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of soil nailing and ground-anchors methods
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ABSTRACT: Increasing population growth and economic growth have increased land prices in metropolitan
areas. Soil nailing and ground anchor are common methods of deep excavation stabilization in Iran. The pres-
ence of a convex corner causes complexity in stabilization. In this paper, three-dimensional modeling of the
convex corner has been carried out in combination of soil nailing and ground-anchor methods by ABAQUS
3D. Particularly, the effect of using the soil nail and ground anchor combination on the vertical and lateral
displacement of the excavation was investigated. The variables include: the angle of the ground anchors (90
and 60 degrees), the angle of the soil nails (90 and 60 degrees) and the configuration of nails and ground-
anchors. In addition, the different combination of soil and anchors layout was modelled. Based on the results,
the optimum design was presented regarding the location and configuration of soil nails and ground-anchors
for a deep excavation with a convex corner and 20 meter depth.

1 INTRODUCTION

Construction of high rise buildings is increased in
Iran during the last decade due to increase in popula-
tion and high price of lands. Additionally, the require-
ment of providing a parking space for each new unit
either commercial or residential led to the design and
construction of deep excavations in large cities such
as Tehran and Mashhad. There are different types of
supporting system can be used for deep excavations.
Soil nailing and ground anchors are most common
methods for temporary/permanent support of these
type of excavations in Iran as it causes less congestion
in the excavation and the installation of nails/anchors
is relatively fast.

The common practice to design of soil nail-
ing/ground anchors is using two-dimensional analysis
considering plane strain situation. This assumption
does not consider the effect of corners on the evalua-
tion of lateral displacement as well as settlement. Ou
and Shiau 1998 conducted 2D & 3D numerical anal-
ysis for an excavation with 90° concave corners en-
hancing three-dimensional non-linear finite element
program. They considered the top-down method for
the support of the exaction. The field data was used
for the verification of the three-dimensional model-
ling results. Based on the conclusion, the wall dis-
placement decreases with decreasing distance from
the corner. In 1998, Lee et al. investigated the effect
of corners on wall deflections and ground movement
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around multi-strutted deep excavations. Field data re-
vealed that the corners can decrease the lateral move-
ment and settlement significantly. In addition, the re-
sults indicated the length to depth ratio of excavation,
the stiffness of struts and the depth to the stiff layer
are the main factors related to the corner’s effects.

Zdravkovic et al. 2005 performed the three-dimen-
sional modelling of a square and rectangular retaining
wall with a finite element program. They found that
for rectangular excavation with length to width ratio
of 4, the condition in the longer side of the wall still
not satisfied the plane strain assumption with regards
to the horizontal and vertical movements of the wall.
However, for a shallow depth of foundation, the dif-
ference between the real condition and plane strain
assumption will be negligible. For length to width ra-
tio of 2, the effects of depth would be significant.

In order to get a better understanding about the ap-
proximation of using plane strain instead of a three-
dimensional condition, Wu et al. 2010 introduced a
new parameter as plane strain ratio (PRS). PRS de-
fined as the maximum horizontal displacement in the
three-dimensional analysis to the maximum horizon-
tal displacement in the two-dimensional analysis.
Higher PSR represents sections that are less affected
by the corners. Based on different PSR values, the as-
pect ratio for excavation geometry and distance from
the corner, they produced a chart which indicated that
if the PSR is close to the value of 1, the effects of
corners on lateral displacements are negligible.



Hsieh et al. 2013 compared the numerical modelling
prediction with four case study monitoring results.
Based on their study, the lowest horizontal displace-
ment will occur close to the concave corners. Law et
al. 2014 used hardening soil as a constitutive soil
models in PLAXIS 3D for modelling of a deep exca-
vation in Kenny Hill and the results show that selec-
tion of the soil parameters for 2D and 3D analysis for
advanced constitutive models are as import as the cor-
ner effects consideration in the modelling to predict
the displacement more accurately. Zad and Farnegin
2017 carried out the parametric study using PLAXIS
3D A.E. 2015 for modeling of 15m deep excavation
by using soil nailing method for supporting system.
The location, horizontal and vertical distance of nails
and the type of constitutive soil models are varied.
Based on their results, the soil nail distance can be in-
creased around the concave corners considering
three-dimensional effects of corners which can result
in the optimum design of soil nailing method.

ABAQUS 3D was used in this paper to evaluate
the convex corner effects of a 20 m deep excavation
using the combination of soil nailing and ground-an-
chors methods to find out the optimum design for the
support system.

2 NUMERCIAL ANALYSIS

Drucker Prager Cap Model was used for the model-
ling of the soil. The properties of the soil are summa-
rized in Table 1. Figure 1 displays the geometry and
boundary of the model with 80*80*30 meter. The
depth of the excavation was 20 meter with 20 meter
length in the plan.

Table 1. Soil properties

Parameter Value
Friction angle § (Degree) 50
Cohesion d (kPa) 62
Unit weight y (KN/m?) 19
Modulus of elasticity E (MPa) 50
Poisson’s ratio 9 0.3
= 30m
i i.- 20m

Figure 1. Geometry of the numerical model

Mesh sensitivity analysis was carried out to find
the adequate size of the mesh in term of the accuracy
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of the result in addition to the optimum time for cal-
culation regarding element size and numbers as
shown in Figure 2.

In the numerical analysis 3d bock element was se-
lected for the soil, plate element for shotcrete, beam
truss for the modelling for the nails and ground-an-
chors. The properties of soil nails, ground-anchors
and concrete pad are displaced in table 2, 3 and 4 re-
spectively. Table 5 summaries the different types of
soil nails/ground anchors arrangement. In addition,
figure 3 presents the plan of different configurations
for the supporting system.

Figure 2. Mesh size for the model

Table 2. Soil nails properties

Parameter Value
Type Al-32
Unit weight/Length (kg/m) 6.31
Area (mm?) 804
Modulus of elasticity E (GPa) 200

Table 3. Ground-Anchors properties

Parameter Value

Type 4strand-0.6
Unit weight/Length (kg/m) 4.48

Area (mm?) 560
Modulus of elasticity E (GPa) 200
Ultimate capacity (kN) 1040
Tendon capacity (F,) (kN) for 0.6 624
Tendon capacity (F,) (kN) for 0.7 728
Tendon capacity (F,) (kN) for 0.8 832

Modulus of elasticity-Bound E (GPa) 28
Area-Bound (cm?) 121
Poisson’s ratio-Bound 0.16

Table 4. Concrete pad properties

Parameter Value
Thickness (m) 0.35
Area (m?) 0.48
Modulus of elasticity E (GPa) 21

Table 5. The configuration of different types of numerical mod-
els

Model Support system reinforced length reinforced angle
No.

Anchor Nail Anchor Nail
1 Anchor 20 0 90 0
2 Anchor 20 0 60 0
3 Anchor&Nail 14 6 90 90



4 Anchor&Nail 14 6 60 90
5 Anchor&Nail 14 6 90 60
6 Anchor&Nail 14 6 60 60

Figure 4 displays the targeted path for the lateral
and vertical displacement. Total displacement in-
cludes the resultant of the displacements in X, y and z
direction.

O

a)

©)
Figure 3. The plan and cross section of different types of
configurations a) ground-anchors with 90 degrees b)combi-
nation of ground-anchors with 90 degrees with soil nails
with 60 degrees c)cross section of the wall supported by
ground-anchors

Figure 4. The target path for the lateral and vertical displace-
ment.
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3 NUMERICAL RESULTS

Figure 5 displays the vertical displacement towards
the T path. As it can be seen, with the change of angle
ground-anchor’s angle from 90 to 60 degrees, the ver-
tical displacement will increase by 37%. This might
relate to the less coverage of ground-anchors with 60
degree inclination. The maximum vertical displace-
ment will occur around 4 meters from the corner for
all of the different numerical models. Using soil nail-
ing will decrease the value of vertical displacement
especially in combination of ground-anchors.
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Figure 5. The vertical displacement towards T path

Figure 6 plots the lateral displacement towards T
path which indicates supporting system including
ground-anchors with 60 degrees angle and soil nailing
with 90 degrees angle will result in lowers value of
lateral displacement in comparison to other types of
configurations.
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Figure 6. The lateral displacement towards T path



Figure 7 represents the vertical displacement
towards V1 and V3 path located 1 meter and 10
meters from the corner, respectively. Based on the
results, the maximum vertical displacement occurs at
the top of the wall. Additionally, the maximum later
displacement belongs to the numerical model using
ground-anchors with the angle of 60 degrees. By
using the combination of soil nails and ground-
anchors with the angle of 90 degrees, the vertical
displacement will decrease significantly.
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Figure 7. The vertical displacement towards a) V1 path b)V3
path

Figure 8 plots the lateral displacement towards V1
and V3 path. As it can be seen 60 degrees of inclina-
tion for either soil nails or ground anchors will reduce
lateral displacement towards the V1 path which lo-
cated 5 meters from the corner. However, by moving
from V1 to V3, the corner effects will dissipate and
the amount of lateral displacement will be fairly sim-
ilar for most scenarios. The minimum values for be-
long to the combination of the ground-anchor with 60
degrees with soil nails 90 degrees. The ground-an-
chors and/or nails with 90 degrees indicate less value
for the lateral displacement in comparison to the 60
degrees.
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4 CONCLUSION

In this paper the effect of using soil nailing and
ground-anchors system for support of a convex corner
of a 20 m deep exaction was investigated. Six differ-
ent configuration for support system was modelled in
3D finite element program with installation of 60 and
90 degrees for the reinforcements. Based on the nu-
merical results:

1- With the change of angle ground-anchor’s an-
gle from 90 to 60 degrees, the vertical displace-
ment will increase by 37%. This might relate
to the less coverage of ground-anchors with 60
degree inclination. The maximum vertical dis-
placement will occur around 4 meters from the
corner for all of the different numerical mod-
els.

Using soil nailing will decrease the value of
vertical displacement especially in combina-
tion of ground-anchors

As it can be seen 60 degrees of inclination for
either soil nails or ground anchors will reduce
lateral displacement towards the V1 path
which located 5 meters from the corner.

By moving from the corner toward the middle
of the wall, the corner effects will dissipate and
the amount of lateral displacement will be
fairly similar for most scenarios. The mini-
mum values for lateral displacement related to
the combination of the ground-anchor with 60
degrees with soil nails 90 degrees. The ground-
anchors and/or nails with 90 degrees indicate
less value for the lateral displacement in com-
parison to the 60 degrees.
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