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Abstract: Relying on the Beijing-Shijiazhuang Expressway widening project near the impervious wall
of a reservoir, this paper uses FLAC3D two-dimensional and three-dimensional numerical simulation
methods to establish the whole process model of the impervious wall of the reservoir affected by the
construction load of the high-way reconstruction section. The stress and strain state of the cut-off
wall in the high-way reconstruction section and the nearby reservoir is simulated in detail, the overall
deformation of the cut-off wall in the reservoir is directly reflected, and the interaction and differential
deformation between the wall structures are reflected. The safety and stability of the cutoff wall of
the reservoir affected by the construction load are evaluated so that various advanced mechanical
behaviors of the cutoff wall can be predicted. Research results show that the horizontal displacement
value of the wall gradually increases from bottom to top, and the maximum value appears at the top
of the wall. The horizontal displacement value of the 1–3 walls is relatively large, with the maximum
value of 22.368 mm, and the horizontal displacement value of the 4–10 walls shows little difference.
This is on account of the gravity of the backfill, the strata in the whole project area having settled,
and the settlement at the bottom of the cut-off wall being 2.542 mm. At the root of the rigid cut-off
wall, the compressive stress concentration occurs, with the maximum value between 1.75 MPa and
2.15 MPa. Due to the size of the structure, the maximum tensile stress of 0.237 MPa appears in the
local area near the guide wall of the rigid cut-off wall, which will not endanger the rigid cut-off
wall because of its small value. The maximum stress in the rigid impervious wall and the plastic
impervious wall are 1.90–2.15 MPa and 1.00–1.12 MPa, respectively. Apart from the small tensile
stress at the connecting guide wall between the rigid cut-off wall and the plastic concrete cut-off wall,
the cut-off wall is under pressure, especially the plastic cut-off wall. Combined with the analysis of
the stress state of the wall, it can be determined that the anti-seepage wall (rigid cut-off wall and
plastic concrete cut-off wall) is stable and safe during the construction period.

Keywords: cut-off wall; monitoring section; numerical simulation; dynamic construction stability

1. Introduction

With the continuous construction and renovation of the surrounding projects of the
reservoir [1,2], the two sides and the top surface of the cut-off wall of a reservoir will be
affected by the construction disturbance of the backfilling project [3–5]. For the upper part
of the upcoming large-scale construction and new load project, whether the original cut-off
wall can still maintain a stable strength [6–8], whether there will be excessive deformation
and damage [9–11], or whether the cut-off function is affected, reduction or loss [12–15]
are important issues that concern reservoir builders and water protection workers. There
are also important issues related to reservoir water storage operations and the safety and
stability of cofferdams [16–18].
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Due to the development of computer performance, the mathematical analysis in rock
mechanics has made great progress [19–22]. Different numerical simulation methods are
obtained based on different mathematical models [23–26], and the finite element method
changed from linear to nonlinear. This development [27–32] has solved a great problem
for rock engineering. With the rapid development of numerical simulation, the academic
community also applied this method to study the impact of the construction around the
cut-off wall more intuitively [33,34]. Fu Z Q et al. [35] used the linear elastic model to
calculate the earth–rock dam and clay concrete cut-off wall of the hydropower station. The
pebble and gravel cover layer in the calculation was used by the Duncan–Chang model and
obtained the linear elastic characteristics and stress-strain of the cut-off wall. Relying on the
Xiongjiagang rock dam project, Han Y [36] established the seepage model of the rock dam
using Geo-studio software and analyzed the mechanism of the stability of the seepage wall
of the dam. Shepherd D A [9] used the Druker–Prager model to carry out the back analysis
and calculation of the measured displacement of the cut-off wall of a hydropower station.
The calculation process involved the soil Poisson’s ratio, density, viscous force, friction,
angle, and other parameters, focusing on back-calculating the elastic modulus parameters
that play a major role. Ma Xiaohua et al. [37,38] studied the influence of the change of
elastic modulus on the cut-off wall by increasing the thickness parameter. Relying on the
reinforcement project of the Hualiangting Reservoir. Ren Xiang et al. [39,40] simulated
the operation process of the dam and analyzed the change rule of the ultra-deep concrete
cut-off wall under the dam stress, water pressure, and foundation constraint conditions.
Chen Xiaolian et al. [41] used the GMS simulation to study the permeability coefficient
and elastic water supply of each aquifer in the research area of a hydropower station in
Sichuan, evaluating the cut-off effect. Liang Yan et al. [42] selected Midas to simulate
and establish the action model of the change of support conditions on the cut-off wall
of the dam foundation of Longkou Station and evaluated the influence of the support
stiffness coefficient on the cut-off wall. Li Mingyuan et al. [43] simulated and predicted the
immersion degree and scope of the calculation area under the normal water storage level of
the Xingan Navigation and Power Project and used cut-off walls and relief well-engineering
measures to control the immersion of the reservoir area to evaluate the difference in the
effect of immersion treatment on the reservoir area under working conditions. Yasushi
Arai et al. [44–46] used three-dimensional simulation to analyze the impact of excavation
construction on wall deformation and discussed the influence of two excavation sequences
and three different wall thicknesses on the results. R. Schafer et al. [47,48] analyzed the
influence of the construction sequence of the cut-off wall on the cut-off wall in a soft soil
foundation in the numerical calculation and simulated the influence of the coupling effect
of groundwater pressure and geo-stress on the wall.

The strength, stability, and deformation of the cut-off wall of the reservoir that has been
built under the influence of large-scale construction and new load in the near and upper
part are important factors affecting the safety and stability of the reservoir. At present,
the academic community mostly focuses on the study of the cut-off performance of the
cut-off wall. Yet, there is little systematic research on this aspect. Based on this, this paper,
relying on the Beijing-Shijiazhuang Expressway widening project near the impervious wall
of a reservoir, uses FLAC3D two-dimensional and three-dimensional numerical simulation
methods to establish the whole process model of the impervious wall of the reservoir
affected by the construction load of the highway reconstruction section. The stress and
strain state of the cut-off wall in the highway reconstruction section and the nearby reservoir
is simulated in detail. The overall deformation of the cut-off wall in the reservoir is directly
reflected, and the interaction and differential deformation between the wall structures
are reflected. The safety and stability of the cut-off wall of the reservoir affected by the
construction load are evaluated so that various advanced mechanical behaviors of the
cut-off wall can be predicted.
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2. Overview of Cut-Off Wall Project

The length of the Jingshi Highway reconstruction project in a section of the reservoir
is about 3094 m. The subgrade reconstruction and widening section of a reservoir area of
Jingshi Highway are closely parallel to the cut-off wall of the west embankment of a storage
reservoir, and the length of the intersection is about 2247 m. The large part is about 114 m
long. The cut-off wall of this part is divided into upper and lower parts. The lower part is
the original plastic concrete cut-off wall, and the upper part is composed of 10 reinforced
concrete walls connected to each other. The joints between the walls are flexible joints,
which allow slight movement between the walls.

To more clearly reflect the mechanical effect of the wall affected by the construction,
the numerical simulation is based on the two typical monitoring sections selected in the
expansion section, as shown in Figure 1 (located at XD0 + 744.000 (the fifth section) and
XD0 + 770.000 (the seven section). Sections 1 and 2 are the main research objects, and
the numerical calculation and analysis are carried out for these 3 typical sections and the
project as a whole. The overall 3D numerical simulation model of the project will include
all the walls of the research object, that is, the first to tenth walls from north to south and
filling soil (enclosing soil) in the vicinity.
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Figure 1. Location layout of monitoring sections and selection of numerical simulation sections.

The construction area is located on the platform of the west embankment of a reservoir,
which belongs to the geological unit of the Xiaoqing River alluvial plain. The terrain of
the site is flat, the ground elevation is about 53.41~55.42 m, slightly inclined from north to
south, and the ground slope is about 1.06‰. The anti-seepage wall of the renovation and
expansion section of Dujiakan is located on the west embankment platform of a reservoir
area, 11 m away from the foot of the slope on the east side of the original Jingshi Expressway.
The anti-seepage wall is 0.60 m thick; the wall depth is 9–12.5 m, 2.5 m into semi-cemented
bedrock at the bottom of the wall.

It is constructed by two drills and one grasping method. The length of the groove
section is 6.2 m and the designed compressive strength of the plastic concrete wall is 2 MPa.
The height of the guide wall of the cut-off wall is 1.0 m, the width of the base is 1.0 m,
and the height is 0.3 m. The thickness of the guide wall above the base is 0.4 m and it will
be poured with C15 reinforced concrete. Plastic concrete anti-seepage walls have been
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pre-constructed. The rigid anti-seepage wall that will be heightened later is also made
of C15 reinforced concrete, the wall thickness is 0.6 m, the wall height is 9–11 m, and the
design compressive strength is 15 MPa. The structure between the plastic concrete cut-off
wall and the rigid cut-off wall is shown in Figure 2a. The average reinforced concrete wall
is 12 m, and each wall is constructed separately. Flexible joints are used between the two
walls. The joint structure is shown in Figure 2b.

Figure 2. Schematic diagram of the cut-off wall structure. (a) Schematic diagram of the interface
between reinforced concrete wall and plastic concrete wall. (b) Schematic diagram of joints between
rigid cut-off walls.
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3. Construction Plan and Calculation Model
3.1. Construction Plan

The simulation analysis shall consider the actual construction process of the project as
much as possible. For this reason, the specific construction scheme is given.

(1) Construction scheme of the cut-off wall:
The construction plan of the cut-off wall is mainly divided into two parts. First, the

original plastic concrete cut-off wall of the lower part adopts the traditional underground
continuous wall construction method, that is, pouring concrete after continuous mechanical
groove formation. Second, the upper reinforced concrete wall adopts a formwork pouring
form. Considering the safety of the wall, the reinforced concrete wall is divided into upper
and lower parts and completed step by step, as shown in Figure 3.

The detailed construction method of the cut-off wall is as follows:

1. Determine the construction position: according to the design drawings, set out the
baseline of the cut-off wall;

2. Construction guide wall: The guide wall earthwork is excavated along the baseline
by trench sections. The excavation depth is based on the wall elevation of each trench
section. Support the formwork and pour C15 concrete. The finished guide wall should
be at the same height as the surrounding ground surface to facilitate the subsequent
movement of the punching and grabbing machinery;

3. Mechanical grooving: Use a punching machine to grab the wall groove section in the
guide groove between the guide walls. The length of the groove section is strictly
controlled within the specification requirements. Mud is used to protect the hole wall
to prevent collapse;

4. Construction of plastic concrete wall: The plastic concrete wall is poured with C2
concrete. The pouring process should be coordinated with the mechanical groove to
ensure the quality of the wall at the joint. It is advisable to use a conduit to facilitate
the pouring;

5. Construction of reinforced concrete wall: The reinforced concrete wall is located on
the surface, and the concrete label is C15. According to the design size of the wall, the
wall formwork is divided into grooves, the rigid cage is bound, and the concrete is
poured.

(2) Subgrade construction scheme of Dujiakan toll station:

1. Subgrade backfill both sides of cut-off wall at the same time, the thickness of each
layer of fill is about 0.5 m. The thickness after compaction is about 0.3 m;

2. Both sides of the subgrade and impervious wall shall be compacted. Small equipment
or manual tamping is used for narrower areas. Large-scale equipment or rolling
equipment is used for relatively wide areas.
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3.2. Calculation Model

Since the difference in the longitudinal direction of the project is not obvious, consider
each monitoring section as a plane strain problem to establish a two-dimensional calculation
model. The stress-strain state of the Dujiakan reconstruction and extension section of the
Beijing-Shibai Expressway and the related reservoir cut-off wall is simulated in detail.
The 3D model mainly shows the overall deformation of the project, considering the joints
and conduction between reinforced concrete walls. The impact of the size effect of walls
and other structures reflects the interaction and differential deformation between wall
structures. The fifth section (1 section) and the seventh section wall (2 section) were selected
as the research objects in the analysis.

3.2.1. Monitor the Geometric Dimensions of Section Models 1 and 2

The monitoring sections 1 and 2 were located at the fifth trusses and seventh trusses
of the wall, respectively. The same calculation model was used for the analysis because
of the same geometrical size, backfilling process, and material parameters. The reinforced
concrete wall top elevation is 59 m, with a height of 10 m. The plastic concrete wall has a
depth of 11.5 m.

The horizontal distance between the slope line of the original Jingshi subgrade and
the wall is 11 m, and the model is 116 m long, 2 m wide, and 49.5 m high. The construction
sequence consists of pouring reinforced concrete→ backfilling 0→ backfilling 1 and back-
filling 2 at the same time→ excavating and laying the main rainwater pipe→ backfilling
3→ backfilling 4, the geometric models of sections 1 and 2 are shown in Figure 4a. Moni-
toring1, 2 cross-section model grid division, the positional relationship between backfill
soil, and cut-off wall are shown in Figure 4b to monitor the relationship between backfill
soil and the cut-off wall in sections 1 and 2.

3.2.2. Geometric Dimensions of 3D Cut-Off Wall Model

The 3D model contains all the walls of the research object, from north to south. They
are the 1st to 10th wall. The model is 88.1 m long, 114 m wide, and 32 m high. The
angle between the 3rd and 4th wall intersections is 174◦. The elevation of the top of the
reinforced concrete wall is 59 m. Walls 1–3 are 12 m high and walls 4–10 are 10 m high. The
elevation of the bottom line of the plastic concrete wall is 37.5 m, of which the height of
the 1st–3rd walls is 9.5 m. The height of the tree is 11.5 m. The construction sequence is
initial ground stress balance→ construction of plastic concrete walls→ construction of
reinforced concrete walls→ backfilling 0→backfilling 1 and backfilling 2 simultaneously
→ backfilling 3→backfilling 4, as shown in Figure 5a using the grid division of the 3D
model. Figure 5b shows the overall grid division of the cut-off wall in the model.
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The main construction of this project consists of the filling and rolling process of the
embankment of the Jingshi Expressway. Considering the change of the backfilling soil’s
physical parameters during the rolling process, the deformation characteristic parameters
(bulk modulus, shear modulus) are simulated by the Duncan–Zhang Et-Kt model. As the
rolling progresses, the bulk modulus and soil weight gradually increase, so the backfilled
soil will have a large displacement at the initial stage of rolling, which is consistent with
the actual rolling process.

Displacement constraints are used on each side of the two-dimensional model to limit
the boundary horizontal displacement: the bottom surface is a fixed boundary to limit
displacement; the top surface and slope are free boundaries; the contact surface element is
added between the reinforced concrete wall and the soil.

The backfill soil shall be backfilled sequentially according to the actual construction
conditions, and the backfill thickness of each small step shall be 0.3 m, considering the
rainwater pipeline construction process during the backfill period. The four sides of the
3D model adopt displacement constraints to fix their horizontal displacement: the bottom
surface boundary is fixed to limit the displacement in three directions; the top surface is a
private boundary. Compared with the two-dimensional model, the construction process of
the backfill is simplified, the thickness of each layer of backfill is 1 m, and the construction
impact of the rainwater pipeline is ignored.



Water 2023, 15, 993 8 of 25

In the simulation of the rolling process, according to the actual rolling effect, the
process of soil density as it gradually increases is used for simulation. In the process of
carrying out the analysis, the density of the soil material is determined according to the
instant depth of the fill until it reaches the maximum value (target density) and the rolling
process ends.
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4. Dynamic Construction Stability Analysis of Cut-Off Wall
4.1. Analysis of Deformation Law

The deformation analysis includes the overall deformation and the cut-off wall de-
formation. It mainly focuses on the study of the deformation of the cut-off wall and the
surrounding soil with the construction change. The rigid cut-off wall is taken as the initial
state when it is completed, that is, the deformation of the wall and the stratum in the
subsequent diagrams are all caused by the backfilling construction.

Figure 6 respectively shows the cloud diagrams of the final displacement changes in
the analysis domain after the construction of the cut-off wall of the reservoir. The maximum
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displacement of the analysis domain occurs in the backfill area, the maximum horizontal
displacement is 634.171 mm, the maximum vertical displacement is 1602.385 mm, and the
maximum displacement is 1675.820 mm.
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Figures 7–9 show the cloud images of the deformation laws of the two monitoring sec-
tions and the cut-off walls at the monitoring sections and the comparison of the deformation
laws of the two monitoring sections.
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It can be seen from the cloud image analysis of the deformation comparison of the
2 monitoring surface shown in Figures 8 and 9 that the deformation trends during construc-
tion are basically consistent. From the analysis of the overall displacement nephogram, it
can be concluded that the maximum displacement in the horizontal direction occurs on the
upper part of the backfill soil outside the wall, and the maximum vertical displacement
occurs at the filling soil on the road. The combined displacement is mainly affected by the
vertical displacement. Influenced by displacement, the maximum value also appears at the
position where the roadside fill is close to the cut-off wall (Table 1).

Table 1. Comparison of the maximum deformation of the soil in the filling area of the monitoring surface.

Deformation Type Displacement (m)
Monitoring Surface

1 2

Horizontal 0.6303 0.6292
Vertical 1.6040 1.6025

Combined 1.6775 1.6759

Figure 10 shows the overall deformation contours of cut-off walls during construction.
From the analysis of the overall deformation, it can be seen that horizontal deformation of
the plastic cut-off wall is much smaller than that of the rigid cut-off wall, with a maximum
difference of more than two orders of magnitude. The vertical displacement takes place
from top to bottom. Gradually decreasing, the settlement at the top is about twice as much
as that at the bottom.

The deformation trend of the wall can be divided into three stages as the construction
steps proceed. The first stage: Fill on both sides of the wall, but the width of the fill on
the outside of the reservoir is large. Then the wall is subject to the lateral constraint of the
original reservoir embankment and the whole wall is inclined to the inside of the reservoir.
The second stage: There is a large amount of fill in the inner side of the reservoir. Due to
the gravity effect of the unilateral soil accumulation, the overall inclination of the wall has
recovered. At this stage, the wall tends to move towards the outer side of the reservoir. The
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third stage: The construction stage of the Beijing-Shijiazhuang Expressway subgrade. Due
to the soil piling work outside the reservoir, the wall began to tilt towards the inside of the
reservoir (Table 2).

From the analysis of Figure 11, it can be seen that the horizontal plane deformation
trend of the three-section cut-off wall is similar. As the construction progresses, the wall
tends to displace toward the side of the reservoir as a whole. The horizontal displacement
decreases from top to bottom, but it does not decrease nonlinearly or linearly. The horizontal
deformation of the plastic concrete wall is small, as can be seen from the comparison curve
analysis of its change in value given in Figure 11. The horizontal deformation law of the
plastic wall of section 1 and section 2 is similar, with the maximum horizontal displacement
occurring at the top. Figure 11 shows that the horizontal deformation of the cut-off wall
is greatly affected by the construction, that is, the backfilling and rolling process of the
surrounding soil. For example, whether it is a plastic cut-off wall or a rigid cut-off wall,
after the completion of backfill 4, a large amount of rebound occurred.
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Table 2. Comparison of displacement and settlement of cut-off wall at different monitoring sections.

Position of Displacement
Monitoring Section

1 2

Horizontal displacement of the top of the rigid cut-off wall (m) 0.01801 0.01732
Horizontal displacement of the top of the plastic cut-off wall (m) 0.001704 0.001588

Top Settlement of Plastic cut-off wall (m) 0.004966 0.004932
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Figure 11. Horizontal displacement change of cut-off wall at monitoring section. (a) Monitoring 1
section cut-off wall. (b) Monitoring 2 section cut-off wall.

Figure 12 shows that as the construction progresses, the vertical displacement grad-
ually increases from the lower of the wall upwards, and the vertical deformation of the
upper rigid cut-off wall is slightly larger than that of the lower plastic cut-off wall. The
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maximum vertical deformation of the cut-off walls on the three monitoring surfaces is
around 6 mm.
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Figure 13 shows the displacement distribution pattern at the joints of cut-off walls. 
For the cut-off walls in the study section, the structural dimensions and backfilling meth-
ods of the first to third walls are the same. The fourth to tenth walls are also similar to 
each other. It can be seen from the displacement cloud map that the horizontal displace-
ment of the first three walls is relatively large, so there is a displacement discontinuity at 
the joint between the third and fourth walls. The difference gradually decreases from the 
top to the bottom of the wall. The bottom gradually decreases and is almost zero at the 
root of the wall, and the displacement difference at the top is about 1.314 mm. 

Figure 12. Vertical displacement variation of cut-off wall. (a) Monitoring 1 section cut-off wall.
(b) Monitoring section 2 cut-off wall.

Figure 13 shows the displacement distribution pattern at the joints of cut-off walls. For
the cut-off walls in the study section, the structural dimensions and backfilling methods
of the first to third walls are the same. The fourth to tenth walls are also similar to each
other. It can be seen from the displacement cloud map that the horizontal displacement of
the first three walls is relatively large, so there is a displacement discontinuity at the joint
between the third and fourth walls. The difference gradually decreases from the top to the
bottom of the wall. The bottom gradually decreases and is almost zero at the root of the
wall, and the displacement difference at the top is about 1.314 mm.
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From the above analysis, it can be seen that, as construction progresses, the defor-
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Figure 13. Horizontal displacement of wall near corner.

According to the structure of the wall joints (Figure 14), a certain friction force needs to
be overcome when the walls are displaced, and then the wall displacement has a certain joint
effect. There is also discontinuity of displacement between the five sections (monitoring
1 section wall), which is mainly because the length of the 4th section wall is only 10 m,
which is shorter than other walls. The large deformation of the third section is caused by
the connection. The friction of the seam implicates the deformation of the fourth wall. In
addition, the filling soil on both sides of the third wall will also have a certain degree of
influence on the deformation of the fourth wall.
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Figure 14. Schematic diagram of maximum stress area of cut-off wall.

From the above analysis, it can be seen that, as construction progresses, the deforma-
tion state of the cut-off wall shows a relatively stable change trend, and the deformation of
the reinforced concrete wall is slightly larger than that of the plastic concrete. The maximum
horizontal offset of the rigid wall is 2.191 mm, while that of the plastic wall is only about
0.3 mm, which will not affect the structural stability of the wall. The simulation shows that
the deformation of the cut-off wall is greatly affected by the dynamic construction on both
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sides. In the early stage of construction, the wall tends to shift towards the reservoir side
and then reaches the maximum value of about 26 mm. Until the massive filling stage at the
reservoir side takes place and due to the influence of the filling pressure at the reservoir
side, the existing wall is offset slightly. The final offset of the rigid cut-off wall at the end of
the project remained at about 21 mm. The maximum vertical deformation of the cut-off
wall is about 6 mm.

4.2. Analysis of Stress Distribution Law

Figure 15 shows the overall stress distribution in the analysis area after construction.
It can be seen from the stress diagram analysis that the maximum principal stress occurs
in the filling area, and the large stress value is only about 1.155 Mpa. It can be seen from
Figures 16–18 of the stress distribution law of the monitoring surface that the maximum
principal stress is below 1.5 Mpa, and maximum contact stress of 0.16 Mpa appears in the
local area of the rigid cut-off wall close to the guide wall, but the value is small and will not
endanger the rigid cut-off wall. The maximum shear stress on the ZX plane of the cut-off
wall is only about 0.26 Mpa, and it is located in the lower area of the rigid cut-off wall.
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Figure 19 shows that the maximum compressive stress mostly occurs at the lower
part of the rigid cut-off wall, and the stresses in the lower part of the first to third piles are
slightly greater than those of the walls at other positions. The main reason is that the filling
layer in the area is thicker than other parts. The maximum stress on the rigid cut-off wall is
between 1.5–2.6500 MPa, and the maximum stress on the plastic cut-off wall is between
0.5600–1.5 Mpa, both of which are within the safe range. The shear stress distribution in
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the ZX plane is also larger than the cut-off walls at the second and third walls, and the
maximum shear stress is about 0.27 MPa.
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Figure 19. Schematic diagram of overall stress distribution of the cut-off wall. (a) Nephogram of
maximum principal stress. (b) Minimum principal stress nephogram. (c) Nephogram of shear stress
in YZ plane of the cut-off wall.

Figures 20–22 shows the stress distribution of the cutoff wall section at different
monitoring surfaces. The maximum pressure of the rigid cut-off wall is 1.4302 MPa. The
maximum pressure of the plastic cut-off wall is within 1.200 Mpa, which is smaller than
that of the rigid cut-off wall. Apart from the tensile stress of less than 0.237 MPa occurring
at the connecting guide wall between the rigid cut-off wall and the plastic concrete cut-off
wall, the cut-off wall is basically under compression, especially the plastic cut-off wall.
There is a stress concentration phenomenon in the upper part of the cross-shaped structure
(guide wall) of the wall, that is, there is a large bending moment there, but there is no
strong stress concentration in the lower part of the cross-shaped structure. It shows that
the guide wall at the lower part of the cross-shaped structure plays a very good supporting
role, offsetting some of the harmful bending moments that are unfavorable to the safety of
the plastic concrete wall.
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Figure 21. Comparison of minimum principal stress distribution of cut-off wall at monitoring sur-
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Based on the above stress analysis, it can be seen that the overall stress on the cut-off
wall gradually decreases from the bottom to the top, and the overall stress on the cut-off
wall is slightly greater than that of the surrounding strata. This is not only related to the
load it bears, but also to its own load. This is on account of the material properties. There
is a phenomenon of compressive stress concentration at the rigid cut-off wall root, but its
maximum value is only between 1.5–2.0 Mpa, which is far less than the material strength
of the rigid cut-off wall of 15 Mpa. Due to the structural size, the maximum tensile stress
of 0.237 Mpa appears in the local area near the guide wall of the rigid cut-off wall, but
the value is small, which will not endanger the rigid cut0off wall. The shear stress in the
ZX plane of the cut-off wall is slightly higher than that of the surrounding filling area,
its maximum value is only about 0.3 Mpa, and it is located at the lower part of the rigid
cut-off wall. The shear stress in the plastic cut-off wall is a lower order of magnitude. The
maximum stress on the cut-off wall is generally below 1.5 Mpa, which is compressive stress.

The maximum stresses in the lower part of the first to third parts are slightly larger
than that of the walls at other positions, and the local stress on the plastic cut-off wall in this
area is also greater than that of the plastic cut-off wall in other areas. Their magnitudes are
small, and the maximum stress in the rigid cut-off wall and plastic cut-off wall is between
1.5–2.65 Mpa and 0.56–1.5 Mpa, respectively. The shear stress distribution in the ZX plane
is also present at the second and third walls. It is larger than other cut-off walls, and the
maximum shear stress is only about 0.30 Mpa.

Apart from the small tensile stress at the connection guide wall between the rigid
and the plastic concrete cut-off walls, the cut-off wall is in a state of compression. This is
especially true for the plastic cut-off wall. Therefore, both the reinforced concrete wall and
plastic concrete wall meet the design strength during construction. The guide wall plays an
effective role in supporting the plastic cut-off wall. In conclusion, the dynamic construction
effect has little influence on the strength of the cut-off wall, and the maximum stress is
within the design range. Therefore, the rigid and the plastic cut-off wall are in a safe and
stable state.

5. Conclusions

In this paper, through back analysis and simulation, the mechanical action of the
whole construction process on a reservoir west dike cut-off wall and the mechanical
effect produced by the cut-off wall have been obtained. The following main results and
conclusions have been obtained:

• The deformation trend of the wall can be divided into three stages as the construction
steps proceed. The first stage: Fill on both sides of the wall, but the width of the fill
on the outside of the reservoir is large, and the wall is subject to the lateral constraint
of the original reservoir embankment. The whole wall is inclined to the inside of the
reservoir. The second stage: There is a large amount of fill in the inner side of the
reservoir. Due to the gravity effect of the unilateral soil accumulation, the overall
inclination of the wall has recovered. At this stage, the wall tends to move towards
the outer side of the reservoir. The third stage: due to the soil piling work outside
the reservoir during the construction stage of the Beijing-Shijiazhuang Expressway
subgrade, the wall began to tilt towards the inside of the reservoir;

• In the process of filling construction, the whole impervious wall shows a tendency to
tilt towards the inner side of the reservoir. The horizontal displacement value of the
wall gradually increases from bottom to top, and the maximum value appears at the
top of the wall. The horizontal displacement value of the 1–3 walls is relatively large,
with the maximum value of 22.368 mm, and the horizontal displacement value of the
4–10 walls does not differ greatly. The largest difference in the horizontal displacement
of the cu-off wall occurs at the joint between the third and fourth walls, and between
the fourth and fifth walls, with the maximum difference of 1.314 mm;

• During the filling construction, due to the gravity of the backfill, the strata in the
whole project area have settled, and the settlement at the bottom of the cut-off wall is
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2.542 mm. The settlement characteristics of the rigid cut-off wall and plastic concrete
cut-off wall are different. The settlement value of the rigid cut-off wall does not change
along the wall height and its value is about 5.3 mm (the second) and 4.7 mm (the fifth
and seventh). The settlement value of the plastic concrete wall shows a clear gradient
along the elevation direction and its value changes evenly between 2.5–5.3 mm (the
second) and 2.5–4.7 mm (the fifth and seventh).

• The horizontal displacement of the cut-off wall is mainly caused by the asymmetry of
the fill on both sides. The fill pressure directly affects the horizontal displacement (incli-
nation) of the reinforced concrete wall and then drives the horizontal displacement of
the plastic concrete at the lower part through the structural involvement. The analysis
shows that the guide wall has a great clamping effect on the deformation of the plastic
cut-off wall, which makes the horizontal displacement between the rigid cut-off wall
and the plastic cut-off wall interact and creates a nonlinear relationship. The vertical
displacement of the cut-off wall is mainly caused by a compression deformation of
the lower stratum under the action of structural gravity. On account of the elastic
modulus of the plastic concrete wall material and the small surrounding stratum, the
change is relatively obvious during the compression process, while the compression
amount of the reinforced concrete wall itself is very small. Its settlement deformation
is mainly the vertical movement of the rigid body with the settlement deformation of
the plastic cut-off wall;

• The stress on the cut-off wall decreases gradually from bottom to top, and its stress
value is slightly larger than that of the surrounding strata. At the root of the rigid
cu-toff wall, the compressive stress concentration occurs, with the maximum value
between 1.75 MPa and 2.15 MPa. Due to the size of the structure, the maximum tensile
stress of 0.237 MPa appears in the local area near the guide wall of the rigid cut-off
wall, which will not endanger the rigid cut-off wall because of its small value. The
maximum shear stress in the ZX plane of the cut-off wall is only about 0.236 MPa,
which is located in the lower part of the rigid cut-off wall. The shear stress in the
plastic cut-off wall is one order of magnitude lower. The maximum stress on the plastic
cut-off wall is generally below 1.5 MPa, and it is compressive stress;

• The maximum compressive stress occurs at the lower part of the rigid impervious wall,
and the stress at the lower part of the first to the third is slightly greater than that of
the wall at other locations. The local stress on the plastic impervious wall in this area is
also greater than that of the plastic impervious wall in other areas, and their values are
small. The maximum stress in the rigid impervious wall and the plastic impervious
wall are 1.90–2.15 MPa and 1.00–1.12 MPa, respectively. The shear stress distribution
in the ZX plane is also greater than that of the cut-off wall at other locations in the
second and third walls, and the maximum shear stress is only about 0.236 MPa;

• Apart from the small tensile stress at the connecting guide wall between the rigid
cut-off wall and the plastic concrete cut-off wall, the cut-off wall is basically under
pressure, especially the plastic cut-off wall. During the construction process, the
deformation of the backfill soil on both sides of the wall is relatively large, while
the deformation of the whole wall is in a relatively small range, without obvious
differential deformation. Combined with the analysis of the stress state of the wall, it
can be determined that the anti-seepage wall (rigid cut-off wall and plastic concrete
cut-off wall) is stable and safe during the construction period.
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