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Abstract
The demand for specific earth retaining wall method is increasing, along with
the advancement and overcrowding of underground space use, such as the
presence of close structures, in an urban area. The method is named stepped-twin
retaining wall. The feature of this method is to have inner and outer retaining
walls and excavate the ground by two-step in order to minimize the effect of
the excavation on neighboring existing structures. However, the design of the
earth retaining wall is currently carried out by individual engineers based on
their own experience. Therefore, it is crucial that the standard method of retaining wall using a two-step construction is established. As the first step toward the standardization, evaluation of factors affecting the ground behavior
of the earth retaining wall was carried out. In particular, we picked up four
major considerable factors, which are horizontal distance between the outer
and inner walls, depth of outer wall embedment, mechanical properties of
soil. The evaluation was done by using two dimensional FEM analysis and the
results were summarized to make clear the effect of each factor.
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1. Introduction
Recently, congestion of underground structures has occurred with the increases
of utilization of underground space in urban areas. Therefore, in the new development of the underground, it is required not to affect adjacent existing structures. In order to cope with this, the method named earth stepped-twin retaining
wall is increasing. However, the design of the earth retaining wall is currently
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carried out by individual engineers based on their own experience. Therefore, it
is crucial that the standard method of earth stepped-twin retaining wall is established.

2. Earth Stepped-Twin Retaining Wall
The earth stepped-twin retaining wall is one of the methods of the retaining wall
method applied when the height of the foundation bottom of the structure is
different in a plane or when the existing structure is buried under the ground
[1]. A schematic diagram of earth stepped-twin retaining wall is shown in Figure 1. As shown in this figure, the outer and inner walls are constructed to prevent the collapse of earth and sand. As a feature of the earth stepped-twin retaining wall, it is possible to reduce the amount of excavation concerning construction and the amount of steel material of earth retaining support, and it is
not necessary to excavate unnecessary parts. Examples of applications include
construction when the excavation depth differs depending on the shape of the
underground structure, temporary working space in the absence of plants and
materials on the ground, countermeasures against rebound by buffer excavation,
and the like.

3. Numerical Modeling
Two dimensional FEM analysises are used for numerical analysis of earth
stepped-twin retaining wall. Earth retaining walls and struts are beam elements,
and the ground is an elastoplastic body conforming to the Mall-Coulomb
breaking standard [2]. Also, in order to consider the friction between the ground
and the earth retaining wall, a joint element is provided [3]. The analysis model
is shown in Figure 2. This analysis model is an axis-symmetry model of half section and performs a step excavation considering the construction process. In
particular, we picked up three major considerable factors, which are horizontal
distance between the outer and inner walls, depth of the outer wall embedment,
and mechanical properties of soil (Figure 3). The input physical property values
of soil and earth retaining member used in this analysis are shown in Table 1
and Table 2 [4] [5].

Figure 1. Schematic diagram of earth stepped-twin retaining wall.
DOI: 10.4236/wjet.2019.71007
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Figure 2. Model of earth stepped-twin retaining wall.

Figure 3. Factors examined by numerical modeling.
Table 1. Physical and mechancial properties of soil.
Unit weight
γ (MN·m3)

Modulus of
deformation
E (MPa)

Poisson’s ratio
v (-)

International
friction angle
φ (˚)

Cohesion
c (MPa)

Sandy soil

0.017

12

0.30

35

0

Cohesive soil

0.014

25

0.40

0

0.15

Table 2. Physical and mechanical properties of earth retaining member.
Young’s Modulus
E (GPa)

Poisson’s ratio
v (-)

Cross-sectional
area
A (cm2)

Geometrical
moment of inertia
I (cm4)

Outer wall SMW

200

0.34

187.2

114,000

Inner wall Sheet pile

200

0.30

267.6

63,000

1st, 2nd, 3rd Strut

200

0.20

34.9

5,767

4 , 5 , 8 and 9 Strut

200

0.20

51.6

11,667

6 , 7 and 10 Strut

200

0.20

65.9

19,667

th

th
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4. Results and Discussion
4.1. Influence of Horizon Distance between the Outer and Inner
Wall
Figure 4 shows the maximum amount of horizontal displacement of the inner
wall during the final excavation when the horizontal distance between the outer
and inner wall is changed from 2 m to 7 m. The figure shows that as the horizontal distance between the outer and inner wall decreases, the maximum horizontal displacement of the inner wall increases. Further, at the horizontal distance of 5 m, the behavior of the graph of the maximum horizontal displacement
is changed. According to the tunnel standard specification document [6], the
lateral pressure acting on the inner wall in earth stepped-twin retaining wall
method is different by whether the active slip line enters inside or outside of the
excavated bottom of the outer wall. When the active slip line enters inside the
excavated bottom of the outer wall, just the lateral pressure acting from the
backfill of the inner wall is taken into consideration as with the general earth retaining wall. When the active slip line enters outside the excavated bottom of the
outer wall, the soil load in the area surrounded by the outer wall and the active
slip line is considered as the surcharge applied to the lateral pressure of the inner
wall. Here, the active slip line can be expressed as a slope on of 45˚ + φ/2, and φ
is the internal friction angle of the soil. In this analysis model, if we subtract
the active slip line at the slope of 45˚ + φ/2 from the excavation bottom of the
inner wall, under the sandy soil condition, when the horizontal distance is less
than 5.2 m, the backfill of the outer wall is included in the active slip line.
Therefore, as the horizontal distance becomes smaller as shown in the figure, it
is considered that the lateral pressure of the inner wall becomes larger, which affects the displacement of the inner wall.

4.2. Influence of Mechanical Properties of Soil
Figure 5 shows the horizontal displacement of the inner wall when the soil is
changed. As shown in the figure, it is understood that the horizontal displacement of the inner wall is larger in the sandy soil. This is thought to be due to the
fact that the modulus of deformation of sandy soil is smaller than that of cohesive soil. On the other hand, there is no difference in the depth at which the horizontal displacement of the inner wall is the maximum; the maximum horizontal displacement is shown roughly in the middle of the inner wall.

4.3. Influence of Depth of the Outer Wall Embedment
Figure 6 shows the relationship between the depth of the outer wall embedment
and the maximum horizontal displacement of the inner wall. The horizontal
distance between the outer and inner wall is 3 m. It can be seen that the maximum horizontal displacement of the inner wall increases as the depth of the
outer wall embedment decreases for both sandy soil and cohesive soil. This indicates that the lateral pressure from the surrounding ground to the inner wall
DOI: 10.4236/wjet.2019.71007
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Maximum amount of horizontal displacement
of the inner wall（ m）
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Figure 4. Relationship between horizontal distance and maximum horizontal displacement of the inner wall (sandy soil).
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Figure 5. Horizontal displacement of the inner wall in sandy and cohesive soil.

increases as the depth of the outer wall embedment decreases. Also, the behavior
of the maximum horizontal displacement is changed with a boundary at 5 m in
the case of sandy soil and 7 m in the case of cohesive soil (arrow in the figure). It
is considered that this is due to the positional relationship between the active slip
line and the depth of the outer wall embedment. As an example, Figure 7 shows
DOI: 10.4236/wjet.2019.71007
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Figure 6. Relationship between the depth of the outer wall embedment and the horizontal displacement of the inner wall.

Figure 7. Analysis model and the active slip line.

the positions of the active slip line of sandy soil and cohesive soil when the depth
of the outer wall embedment is 6 m. Focusing on the relation between the active
slip line and the depth of the outer wall embedment as shown in the figure, the
active slip line and the tip of the depth of the outer wall embedment are formed
at 5.6 m in the sandy soil and at 7 m in cohesive soil. In other words, it is
thought that the lateral pressure acting on the inner wall can be reduced when
the active slip line and the depth of the outer wall embedment intersect.
DOI: 10.4236/wjet.2019.71007
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4.4. The Lateral Pressure Acting on the Inner Wall
From the results in the previous section, we formulate and generalize the lateral
pressure acting on the inner wall in the earth stepped-twin retaining wall by using various parameters. As shown in Figure 8, assuming that the horizontal distance between the outer and inner wall is D, the depth of the earth stepped-twin
retaining is H, and the internal friction angle of the soil is φ, the arrow indicated
by red in the figure can be expressed by Htan(45˚ − φ/2). In the case that the active slip line enters outside the excavated bottom of the outer wall, that is, satisfies D < Htan(45˚ − φ/2), the soil load in the range surrounded by the active slip
line and the outer wall as the lateral pressure of the inner wall is considered as
the surcharge. Also, as shown in Figure 9, the arrow indicated by red in the figure

Figure 8. Consideration of the sercharge.

Figure 9. Intersection point (red dot) between active slip line and the depth of the outer
wall embedment.
DOI: 10.4236/wjet.2019.71007
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can be expressed by H − Dtan(45˚ + φ/2). If the depth of the outer wall embedment is L, when the active slip line and the depth of the outer wall embedment
have an intersection point, that is, when L ≥ H − Dtan(45˚ + φ/2) is satisfied, the
main effect of surrounding ground acting as lateral pressure of the inner wall
can be suppressed.

5. Conclusions
We investigated various parameters that influence the behavior of inner wall in
the earth stepped-twin retaining. The results of this study are shown below.
• If the active slip line enters the outside of the excavated bottom of the outer
wall due to the change in horizontal distance, that is, D which is the horizontal distance between the outer and inner wall satisfies D < Htan(45˚ − φ/2),
since the surchage is considered as the lateral pressure of the inner wall, the
influence of the backfill on the displacement of the inner wall is great.
• The influence of the surrounding ground on the inner wall changes due to
the change in the depth of the outer wall embedment. When L which is the
depth of the outer wall embedment satisfies L ≥ H − Dtan(45˚ + φ/2), since the
depth of the outer wall embedment intersects the active slip line, the influence on the displacement of the inner wall from the back ground is small.
In the earth stepped-twin retaining, the horizontal distance between the outer
and inner wall and the depth of the outer wall embedment are important factors
affecting the inner wall. Also, since the inclination of the active slip line varies
with the difference of soil quality, it can be said that it is necessary to design and
consider each factor comprehensively.
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