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Deep excavations are prone to result in excessive ground surface settlement displacement of surrounding existing structures,
which could cause severe economic damage, even casualties. Hence, the optimization of pile parameters and evaluation of the
stability of the excavation are of paramount importance. +is paper aims to evaluate the security of deep excavation and optimize
the parameters of supported piles in granular soils. An excavation case in granular soils is used to evaluate the stability of deep
excavation using displacement least squares method. +e stability of case history, Changqingqiao subway station, using pile and
inner support system is evaluated by using the least square method. Subsequently, the finite element method is used to optimize
the critical parameters of the supported piles, and it needs to be emphasized that the correctness and reasonability of the finite
element (FE) models are evaluated according to field measurements. +e optimum pile diameter and embedment ratio for single-
and double-row retaining pile are 1.0m and 0.4. +e maximum vertical displacement of surrounding soil and horizontal
displacement of piles can be calculated by the equations obtained in this research which can provide useful guidance for the
designing of deep excavation.

1. Introduction

With the proliferation of high-rise building and subway
construction, deep excavations are commonplace in day-to-
day geotechnical engineering projects. Deep excavations are
prone to resulting in problems such as excessive ground
surface settlement [1, 2] (both horizontal and vertical),
excessive displacement of surrounding facilities (e.g., un-
derground pipeline [3, 4], buildings [5], and tunnels [6, 7])
which could result in high economic damage and even loss
of lives. +erefore, the correct estimation of the ground
displacements and evaluation of the stability of the exca-
vation are of paramount importance.

Different approaches (e.g., soldier pile walls, tieback wall,
and diaphragm wall) are available for guaranteeing the
stabilization of deep excavations and limiting the ensuing
ground displacements. Pile tieback walls have been widely
adopted in propped excavation because of convenient

construction, low cost, and high performance [8, 9]. In the
past decades, the performance of soldier pile walls and
ground surface settlement has been investigated by several
researchers.

Roboski and Finno [10] proposed a performance-based
relation to estimating the maximum horizontal ground
movements for flexible wall systems as a function of a factor
of safety against basal heave and excavation depth. Hashash
et al. [11] collected lateral deformations and surface set-
tlements for three construction contracts, and their data
showed that surface settlements, although small, extended
farther away from the excavation than previously reported.
Wei and Tan [12] investigated the performance of the deep
excavation and the associated effect on the adjacent utility
pipelines, and deflections of pile walls, ground surface
settlements, and deflection of the existing structures.
Momeni et al. [13] analyzed the reliability of deep excava-
tions by using Random Set (RS) theory and Monte Carlo
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(MC) technology. Huang et al. [14] provided a new failure
mechanism to estimate the basal stability of excavations with
embedded walls in un-drained clay based on the upper
bound theorem. Han et al. [6] proposed a risk assessment
methodology to estimate the risks of circumferential cracks
of the existing tunnel induced by deep excavation. Han et al.
[15] investigated the design process and mechanical per-
formances of deep excavation retained by tieback anchored
pile walls using the finite element method and the elastic
theory. Chen et al. [16] derived ground surface settlement
law caused by the combined influence of excavation and
dewatering in granular area. In addition, overexcavation
(i.e., removing more soil than designed) and a long con-
struction duration caused the pile walls to develop further
deformation. +e applications of observation methods have
been reported in some literature, e.g., Yeow et al. [17], Spross
and Johansson [18], Jia et al. [19, 20], Fuentes et al. [21], and
Alipour and Eslami [22]. Subsequently, Prat [23], Lim and
Ou [24], and Ni et al. [25] discussed a selection of appro-
priate soil parameters for deflection and ground settlement
analysis of deep excavations using numerical simulations.
However, the evaluation method for the stability of deep
excavation induced by construction is scarce in the above-
mentioned literature, especially for deep excavation in
granular soils.

In this investigation, displacement least squares method
is proposed to conduct a real-time evaluation of the stability
of the excavation. +e horizontal displacement of retaining
piles is delineated along with the excavation depth, while the
ground settlement is recorded with the excavation time. In
addition, a series of the FE models is established and
evaluated by the field measurements, and it needs to be
emphasized that the soil parameters used in FE models are
obtained through triaxial tests. Subsequently, the soil Earth
pressure distribution at different excavation stages and
optimized pile parameters is investigated.

2. Project Overview

+e Changqingqiao subway station case is located in She-
nyang, China, and selected to investigate the mitigation of
structure and soil deformation during excavation. +e deep
excavation and the supporting system are shown in
Figure 1(a). It is a rectangular shape deep excavation with
pile and inner supporting system. Reinforced concrete is
between the retaining piles to ensure the stability of exca-
vation. +e width, length, and depth of the station are
25.3m, 148.4m, and 22.4m, respectively. +e whole con-
struction period is 18 months. Bored grouting piles were
employed as the retaining piles according to the hydro-
geological and engineering geological profile of the study
place. +e pile length is L� 33m, and the pile diameter is
r� 1000mm with a centre distance of d� 1400mm. +e
reinforced concrete spray is 100mm in thickness. 39
pumping wells with a diameter of 429mm are prepared
every 10m along the excavation side for the groundwater
pumping. +e wells keep pumping for 10 days until the
groundwater level is close to the bottom layer of the ex-
cavation. Four-layer inner bracing structures are installed

with the excavation process.+e properties of the supporting
system are shown in Table 1. +e profiles of the supporting
system and layer distribution are shown in Figure 1(b).

3. Stability Evaluation of the Deep Excavation

3.1. Monitoring Schedule. To make sure of the stability of
deep excavation, monitoring points are usually arranged in
the construction of deep excavation. In this investigation,
Figure 2 shows their final configuration as recorded at each
of the following monitoring sections at steady-state con-
ditions. +ere are five monitoring intersections around the
deep excavation to measure the ground settlement, that is,
A1-A18, B1-B18, C1-C18, D1-D18, and E1-E18. Moreover,
18 monitoring points are used to predicate the horizontal
displacement of retaining piles.

3.2. Description of DLSM. A least square method is an op-
timization method by minimizing the sum of the squares of
the errors to the matching function of the data which is
widely used in the statistic optimization problem. As in-
dicated in Figure 3, the control value can be constant or
variable to minimize the discrepancy between random
values and control values. +e idea of the least square
method is adopted to evaluate the stability of deep exca-
vation, that is, displacement least squares method (DLSM).
+emonitored displacement can be fitted by minimizing the
sum of the squares of the errors between the fitting dis-
placement and the monitored displacement. +e quintic
polynomial is adopted to conduct the curve fitting of the
displacement of supporting structures and ground
settlement.

+e monitored displacement with respect to monitoring
time or distance can be recorded as (xi, yi), where xi is the
monitoring time or displacement and yi is the vertical or
lateral displacement. +e best-fitting function can be
expressed as

ff(χ) � 
n

i�1
ciff1(χ) � c1ff1(χ) + c2ff1(χ) + · · · + cnff1(χ),

(1)

where ci is the weight factor of the fitting function and ff is
the fitting function.

+e essence of the DLSM is obtaining the best fitting
function to yield the minimum value of the square of the
errors between the fitting and monitored displacement. +e
errors can be obtained as follows:

‖δ‖
2

� min
n

i�1
ωi ffi(χ) − fmi(χ) 

2
. (2)

+e deviation between monitored value and fitting value
(δi � yi - yi, fitting) is usually distributed, which is also proved
by Wang et al. [26]. Principles of Statistics are introduced to
calculate the mean value of deviation factor μ and standard
deviation σ between monitored value and fitting value. +e
centreline of the control diagram is set to be CL (Control
Line), RCL (Right Control Line), and LCL (Left Control

2 Advances in Civil Engineering



A

A9 B9

A3
B3

C3

D3

E3

A1

B1

C1

D1

E1

A18B18C18D18E18

A10

B10

C10

D10

E10

A4

B4

C4

D4

E4

A5

B5

C5

D5

E5

A7

B7

C7

D7

E7

A8

B8

C8

D8

E8

C9 D9 E9

A11
B11

C11

D11

E11

A12

B12

C12

D12

E12

A13
B13

C13

D13

E13

A14

B14

C14

D14

E14

A15

B15

C15

D15

E15

A17
B17

C17

D17

E17

S14

WY1 WY3 WY4 WY5 WY6 WY7 WY8

WY9

WY11
WY10

WY12WY13WY14WY15WY16WY17

WY18

CX1
CX3 CX5 CX6

CX7

CX8

CX9

CX10CX11CX12CX13CX14CX15CX16CX17

CX18

Z1

Z2

Z3 Z4 Z5 Z6 Z7 Z8 Z9 Z10
Z11 Z12

Z13
Z14

CX4

WY2

CX2

Ground settlement monitoring point (A-E)

Inclination retaining piles wall (CX)
Horizontal displacement of retaining piles (WY)

Figure 2: Layout of monitoring points around the deep excavation.
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Figure 1: +e profile of the supporting system and layer distribution. (a) +e in situ construction profile. (b) +e cross-section profile [13].

Table 1: Parameters of the supporting system.

Inner support Depth (m) Diameter (mm) Pipe thickness (mm)
First layer 7 609 12
Second layer 13.5 609 16
+ird layer 18 800 16
Fourth layer 22.4 800 12
Inverse strut Corner 609 12
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Line). 3σ criteria in normal distribution represent that the
probability of values within the range (from μ-3σ to μ+3σ) is
0.9974, and the following rules can be defined based on 3σ
criteria:

CL � μ,

RCL � μ + 3σ,

LCL � μ − 3σ.

⎧⎪⎪⎨

⎪⎪⎩
(3)

When the mean value of deviation μ� 0, the standard
deviation is shown as

σ �

�������

1
m



m

i�1
δi

2




. (4)

3.3. Horizontal Displacement of Retaining Piles. +e ground
settlement is closely related to the supporting system, ma-
terial, and the surrounding soil properties. +e ground
settlement along the excavation side can be estimated by the
soil loss theory. +e horizontal displacement of deep ex-
cavation obeys parabolic shape distribution; the relationship
between maximum ground settlement (δvmax) and hori-
zontal displacement (δhmax) is linearly related:

δvmax � 1.18δhmax. (5)

+e relationship between the ground settlement at any
point and the maximum ground settlement is

δv � δvmax exp −0.25(x − 0.93)
2

 , (6)

where δv represents the ground settlement at any point and x
represents the vertical distance between monitoring point
and deep excavation side.

+e horizontal displacement of retaining piles CX1, CX2,
CX4, CX5, CX7, CX8 varying with depth is depicted in
Figure 4. +e maximum horizontal displacement occurs at
the middle of the excavation side, which is at CX4 and CX5.
+e horizontal displacement of piles decreases with the
increase of distance from the pile centre.+e displacement at
the corner of excavation, especially at CX1 and CX8, shows a

reverse direction compared with the piles along the exca-
vation sides. +e maximum deformation is 8.32mm. +e
reason for this phenomenon is that the inclined brace at the
excavation corner can effectively prevent the displacement of
soils. +e horizontal displacement of all the retaining piles is
under the control value of 50mm, which means that the
deep excavation is safe under this supporting system.

As is indicated in Figure 4, the horizontal displacement
of retaining piles along the excavation depth is in a parabolic
shape. +e relationship between monitored displacement
(yi) and the monitoring depth (xi) is collected as (xi, yi). +e
least square method is used for linear-fitting the horizontal
displacement of piles. Control diagram is introduced to
monitor and give an early warning for the outliers during the
excavation. +e quintic polynomial equation can fit the
monitoring data perfectly with a correlation coefficient over
0.9. +e quintic polynomial expression is shown as

y � 9.15e
− 6

x
5

− 5.13e
− 4

x
4

+ 0.0085x
3

− 0.13x
2

+ 2.6x + 3.2.

(7)

+e RCL and LCL of the horizontal displacement are
shown with the monitoring data and fitting data. +e moni-
toring frequency should be enhanced if the monitoring data is
out of the RCL and LCL, which will ensure safety during
excavation. As indicated in Figure 4, the horizontal displace-
ment of CX4 is evaluated by the RCL and LCL criteria. Most of
the monitoring data is within the control range, which means
the excavation is safe. Only several monitoring data are out of
the RCL and LCL region because the monitoring place is below
the fourth supporting bracing, which is out of the constraint of
supporting system. It should also be noted that the displace-
ment of the retaining wall can be significantly increased with
the fluctuation of groundwater level.+emonitoring frequency
should be strengthened.

3.4. Evaluation of Ground Settlement with Excavation Time.
+e ground settlement varying with excavation time in
section A3-E3 is depicted in Figure 5(a). With the increasing
of excavation time, the ground settlement accumulated with
the excavation process. +ere occurs a slight ground heaving
of 5mm when the excavation processing is 20 days. +e
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Figure 3: +e schematic diagram of the least square method.
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reason for this heaving is the adjustment of groundwater
pumping, the groundwater level increasing results in a re-
bound of the ground in monitoring section A3-E3, and the
total ground heaving is 4.23mm.+e distance of monitoring

point A3 to the excavation edge is 2m; the reinforced
concrete between the soldier piles can effectively strengthen
the ground soil. +ere is almost no ground settlement at the
initial excavation period, the minimum ground settlement is
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Figure 4: Final lateral displacement curves of CX4 pile body associated with control lines: (a) horizontal displacement; (b) control lines.

G
ro

un
d 

se
ttl

em
en

t (
m

m
)

0 20 40 60 80 100 120
Excavation time (d)

–15

–10

–5

0

5

Monitoring point A3 
Monitoring point B3
Monitoring point C3

Monitoring point D3
Monitoring point E3

(a)

G
ro

un
d 

se
ttl

em
en

t (
m

m
)

–10

–5

0

5
0 20 40 60 80 100

Monitor time (d)

Measured
Fitted

LCL
RCL

(b)

Figure 5: Ground settlement varying with (a) time in monitoring section A3-E3 and (b) control lines.
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0.17mm, and the maximum ground settlement is 5mm at
the end of excavation.+e ground settlement control value is
35mm. +e maximum accumulated ground settlement at
D3 is 13.89mm which is 8m far away from the excavation
edge.+e accumulated ground settlement decreases with the
increase of distance from the excavation edge. With the
analysis of the ground settlement monitoring data, the
largest ground settlement is located from a distance from 22
to 30m (about 1.0–1.3 H) with the accumulated ground
settlement of 13.89mm. +e least square method is adopted
to fitting the ground settlement at monitoring line 3,
monitoring point C3, which is located at the centre of the
excavation long side (Figure 5(b)). A quartic polynomial
expression is introduced to fitting the settlement rule, as
shown in equation (8). +e RCL and LCL criteria are further
applied to evaluate the ground settlement, and the results
prove that the excavation is in a safe condition:

y � −1.59e
− 7

x
4

+ 6.03e
− 5

x
3

− 0.0075x
2

+ 0.26x + 2.04.

(8)

3.5. Evaluation of Ground Settlement of Adjacent Soil with the
Distance from Excavation Side. Monitoring Sections 1, 5, 7,
and 9 are selected to reveal the rule of accumulated ground
settlement and influence range with the excavation process
(see Figure 6). +e maximum ground settlement occurs at a
vertical distance of 22m from the long excavation side. A
conclusion can be drawn that the main influence area is with
0.8H, which coincides with the results by Zheng and Li [27]
and Ou et al. [28].

Eight vertical distances, i.e., 2m, 8m, 14m, 22m, 30m,
40m, 50m, and 70m, from the excavation are selected based
on the monitoring line laid along with the excavation. It can
be indicated that the ground settlement keeps constant when
the distance from the excavation is more significant than
30m. +e minimum ground settlement at 70m is 0.6mm.
We can define that the influence area from 1.74 to 3 H is the
secondary influence area. +ere is almost 0 settlement away
from the secondary influence area.

It can be seen that the maximum ground settlement
occurs at the centre of the long excavation side, i.e., mon-
itoring line#5. +e RCL and LCL criteria are used to assess
the safety of monitoring line#5, and the ground settlement
follows a power function rule (equation 9). As indicated in
Figure 6(b), the ground settlement around the excavation is
within the upper and lower control line. +ere is an ab-
normal point at 0.6 H, which means that the on-time
warning of this monitoring part is necessary to ensure the
safety of excavation:

y � −30.55 e
− 0.5(x− 22/4.93)2

− 3.49. (9)

4. Numerical Analysis of Parameters

4.1.ModelDescription. +e calculationmodel is set as a plain-
strain problem. +e horizontal direction is X, and the vertical
direction is Y. +e retaining piles and inner supporting follow

the linear elastic rule; the internal support is using the truss
element. Modified Mohr–Coulomb criteria are selected as the
constitutive model of soil which can effectively consider the
unloading deformation. +e excavation dewatering is con-
ducted before the excavation, so the draining process during
excavation is neglected. Contact pairs are used between piles
and soil to deal with two different materials.

To eliminate the influence of the boundary effect, the
model size is set as 250m (10B) and 125m (5 D). +e soil is
constrained in both X and Y direction at the bottom, the
model is constrained at X direction at both sides, and the
ground surface is set to be free surface. +e initial ground
stress is from soil gravity. Delaunay triangular and quad-
rilateral mesh is selected to improve computing efficiency.
+e mesh near the excavation is dense, and the other is
coarse.+ere are 1576 elements and 1481 nodes in the whole
model. +e total excavation depth is 25m; there are four
steps: 7m, 7m, 4m, and 7m, the inner support is laid after
1m excavation depth. +e inner support bracing will be
active after excavation, as shown in Figure 7. +rough
geological investigation report, the distribution of soil layers
and physical-mechanical parameters are shown in Table 2.

4.2. Model Verification. +e spatial effect of the excavation
can be reflected by the horizontal displacement of retaining
piles. +e maximum horizontal displacement of retaining
piles is closely related to the stability of the excavation.
Monitoring data in CX pile is selected to reveal the variation
of pile horizontal displacement with excavation time. +e
horizontal displacements of monitoring points CX1, CX2,
CX4, CX5, CX7, CX8 are selected to compare with the
numerical results.

As indicated in Figure 8, the horizontal displacement of
piles varies with excavation time, and depth is depicted to
reveal the variation rule. +e horizontal displacement of
piles increases with the excavation depth and excavation
time. At the initial excavation period (0–30 days), the
maximum pile horizontal displacement is 0.55mm, which is
very small. At the middle period (30 to 90 days) after ex-
cavation, the excavation depth is 6.5m to 19.5m with a total
excavation depth of 13m (0.5 H); the horizontal displace-
ment of piles shows a dramatic increase which almost
reaches the maximum.When the excavation time reaches 60
days, the horizontal displacement of the pile suddenly in-
creases to 12.59mm; the displacement velocity is 0.40mm/d.
At the excavation time of 90 days, the horizontal dis-
placement of the pile increases to 22.52mm with a dis-
placement velocity of 0.33mm/d. At the final stage of
excavation (120 d), the horizontal displacement of the pile
reaches the peak value of 26.72mm with a velocity of
0.08mm/d. +e numerical result of the retaining pile shows
a good agreement with the field measurements, whichmeans
that the numerical model can be used to study the optimum
pile parameters of retaining piles.

4.3. Soil Earth Pressure at the Different Excavation Stages.
+e soil earth pressure distribution is displayed in Figure 9.
+e soil Earth pressure is linearly increasing after the first
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excavation period, which is close to the distribution of earth
pressure at rest. With the excavation processing, the active
earth pressure along the depth shows a slight increase below the
inner support; the active earth pressure at a depth of 10m is
constrained by the first and second internal support. +e third
internal support effectively decreases the soil earth pressure at a
depth of 15m while the soil earth pressure increases signifi-
cantly below the inner support. For the last excavation period,
the active earth pressure within the excavation depth is ef-
fectively constrained by the inner support. +e decrease of soil
earth pressure distributionwith the excavation depth is because
of the inner support installed after each step of excavation; the
increase of axial force from the inner support bracing can
ensure the stability of the excavation.

4.4. Optimization of Pile Parameters

4.4.1. Study on Different Pile Diameters. +e control values
of ground settlement (35mm) and the horizontal dis-
placement of the pile (50mm) are introduced to optimize the
pile diameters. +e pile diameters are set to be in a rea-
sonable range from 0.7m to 1.5m. As we can see from

Figure 10, the maximum ground settlement and the hori-
zontal displacement of the pile decrease from 19.4mm and
33.1mm to 11.0mm and 19.3mm, respectively, with the pile
diameter increasing from 0.8m to 1.0m. +e maximum
ground settlement and pile horizontal displacement decrease
from 11.0mm and 19.3mm to 8.0mm and 14.5mm, re-
spectively, when the pile diameter increases from 1.0m to
1.5m.+e relative increasing rate is introduced to define the
effect of pile diameter.

A relative parameterR is defined asR� (Sl-Ss)/Sl, where Sl is
the displacement of ground or piles at large pile diameter and
Ss is the movement of ground or piles at small pile diameter.
+e results show that R decreases from 21.58% and 20.85% to
5.46% and 4.98%, respectively, with the increase of pile di-
ameter. +e optimal pile diameter should be set to 1.0m to
consider both the safety of the excavation and the construction
cost. FEM method should be used before the construction to
give some useful guidance on the construction. +e maximum
ground settlement decreases with the increase of pile diameter
and follows an exponential function.

+e relationship between maximum ground settlement
and horizontal displacement of piles with diameters is
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Figure 6: Ground settlement varying with (a) different settlement monitoring points and (b) control lines.
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Figure 7: +e finite element model.

Table 2: Physical and mechanical parameters of surrounding soils.

Types of soils +e thickness of the soil layer (m) Natural density (kN·m−3) Cohesion (kPa) Internal friction angle (°)
Miscellaneous soil 3.85 18.5 10 5.0
Silty clay 2.25 18.5 12 6.5
Medium coarse sand 5.4 17.5 3 29.6
Gravel sand 5.8 20.3 2 33.0
Pebble 5.3 20.5 2 34.0
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yh � 140 − 1400 × 0.004x
,

yg � 7.8 − 737 × 0.005x
,

(10)

where yh is the horizontal displacement of piles, yg is the
vertical displacement of ground settlement, and x is the pile
diameter.

4.4.2. Study on Different Pile Lengths. +e excavation depth
He � 25m and the length of retaining piles is set to be 25m,
30m, 35m, 38m, and 40m with other parameters kept
constant, which means that the built-in depth Hb is 0, 2.5m,
5m, 10m, 13m, and 15m. +e embedded ratio (e) of
retaining pile is defined as the built-in depth over the ex-
cavation depth, i.e., e�Hb/He. +e maximum ground set-
tlement and pile horizontal displacement are observed under
different e� 0, 0.1, 0.2, 0.4, 0.52, and 0.6 (Figure 11). As it can
be seen from the figure, the displacement of retaining
structure and surrounding soil gradually decreases with the
increasing of embedment ratio. At the same time, it turns to
a constant value when the embedment ratio is larger than
0.4. +erefore, e� 0.4 is the optimum value for embedment
in granular area.

+e relationship between maximum ground settlement
and horizontal displacement of pile follows a power dis-
tribution rule with an expression of

yh � 10.5 − 6 × 0.002x
,

yg � 16.1 − 10 × 0.0005x
,

(11)

where yh is the horizontal displacement of piles, yg is the
vertical displacement of ground settlement, and x is the
embedment ratio.
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4.4.3. Study on Different Pile Rows. Single-row piles and
double-row piles are installed to investigate the effect of
different retaining piles on the response of deep excavation.
+e vertical displacement of soil and horizontal displace-
ment of piles are extracted with different pile diameters. It is
indicated that the double-row piles can effectively decrease
the responses of deep excavation, as shown in Figure 12. +e
vertical and horizontal displacement of surrounding soil and
retaining piles are decreasing with the increasing of pile rows
as well as the pile diameters. While the deformation of
retaining structure and surrounding soil keeps constant
when the pile diameter is larger than 1.0m, the increasing of
pile row can effectively decrease the horizontal displacement
of retaining piles.+is effect is more significant when the pile
diameter is smaller; for example, the horizontal displace-
ment and vertical displacement decrease roughly 32.5% and
21.4% compared to the control value when the pile diameter
is 0.7m, while this value is 18% and 8.5% when the pile
diameter is 1.5m.

+e relationship between the vertical displacements of
surrounding soil for single-row pile and double-row pile is

ygs � 14 − 927 × 0.008x
,

ygd � 7.6 − 413 × 0.01x
.

(12)

+e relationship between the horizontal displacements
of piles for single-row pile and double-row pile is

yhs � 6.8 − 734 × 0.006x
,

yhd � 5.6 − 335 × 0.01x
,

(13)

where yhs and yhd are the horizontal displacement of single-
row piles and double-row piles, respectively, ygs, ygd is the
vertical displacement of ground settlement, and x is the pile
diameter.

5. Conclusion

An excavation case in granular soils is used to evaluate the
stability of deep excavation using displacement least squares
method. Subsequently, the finite element method is used to
optimize the critical parameters of the supported piles, and it
needs to be emphasized that the correctness and reason-
ability of the FE models are evaluated according to field
measurements. Some conclusions can be obtained, as
follows.

Vertical displacement of surrounding soil and horizontal
displacement of retaining piles are the most important in-
dices for the stability of deep excavation. +e stability of
excavation using pile inner supporting system can be
evaluated by adopting the least square method. +e opti-
mum pile diameter and embedment ratio for single- and
double-row retaining pile are 1.0m and 0.4. +e maximum
vertical displacement of surrounding soil and horizontal
displacement of piles can be calculated by the equations
obtained in this research which can provide useful guidance
for the designing of deep excavation.
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