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Abstract. The earth pressure of the retaining wall is related to the displacement mode. The
displacement mode determines the characteristics of the progressive failure forms. Based on the
analysis of the possible displacement modes of the rigid retaining wall, the active yield characteristics
and the progressive development model of the post-wall soil under different displacement modes of
the retaining wall are quantitatively analyzed by means of finite element method. The relationship
between the limit state and the wall displacement is proposed, and the criterion of the ultimate active
earth pressure state is put forward.

Introduction

The key to the development of the design theory of the deep foundation pit engineering is correctly
calculating the earth pressure acting on the envelope. In the conventional design, the earth pressure is
generally given to the state of the Rankine and Kulun earth pressure under the limit state, and the
structural displacement of the envelope is limited due to the embedding and supporting action of the
soil in the foundation pit, and the effect on the envelope earth pressure is the result of the interaction
between soil and envelope structure, which is related to the displacement of the envelope, the strength
and deformation characteristics of the soil [1-4]. The different earthquakes of the retaining wall have
an effect on the size and distribution of the pressure on the retaining structure. The classical earth
pressure theory cannot consider the influence of these factors, and study the different deformation
methods of the retaining wall Form is the subject to be solved. The numerical analysis of the earth
pressure on the rigid retaining wall under different displacement modes shows that the earth pressure
of the wall is related to the displacement mode. The displacement mode determines the characteristics
of the progressive failure of the filling and the damage forms are different. The earth pressure on the
earth wall is the external manifestation of the gradual filling of the wall [5-8].

Based on the analysis of the possible displacement modes of the rigid retaining wall, the active
yield characteristics and the progressive development model of the post-wall soil under different
displacement modes of the retaining wall are quantitatively analyzed by means of finite element
method. The relationship between the limit state and the wall displacement is proposed, and the
criterion of the ultimate active earth pressure state is put forward.

Soil Damage Analysis Method Considering Displacement Effect of Retaining Wall

Analysis model. A Two - dimensional Computational Model Considering the Displacement Effect of
Retaining Wall. Rigid retaining wall is 10m high, width of wall is 30m. The model satisfies the
posterior wall of the soil as semi-infinite.The soil adopts four-node solid element, the retaining wall
adopts beam element, and the finite element grid size is 0.5m. An X-direction displacement load is
applied to the wall. In the retaining wall and the soil between the contact surface to simulate the
interaction between soil and structure, mainly for the friction effect.

Calculate parameters. In this paper, the Mohr-Coulomb model is used in the finite element
analysis of earth pressure. After the retaining wall soil is isotropic non-cohesive soil, the basic
parameters of soil as shown in Table 1.
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Figure 1 Finite element model
Table 1 Soil basic parameters

Elastic Weight/kN/m®  Cohesion/kpa ~ "ernal friction oy sons ratio
modulus/MPa angle/
18 15.6 0 35 03

Calculate the rigid retaining wall displacement mode. Calculate three modes of displacement
considering the active state, namely T mode, RBT mode and RTT mode. The ratio of the vertical
distance to the wall height of the center point of the turning center is n. Among them, when the wall is
rotated, the calculation of s refers to the maximum displacement of the wall Smax, when the RBT mode,
s for the wall top displacement; RTT mode, s for the toe displacement.
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Figure 2 Active state retaining wall T, RBT, RTT displacement mode

Analysis of Active Failure Form in Different Displacement Patterns of Retaining Wall

Uniform translation (T mode).Figure 3 shows the yield damage of the soil after the displacement of
the wall, and it can be seen that with the increase of the displacement of the retaining wall, the yield
area of the soil is formed by the surface, and then the yield zone From the surface to the deep
development, while the toes at the occurrence of yield damage, and with the increase in displacement
gradually upward, until the surface with the yield area through, when s=9mm, that is, s/H=0.0009, the
formatior}s of soil Through the sliding surface.

15

0 | | | o ! ! ! ! !

(a) s=-0.005m (b) s=-0.009m
Figure 3 Characteristics of soil failure under T mode
Rotate around the bottom (RBT mode). When n=0, the soil has the most typical RBT mode

failure characteristics. Figure 4 is the wall in the event of different displacement of the rotation, the
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wall after the yield damage. It can be seen that with the increase of the displacement of the retaining
wall, the yield area of the soil is extended downward from the surface, near the retaining wall, and the
yield area develops rapidly to the deep, forming the broken slip surface. With the wall displacement of
the increase, the destruction of the surface gradually moved to the deep, the destruction of the surface
and the angle of the horizontal angle is also increasing, but the failure surface has never reached the
toe.

15 15

wE e WP~
I /ﬂ/w

0 5 10 15 20 25 30 0 5 20 25 30

(a) s=-0.009m (b) s=-0.025m
Figure 4 Characteristics of soil failure under typical RBT mode

Rotate around the top (RTT mode). When n=0, the soil has the most typical RBT mode failure
characteristics. Figure 5 is the wall in the event of different displacement of the rotation, the wall after
the yield damage. It can be seen that with the increase of the displacement of the retaining wall, the
yield area of the surface is not obvious. When the displacement is small, the yield area of the soil is
formed by the wall toe, and gradually increases with the increase of displacement , until the formation
of penetrating slip surface.
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(a) s=-0.009 (b) s=-0.015m

Figure 5 Characteristics of soil failure under typical RTT mode

Displacement Analysis of Retaining Wall Under Limit Condition

In the retaining wall RBT and RTT displacement mode, the rotation point position is different, the
wall after the soil to reach the limit state of the displacement value is also different, Table 2 shows the
different value of n, the ratio between the maximum displacement and the wall height under the
ultimate earth pressure state. Figure 6 shows the relationship between the maximum displacement and
the wall height required for the soil to reach the limit state.

It can be seen that the displacement of the wall is different when the wall is subjected to the
ultimate active earth pressure state under different wall displacement modes. In T mode

s/ H =0.0009 1)

In the RBT mode and the RTT mode, the s/H and n are basically reciprocal when the soil reaches
the ultimate earth pressure state

s/H=al/(n+hb) (2)
Table 2 The ratio between the maximum displacement and the wall height (s/H)
Displacement s/H
mode n=0 n=0.5 n=1.0 n=2.0 n=4.0 n=5.0
RBT >0.0025 0.002 0.0016 0.0014 0.0011 0.0009
RTT >0.0015 0.0012 0.0012 0.0011 0.0010 0.0010
T 0.0009

297



ATLANTIS
PRESS

0.003

0.0025
RBT: s/H=0.008/(n+3.483)

0.002 u

T 0.0015 - -

s/l

0.001

0.0005

Advances in Engineering Research (AER),

volume 132

®  RBT
RTT

— = RBTfitting
=== = RTT fitting

RTT: s/H=0.014/(n+10.125)

Figure 6 The relationship between s/H and n

When the wall’s RBT displacement mode occurs,a=0.008, b=3.483; when the wall’s RTT
displacement mode occurs, a=0.014, b=10.125, therefore, according to the empirical relationship can
be obtained through the location of the point of rotation of the wall The ratio of the maximum
displacement to the wall when the wall reaches the limit active state.
The ratio of the limit displacement to the wall height in the RBT mode is equal to the value inthe T

mode
(s/H)ggr =(s/H);
0.008/ (n+3.483) =0.0009

(3)
(4)

Get the n=5.41, that is, when the wall is about 5.41 times below the wall toe, the wall pressure state
is close to the state when the wall is translating, and the displacement value of the soil reaches the

limit state. basically the same.
Similarly, in RTT mode
(S/ H)RTT :(S/ H)T

0.014/ (n+10.125) = 0.0009

(5)
(6)

Get n=5.43, that is, when the wall above the wall of the wall above the 5.43 times the height of the
wall when the wall pressure state is close to the state when the retaining wall, the soil reaches the limit
state of the displacement value and the wall when the shift basically the same.

Therefore, when the retaining wall is turned, the turning point is located 5 to 6 times the wall
outside the wall, the wall pressure state and the wall when the state is basically the same.

Extreme Active Earth Pressure State Criterion

At a time when the retaining wall rotates, take RBT and RTT displacement modes as an example (see

Figure 7).
nH/(n+1)H =s, /s,
n=s/(s,—-5,)
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(a) RBT

(b) RTT
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Figure 7 RBT and RTT displacement mode under the retaining wall diagram
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In the actual project, if the displacement mode of the retaining wall is RBT mode, the displacement
of the wall top is larger than that of the toe displacement, and the displacement amount so and s; of the
immediate wall and the toe can be obtained through the displacement monitoring of the retaining wall.
And then the maximum displacement s of the wall top is calculated by the empirical formula of the
limit state of the soil in RBT mode. Compared with so and s, if s, > s, the wall has reached the limit

active earth pressure state, if s, <s, the wall after the soil did not reach the limit of active earth

pressure state. If the displacement mode of the retaining wall is RTT mode, the displacement of the
wall top is smaller than that of the toe displacement, and the displacement amount s; and so of the
immediate wall and the toe can be obtained by the displacement monitoring of the retaining wall.
According to the empirical formula of the limit state of the soil in the RTT model, the maximum
displacement of the wall toe is calculated, and the so and s are compared. If s;>s, the wall has

reached the ultimate active earth pressure, if s; <s, the wall The soil does not reach the ultimate
active earth pressure state.

Summary

The active yield characteristics and the progressive development model of the post-wall soil under
different displacement modes of the retaining wall are quantitatively analyzed. When n are different,
the ratios between the maximum displacement and the wall height under the ultimate earth pressure
state are found. The criterion of the ultimate active earth pressure state is put forward.
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