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Abstract. In deep excavations, because of
time, budget, and computational tools limita-
tion, two-dimensional analyses (plane strain
analyses) rather than three-dimensional ones
are often used for controlling factors of safety
and displacements. In most excavation projects,
the excavation plan includes convex and concave
corners. Unlike concave corners, the use of
two-dimensional analysis for convex corners
is non-conservative. In the present study, by
using three-dimensional numerical modellings
and comparing 3D and 2D results, the e�ects of
convex corners on the displacements induced by
soil-nailed excavations are studied for two types
of soil: sand (granular soil) and clay (cohesive
soil). The results of the study indicate that the
length of the zone a�ected by the convex corner
(the zone along the wall and around the convex
corner where the values of the displacements are
greater than the corresponding two-dimensional
values) is about 0.75 to 1 times the excavation's
depth. The results also show that although
the horizontal soil nails are executed easier
and prevent interference of nails which cross,
but applying an appropriate angle over the
horizon (about 10 degrees) to the soil nails can
reduce the wall displacements. Furthermore,
it was found that applying azimuth to the soil
nails in the area a�ected by the convex corner,
signi�cantly increased the displacements of this
area. Lastly, it has been suggested that to reduce

the displacements in the zone a�ected by the
convex corner, increasing the length of the soil
nails is more e�ective than decreasing their
horizontal spacing.
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1. Introduction

In most excavation projects, there are several
corners (concave or convex) in the excavation
plan. Although excavation-induced displace-
ments and behavior result in three-dimensional
deformations, the two-dimensional plane strain
analyses are generally conducted in engineering
practice. Unlike concave corners, in which the
use of two-dimensional analysis is conservative,
for convex corners it is non-conservative and ex-
ecuting the project, based on two-dimensional
designs, can lead to disaster. Hence, many stud-
ies have been done on the e�ects of corners' ge-
ometry on excavation's stability and its displace-
ments.
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Ou et al. (1996) [1] studied the e�ect
of the corner existence on the displacements
of an excavation with soft to medium clayey
subsoil stratum, by using a nonlinear, three-
dimensional �nite element method. By do-
ing a series of parametric studies, a relation-
ship is developed to estimate three-dimensional
maximum wall displacement of an excavation
based on two-dimensional results. Lee et al.
(1998) [2] discussed the e�ects of corners on the
wall de�ection and ground movement around
multi-strutted deep excavations. They showed
that where corner e�ects are signi�cant, three-
dimensional analysis may be able to o�er sig-
ni�cantly better predictions of movement than
two-dimensional analysis. By comparing several
excavation projects where corner e�ects were
considered or observed, they concluded that
the e�ects of corners depend on three factors:
the length-to-depth ratio of the excavation, the
depth to a relatively sti� stratum, and the sti�-
ness of the strutting system.

Finno et al. (2007) [3] conducted 150 �nite-
element simulations to study the e�ects of ex-
cavation geometry (length, width, and depth of
excavation) and wall system sti�ness in clays.
They showed when the excavated length nor-
malized by the excavated depth of an excava-
tion wall is greater than 6, results of plane strain
simulations yield the same displacements in the
center of that wall as those computed by a three-
dimensional simulation. Zhao et al. (2014) [4]
found that for an irregular shaped excavation,
the settlement pattern of soil layers and struc-
tures was greatly a�ected by the concave and
convex location. They showed that the a�ected
areas of soil settlement near the concave and
convex location were much di�erent from the
middle of the excavation and due to the cor-
ner e�ect, the adjacent building was not only
su�ered from settlement but also torsional de-
formation.

Szepeshazi et al. (2016) [5], by performing a
set of three-dimensional �nite element analyses,
showed that the bending moments of diaphragm
walls increased signi�cantly in the vicinity of the
corners. Moradi et al. (2020) [6] conducted four
centrifuge model tests to investigate the e�ect of
convex corners on the deformation of soil-nailed
walls and evaluate the in�uence of the soil-nail

layout on wall behavior. Their results indicated
that the de�ection pattern of the convex corners
was a�ected by the soil nails inclination angle
over the horizon and that the wall facing played
a major role in controlling wall deformation in
models with a three-dimensional geometry. Hsi-
ung et al. (2020) [7] concluded that excavation
geometry, distance from the corner, the ratio
of the wall embedded depth to the excavation
depth, and the wall thickness have signi�cant
in�uences on the displacements of corners.

Moreover, several other researches have been
conducted on the e�ects of three-dimensional
analyses of excavations [8]-[12]. In most previ-
ous studies, the retaining structures for stabiliz-
ing the excavations have been diaphragm walls
or braced systems and fewer studies have cov-
ered soil nail walls. Furthermore, it is thought
that investigating approaches to decrease the
displacements of a�ected area by convex corners,
deserves to be further explored.

This study aims to assess the e�ect of con-
vex corners on the de�ections induced by soil-
nailed excavations. For this purpose, after veri-
fying the employed FEM software by measured
results of one soil-nailed excavation, many three-
dimensionally analyses have been conducted for
studying the aforementioned e�ect. The hori-
zontal displacements of the convex corner and
settlements of the ground surface in 3D anal-
yses have been compared to the corresponding
amounts in plane strain analyses, for two types
of soil (granular and cohesive soils). Further-
more, the e�ects of applying inclination and
azimuth to the soil nails on the induced dis-
placements have been investigated. Moreover,
two approaches (increasing the nails length and
decreasing their horizontal spacing) have been
studied to examine their ability to decrease the
de�ections of convex corner. Findings of this
study can be helpful to reduce the convex cor-
ner's displacements and design soil-nailed exca-
vations with convex corners more e�ectively.
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Fig. 1: Properties of soils used in the FE analyses for the soil-nailed wall in the CLOUTERRE project [13, 14].

Fig. 2: Horizontal displacements of the soil�nailed wall for the CLOUTERRE project (for case 1).

2. Methodology

2.1. Veri�cation

In order to verify the FEM software and soil be-
havior model which have been used in this study,
the results of one of the walls which has been
published by Fan & Luo (2008) [13], have been
used. The soil-nailed wall was a full-scale test
conducted in 1986 for the French national re-
search project CLOUTERRE, which was con-
structed in an experimental back�ll, built near
Paris on a dense sand formation [14].

The soil-nailed wall was 7.0 m high, 7.5 m
wide, and constrained between two lateral walls

covered with a double layer of polyethylene sheet
greased in between to ensure plane strain con-
ditions. The wall was built by alternating 1.00
m high excavations with the placing of nails at
a horizontal spacing of 1.15 m. The nails were
inclined 10 degrees with respect to the horizon
and their lengths ranged from 6 to 8 m (grouted
diameter = 63 mm). The nails were made of
hollow aluminum pipes. A reinforced concrete
retaining wall was constructed behind the back-
�ll prior to placing the nails. A facing, made of
a mesh-reinforced shotcrete, was installed after
placing the nails (Fig. 1) [13, 14].

The Hardening Soil Model (HS Model) has
been employed for de�ning the behavior of ver-
i�cation models' soils. Tab. 1 shows the val-
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ues of soil properties used in the FE analy-
ses. It should be mentioned that seven di�erent
models with di�erent values for Eref

oed (tangent
oedometer sti�ness), Eref

ur (unloading/reloading
sti�ness), and m (power for stress-level depen-
dency of sti�ness) have been studied. Tab. 2
shows the values of the aforementioned parame-
ters for the cases studied.

Tab. 1: Properties of soils used in the FE analyses
for the soil-nailed wall in the CLOUTERRE
project [13, 14].

Back�ll
Foundation

Soil
Unit
weight [γ]

kN/m3 16.6 17.0

Cohesion [c′] kN/m2 3 0
Friction
angle [ϕ′]

Deg. 38 36

Dilatancy
angle [ψ]

Deg. 25 20

Secant

sti�ness [Eref

50 ]
kN/m2 15500 42000

Tab. 2: Sti�ness properties of soils used in the FE anal-
yses for the veri�cation models

Case No. Eref

oed/E
ref

50 Eref

ur /E
ref

50 m
1 1 3 0.5
2 1 4 0.5
3 1 5 0.5
4 0.50 3 0.5
5 0.75 3 0.5
6 1 3 0.4
7 1 3 0.6

The geometry of CLOUTERRE project was
modelled in PLAXIS 3D V.2017, which is a FEM
software, and the computed results were com-
pared to the measured ones. In Fig. 2, the com-
puted horizontal displacements of the soil-nailed
wall (for case 1) is shown.

Comparison of the measured and computed
horizontal displacements in the back�ll at 2 m
behind the wall at the end of phase 3 (after in-
stalling the third row nails) and phase 5 (after
installing the �fth row nails) are shown in Fig.
3. Moreover, Fig. 4 shows comparison of the
measured and computed maximum tensile forces
(Tmax) in nails with depth. Also, in Fig. 5, the
measured horizontal and vertical earth pressure

(a)

(b)

Fig. 3: Comparison of the measured and computed hor-
izontal displacements in the back�ll at 2 m be-
hind the wall (a) at the end of phase 3, (b) at
the end of phase 5.

distributions in the back�ll at 1 m and 3 m be-
hind the wall are compared with the results of
FEM modelling (for case 1).

It can be seen that there is a good agreement
between the measured values and the obtained
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Fig. 4: Comparison of the measured and computed
maximum tensile forces (Tmax) in nails with
depth.

results from FEM modelling. Hence, it can be
concluded that the used FEM software is capa-
ble of modelling soil-nailed excavations and the
Hardening Soil Model (HS model) can be used
for evaluating the excavation-induced displace-
ments in this study. The values of parameters
mentioned in Tab. 2 for case 1, which are also
the software's default values, have been selected
to be used in the following models to study the
convex corners' e�ect.

2.2. Modelling

To study the convex corners' e�ect on the dis-
placements induced by soil-nailed excavations,
16-meter excavations have been modelled in this
study. As it was mentioned before, the em-
ployed FEM software in this study is PLAXIS
3D V.2017. The model's dimensions were cho-
sen in such a way that the e�ect of its boundaries
on the results was minimized. For this purpose,
the length of the soil body behind the wall was
considered 3 times the excavation's depth (H)
and its length in front of the wall was consid-
ered 2 times the excavation's depth. Also, the
ratio of the models' height to the excavation's
depth is 2.50 (Hsoil/Hexcavation = 2.50).

(a)

(b)

Fig. 5: Comparison of the measured and computed hor-
izontal and vertical earth pressure distributions
in the back�ll (a) at 1 m from the facing, (b) at
3 m from the facing.

In Fig. 6, a view of the base model and its FE
mesh are shown. The level of meshing has been
considered to �Fine�. Also, the meshing around
the surfaces, lines, and points of the model has
been re�ned for more precise results.
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Fig. 6: (a) A view of the base model, (b) FE mesh.

Fig. 7: A schematic cross-section of the model.

It should be mentioned that the excavation
has been done in 2-meter steps and the soil nails'
angle has been considered 0 over the horizon.
Furthermore, the surcharge applied at the top
of excavation is assumed to be 10 kN/m2 (≈ 1
ton/m2). In Fig. 7, a schematic cross-section of
the model is shown.

In order to investigate the e�ect of convex
corners for both granular and cohesive soils, all
studies have been done on two types of soils
(sand and clay). In Tab. 3, properties of the
soils used in the study are shown. Also, Tabs.
4 and 5 show the properties of shotcrete facing
and soil nails, respectively. It should be men-
tioned that for modelling the shotcrete facing
and soil nails, `plate' and `embedded beam' ele-
ments have been used, respectively.

3. Results and discussion

After determining properties of soil and used el-
ements and characteristics of the models, three-
and two-dimensional analyses were done. Fig. 8
shows the soil's total displacements in 3D and
2D models, for sand. As it can be seen, soil dis-
placements around the convex corner are greater
rather than areas which are not a�ected by it.

In Fig. 9, the horizontal displacement of the
corner in 3D analysis was compared to the hori-
zontal displacement of the wall in plane strain
analysis, for both types of soil. Also, Fig.
10 shows the comparison of settlements of the
ground surface (perpendicular to the wall) in 3D
and 2D analyses. As it can be seen, the real in-
duced displacements (in 3D analysis) are consid-
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(a)

(b)

Fig. 8: Total displacements of soil, for sand (a) 3D model, (b) 2D model.

erably greater than their corresponding values in
plane strain analysis. It shows the signi�cance of
3D analysis for excavations with convex corners.

Furthermore, factors of safety (F.S.) of 3D and
2D analyses for both types of soils was obtained.
For sand models, 2D and 3D factors of safety
are 1.50 and 1.46, respectively. Also, for clay
models, 2D and 3D factors of safety are 1.50
and 1.48, respectively. It should be mentioned
that the idea of �phi/c reduction� was used for
reaching the factors of safety. This idea is that
the soil's strength is gradually reduced and when

failure occurs, the corresponding strength reduc-
tion factor can be considered as a factor of safety.

In order to study the e�ect of corners on the
induced displacements, one parameter named
the `plane strain ratio' (PSR) has been de�ned.
PSR is equal to the ratio of horizontal displace-
ment of the wall crest at any location along the
wall to horizontal displacement of the wall crest
in plane strain analysis. Variations of PSR val-
ues for both sand and clay are shown in Fig.
11. It can be seen that the length of the zone
a�ected by the convex corner, i.e. the zone
along the wall and around the convex corner
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Tab. 3: Properties of two types of soils used in the study (for Hardening Soil Model).

Granular Soil
(Sand)

Cohesive Soil
(Clay)

Material model - Hardening Soil Hardening Soil
Unit weight [γ] kN/m3 19 17
Cohesion [c′] kN/m2 5 35
Friction angle [ψ′] Deg. 36 27
Dilatancy angle [ψ] Deg. 6 0
Power for stress-level
dependency of sti�ness [m]

- 0.5 0.5

Secant sti�ness [Eref

50 ] kN/m2 50000 30000

Tangent oedometer sti�ness [Eref

oed] kN/m2 50000 30000

Unloading/reloading sti�ness [Eref

ur ] kN/m2 150000 90000

Tab. 4: Properties of shotcrete facing.

Shotcrete
Material model - Elastic
Thickness [t] m 0.15
Unit weight [γ] kN/m3 24
Young's modulus [E] kN/m2 21×106

Poisson's ratio [υ] - 0.20

Tab. 5: Properties of soil nails for sand and clay.

For Sand For Clay
Material
model

- Elastoplastic Elastoplastic

Bar
diameter [d]

m 0.032 0.032

Borehole
diameter [d′]

m 0.12 0.12

Bar
yield
stress [σy]

kN/m2 400×103 400×103

Bond
resistance [qb]

kN/m2 180 100

Bar
Young's
modulus [Es]

kN/m2 200×106 200×106

Grout
Young's
modulus [Eg]

kN/m2 21×106 21×106

where the values of the displacements are greater
than the corresponding two-dimensional values
(PSR > 1), is about 0.75 to 1 times the exca-
vation's depth. Also, the length of a�ected zone
in sand is greater than its value in clay. In other
words, values greater than 1 for PSR represent
the e�ects of convex corners on the induced dis-
placements.

For models in the next sections, the length of
a�ected area is considered equal to the excava-
tion's depth (Length of a�ected area = H).

3.1. Soil nails inclination

In this section, the e�ect of applying an angle
over the horizon to the soil nails are studied. For
this purpose, four angles of 5, 10, 15, and 20 de-
grees are applied to the nails, for both sand and
clay models. In Figs. 12 and 13, the horizon-
tal displacements of the convex corner and the
settlements of the ground surface (perpendicu-
lar to the wall) for di�erent inclination angles
are shown.

It can be seen that although executing nails
horizontally can prevent interference when they
cross, but applying an appropriate angle to the
horizon to the soil nails can reduce the wall dis-
placements. It is found that an angle of about 10
degrees can be the most e�cient, and decreases
both lateral and vertical displacements well.

3.2. Applying azimuth to the

nails

Applying azimuth to the nails which are located
within 16 m from the convex corner (in the af-
fected area by convex corner) is another investi-
gation which has been done. In fact, those nails
which are located within 16 m from the convex
corner were inclined in horizontal plane. In order
to study the e�ect of the soil nails' azimuth on
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(a)

(b)

Fig. 9: Comparison of horizontal displacement of the
convex corner in 3D analysis and the horizon-
tal displacement of the wall in plane strain (2D)
analysis (a) for sand, (b) for clay.

the displacements induced by excavation, three
di�erent models were examined for both sand
and clay. In the �rst model, there is no azimuth
and in the second one, the azimuth is 45 degrees.
The third model's azimuth of nails varies from 0

(a)

(b)

Fig. 10: Comparison of settlements of the ground sur-
face (perpendicular to the wall) in 3D and 2D
analysis (a) for sand, (b) for clay.

Fig. 11: PSR (plane strain ratio) values for horizontal
displacements, for sand and clay.

to 45 degrees. Plans of di�erent azimuth models
are shown in Fig. 14.

Figures 15 and 16 show the horizontal dis-
placements of the convex corner and the set-
tlements of the ground surface (perpendicular
to the wall) for di�erent azimuth conditions, re-
spectively. As it can be seen, applying azimuth
to the soil nails in the area a�ected by the convex
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(a)

(b)

Fig. 12: Horizontal displacements of the convex corner
for di�erent inclination angles (a) for sand, (b)
for clay.

corner, increases the horizontal displacements
and settlements.

(a)

(b)

Fig. 13: Settlements of the ground surface for di�erent
inclination angles (a) for sand, (b) for clay.

3.3. Reinforcing the a�ected

area

To reduce the e�ect of convex corner on the dis-
placements induced by soil-nailed excavations,
two approaches have been examined: increasing
the nails length and decreasing their horizon-
tal spacing. In Figs. 17 and 18, the horizontal
displacements of the convex corner and the set-
tlements of the ground surface (perpendicular to
the wall) for the base model and three reinforced
models are shown.

It should be noticed that increasing the nails
length or decreasing their horizontal spacing ap-
plied only on those nails which were located in
the a�ected area by convex corner. Moreover,
the three new models were chosen and modelled
in such a way that all of those models increased
the total length of the nails equally. It can be
seen that increasing the length of the soil nails
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(a)

(b)

(c)

Fig. 14: Plans of di�erent azimuth models (a) no az-
imuth, (b) azimuth = 45 Deg., (c) variable az-
imuth.

can be a better approach rather than decreasing
their horizontal spacing.

4. Conclusion

This study aimed to evaluate the e�ect of con-
vex corners on the displacements induced by

(a)

(b)

Fig. 15: Horizontal displacements of the convex corner
for di�erent azimuth conditions (a) for sand,
(b) for clay.

soil-nailed excavations. After reviewing the lit-
erature and doing a veri�cation model, it was
con�rmed that the used FEM software is capa-
ble of modelling soil-nailed excavations and the
Hardening Soil Model (HS model) can be used
for evaluating the excavation-induced displace-
ments in this study. By comparing the results of
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(a)

(b)

Fig. 16: Settlements of the ground surface for di�erent
azimuth conditions (a) for sand, (b) for clay.

three-dimensional and two-dimensional numer-
ical modellings for two types of soils (granu-
lar and cohesive), the following conclusions were
drawn:

• The length of the zone a�ected by the con-
vex corner (the zone along the wall and
around the convex corner where the val-
ues of the displacements are greater than
the corresponding two-dimensional values)
is about 0.75 to 1 times the excavation's
depth. Also, the length of a�ected zone in
granular soil is greater than its value in co-
hesive soil.

• The outward three-dimensional geometry
of convex corner increases the excavation-
induced displacements as compared to the
areas which are not near the corners. In
this study, the maximum amounts of PSR
(Plane Strain Ratio) are about 1.40 and
1.25 for granular and cohesive soils, re-

(a)

(b)

Fig. 17: Horizontal displacements of the convex cor-
ner for di�erent reinforcing approaches (a) for
sand, (b) for clay.

spectively. If there is no time, budget, or
computational tools for modelling the con-
vex corner three-dimensionally, it would be
suggested to increase the amount of dis-
placements obtained from plane strain mod-
ellings by about 50% and then compare it
with allowable displacements.
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(a)

(b)

Fig. 18: Settlements of the ground surface for di�er-
ent reinforcing approaches (a) for sand, (b) for
clay.

• Although the horizontal soil nails are ex-
ecuted easier and prevent interference of
nails which cross, but applying an appropri-
ate angle over the horizon to the soil nails
can reduce the wall displacements. It was
found that an angle of about 10 degrees can
be the most e�cient.

• Applying azimuth to the soil nails in the
area a�ected by the convex corner, signi�-
cantly increases the displacements. Hence,
applying azimuth to the nails is not recom-
mended at all. The results indicate that the
amount of increase in displacements is more
in granular soils rather than cohesive ones.

• For reducing the displacements in the zone
a�ected by the convex corner, increasing the
soil nails length can be more e�ective than
decreasing their horizontal spacing.

Studying the convex corners' e�ect on the dis-
placements induced by anchored excavations
and the e�ect of soil relaxation due to the par-
tial excavation's steps in each level on the dis-
placements can be the possible future works.
To investigate the latter topic, it can be stud-
ied, for example, by comparing 3D analyses
and 2D ones with di�erent Mstage factors us-
ing PLAXIS software.

References

[1] Ou, C. Y., Chiou, D. C., Wu, T. S.
(1996). Three-Dimensional Finite Element
Analysis of Deep Excavations. Journal of
Geotechnical Engineering, 122(5), 337�345.

[2] Lee, F. H., Yong, K. Y., Quan, K. C.
N., Chee, K. T. (1998). E�ect of Corners
in Strutted Excavations: Field Monitoring
and Case Histories. Journal of Geotechnical
and Geoenvironmental Engineering, 124(4),
339�349.

[3] Finno, R. J., Blackburn, J. T., Roboski,
J. F. (2007). Three-Dimensional E�ects for
Supported Excavations in Clay. Journal of
Geotechnical and Geoenvironmental Engi-
neering, 133(1), 30�36.

[4] Zhao, W., Chen, C., Li, S., Pang, Y. (2014).
Researches on the In�uence on Neighbor-
ing Buildings by Concave and Convex Loca-
tion E�ect of Excavations in Soft Soil Area.
Journal of Intelligent & Robotic Systems,
79(3�4), 351�369.

[5] Szepesházi, A., Mahler, A., Móczár, B.
(2016). Three Dimensional Finite Element
Analysis of Deep Excavations' Concave
Corners. Periodica Polytechnica Civil En-
gineering, 371�378.

[6] Moradi, M., Pooresmaeili Babaki, A.,
Sabermahani, M. (2020). E�ect of Nail Ar-
rangement on the Behavior of Convex Cor-
ner Soil-Nailed Walls. Journal of Geotech-
nical and Geoenvironmental Engineering,
146(5), 04020026.

[7] Hsiung, B. C. B., Likitlersuang, S., Phan,
K. H., Pisitsopon, P. (2020). Impacts of the

c© 2021 Journal of Advanced Engineering and Computation (JAEC) 289



VOLUME: 5 | ISSUE: 4 | 2021 | December

plane strain ratio on excavations in soft al-
luvium deposits. Acta Geotechnica, 16(6),
1923�1938.

[8] Wu, C. H., Ou, C. Y., Tung, N. (2010). Cor-
ner E�ects in Deep Excavations- Establish-
ment of a Forecast Model for Taipei Basin
T2 Zone. Journal of Marine Science and
Technology, 18(1).

[9] Khodaverdian, S., Hazeghian, M.,
Mokhtari, M. (2021). Three-dimensional
Numerical Study of the E�ect of Convex
Corners on the Displacements Induced by
Excavation for Soil-Nailed Walls. Amirk-
abir Journal of Civil Engineering, 53(8),
7-7.

[10] Ou, C. Y., Hsieh, P. G., Lin, Y. L. (2011).
Performance of Excavations with Cross
Walls. Journal of Geotechnical and Geoen-
vironmental Engineering, 137(1), 94�104.

[11] Nowroozi, V., Hashemolhosseini, H.,
Afrazi, M., & Kasehchi, E. (2021). Opti-
mum Design for Soil Nailing to Stabilize
Retaining Walls Using FLAC3D. Journal
of Advanced Engineering and Computation,
5(2), 108.

[12] Fuentes, R., Devriendt, M. (2010). Ground
Movements around Corners of Excavations:
Empirical Calculation Method. Journal of
Geotechnical and Geoenvironmental Engi-
neering, 136(10), 1414�1424.

[13] Fan, C. C., Luo, J. H. (2008). Numerical
study on the optimum layout of soil�nailed
slopes. Computers and Geotechnics, 35(4),
585�599.

[14] Unterreiner, P., Benhamida, B., Schlosser,
F. (1997). Finite element modelling of the
construction of a full-scale experimental
soil-nailed wall. French National Research
Project CLOUTERRE. Proceedings of the
Institution of Civil Engineers- Ground Im-
provement, 1(1), 1�8.

About Authors

Abbas REZAMAND graduated with a M.Sc.
Degree in geotechnical engineering from Univer-
sity of Tehran. His undergraduate studies was
in civil engineering at Amirkabir University of
Technology.

Mohammad AFRAZI is a research as-
sistant at Tarbiat Modares University. He holds
a BSCE and MSCE from Shiraz University and
Tarbiat Modares University, respectively.

Mahdi SHAHIDIKHAH is a PhD stu-
dent in geotechnical engineering at University
of Tehran. He also holds a BSCE and MSCE
from University of Tehran.

290 "This is an Open Access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium provided the original work is

properly cited (CC BY 4.0)."


	Introduction
	Methodology
	Verification
	Modelling

	Results and discussion
	Soil nails inclination 
	Applying azimuth to the nails 
	Reinforcing the affected area

	Conclusion

