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ABSTRACT: Finite element analyses of anchor type retaining wall in braced excavation are conducted with FEMtij2D using an elastoplastic constitutive model named subloading tij model. For validating the results of the numerical simulation, some lab
oratory model tests are carried out varying the number of anchors, the lengths of anchors and the embedded depth of wall. Displacement o
f the retaining wall and the development of shear band in the ground are investigated. It has been revealed that longer anchor in the lower
parts of the excavation produces a significant supporting effect resisting wall displacement of the backfill ground. Then, a field observatio
n of an anchor type retaining wall is simulated by the finite element analysis. The numerical analysis captures well the results of the mode
l tests and the field observation.
RÉSUMÉ : Des études numériques par éléments finis ont été réalisées pour modéliser le comportement de murs de soutènements ancrés
dans des fouilles contreventés à l’aide d’un modèle élastoplastique, le modèle tij avec le concept de subloading surface. La validation des
résultats a été faite à partir d’essais de laboratoire en changeant le nombre d’ancrages, leur longueur et la hauteur du mur. Les
déplacements du mur de soutènement et le développement des bandes de cisaillement dans le sol ont été mesurés. L’étude montre qu’un
ancrage plus long dans la partie inférieure de l’excavation amène un apport significatif pour limiter le déplacement du sol retenu par le
mur. Les résultats d’un essai in situ d’un mur de soutènement avec ancrages ont ensuite été comparés aux résultats des simulations
numériques par éléments finis. La comparaison démontre que l’analyse numérique est en bon accord avec les résultats de l’essai modèle
et les observations sur le terrain.
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1 INTRODUCTION
Usually open excavation causes problem to surrounding ground,
if the proper protection in deforming ground is not taken into
account. Recently, anchors are used to excavate large section
having deeper excavation depth. In present practical design
method of retaining wall with anchor, earth pressure acting on
the retaining wall and its stability as a whole are evaluated with
rigid plasticity theory such as Rankine’s earth pressure theory.
The wall deflection is usually calculated using the beam spring
model with Rankine’s earth pressure theory, in the same way as
that of the retaining wall with struts. In the literature (e.g., Yoo,
2001), it is found that anchored wall has the restraining ability
of wall movement greater than that of the braced wall, which
emphasizes the necessity of investigating the mechanism of
anchored wall.
In this paper, a field observation of an anchor type retaining
wall is simulated by finite element analysis after validating the
results of the numerical simulation corresponding to some
model tests using the mass of aluminum rods as model ground.
In the first part, the mechanism of anchor type retaining wall by
model tests and the validation of the corresponding numerical
analyses are investigated. In our previous researches (Shahin et
al., 2010 & 2011), investigation on the deformation mechanism
of the ground has been done considering strut-type retaining
wall. The same constitutive model named as subloading tij

model (Nakai & Hinokio, 2004; Nakai, 2012) and the same sets
of parameter are used in this research. This constitutive model
can describe typical stress deformation and strength
characteristics of soils such as the influence of intermediate
principal stress, the influence of stress path dependency of
plastic flow and the influence of density and/or confining
pressure.
2

2D MODEL TESTS AND NUMERICAL SIMULATIONS

2 .1 Outline of 2D model tests
Figure 1 shows a schematic diagram of the two-dimensional
apparatus. The size of the model ground is 680mm in width and
450mm in height. Aluminum rods of 5cm in length, having
diameters of 1.6mm and 3.0mm and mixed with the ratio of 3:2
in weight, are used as the model ground (unit weight of the
mass is 20.4kN/m3). The retaining wall is 300mm and 240mm
in length , 60mm in width and 0.5mm in thickness, which is a
plate of aluminum material (EI=0.88N*m2/cm, EA=4.22
kN/cm). In the experiment, the model ground was excavated
with a layer of 15mm in thickness up to a possible depth of
excavation. Pre-stress is applied at the head of each anchor. The
anchor is modeled connecting the head and the anchor plate by
a piano wire (thread) at both sides of the ground. By taking
photographs with a digital camera and using PIV technique, the
ground movements and consequently the deviatoric strain
distribution in the ground is captured. The wall deformation is
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also measured using digitizer from the photographs of the
ground.
Table 1 shows the experimental pattern. In the table, L1 is
the length of the upper anchor; L2 and L3 are the lengths of the
middle and lower anchor, respectively. Excavation depth during
the installation of the 1st stage anchor is 30mm, the 2nd stage
anchor is 90mm and the 3rd stage anchor is 150mm. The anchor
depth for the 1st stage anchor is 15mm, the 2nd stage anchor is
75mm and the 3rd stage anchor is 135mm from the ground
surface in the retaining wall side. A plane of active earth
pressure is assumed considering the final excavation depth of
210mm and an angle of internal friction of 30o. The anchor
plate is setup outside of the assumed plane of active earth
pressure. Series 1 deals with the two different number of
anchors – two anchors are set in Case S1-C1 and three anchors
are set in S1-C2. This series is considered as a basic pattern
where the length of the upper anchor is 150mm, the middle
anchor is 125mm and the lower anchor is 100mm (Case S1-C2).
In Series 2, tests are carried out changing the length of the
upper (S2-C1) and lower (S2-C2) anchors. In Series 1 and
Series 2, the length of the sheet pile is 300mm. In the all tests,
the inclination angle of the anchors is =30o

as those used in the simulations of model tests using the
aluminium rods mass for other geotechnical problems such as
tunnelling, retaining wall problems (e.g.,Shahin et al., 2011;
Shahin et al., 2016). Figure 3 shows the experimental (dots) and
calculated (solid curves) results of biaxial tests for the mass of
aluminum rods used in the model tests (1=19.6kPa). Here, the
dotted lines are the calculated curves under 1=0.2kPa, which
almost corresponds to the stress level of the model tests.
The sheet pile and anchor plates are modelled using elastic
beam elements. The frictional behavior (friction angle =14o)
between the sheet pile and the ground is simulated using
elastoplastic joint elements (Nakai, 1985). The anchor is
modelled using elastic truss element as it resists only tensile
force. The excavation is simulated removing elements in the
mesh corresponding to the excavation area of the model tests.
The analyses are carried out with the same conditions as the
model tests. The initial stresses of the ground are calculated by
applying the body forces due to self-weight. The pre-stress is
applied at the head of each anchor in the same way as the model
tests.

Figure 2. A typical mesh for finite element analysis.
Table 2. Material parameters for aluminum rod mass.
Figure 1. Schematic diagram of the apparatus.
Table 1. Test Patterns.

Test
S1-C1
S1-C2
S2-C1
Series 2
S2-C2
Series 1

Anchor length (mm) Sheet pile
length
L1
L2
L3
(mm)
150
100
125
300
300
100
150
300

2 .2 Outline of numerical simulations
Figure 2 shows a typical mesh used in the finite element
analyses for the simulations of the model tests. The analyses are
carried out using finite element code FEMtij-2D developed by
our group using an elastoplastic constitutive model for soils,
called the subloading tij model (e.g., Nakai & Hinokio, 2004).
This model requires only a few unified material parameters, but
can describe properly the following typical characteristics of
soils: (1) influence of intermediate principal stress on the
deformation and strength of soil is considered by the tij concept
(Nakai & Mihara, 1984); (2) influence of stress path on the
direction of plastic flow is considered by splitting the plastic
strain increment into two components; (3) influence of density
and/or confining pressure is considered by the subloading
surface concept (Hashiguchi, 1980). Model parameters for the
aluminium rod mass are shown in Table 2, which are the same

Figure 3. Stress-strain-dilatancy relation for aluminum rod mass.

2 .3

Results and discussions

Influence of number of anchors: Series 1
2.3.1
Figure 4 shows the observed (diagram (a)) and computed
(diagram (b)) wall displacements for different number of
anchors. The legend represents excavation depth (d). The
arrows in the figures indicate the position of the anchors. It is
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revealed that the anchors restrict the wall displacement till the
excavation depth of 150mm for both cases. When excavation
depth exceeds 150mm a significant wall displacement is seen in
S1-C1. The two-staged anchors (S1-C1) produces larger
displacement in the ground than that of the three-staged anchors
(S1-C2). The numerical simulations produce almost similar
wall deflection.
Figure 5 illustrates distribution of shear strain of the model
tests and numerical simulations. The distributions of shear
strain of the model tests are obtained using Particle Image
Velocimetry (PIV) technique. The color contrast indicates the
intensity of the shear strain. In the two-staged anchors, the data
is taken for the excavation depth of 195mm as the ground fails
for further excavation. In the three-staged anchors, the figure
shows the results for the excavation depth of 210mm. For both
cases shear band develops outside of the anchor block. The
numerical analyses well capture the observed shear strain
distribution of the ground.
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Figure 4. Horizontal displacement of wall for different number of
anchors.
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excavation depth of 180mm, irrespective of the anchor length.
When excavation depth exceeds 180mm a large wall
displacement is observed. For the excavation depth of 210mm,
the influence of anchor length is seen remarkably. In Case S2C2 (only the lower anchor length is longer), the wall
displacement is smaller than that of Case S2-C1 (only the upper
anchor length is longer). It is also seen that excavation up to
210mm-240mm is possible, if the lower anchor is sufficiently
longer. Therefore, if the lower anchor is longer, it is possible to
make deeper excavation. The results of the numerical analyses
show the same tendency of the model.
Figure 7 illustrates the shear strain distribution of the
ground for this series. The figures show the results of the
excavation depth of 210mm. It is found that in the case when
only upper anchor is longer shear strain concentration in the
shear band is almost similar to the test of S1-C2 (Fig. 5). In
contrast, longer lower anchor (S2-C2) significantly reduces
shear strain in the ground. As the lower anchor is located
outside the slip surface and produces sufficiently high pullout
resistance, it increases tensile force, and hence a notable
supporting effect can be speculated. Therefore, if the lower
anchor is longer, it is possible to increase excavation depth. The
results of the numerical analyses show the same tendency of the
model tests.
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Figure 6. Horizontal displacement of wall for different anchor
Lengths.

Figure 5. Distribution of shear strain for different number of
Anchors.

2.3.2
Influence of anchor lengths: Series 2
Figure 6 shows the observed (diagram (a)) and computed
(diagram (b)) wall displacements for different anchor lengths. It
is revealed that the anchors restrict the wall displacement till the

Figure 7. Distribution of shear strain: Series 2.
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3 FIELD OBSERVATION AND ITS NUMERICAL
SIMULATION
Figure 8 represents the geological condition, position of anchors
and excavation procedures of the field. Holocene layer and
Pleistocene layer exist from the ground surface to the place near
this monitoring site. Holocene layer is composed of a fine sandy
layer (Aus), soft clay layer (Amc), and a sandy layer with
medium density (As). On the other hand, Pleistocene layer
exist in the lower part of Holocene layer, and is composed of a
stiff clay layers (Tc), a dense gravel layer (Tg) and a dense
sandy layer (Os). Table 3 shows some parameters and
characteristics of each layer. The excavation was carried out till
the depth of 11.1m. The length of the sheet pile was 14.5m, and
below the sheet pile soil cement wall was placed till the Tc
layer. The tip of the anchors was placed at Tg layer, and the
inclination angles of the anchors was 45 degrees. Numerical
analysis was conducted considering soil-water coupling
condition as water table was near to the surface of the ground in
the field.
Figure 9 shows the observed and computed wall horizontal
displacement. The maximum wall displacement after final stage
of excavation is seen at the depth of about 10m. Figure 10
represents the observed and computed variations of of tensile
forces with time at the three anchors. It is found that tensile
force of the 1st anchor decreases to some extent when the 2nd
anchor is setup. The same tendency is also seen for the 2nd
anchor when the 3rd anchor is setup. The numerical analysis
reproduces the wall displacement and tensile force of the
anchors of the field data.

Shahin H.M., Nakai T., Ishii K. Iwata T and Kuroi S. 2016.
Invetigation of influence of tunneling on existing building and tunnel
– model tests and numerical simulations, Acta Geotechnicla, 11(3),
679-692.
Yoo C.S. 2001. Behavior of braced and anchored walls in soils
overlying rock. Journal of Geotechnical and Geoenvironmental
Engineering, 127(3), 225-233.

Figure 8. Dimension for numerical analysis of field.
Table 3. Parameters for field numerical analysis.

4 CONCLUSIONS
Two-dimensional model tests and the corresponding numerical
analyses are carried out on anchor type braced excavation. It is
revealed that supporting effect of anchor in braced excavation
can be achieved, if the anchor block is setup outside the
assumed slip surface developed during excavation. Especially,
longer anchor in the lower part of the excavation produces a
significant supporting effect resisting wall displacement. As the
wall deformation of the backfill ground increases with advance
of excavation, it is important to install an anchor with a
sufficient length in deeper excavation depth. It can also be
concluded that the computed results in which typical stressstrain behavior of soils is appropriately taken into account agree
well with the experimental results and observed field data
qualitatively and quantitatively.
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Figure 9. Observed and computed horizontal displacement of wall of
the field.
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Figure 10. Observed and computed variation of tensile force of earth
anchors with time.
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