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With the development of urban construction, uplift pile has been widely used in underground structure bearing buoyancy. The
pile is buried deep underground, and the foundation pit is excavated on the pile foundation, the stress redistribution of the soil
after the foundation pit excavation will reduce the lateral stress of the pile at the bottom of the pit, resulting in the reduction
of friction resistance, but this effect is limited to a certain depth at the bottom of the foundation pit. Referring to the unloading
influence depth corresponding to the vertical unloading coefficient in the spring back calculation of foundation pit and
introducing the unloading influence depth corresponding to the horizontal unloading coefficient, it is deduced that the
relationship between the horizontal unloading coefficient and the vertical unloading coefficient is based on the friction angle.
Based on the bearing capacity control and numerical simulation, it is determined that the corresponding depth when the
horizontal unloading coefficient is 0.95 is the unloading influence depth. The depth to width ratio of excavation has a great
influence on unloading influence depth, and the internal friction angle of soil has little influence on unloading influence depth,
while the influences of pile diameter and pile-soil friction coefficient can be ignored. The formula of unloading influence depth
is derived in this paper. Comparing the unloading influence depth of sand and soft soil, the unloading influence depth of sand
is greater than that of soft soil.

1. Introduction

With the development of urban construction, uplift pile has
been widely used in underground structure bearing buoy-
ancy. The pile is buried deep underground, and the founda-
tion pit is excavated on the pile foundation [1, 2]. The
unloading of foundation pit excavation causes the stress
redistribution of soil, which will reduce the bearing capacity
of piles fabricated before the foundation pit excavation
[3, 4]. This unloading effect is related to factors such as the
scope of foundation pit excavation, soil body properties,
and foundation pit exposure time [5]. The reduction effect
of excavation unloading on the bearing capacity of pile is that
the normal stress of pile side is reduced due to excavation
unloading, and the reduction amount of the normal stress

decreases with the increase of depth [6–8]. When reaching
a critical depth, the reduction of the normal stress of pile side
is not enough to affect its bearing capacity [9, 10]. For long
piles, the influence of excavation unloading is complex and
unnecessary to consider along the whole pile. The wrong
estimation of the unloading influence range will overestimate
the bearing capacity of the pile; thus, the research on the
unloading influence depth is extremely necessary.

Soil mechanics [11] recommends that when the unload-
ing ratio of normal soil and soft soil is 0.2 and 0.1, respec-
tively, the corresponding depth is the depth limit, and the
rebound of soil under the depth limit will be ignored. Pan
[12] conducted the conventional consolidation rebound test
on the shallow undisturbed silty clay sample in Wenzhou
area and obtained that when the unloading ratio R is less
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than 0.2, the rebound ratio of the preloaded soil sample is
nearly 10-4. Therefore, the unloading ratio R = 0:2 is
regarded as the critical condition of rebound deformation.
Liu et al. [13] set the residual stress coefficient at the limit
depth considering the unloading effect as 0.95 and obtained
the relevant empirical formula according to the engineering
experience in Shanghai:

hr =
H

0:0612H + 0:19 , ð1Þ

where H is the excavation depth of foundation pit, m; hr is
the influence depth of residual stress. Li [14] proposed that
under the condition of large-area excavation and uniform
unloading of foundation pit, the limit depth of soil rebound
deformation at the bottom of the pit is 2H, and that in prac-
tical engineering is 1.5H. Zhou and Yang [15] studied the
influence of excavation depth, excavation width, internal
friction angle, and Poisson’s ratio on the unloading influence
calculation depth based on Mindlin solution, and modified it
on the basis of Equation (1). Pan et al. [16] conducted direct
shear test on undisturbed muddy clay soil samples taken
from the construction site of Jinzhang highway in Pudong,
Shanghai, and considered the influence of time factors. The
relationship curve between unloading ratio and strength
residual ratio at different times was obtained, and the
empirical formula for the depth of the affected area was
also obtained:

Zcr =
1 − Rcrð ÞD

Rcr
= 1:33D: ð2Þ

To sum up, the contents described in the calculation
depth limit, rebound deformation critical condition, residual
stress influence depth, and influence area depth are consis-
tent. They are all trying to find the influence depth of excava-
tion unloading; thus, they can be collectively called as
unloading influence depth. The sum of the unloading ratio
and residual stress coefficient corresponding to the unloading
influence depth is 1. The former is the ratio of the reduction
of vertical stress caused by unloading to the vertical stress of
soil before unloading, and the latter is the ratio of the vertical
stress after unloading to the stress before unloading. In this
paper, the vertical (horizontal) unloading coefficient is uni-
fied to correspond to the unloading depth, and its calculation
method is the same as the residual stress coefficient. The
unloading influence shall be considered in the area at the bot-
tom of the foundation pit and within the unloading influence
depth. When the depth exceeds the unloading influence
depth, the influence of unloading on the soil rebound or pile
bearing capacity of this part of soil will not be considered.
However, most of the above studies were focused on the
influence depth of soil rebound strain control on unloading,
and there is no research on the influence on pile bearing
capacity. Besides, the above conclusions were regional, espe-
cially few of them studied and analyzed sand. The simulation
software Plaxis3D is used to establish the foundation pit
excavation model with single pile, and the HSS soil constitu-
tive model is adopted by introducing the sand soil parameters

in the stratum of Nanchang, to define the horizontal unload-
ing influence coefficient corresponding to unloading influ-
ence depth. Besides, consider four factors of depth width
ratio of the foundation pit, soil fiction angle, pile-soil friction
coefficient, and pile diameter to deduce the calculation for-
mula of unloading influence depth suitable for the sand soil
in Nanchang district.

2. Calculation of Lateral Unloading Coefficient

When studying the unloading influence depth, the corre-
sponding unloading coefficient should be found. In the
rebound calculation of the foundation pit, the lateral unload-
ing coefficient is the factor corresponding to the unloading
influence depth. While for studying the friction pile, the
bearing capacity of pile is related to the normal stress at
the pile side. The deduction of the horizontal unloading
coefficient is as follows:

Before the excavation of foundation pit, the calculation
formula for the lateral effective stress at the depth z is as
follows:

σz = γz: ð3Þ

Based on the value of K/K0 under different unloading
conditions counted by Zhang et al. [17, 18] and combing
the fact that the soil system in front of the pile has already
been fully consolidated and dense before the excavation of
the foundation pit, the calculation formula for the K value
before unloading excavation is as follows:

K = 1 − sin φ, ð4Þ

where φ is the effective internal friction angle.
The calculation formula for the horizontal effective stress

before the excavation of foundation pit is as follows:

σh = 1 − sin φð Þγz: ð5Þ

After the excavation of foundation pit, the calculation
formula for the effective stress at the depth z is as follows:

σz′ = γz − pt , ð6Þ

where Pt is the reduction of the lateral stress.
Considering the change of the consolidation degree after

excavation, Gang et al. [10] and Mayne and Kulhawy [19]
proposed that

K ′ = 1 − sin φð ÞOCRsin φ, ð7Þ

where OCR is the over consolidation ratio of soil, which
equals to the ratio of the lateral effective stresses before
and after excavation.

The calculation formula for the horizontal effective stress
after the excavation of foundation pit is as follows:

σh′ = 1 − sin φð ÞOCRsin φ γz − ptð Þ: ð8Þ
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The lateral unloading coefficient and over consolidation
ratio are as follows:

αv =
γz − pt
γz

= OCR−1: ð9Þ

By introducing the horizontal unloading coefficient and
combined Equations (5), (8), and (9), the relationship
between the horizontal and lateral unloading coefficients is
deduced:

αh =
σh′
σh

= OCR sin φ−1ð Þ = αV
1−sin φð Þ: ð10Þ

From Equation (10), it can be seen that the relationship
between the horizontal and lateral unloading coefficients is
affected by friction angle, and under the same lateral
unloading coefficient, the larger the friction angle, the
larger the horizontal unloading coefficient. Based on the
lateral unloading coefficients of 0.8, 0.9, and 0.95 recom-
mended in literature, the lateral unloading coefficients
under the friction angel ranges from 30° to 35° are calcu-
lated [11–13], as listed in Table 1, and three average values
of 0.9, 0.95, and 0.98 are adopted to study the horizontal
unloading coefficient.

3. Determination of Lateral
Unloading Coefficient

In order to determine the lateral unloading coefficient, a 3D
single pile model is established, and based on the effect of the
bearing capacity of pile, the three horizontal unloading coef-
ficients proposed in Table 1 are selected as the criteria for the
unloading depth in following sections.

3.1. Engineering Introduction. The under constructed project
of Aixihu Tunnel is mainly a highway and subway combined
tunnel, with a total length of 2280m. The strata being tra-
versed are mainly medium weathered argillaceous siltstone.
The typical cross section of the foundation pit is highway
tunnel, with the width of 30m and the depth of 11m. The
main retaining structure is supported by 800mm/1000mm
thick underground continuous wall, and its buried depth is
24m. There are three supports inside the foundation pit,
the first is the concrete support with wall thickness of
16mm, and the other two are the steel pipe support with
diameter of 609mm. The foundation pit in the subway tun-
nel is 11.4m wide and 7.6m deep, and bored piles are used
as the retaining structure of the inner foundation pit.

Since the foundation pit project crosses the lake bottom
and the main structure is in the deep water, the supporting
piles at the lower part of the lattice column and the inner
pit are used as uplift piles to resist the impact of buoyancy
on the structure. Based on the geological survey report and
relevant literature [12], the detailed soil parameters are listed
in Table 2.

3.2. Finite Analysis. In this paper, the Plaxis 3D is used for
numerical simulation, and a 3D single model is established,

in which the solid elements are adopted for the soil body,
engineering pile, and enclosure pile. Multisoil layers are
included in practical engineering projects, and the mechan-
ical parameters of each layer are not the same. In order draw
a conclusion fitting for a wider range, the model estimation
is simplified:

(1) The simulated soil body is single gravel sand layer,
which is due to the fact that most of the soil body
in the excavation range of the foundation pit of Aix-
ihu Tunnel. The HSS constitutive model is applied
for soil body, and Wanglin et al. [20] verified the
accuracy of the parameters of this kind of soil body

(2) In order to obtain enough normal stress data at pile
sides, a pile length exceeding the unloading influence
range should be made sure. Therefore, a super long
pile is constructed with L = 80m, pile diameter d =
0:8m, and the pile-soil friction angle is 0:7φ

(3) In order to obtain ideal results, the deformation of
enclosure wall can be reduced by setting anchor rods
and increasing the stiffness of the enclosure wall.
Therefore, the influence of the deformation of foun-
dation pit support on stress field of soil can be
ignored

(4) At analysis, the excavation shape of the foundation
pit is square, and the uplift pile is located in the cen-
ter of the foundation pit. According to the theory of
Randolph and Wroth [21], the influence radius of
single pile is adopted as the side length of model,
and the height is 100m, with fixed boundary

As shown in Figure 1, based on the typical cross section
of Aixihu Tunnel, the width of the foundation pit is a = 30m
in the model, and the excavation method of excavating the
soil body in layers is adopted, with 1m per layer. And bear-
ing capacity analysis of pile is conducted at the excavation
depth of H = 5, 10, 20, 30m.

3.3. Comparative Analysis of Calculation Results. γ is defined
as the friction increasing coefficient of the pile side, and the
calculation formula is as follows:

γ = Q′
Q

, ð11Þ

Table 1: ɑH corresponding to ɑV at the friction angle of 30° and 35°.

ɑV Friction angle/° ɑH ɑH
0.80 30.00 0.894

0.9
0.80 35.00 0.909

0.90 30.00 0.949
0.95

0.90 35.00 0.956

0.95 30.00 0.975
0.98

0.95 35.00 0.978
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where Q′ is the friction of pile side considering the unload-
ing influence depth and Q is the the friction of pile side not
considering the unloading influence depth.

Figure 2 shows the changing curve of γ with the ratio of
pile length to excavation depth (L/H). It can be seen that the
lateral friction resistance of pile considering unloading effect
depth is larger than that without unloading effect depth,
because the former ignores the reduction of normal stress
of pile under unloading effect depth. It also can be seen that,
with the increase of L/H, γ increases first and then decreases.
It can be explained in Figure 3 that OA is the normal stress
curve of the pile before excavation, and O‘A’ is the normal
stress curve of the pile after excavation. The integral of the
normal stress at each point over the length of pile is the total
normal stress. Therefore, the total normal stress Q of pile
after excavating is equal to the sum of the areas of ① and
② (A1 + A2), and the normal stress Q′ of pile after excavat-
ing considering the influence depth is the sum of the areas of
①, ②, and ③ (A1 + A2 + A3). Then, the γ =Q/Q′ = ðA1 +

A2 + A3Þ/ðA1 + A2Þ = 1 + 1/ðA1/A3 + A2/A3Þ. As pile length
exceeds influence depth, A1 remains constant and A2 and
A3 increase and then A1/A3 decreases, and A2/A3 increases.
So the change in A2/A3 is less than the change in A1/A3,
since A2 and A3 are small relative to A1, which leads to γ
increases. When the increment of A2/A3 is equal to the
reduction of A1/A3, the inflection point of γ curve appears,
and with the increase of L/H, the γ curve gradually decreases
until it is close to 1.

No matter how the excavation depth changes, the range
of γ matches the horizontal unloading coefficient. When the
horizontal unloading coefficient is 0.9, 0.95, and 0.98, the
range of γ is 1-1.04, 1-1.02, and 1-1.008, respectively. Con-
sidering the unloading influence range, the calculation of
bearing capacity of pile actually gives an overestimated
result. When γ reaches 1.04, the condition is not safe. In
practice, more errors by construction will always be
introduced, and after the superposition of these two factors,
the error may exceed 10%, which is unsafe in practical

Table 2: Soil layer parameters.

Soil layer μ Γ /kN/m3 γsat/kN/m
3 Eref

50 /MPa Eref
oed/MPa Eref

ur /MPa Gref
0 /MPa E/MPa C /kPa Φ /°

Plain fill 0.32 18.9 18.9 10 10 30 45 - 10 12

Silty clay 0.32 19.0 19 10.5 10.5 31.5 47.25 - 49.62 22.63

Fine sand 0.3 19.1 19.1 16 16 48 72 - 0 30

Silty clay 0.32 19.0 19.0 7 7 21 31.5 - 49.62 22.63

Coarse sand 0.3 19.6 19.6 28 28 84 126 - 0 34

Gravel sand 0.3 20.0 20 32 32 96 115.2 - 0 35

Round gravel 0.3 20.0 20 35 35 105 157.5 - 0 36

Strongly weathered sandstone 0.3 20.1 20.1 - - - - 200 30 37

Moderately weathered sandstone 0.29 20.5 20.5 - - - - 2890 200 37

Z
Y

X

Figure 1: Numerical model of single pile.
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(c) H = 20m
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Figure 2: Change curve of increment coefficient of pile side friction resistance with L/H (ratio of pile length and excavation depth).
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engineering. In the γ range of 1-1.008, from the figure, it can
be seen that under the excavation depth of H = 5 − 20m,
only when the pile length reaching 4-5 times of the original
length can the bearing capacity satisfy the demand, meaning
that the simplified calculation is too conservative. When γ is
in the range of 1-1.02, the error is acceptable; therefore, 0.95
is selected as the criteria for determining the unloading
influence depth.

4. Unloading Influence Depth

Based on the model in Section 3.2, 11 pile numerical models
are established. According to the unloading influence depth
under the horizontal unloading coefficient of 0.95, the
influence of excavation depth width ratio, friction angle, pile
diameter, and pile-soil friction coefficient on unloading
influence depth is studied. Besides, the calculation formula
suitable of unloading influence depth suitable for the sand
soil in Nanchang is deduced, and the numerical simulation
results of the soil body in Shanghai are compared and
analyzed with those of Equation (1).

4.1. The Relationship between Parameter and
Influence Depth

4.1.1. Influence of Excavation Depth Width Ratio on
Unloading Influence Depth. In this section, the excavation
is taken as H = 5, 10, 20, 30m, five excavation side lengths
of a = b = 10, 20, 30, 40, 50m are defined, and the friction
angle of soil body is φ = 35°. The pile diameter d = 0:8m,
which is selected according to the design requirements,
and the pile-soil friction coefficient δ = 0:7, as shown in
Table 3. Below, the relationship between the excavation
depth ratio and the excavation depth width ratio is analyzed,
and the formula of unloading influence depth as the func-
tion of excavation depth is deduced.

The scatter data in Figure 4 represent the unloading
influence depth (in the figure, the excavation depth is nor-
malized) obtained in the numerical simulation, under the
20 depth width ratios and in according with the horizontal
unloading coefficient of 0.95. From this figure, it can be

1
Influence depth hr Pile length L

Frictional resistance
above influence depth

Frictional resistance under influence depth

The friction
difference ignored
after considering
the influence depth :

23

Foundation pit 

Normal stress of pile side after excavationΔQ = Qʹ–Q

Normal stress of pile side before excavation
O

A

Oʹ

Aʹ

Figure 3: Illustration of the calculation area of pile side friction resistance.

Table 3: Parameters of simulation.

H/m a/m φ/° d/m δ

5 10, 20, 30, 40, 50 35 0.8 0.7

10 10, 20, 30, 40, 50 35 0.8 0.7

20 10, 20, 30, 40, 50 35 0.8 0.7

30 10, 20, 30, 40, 50 35 0.8 0.7

0.0

1.0

2.0

3.0

4.0

5.0

6.0
0.0 1.0 2.0 3.0 4.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0 1.0 2.0 3.0 4.0

hr
 (H

)

H (a)

Numerical results
Fitted curve

Figure 4: The relationship between ratio of unloading influence
depth to excavation depth (hr/H) and the excavation depth width
ratio (H/a).
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clearly seen that there is a strong relationship between the
ratio of unloading influence depth to excavation depth
hr/H and the excavation depth width ratio H/a; therefore,
these data can be fitted, and the fitted formula is shown in
Equation (12). And its correlation coefficient is 0.988, which
indicates that the formula has good goodness of fit.

hr
H

= 1
0:82H/a + 0:120 : ð12Þ

From the fitted curves in Figure 4, it can be seen that the
hr/H is in a reverse relationship with H/a. Though simple
conversion of the formula, it is found that with the increase
of excavation depth, the hr gradually converges to a constant,
which is related to the side lengths of a and b (here the con-
dition of a not equaling b is not discussed). Based on curves
of numerical results and fitting formula, it can be seen that
the fitted empirical formula has good fitting degree, and it
can be used to calculate the unloading influence depth in a
high accuracy.

4.1.2. Influence of Friction Angle on Unloading Influence
Depth. In this section, the relationship between the excava-
tion depth and friction angel of soil is analyzed. The excava-
tion depth is set as H = 5, 10, and 30m, the excavation side
length is set as a = b = 30m, the friction angle of soil body
φ = 30°, 33°, and 35°, the pile diameter d = 0:8m, and the
pile-soil friction coefficient δ = 0:7, as shown in Table 4.

From Figure 5, hr/H tends to rise slightly with the
increase of friction angle under three different excavation
depths. This is due to the fact that the interaction between
soil particles strengthens with the increasing friction angle,
which enhances the unloading effect.

From the data in Figure 5, it can be found that the ratio
of the hr/H under the friction angles of 30° and 33° to that
under the friction angles of 35° is listed in Table 3, which
integrates the ratio corresponding to the 3 excavation
depths, and the median is taken as the representative value
for analyzing the unloading influence depth.

It can be obtained from Table 5 that the difference of the
last hr/H is in consistence with that of the friction angle, thus
the relation formula between the internal friction angle ratio
and hr/H ratio, as shown in Equation (13).

hr φð Þ
hr 35°ð Þ = 1 − 0:04 35° − φð Þ

5 : ð13Þ

Substitute Equation (13) to Equation (12), and through
modification, the modified calculation formula for the
influence depth under unloading effect can be obtained:

hr =H ⋅
1 − 0:008 35° − φð Þ
0:82H/a + 0:12 : ð14Þ

4.1.3. Influence of Pile Diameter and Pile-Soil Friction
Coefficient on Unloading Influence Depth. In this section,
the relationship between the pile diameter and pile-soil
friction coefficient is analyzed. The excavation depth is set
as H = 5, 10, and 30m, the excavation side length is set as

a = b = 30m, and the friction angle of soil body φ = 35°.
When studying the pile diameter, the pile diameter is set
as d = 0:4, 0:6 and 0:8m, and the pile-soil friction coefficient
δ = 0:7. When studying the pile-soil friction coefficient, the
pile diameter is set as d = 0:8m, and the pile-soil friction
coefficient δ = 0:7, 0:8, 0:9, and 1:0 [22]. The parameters
are shown in Table 6.

Figure 6 shows the relationship between the unloading
influence depth with the pile diameter and pile-soil friction

Table 5: The ratio of hr/H(30°, 33°, 35°) to hr/H(35°).

φ (°) H = 5m H = 12m H = 30m Value

30.00 0.96 0.96 0.94 0.95

33.00 0.99 0.99 0.97 0.98

35.00 1.00 1.00 1.00 1.00

Table 6: Parameters of simulation.

H/m a/m φ/° d/m δ

5 30 35 0.4, 0.6, 0.8 0.7, 0.8, 0.9, 1.0

10 30 35 0.4, 0.6, 0.8 0.7, 0.8, 0.9, 1.0

30 30 35 0.4, 0.6, 0.8 0.7, 0.8, 0.9, 1.0

Table 4: Parameters of simulation.

H/m a/m φ/° d/m δ

5 30 30,33,35 0.8 0.7

10 30 30,33,35 0.8 0.7

30 30 30,33,35 0.8 0.7

0.5
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2.0
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3.0

3.5

4.0
30 31 32 33 34 35
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4.0

30 31 32 33 34 35
𝜑 (°)

h = 5
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hr
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)

Figure 5: The relationship between unloading influence depth (hr)
and friction angle (φ).
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coefficient, and it can be seen the influence of pile diameter
and pile-soil friction coefficient on the unloading influence
depth is small and can be ignored.

From above analysis, a formula for calculating the exca-
vation influencing depth in sand soil is obtained, by compre-
hensive consideration of geometric parameters of foundation
pit excavation (excavation depth and excavation width), soil
body parameters (friction angle), and pile parameters
(pile diameter and pile-soil friction coefficient), as shown
in Equation (14).

4.2. Comparison of the Unloading Influence Depth in Soil
Sand and Soft Soil. In this section, the calculation formula
deduced in the present work for sand soil and that for the
soft soil in Shanghai are compared, and the former one
comes from Equation (1) and numerical simulation.

As Equation (1) only considers the influence of exca-
vation H on unloading depth, when it is compared with
the formula deduced in the present work, the excavation
width is set as a = 30m and the friction angle of soil body
is set as 35°, according to the typical excavation cross sec-
tion of Aixihu Tunnel. Based on the whole set of HSS soil
body parameters for the soft soil in Shanghai recom-
mender in Reference [23], one model in the literature is
established to analyze the influence depth of excavation
unloading [24–37].

From Figure 7, it can be seen that

(1) In the empirical formula deduced in the present
work from numerical simulation, Equation (1), and
the numerical model based on practice engineering
projects, the evolution law of the unloading influence
depth with the excavation depth is the same, that is,

the unloading influence depth increases with the
increasing excavation depth, and when H reaches
about 15m, the unloading influence depth gradually
converges and becomes stable

(2) The results of the soft soil in Shanghai deduced from
Equation (1) and numerical simulation are similar
but there is certain difference, which is mainly due
to the fact that Equation (1) is a semiempirical model
summarized from real measured data, while the
numerical simulation is only based on the engineer-
ing project in Shanghai, and the unloading exposure
time cannot be considered. Even though, it can still
be proved that the deduction for unloading influence
depth from numerical simulation method is reliable

(3) The unloading influence depth of the sand soil in
Nanchang (mainly the gravel sand in Aixihu Lake)
is larger than the soft soil in Shanghai. Compared
with sand soil, the mechanical properties of soft clay
are more similar to plastic materials. When the soil
body is loaded or unloaded, the stress and strain in
the soil body similar to elastic materials are able to
spread widely, while the soil body similar to plastic
materials is just the opposite; thus, the unloading
influence depth of sand soil is larger than that of
soft soil

5. Conclusions

In this paper, the influence depth of horizontal unloading
and vertical unloading is studied, the relationship between
horizontal unloading coefficient and vertical unloading coef-
ficient is found, and the equation expressing the relationship
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Figure 7: The comparison of unloading influence depth of sand soil and soft soil.
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between them is deduced. Based on the bearing capacity
controlling and numerical simulation, the excavation depth
corresponding to the lateral unloading coefficient of 0.95 is
taken as the unloading influence depth. The following con-
clusions can be obtained:

(1) The influence of excavation depth width ratio on the
calculated depth is significant, and the influence of
the internal friction angle of soil body is small, but
the influence of pile diameter and pile-soil friction
coefficient can be ignored. And the calculation for-
mula considering the depth to width ratio of excava-
tion and internal friction angle of soil is derived

(2) The unloading influence depth of sand soil is larger
than that of soft soil. This is because compared with
sand soil, the mechanical properties of soft clay are
more similar to plastic materials. When the soil body
is loaded or unloaded, the stress and strain in the soil
body similar to elastic materials are able to spread
widely, while the soil body similar to plastic mate-
rials is just the opposite
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