied according to which active pressure coefficient
with the effect of line surcharge can be calculated
without any analysis and can be used in implemen-
tations. These diagrams are dimensionless and using
them, the areas where the surcharge is effective in the
pressure distribution on wall can be determined.

(5) These diagrams indicate the surface where active
pressure coefficient changes according to the distance
of the surcharge. The lower limit in each diagram
states the minimum active pressure coefficient in the
maximum distance of surcharge; however, the upper
limit shows the maximum coefficient of active earth
pressure on the wall in the maximum distance of
surcharge. The diagrams are plotted for four values of
line surcharge and for other values, interpolation can
be used.

(6) In this study, the effect of soil properties and surcharge
on the amount of active pressure coefficient has been
investigated and the conclusion was that increasing

the angle of internal friction and the angle of fric-
tion between soil and wall and the distance of the
surcharge from the wall will reduce the coefficient
of active pressure; however, with increasing the line
surcharge, the value of the coefficient of active pres-
sure will increase. Moreover, increasing the angle of
internal frictionwill reduce the stress distribution and
resultant stress pressure on wall with the effect of line
surchargewhere the effect of line surcharge is reversed
in the process.

Nomenclature

𝑥: Distance of surcharge from the wall (m)
𝑥𝐹𝑖 : The distance of 𝐹 from m
𝐹𝑖: The resultant lateral force in failure

surface
𝐻: Height of wall (m)
𝐾a: Active earth pressure coefficient

without surcharge (dimensionless)
𝐾aq: Coefficient of active pressure from the

surcharge (dimensionless)
𝐾as: Active earth pressure coefficient with

the effect of surcharge (dimensionless)
𝑃a: Active earth pressure without surcharge

(kN/m)
𝑃aq: Resultant lateral earth pressure from the

surcharge (kN/m)
𝑃as = 𝑃asurcharge : Active earth pressure with the effect of

surcharge (kN/m)
𝑃𝑖: Active pressure on wall in the 𝑖th wedge
𝑞: Linear surcharge (kN/m)
𝑊𝑖: Weight of 𝑖th slice (kN).

Greek Letters

𝛽: Angle of failure wedge (∘)
𝛽1: Angle of failure wedge without surcharge

(∘)
𝛽2: Angle of failure wedge on the location of

the effect of surcharge (∘)
𝛽3: Angle of failure wedge with the effect of

surcharge (∘)
𝛽𝑖: Angle of failure wedge in the 𝑖th

experimental wedge (∘)
𝛾: Total unit weight (kN/m3)
𝛿: Friction angle between wall and backfill

soil (∘)
𝜙: Angle of internal friction of soil (∘).
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