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ABSTRACT

This study comprehensively investigates the mechanical behavior and

deformation patterns of adjacent foundation pits sharing a common OPEN ACCESS
ground connecting wall. Utilizing a combination of detailed field mea-

surements and finite element modeling, the study simulates the excavation Received: 24/07/2024

process to analyze the mutual interactions between two adjacent pits
of equal depth. Results indicate that the excavation of a subsequent pit
influences both surface settlement and the horizontal displacement of DOI

the retaining structure of the first-excavated pit. Specifically, the surface 10.23967/j.rimni.2025.10.56531
settlement outside the first-excavated pit increased by 0.08% H (where
H, is the excavation depth of the second pit), with the most significant
impact occurring at approximately 1.8 H (where H is the excavation
depth of the first pit) within the influence range of 0 to 2.9 H from the
shared ground connecting wall. Similarly, within the range of 2.76 H, the
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pit showed the greatest increase at 2 H, reaching 0.086% H. Mitigative
measures, such as increasing the wall thickness or optimizing the excava-
tion sequence, are found to effectively control deformation. These findings
provide valuable insights into the design and construction of excavations
involving shared ground connecting walls.

1 Introduction

The excavation of adjacent pits can significantly impact one another, particularly affecting
the later-excavated pit. If not properly managed, this interaction may cause excessive displacement
of the pit’s enclosure structure or excessive settlement of the surrounding ground surface. Thus,
understanding the influence patterns and proposing effective mitigation strategies is essential.

Currently, scholars both domestically and internationally have accumulated a substantial
amount of research on the characteristics of enclosure structures during the excavation of single
foundation pits. Yang et al. [1] discovered that the enclosure structure experiences its maximum lateral
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displacement near the excavation surface, with the maximum horizontal displacement measuring
approximately 0.59% of H (where H represents the excavation depth of the foundation pit). Xu et al. [2]
analysed 93 foundation pits in the Shanghai area that used ground walls as enclosure structures. They
found that the maximum lateral displacement of the ground wall ranged from 0.1% H to 1.0% H, with
an average of 0.42% H. The maximum lateral displacement of the enclosure structure was typically
located within the range of (H — 5) to (H + 5). Xu et al. [3] analysed the foundation pit using ground
walls and internal support in the geology of Nanjing clay, silt loam, and muddy siltstone. The study
concluded that the maximum horizontal displacement of the enclosure structure was between 0.09% H
and 0.24% H, with a mean value of 0.13% H. Regarding surface settlement, Clough et al. [4] conducted
a worldwide study on surface settlement in hard clay, residual soil, sandy soil, and hard soil pits. They
established a correlation between the maximum surface settlement and the excavation depth H. The
average value of the maximum surface settlement is approximately 0.15% H. For sandy soil and soft
to moderately hard clay, the settlement area range is 2 H, while for hard clay, the settlement area
range is 3 H. According to Wang et al. [5], the depth of excavation and the thickness of the soft soil
layer behind the wall affect the surface settlement. The maximum value observed through monitoring
data ranged from 0.1% to 0.8% H. According to Yu et al. [0], the range of surface settlement around
the pit gradually increases with the depth of excavation. The maximum value of surface settlement
occurs at a horizontal distance of 0.72 H from the enclosing structure, with a size of about 0.225%
H. Woo et al. [7] analysed observation data of pit settlement in the Taiwan Basin and found that
excavation caused settlement to occur in a range of (4~5) H on the ground surface.

The excavation of multiple pits can have complex effects on adjacent pits. Zheng et al. [§]
noted that the force situation of an adjacent pit’s enclosure structure is more complex than that
of independent pits. Tao et al. [9] conducted a numerical simulation study comparing two adjacent
foundation pits with large differences in depth and area. They determined the optimal excavation
method for controlling the deformation of the enclosure structure, surface settlement, and other
characteristics. Tao et al. [10], in their analysis of excavating adjacent pits, found that the proximal
enclosure experiences significantly greater displacement than the distal enclosure during synchronous
construction. Similarly, Wang et al. [1 1] concluded that a spacing of less than 2 H between adjacent
pits significantly impacts the deformation of the pit enclosure structure, while a spacing greater than
2.5 H has a negligible impact. Gu et al. [12] suggested that using pit block excavation can fully utilize
the ‘spatial and temporal effects’ of pit excavation, reducing construction difficulties, controlling the
deformation of the foundation pit, and minimizing surface settlement. Chen [13] observed that when
the pit spacing is small, excavation of neighboring pits reduces the displacement of the enclosure
structure on the adjacent side of the completed pit, while increasing the displacement on the non-
adjacent side. However, when the pit spacing is greater than twice the excavation depth, it has less
effect on the surface settlement and horizontal displacement of the enclosure structure. The settlement
of soil on the surface between pits gradually disappears when the pit spacing exceeds 50 m. Shen [14]
analyzed the interaction of soil bodies among 12 groups of pits that are either independent or share a
shared ground connecting wall. The results indicate that excavation of pit groups significantly affects
the internal force, deformation, and surrounding environment of the pit. Therefore, strengthening
the enclosure structure at the corresponding location is necessary during the excavation of pit groups.
Tan et al. [15] analyzed the deformation characteristics of the enclosure structure during the excavation
of the pit under the shared wall, using the example of a large volume pit in Shanghai that was divided
into two pits by setting up a circular ground wall. They concluded that cylindrical pit excavation has
a smaller deformation amplitude and stronger deformation resistance than conventional basement
excavation.
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In summary, extensive research has been conducted on the interaction between adjacent pit
excavations. However, due to the distinct regional characteristics of foundation pit engineering, and
the varying soil conditions and support structures in different areas, the displacement of pit enclosure
structures and surface settlement can differ significantly. The interaction laws of adjacent pits sharing
ground walls, in particular, require further investigation. This paper utilizes on-site measurements to
conduct finite element simulations of two adjacent pits with the same depth, connected by a shared
ground wall. The goal is to analyze the development patterns of horizontal displacement in the
enclosure structure and surface settlement outside the pits, as well as to define the scope of mutual
influence caused by the shared ground wall. Based on these findings, corresponding improvement
measures are proposed to mitigate the impact within the identified scope of influence. These results
provide valuable insights for the design and construction of similar projects.

2 Project Overview

Construction of a group of excavation pits at the site covers an area of 11,716 m?, with an
underground building area of 29,292 m?. Pits one and two were excavated first, each with a depth
of 15.2 m. They share a common ground connecting wall, and the protective structure adopts an
underground continuous wall with three supports.The underground continuous wall has a thickness
of 800 mm and reaches a depth of 32 m. The supports are arranged at the same height, with the layout
shown in Fig. 1. The typical cross-section of the protective structure is shown in Fig. 2. The soil layers
from top to bottom mainly include fill soil, clay, silty clay, silty clay with silt, clay, silty sand, rounded
gravel, and completely weathered rock.
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Figure 1: Schematic diagram of pit plan location
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Figure 2: Section of enclosure structure
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3 Theoretical Foundations

The project’s enclosure structure comprises a ground-connected wall and internal support.

According to extensive literature and experience [ 1 6], the surface settlement curve outside the pit can be
assumed to be notch-shaped, dividing the surface settlement into a triangular and normal distribution
curve (see Fig. 3). The inflection point under the normal distribution of the settlement trough is at a
distance from the edge of the pit. Please refer to figure for further details.
X, = H, tan45° — %, (1)
where X, represents the horizontal distance from the edge of the pit to a specific point of interest (in
meters), usually related to the geometry of the pit or the extent of settlement influence, H, represents
the depth of the pit (in meters), i.e., the vertical distance from the ground surface to the bottom of
the excavation, and ¢ represents the internal friction angle of the soil (in degrees), which describes the
shear strength of the soil.

1
Swl = 25 (ZXO) . 5/71la (2)

where S, represents the settlement value associated with the deformation of the pit (in meters),
typically indicating the maximum settlement at a specific point, §,, represents the settlement at a
reference point (in meters), usually denoting the observed settlement at a monitoring point during
the excavation.

4Swl
O = 3
™ 25X,° (3)

where §,,; represents the settlement at the reference point (in meters) as defined earlier, s,, and x, are
the same as defined in the previous equations.

|
AS = z (A(Swl + Aawz) s (4)

where Adw, represents the horizontal displacement of the top of the enclosing pile and Adw, represents
the horizontal displacement of the bottom of the enclosing pile. Additionally,

1
SwZ - EX()AS, (5)
1
Swl = Oy — SwZ = Sw - EXOAsa (6)
48, 4 (S, —2AS 4S,  2A8  1.6S,
8»1 = : = — S = M = L 08A8 7
' 25x, 25 ( X, 25X, 25 X, @)
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Figure 3: Calculation model of exponential settlement curve

Then the displacement of each settlement point is:

AS, =8, (ﬁ) . (8)

Xo

When x; = Jx,, the maximum settlement value typically occurs due to the distribution of
settlement effects. In general, settlement impacts follow a certain distribution pattern, which may be
symmetrical or gradually decrease over a certain range. The maximum settlement often occurs at the
midpoint between the excavation or supporting structure, i.e., at the center of the settlement basin.
Physically, at x; = ]X,, this corresponds to being at the midpoint or central region of the settlement
influence zone, where the deformation or settlement of the soil reaches its peak. This is due to the
stress concentration from both sides of the soil, leading to the maximum settlement accumulation at
this point. Mathematically, when substituting x; = 1, into the relevant settlement equation, the result
typically shows that the settlement at this location is the largest because the effects from both sides are
equal, causing the settlement to amplify. Therefore, at x; = ;x,, both physically and mathematically,
it can be explained that the maximum settlement occurs at this location. So the maximum settlement
value was:

As  1.6S,
5ma,\' = 8ml + 8m2 = 5ml + —=—=
2 Xo

— 0.3A6. )

Based on the formula provided, the maximum surface settlement value is 18.2 mm, slightly larger
than the monitored value of 18.4 mm shown in Fig. 4. The measured and theoretical values of surface
settlement are in good agreement, with the measured values being larger than the theoretical values
overall. This is due to the compression and settling of the soil layer during the excavation process.

https://www.scipedia.com/public/Xu_et_al_2025 5
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Figure 4: Comparison of measured and theoretical values of surface settlement

4 Numerical Simulation Analysis
4.1 Model Building

The model dimensions are 500 m x 400 m x 60 m. To eliminate any influence from the model
boundary, a distance of 100 m is maintained between the boundary and the pit enclosure structure,
exceeding the specification requirement of 3 H. The construction simulation follows the actual
construction sequence, as detailed in Table 1.

Table 1: Construction simulation conditions serial

Step Working condition Step Working condition

number number

1 Initial geostress balance 9 Excavation of Pit 11

2 Excavation of Pit | 10 Installation of the first concrete support
3 Installation of the first concrete support 11 Excavation of Pit II to a depth of 5.8 m
4 Excavation of Pit I to a depth of 5.8 m 12 Installation of the second steel support
5 Installation of the second steel support 13 Excavation of Pit II to a depth of 10.5 m
6 Excavation of Pit I to a depth of 10.5m 14 Installation of the third steel support

7 Installation of the third steel support 15 Excavation of Pit II to a depth of 15.2 m
8 Excavation of Pit I to a depth of 15.2m 16 Installation of the bottom slab in Pit I

17

Installation of the bottom slab in Pit I1

The Hardening Soil Model with Small Strain Stiffness model (HS-Small model) not only accounts
for the shear hardening and compression hardening of soil but also accurately captures the reduction
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in shear modulus with increasing strain within a small strain range. Consequently, the HS-Small
model is adopted as the soil constitutive model in this study. The model parameters were determined
through geotechnical tests conducted on soil samples taken directly from the site, ensuring that the
parameters align closely with the actual conditions of the soil layers present. These parameters were
further validated against relevant literature [1 7—19] to maintain consistency with established standards.
Additionally, the shared ground connecting wall are modeled using the plate element in PLAXIS 3D
Finite Element Code for Soil and Rock Analyses., the concrete supports are represented using the beam
element, the lattice columns are simulated using the embedded pile element, and the steel supports
are modeled with the anchor element. The mechanical parameters for each soil layer are presented
in Table 2, while the mechanical parameters of the foundation pit support structure are detailed in
Table 3.

Table 2: Mechanical parameters of each soil layer

Serial Soil layer y/(kNm™) Ei/MPA E\/MPa EY/MPa c/kPa ¢ G,/ Layer
thickness/m
©) Heterogeneous 15.5 12 10 36 8 20 36 2.5
fill
® Clay 18.74 4.8 4 20 9.3 26.1 30 3.02
©) Clay 18.45 7.2 6 30 8 20 40 3.48
® Silty clay 19.39 8 7 35 85 30 45 1.72
® Silty clay with  18.98 8 8 40 8 30 50 4.78
sand
® Clay 19.47 8 8 40 9 26 45 9.35
® Silt sand 19.98 12 12 48 53 21 180 2.6
Round gravel 21 15 15 45 0 37 250 8
® Highly 22 50 50 150 7 30 300 38
weathered
siltstone
Table 3: Mechanical parameters of pit support structure
Title Serious Modulus of elasticity  Poisson’s ratio  Sizes
The common wall 25kNm~> 12 MPa 0.3 0.8
The concrete support 21 kNm™ 15 MPa 0.2 0.9%0.9
The steel support 22kNm™ 200 GPa 0.3 /

4.2 Model Validation

To ensure the mechanical parameters of the soil and pit support structure in the model are
reasonable, we have compared the calculated values of the numerical simulation of the surface
settlement and horizontal soil displacement with the measured values. Fig. 5 shows the plan layout
of the monitoring points.
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Figure 5: Layout of monitoring points

For the purpose of verifying the accuracy of numerical simulation data, the surface settlement
monitoring point CJ3 (monitoring points, see Fig. 5) in the actual project is suitable as it is not
surrounded by lorry crushing or heavy stacking. CJ3 is located 15 m away from the AB (Left boundary
of the pit, see Fig. 5) enclosure. Fig. 6 shows the comparison between the simulated and measured
values at this point. The figure illustrates that the surface settlement at this monitoring point increases
continuously with the excavation of the foundation pit. The maximum simulated surface settlement
value is —8.14 mm, which closely matches the measured value. The measured value fluctuates during
excavation, as the numerical simulation does not consider the influence of load accumulation at the
construction site. However, the overall trend of the simulated and measured values is similar, indicating
reasonable selection of model parameters.
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Figure 6: A comparison between the measured and modelled values of surface settlement
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Monitoring point CX2 (monitoring points, see Fig. 5)is located 15 m away from the edge of the EF
(Right boundary of the pit, see Fig. 5) and is the farthest point from Pit I on Pit II. It is least affected
by the excavation of pit 1 and is less susceptible to external factors. This makes it suitable for verifying
the accuracy of numerical simulations. The comparison between the measured value and the value
shown in Fig. 7 confirms this suitability. The figure shows that the maximum horizontal displacement
of the deep soil is 9.3 mm, with the highest value occurring at a depth of 2 m and gradually decreasing
thereafter. The maximum simulated horizontal displacement of the deep soil is 9.7 mm, occurring at
a depth of 5.7 m, and also decreasing gradually with depth. The numerical values are consistent with
the measured values, indicating that the model parameters were selected reasonably.

E ol
:;_:; 2
(=¥
-] —
=
30 - p .
< —=—Simulated value
— ~—Measured value
o
W0E
L]
50 1 N 1 " | M | 1 " 1
0 2 4 6 8 10

Deep soil horizontal displacement/mm

Figure 7: Comparison of horizontal displacements of deep soils

4.3 Simulation and Analysis of Numerical Results
4.3.1 Changing Law of Surface Settlement at the Edge of the Pit

Fig. 8 shows the cloud diagram of surface settlement as Pit I and Pit IT were successively excavated
to the bottom of the pit. From Fig. 8a, it can be seen that when the excavation of sub-Pit I alone
was completed, the settlement of each side of the pit was similar, with the maximum value located in
the center of the pit, while the settlement of the corner was the smallest, with a maximum value of
18.4 mm when the excavation was completed to the bottom. From Fig. 8b, it can be seen that when
the excavation of Pit II was completed after the excavation of Pit I, the maximum value of surface
settlement was 29.7 mm, which was located in the middle of the AD side and moved towards the
shared ground connecting wall. After the completion of the excavation of Pit I, the surface settlement
on the AB side (distal end) is basically the same as after the excavation of Pit II to the bottom, but the
excavation of Pit II has a greater impact on the surface settlement near the shared ground connecting
wall. Meanwhile, at some distance from the shared ground connecting walll, the surface settlement is
basically unaffected by Pit II.

Fig. 9 illustrates the variation in maximum surface settlement along the AE side outside the
pit under different working conditions. Curve I depicts the maximum surface settlement variation
following the completion of Pit I's excavation. The settlement is smallest at the pit corners, while the
maximum settlement occurs in the middle of the AE side, with a peak located 33 m from the shared

https://www.scipedia.com/public/Xu_et_al_2025 9
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ground connecting wall. Curves II, III, and IV illustrate the variation in maximum surface settlement
along the AE side when Pit II is excavated to depths of 5.8, 10.5, and 15.2 m, respectively. At point
G, positioned 43.7 m (2.9 H) from the shared ground connecting wall on the CD side, the maximum
surface settlement remains nearly unchanged from the far side (AB) to point G. However, from point
G to the CD side, the settlement gradually increases.

- | - |
(@) (b)

Figure 8: Surface settlement nephogram of Pits I and IT excavated to the bottom of the pit, they should
be listed as: (a) Separate excavation for Pit I; (b) Pit I excavation
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Figure 9: Surface settlement map of the AE edge

Fig. 10 illustrates the relationship between the excavation depth of Pit II and the corresponding
change in surface settlement of Pit I. The maximum surface settlements were recorded when Pit 11
was excavated to depths of 5.8, 10.5, and 15.2 m, resulting in settlements of 23, 26.2, and 29.7 mm,
respectively—an increase from the 18.4 mm observed when Pit I was excavated to its full depth alone.
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The impact of the continuous excavation of Pit I on the maximum surface settlement of pit I is evident,
with contributions ranging from 0.074% H, to 0.08% H, of Pit II’s current excavation depth. Although
surface settlement outside the pit continues to increase from section J (1.8 H from side CD) to side
CD, the rate of increase gradually diminishes. Simultaneously, the maximum surface settlement along
DE, the long side of Pit II, shifts towards the shared ground connecting wall due to the presence of
Pit I. The excavation of Pit II affected Pit I within a range of approximately 2.9 H from the shared
wall along the AD side. The most significant increase in surface settlement, approximately 0.08% H,,
occurred at 1.8 H from the shared ground connecting wall. In one of the sub-pits, the maximum surface
settlement increased by 62%, from 18.4 to 29.7 mm.

12
0.8%H
11 |

10 |

ST 0.74%H

Maximum surface subsidence change value of pit 1 (mm)

4 1 2 1 N 1 . 1 2 1 s J
6 8 10 12 14 16

Excavation depth of pit 2 (m)

Figure 10: Plot of the ratio of the depth of excavation in Pit II to the change in surface settlement in
Pit I

4.3.2 Rule of Horizontal Displacement of Enclosure Structure

Fig. 11 illustrates the horizontal displacement contour plots of the retaining structures for Pit I
and Pit II at their final excavation depths. As illustrated in Fig. 11a, upon the completion of Pit I,
the horizontal displacement of the retaining structure gradually increases with increasing excavation
depth, with the maximum displacement occurring in the lower middle section of the long side, directed
inward towards the pit, and reaching 26 mm. Fig. 1 1b shows that when Pit II is excavated to its full
depth, the maximum horizontal displacement of the retaining structure in Pit I increases to 39 mm, a
50% increase compared to the maximum displacement observed after Pit I's excavation. Fig. 1 lcand d
indicates that the maximum displacement of the retaining structure at the far side (AB) remains at 23
mm both before and after the excavation of sub-Pit II, suggesting that the excavation of Pit II has
minimal impact on the horizontal displacement of the retaining structure on the far side of Pit L.

https://www.scipedia.com/public/Xu_et_al_2025 11
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Figure 11: Horizontal displacement of the enclosure structure from the excavation of Pits I and II, they
should be listed as: (a) ADE, BCF nephogram at the completion of Pit I excavation; (b) ADE, BCF
nephogram at the completion of Pit II excavation; (¢c) AB, CD, EF nephogram at the completion of
Pit I excavation; (d) AB, CD, EF nephogram at the completion of Pit II excavation

Fig. 12 illustrates the variation curve of the maximum horizontal displacement of the enclosure
structure along the long side AE of the two pits after the excavation of Pit I and the start of
the excavation of Pit II. During the excavation of Pit II, the maximum horizontal displacement
shifted from the middle of Pit I towards Pit I1, reaching its peak at point J, which is located 31.5m (2 H)
from the shared ground connecting wall. Between points A and G (with point G being 42 m or 2.76 H
from the shared ground connecting wall), the subsequent excavation of Pit II had no significant effect
on the horizontal displacement of the previously excavated Pit I’s enclosure. However, the horizontal
displacement gradually increased from point G to section J, reaching its maximum at section J.

Fig. 13 illustrates that upon completion of the excavation of Pit I, the maximum horizontal
displacement of the enclosure structure on the AD side reached 26 mm, located 2.3 H from point
D. As illustrated, the maximum horizontal displacement of the enclosure structure of Pit I increased
to 30.7, 34.5, and 39 mm when the excavation depth of Pit II was at 5.8, 10.5 m, and the bottom of the
pit, respectively. This increase corresponds to a change in the horizontal displacement of the enclosure
structure from 0.08% H, to 0.086% H,. It is clear that the excavation of adjacent pits influenced the
horizontal displacement of the enclosure structure of the first-excavated pit, with an impact range of 0
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to 2.76 H from the shared ground connecting wall. Additionally, the excavation of Pit II led to a 50%
increase in the maximum horizontal displacement of Pit I's enclosure, from 0.08% H to 0.086% H,.

Maximum horizontal displacement of the enclosure structure/nun

Excavation of Pit 1 Completed
Excavation of 5.8m in Pit 2
—— Excavation of 10.5m in Pit 2
Excavation of 15.2m in Pit 2

section J

80 100 120 140 160 180

Distance from point A along the AE direction/m

Figure 12: Variation of maximum horizontal displacement of the enclosure at the AE side

Displacement change value of diaphragm wall in a pit 1

14

12

10

0.86%H

081%H

0.81%H

6 8 10 12 14 16

Excavation depth of pit 2 (m)

Figure 13: Plot of the ratio of the depth of excavation in Pit II to the change in displacement of the
shared ground connecting wall in Pit I

4.3.3 Mechanistic Explanation of Observed Phenomena

The observed phenomenon based on 4.3.1 and 4.3.2, particularly the increased surface settle-
ment and horizontal displacement associated with the excavation of adjacent pits sharing a ground
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connecting wall, can be attributed to the complex interaction of soil mechanics and structural
responses under excavation-induced stresses.

When two pits are excavated in close proximity, the shared ground connecting wall experiences
differential loading from both sides. As one pit is excavated, the lateral earth pressure on the shared
wall reduces on the excavation side, while the opposite side remains under higher lateral pressure.
This differential loading leads to asymmetrical deformation of the wall, influencing both the wall’s
horizontal displacement and the surrounding soil’s settlement.

The increase in horizontal displacement observed during the excavation of the second pit can
be explained by the unloading and reloading effects on the shared wall. Initially, the excavation of
the first pit causes the shared wall to displace towards the excavation side due to the reduction in
lateral earth pressure. However, as the second pit is excavated, the lateral earth pressure on the opposite
side of the wall is reduced, causing a rebound effect that further increases the displacement. This
secondary displacement is compounded by the strain-hardening behavior of the soil, where the soil
exhibits increased stiffness after initial yielding, leading to a more pronounced displacement response
when subjected to further unloading.

Moreover, the observed surface settlement patterns can be mechanistically linked to the redis-
tribution of stresses within the soil mass. As excavation progresses, the reduction in lateral support
causes the soil to move towards the excavation, resulting in surface settlement. The shared wall acts as
a structural constraint, altering the natural settlement pattern that would be expected if the pits were
excavated independently. The presence of the shared wall creates a stress concentration zone where the
soil’s displacement is maximized, particularly at a distance of approximately 1.8 H from the wall, as
identified in the study. This effect is further amplified by the non-linear distribution of soil stiffness,
which varies with depth and proximity to the excavation, leading to differential settlement rates across
the excavation boundary.

5 Construction Optimisation Analysis
5.1 Use of Row Piles Plus Combination Enclosure

The results indicate that excavating adjacent pits will have a significant impact on the surrounding
area of the completed excavation. To mitigate these impacts and ensure the safety of pit excavation,
this project proposes unilaterally adding a row of ¢600@800 type piles on the outside of the shared
ground connecting wall.

The paper uses a row pile support structure, which includes a discounted shared ground connecting
wall with internal support and single grouted piles, in its numerical simulation calculations. The row
pile support structure is converted to an equivalent thickness of ground wall based on equivalent
flexural rigidity. Fig. 14 illustrates the schematic diagram of the pile model equivalent to ground wall,
and Egs. (10) and (11) show the conversion equations.

1 1
6—4T[D4 = E(D + t)h3, (10)

h=0.838 * D % (11)

where D is the diameter of the row of piles, 7 is the clear distance between the piles, and / is the
discounted thickness of the calculated equal stiffness ground wall.
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r—Lt

7

Figure 14: Schematic diagram of row pile equivalent to ground wall model

According to the formula in Eq. (11), the row of piles is equivalent to a ground connecting wall
thickness of 0.46 m. As a result, the thickness of the ground connecting wall on the AD side of the
model is 1.26 m. The enclosure pit is modelled and analysed with shared ground connecting wall
thickness of 0.8 m and an outer wall thickness of 1.26 m on the AD side. Fig. 15 illustrates the
comparison of the settlement of the outer surface of the pit with different thicknesses of the shared
ground connecting wall. Fig. 15 shows that the maximum surface settlement was 18.4 mm when Pit I
was excavated alone to the bottom of the pit using the 0.8 m thickness of shared ground connecting
wall as the enclosing structure of the external wall AD. This occurred at about 49.2 m. Excavation of
Pit II widened the settlement further to 29.7 mm and shifted the point of maximum surface settlement
away from the direction of the pit. Increasing the row of piles reduced the maximum surface settlement
outside the pit of this enclosure from 18.4 to 15.2 mm during the excavation of Pit I alone. In addition,
the maximum surface settlement in Pit I decreased from 29.7 to 21.8 mm when Pit II was excavated
to the bottom of the pit. These results demonstrate that increasing the thickness of the critical cross-
section of the enclosure structure effectively reduces deformation in adjacent pits with shared ground
connecting wall.

Excavation in pit2 to the bottom of the pit with a 1.26m diaphragm wall
——Excavation in pit2 to the bottom of the pit with a 0.8m diaphragm wall
——Excavation in pit] to the bottom of the pit with a 1.26m diaphragm wall
Excavation in pitl to the bottom of the pit with a 0.8m diaphragm wall

Maximum surface subsidence at each cross-section/mm

0 " 1 . 1 . 1 i 1 " 1 . 1 " 1 s 1 " )
0 20 40 60 80 100 120 140 160 180

Distance from point A along the AE direction/m

Figure 15: Comparison of the settlement of the outer surface of the pit with different thicknesses of
the shared ground connecting wall
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5.2 Optimisation of the Construction Sequence

In foundation pit engineering, the foundation pit base plate typically forms a complete support
system with the foundation pit support structure. The base plate bears the horizontal and vertical
earth pressures of the surrounding soil, supporting the soil and protecting surrounding buildings
during excavation of the foundation pit. Therefore, the construction sequence significantly impacts the
settlement of the surface at the pit edge, as well as the displacement and deformation of the enclosure
structure.

Based on the actual construction conditions, this paper optimises the working conditions as shown
in Table 4. The modelling analysis is then carried out based on the two construction sequences, and
the calculation results are presented in Fig. 16.

Table 4: Construction sequence schedule

Conditions  Actual construction sequence Optimisation of construction sequences
1 Construction of the first concrete Construction of the first concrete
support in Pit I support in Pit |
2 Excavation of Pit I to 5.8 m Excavation of Pit I to 5.8 m
3 Construction of the second steel support ~ Construction of the second steel support
4 Excavation of Pit I to 10.5m Excavation of Pit [ to 10.5 m
5 Construction of the third steel support Construction of the third steel support
6 Excavation of Pit I to 15.2 m Excavation of Pit I to 15.2 m
7 Construction of the first concrete Construction of the first concrete
support in Pit IT support in Pit IT
8 Excavation of Pit IT to 5.8 m Construction of the first concrete
support in Pit 11
9 Construction of the second steel support  Excavation of Pit Il to 5.8 m
in Pit 11
10 Excavation of Pit II to 10.5 m Construction of the second steel support
in Pit I1
11 Construction of the third steel supportin  Excavation of Pit I to 10.5 m
Pit 11
12 Excavation of Pit [T to 15.2 m Construction of the third steel support in
Pit 1T
13 Construction of the base slab in Pit | Excavation of Pit [T to 15.2 m
14 Construction of the base slab in Pit 1T Construction of the base slab in Pit 11

Based on the data presented in Fig. 16, the maximum surface settlement outside the pit is
29.7 mm under the actual construction conditions, occurring at approximately 60 m. Additionally,
the maximum horizontal displacement of the enclosure is 39 mm. However, after optimizing the
construction conditions, the maximum surface settlement outside the pit is reduced to 21.5 mm, a
reduction of 27.6%. Simultaneously, the maximum horizontal displacement of the enclosure structure
of the AD ground wall is significantly reduced to 28.7%. By prioritizing the base plate, the structural
safety of the excavated pit can be effectively enhanced, and the surface settlement at the edge of the
pit can be controlled.
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——— With a base plate

—— With a base plate —— No base plate

No base plate
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Maximum surface subsidence at each cross-section/mm
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(a) (b)

Figure 16: Comparison of surface settlement and horizontal displacement of the enclosure outside the
AE side pit, they should be listed as: (a) Comparison of maximum surface settlement values outside
the AE side pit; (b) Comparison of maximum horizontal displacement values of the enclosure at the
AE side

In comparison to increasing the thickness of the envelope at the hazardous section, setting the
footing first in the construction sequence is more effective in controlling the deformation of the footing
in the latter excavation pit and reducing the cost. By setting the footing first and excavating the second
footing later, better control of the deformation of the footing in the first and later excavation can be
achieved.

6 Conclusion

By analysing the different working conditions of the two common shared ground connecting wall
adjacent pit footings, this paper investigates the influence of the post-excavation pit on the perimeter
structure of the excavated pit and the surface settlement outside the pit, as well as the deformation law
of the shared ground connecting wall, and proposes two kinds of construction schemes to reduce the
mutual influence of the two footings, and reaches the following conclusions:

(1) During the excavation of adjacent pits shared ground connecting wall, the later-excavated pit
significantly influenced the surface settlement of the outer wall of the first-excavated pit, with an
impact range of 2.9 H. The maximum surface settlement point was located 1.8 H away from the shared
ground connecting wall. Subsequent excavation of pit II increased the surface settlement of the outer
wall of the first-excavated pit by between 0.074% H, and 0.08% H,. The excavation of Pit II shifted
the point of maximum surface settlement further away from the direction of Pit I.

(2) The excavation of Pit II exerted a more significant influence on the horizontal displacement
of the enclosure structure of the Pit I. This impact was most pronounced within a distance of 0 to
2.76 H from the shared ground connecting wall, with the maximum effect observed at 2 H from the
shared wall. The increase in maximum horizontal displacement of the enclosure structure due to the
excavation of Pit Il ranged between 0.08% H, and 0.086% H,.

(3) The use of a combination of row piles and shared ground connecting wall, or thickening
the shared ground connecting walls, effectively reduces the impact of the first-excavated pit on the
later-excavated pit. When the shared ground connecting wall was thickened by 0.46 m, the maximum
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surface settlement outside the pit decreased from 18.4 to 15.2 mm. Additionally, the maximum surface
settlement in Pit I decreased from 29.7 to 21.8 mm, with minimal change in the influence range.

(4) Modifying the construction sequence of the project can significantly reduce the mutual
influence between adjacent pits of the shared ground connecting wall. Excavating Pit I to the
bottom first, then setting the footing before excavating Pit I, is favorable for controlling horizontal
displacement of the enclosure structure and surface settlement of both pits. In the absence of special
circumstances, it is more appropriate to adopt a construction sequence alteration program.

7 Research Limitations and Future Prospects

This study uses finite element simulations and field measurements to analyze the impact of shared
ground connecting wall on horizontal displacement and surface settlement in adjacent excavations.
The findings offer important insights for the design and construction of similar projects. However,
several limitations should be noted, highlighting areas for future investigation.

7.1 Study Limitations

(1) Site-Specific Conditions: The results are based on specific site conditions, including soil char-
acteristics, retaining structures, and excavation depths. These findings may not be directly applicable
to other locations with different geological conditions or construction methods. Future studies should
include more diverse sites to assess the generalizability of the conclusions.

(2) Simplified Numerical Models: The study employs the HS-Small constitutive model, which
captures nonlinear soil behavior but simplifies complex factors such as soil anisotropy, creep, and
groundwater effects. Future research could incorporate more advanced models to better simulate these
long-term behaviors.

(3) Limited Construction Sequences: This analysis focuses on two construction sequences, yet
variations in sequencing could lead to different outcomes. Future research should explore a wider
range of construction strategies, especially under challenging geological conditions.

(4) Boundary Condition Assumptions: The simulations assume ideal boundary conditions, main-
taining a distance of 100 m from the excavation to the boundary. This approach overlooks potential
interactions with nearby structures. Future work should refine boundary conditions to better reflect
real-world scenarios.

(5) Limited Field Data: Although field data were used for model validation, the number and
distribution of monitoring points were insufficient to fully capture the complex behavior of the soil
and retaining structures. Future studies should incorporate denser monitoring networks to improve
accuracy.

(6) Scalability of Results: The study focuses on pits with relatively uniform size and depth. The
scalability of these findings to larger or irregularly shaped excavations, or to pits with significantly
different dimensions, remains uncertain. Additional research is needed to validate the applicability of
the results to more diverse excavation scenarios.

7.2 Future Directions
To address these limitations, future studies could extend the current work in several directions:
(1) Broader Geographical and Site Conditions: Future research should include diverse geological

environments and construction methods to validate the general principles of adjacent pit interaction
across different regions.
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(2) Incorporating More Complex Soil Models: Advanced soil models that account for anisotropy,
creep, and dynamic responses in saturated soils should be employed to provide more accurate
predictions of soil-structure interactions.

(3) Optimizing Construction Sequences: Future studies should explore a broader array of con-
struction sequences and consider the dynamic loads from construction activities and environmental
conditions to identify the most effective methods for reducing deformation and settlement.

(4) Improved Boundary Condition Simulations: Realistic boundary conditions should be intro-
duced in numerical simulations to better capture the interactions between excavations and surrounding
infrastructure.

(5) Data-Driven Model Calibration: Machine learning and data-driven methods could be used
to enhance model calibration, leveraging extensive field data to improve simulation accuracy and
predictive capabilities.

In conclusion, while this study advances our understanding of the interactions between adjacent
excavations with shared ground connecting wall, further research is needed to ensure the findings are
broadly applicable across different engineering contexts.
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