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Abstract: Researching and developing a new type of diaphragm wall foundation can solve the probl
em that the traditional diaphragm wall structure may not meet the high standards of safety and
stability of underground structures in some specific engineering environments. This paper focuses
on the horizontal bearing characteristic of a new form of foundation, a strip-walled underground
diaphragm wall, through a series of model tests. In the tests, nine plexiglass models with different
section sizes, wall spacings and wall heights, as well as loading strategies (horizontal loads along and
against the wall in the model), were conducted. The influence of the above factors on the horizon-
tal bearing performance of the foundation and the soil resistance distribution around the wall was
studied. The results show that when the horizontal load applied along the wall is greater than 50 N,
the growth rate of total displacement at the top of the wall gradually decreases; when a horizontal
load is applied against the wall, with a uniform change in wall height, the optimal wall spacing is
11 cm. When the same displacement occurs, the bearing performance of the model under the for-
mer loading strategy is generally 10% higher than that under the later loading strategy. In addition,
the depth where the maximum bending moment along the wall occurred gradually moves down-
ward with the increase in horizontal load, and the increase in wall spacing and wall height has a
positive effect on the horizontal bearing characteristic. With the application of load, the maximum
bending moment of the wall will gradually decrease along the depth. The increase in wall spacing
and wall height can improve the overall flexural stiffness and horizontal bearing performance of the
foundation. Lastly, the group wall effect coefficient, B, is put forward, and a simplified formula for
calculating the horizontal bearing capacity of a strip wall foundation is proposed. In the formula,
is negatively correlated with the buried depth of the wall and positively correlated with the distance
between the walls, and its coefficient is greater than 1.

Keywords: strip-walled underground diaphragm wall; model test; horizontal bearing characteristic;
group wall effect coefficient

1. Introduction

Ground wall foundations have the advantages of fast construction speed, good anti-
seepage performance, high economic benefit, large overall stiffness, various layout types,
etc. They have been commonly used as supporting structures, and now, they are gradu-
ally being used as ground wall foundations to bear the upper load. The underground di-
aphragm wall is often used as a support structure in deep foundation pits, and the deforma-
tion characteristics of the system have been studied and applied often [1-7]. The engineer-
ing example of their use as an anchoring foundation for bridges has been applied in foreign
countries [8,9]. In recent years, the underground diaphragm wall foundation has been used
as the anchoring foundation many times in various large-scale bridge projects in China,
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gradually replacing the traditional foundation form [10]. However, with the continuous
progress in many fields, such as civil engineering, hydraulic engineering and underground
engineering, regulations on the safety, stability and construction efficiency of underground
structures have become increasingly strict. In some specific engineering environments, the
traditional ground wall structure cannot meet these high standards. In view of this, the re-
search and development of new ground wall structures is increasingly important.

This paper proposes a new type of strip wall foundation that can effectively resist soil
pressure and superstructure load, has significant horizontal bearing capacity and has good
economic benefits. The strip-walled underground diaphragm wall (SUDW) is a new type
of anchorage foundation. Its structure is composed of multiple parallel walls under a cap,
as shown in Figure 1. In Figure 1, D is the height of the wall below the bearing platform;
B is the thickness of the wall; C is the distance between adjacent walls and W is the width
of the wall.
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Figure 1. The strip-walled underground diaphragm wall foundation.

The results of the research conducted by Zhang et al. [11] show that the horizontal load
will have an obvious impact on the bearing performance of the foundation. Previous stud-
ies mainly focus on the monolithic ground wall and the closed ground wall [12-18]. Thus,
there is still a lack of sufficient theoretical and experimental research on ground wall foun-
dations composed of multiple walls. In particular, the load-bearing characteristics, wall-
foundation interaction, the group wall effect reduction coefficient of the foundation and
the ultimate load-bearing performance of the foundation still lack sufficient understanding
and in-depth research. At present, the research on the load-bearing function of SUDWs as
foundations is still in the initial stage. The Canakkale Bridge in Turkey is the only example
of SUDWs being used as foundations [19]. The anchoring foundation of the bridge has a
unique design. Seven rows of SUDWs are arranged vertically at the lower part of the bridge.
Each wall has a plane length of 51.5 m, a thickness of 1.2 m and a depth of more than 20 m,
as shown in Figure 2. This innovative design is challenging because each SUDW has to
withstand the enormous horizontal tension generated by the suspension bridge cables. De-
spite many technical difficulties, the successful usage of strip walls in the Canakkale Bridge
undoubtedly provides a demonstration in the field of foundation engineering. However,
there are no detailed literature reports or in-depth research on the bearing characteristics
of this new type of infrastructure. The interaction between the foundation and the soil is
a key point in the study of foundation design and protection measures [20]. Therefore,
more theoretical research and field tests are still needed for the further application and
development of strip ground wall foundations in foundation engineering.



Buildings 2024, 14, 1637

3 0f 20

Figure 2. 1915 Canakkale Bridge strip wall foundation (Turkey).

Based on the above studies, this paper focuses on the horizontal bearing characteristic
of SUDWs using a series of model tests of SUDWs. This paper discusses the variation law
of the horizontal ultimate bearing capacity and the internal force of the wall body and
proposes the group wall effect coefficient and its fitting formula under the horizontal load
by comparing it with the single wall limit load. Based on the group wall effect coefficient, a
simplified calculation method of the horizontal bearing capacity of the strip foundation is
proposed, which provides a test support and design reference for the study of a new type
of SUDW foundation.

2. Model Overview

This research test was carried outinalm X 1m x 1 m model box, as shown in Figure 3.
Fujian standard sand was selected for the model test, for which the model box was filled
with sand in layers. The parameters of the sand were obtained through conventional soil
physical tests such as the drying test and the hammer test, as shown in Table 1.

Figure 3. Physical photograph of the model box.

Table 1. Geotechnical parameters of Fujian standard sand.

Soil Characteristics Parameter Values
Average particle size 017
Dsp (mm)

Maximum dry weight
ymin (kN/m?) 1.638

Minimum dry weight
ymax (kN/m?) 1.349
Specific gravity of soil particles Gg 2.632

Relative density Dr 52%
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The model size of the ground wall was mainly determined according to the size of the
existing model box and the boundary effect. The model is made of roughened plexiglass
material because interface roughness has more or less of an impact on the shear strength of
the sand-structure contact surface [21]. Strain gauges are used and attached on both sides
of the wall to collect the strain of the wall, and grooves are used symmetrically on both
sides to avoid damaging the wires connected to the strain gauges during loading. Then,
holes are drilled on the tops of the caps to pass the wires through the wall groove and
lead out of the cap holes. The wall body and cap are attached with strong acrylic glue to
ensure the underground diaphragm wall model has a large connection stiffness and good
integrity. The thickness of the plexiglass wall is 10 mm, and the elastic modulus of the
plexiglass measured by the test is about 2.2 GPa.

In order to study the bearing characteristics of the foundation of walls with different
sections, a total of nine plexiglass models with different section sizes were made. The
specific model working conditions are shown in Table 2.

Table 2. Model conditions.

Sequence Wall Height Wall Width Aspect Ratio Wall Spacing
No. (cm) (cm) (cm)
1 15 1 15 10
2 16.5 1 16.5 10
3 18 1 18 10
4 15 1 15 11
5 16.5 1 16.5 11
6 18 1 18 11
7 15 1 15 12
8 16.5 1 16.5 12
9 18 1 18 12

3. Test Summary
3.1. Test Element Layout

The center of the SUDW is overlapped with the center of the model box, and the lower
surface of the cap is flush with the sand surface. The loading device of this test adopts
the self-developed servo cylinder loading system with a large stroke and high load. The
amplitude of the applied force is from —600 N to 600 N, and the amplitude of the applied
displacement is 0 to 40 cm.

In the test, five strain gauges are arranged at equal spacing on both sides of each wall
to measure the internal force changes in the wall under horizontal load. At the same time,
earth pressure boxes are arranged in the center area and edge area of the surface under
the bearing and the center of the bottom surface of the three walls. The arrangement of the
strain gauges and earth pressure boxes is shown in Figure 4.
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Figure 4. Schematic diagram of the layout of the test components. (a) Layout diagram of the strain
testing points; (b) layout plan of the earth pressure boxes. Note: black stripes represent strain gauges,
and black circles represent earth pressure boxes.
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3.2. Test Method

The test load is mainly applied through the servo-electric cylinder, which adopts the
displacement control mode and controls the test loading force through the change in dis-
placement. A pressure sensor is installed at the end of the guide rod of the servo-electric
cylinder to obtain the output force. In order to ensure the accuracy of the loading process,
the displacement change speed of the servo cylinder must be strictly controlled during the
loading process. In this test, the displacement loading speed is controlled at 0.01 mm/s. In
their model test research on the horizontal bearing capacity of a shaft-type underground
diaphragm wall, Dai et al. [22] pointed out that when an obvious turning point occurs in
the horizontal load—displacement curve, the corresponding force is the horizontal ultimate
bearing capacity. Here, the load corresponding to the horizontal displacement of the wall
body of 11mm is taken as the horizontal ultimate bearing capacity. The model test loading
is shown in Figure 5.

Displacement meter
B Inclinometer Electric cylinder
Ground wall loading equipment

Electric cylinder
control system

=, 53

Figure 5. Horizontal loading test of the underground continuous wall foundation.

Because of the different directions of the walls, the horizontal loading designed in
this experiment is divided into two types, as shown in Figure 6. The first type is horizontal
loading, where the direction of the horizontal load is parallel to the wall. The second type is
longitudinal horizontal loading, where the direction of the horizontal load is perpendicular
to the wall.
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Transverse horizontal loading

Longitudinal

L horizontal loading

L i I

Figure 6. Schematic diagram of horizontal and vertical loading.

4. Analysis of Test Results
4.1. Analysis of the Load—Displacement Curve

According to the different wall spacing, wall height and loading direction of the model
wall, the load—displacement relationship curve of the wall top is obtained. The load and
displacement of the model wall are mainly derived from the feedback of the servo-electric
cylinder.

The specific value of the wall bending moment M(z) cannot be directly measured from
the test, and is usually calculated after the strain value is processed. Using the values of
tensile strain e+ and compressive strain e_ at the measuring points of each test section
obtained in the model test, the corresponding section bending moment is calculated ac-
cording to the bending strain A e =&, — e_ at the section, where B is the distance between
tensile and compressive symmetric strain measuring points and EI is the flexural stiffness

of the plexiglass material.

ElAe
M= =3 M

(1) Q-S curve of the longitudinal horizontal load model wall

For longitudinal horizontal loading, it can be seen in Figure 7 that with an increase
in the output load of the servo-electric cylinder, the total displacement first rapidly in-
creases and then slowly increases with the increase in load. The nonlinear characteristics
are caused by the gradual plastic state of the model wall as the wall-soil interaction slowly
enters the model wall with the increased load. When the load is greater than 50 N, with
a further increase in the load, the growth rate of the total displacement of the top of the
wall gradually decreases, showing a nonlinear characteristic, which also indicates that the
bearing capacity of the foundation soil is relatively high. The wall-soil system as a whole
presents a flexible characteristic.

According to Figure 7, for longitudinal horizontal loading, when the wall spacing is
10 cm and 12 cm, the changes in different wall heights have no significant impact on the
vertical bearing performance of the ground wall model. However, when the wall spacing
is 11 cm, the higher the wall height, the smaller the horizontal displacement under the
same load. Under the longitudinal horizontal load, with a uniform change in wall height,
it is found that the optimal bearing performance spacing of the ground wall occurs at the
wall spacing of 11 cm.
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Figure 7. Longitudinal horizontal load—displacement curve of the wall top. (a) Wall spacing of 10 cm,
different wall heights. (b) Wall spacing of 11 cm, different wall heights. (c) Wall spacing of 12 cm,
different wall heights. (d) Wall height of 15 cm, different wall spacings. (e) Wall height of 16.5 cm,
different wall spacings. (f) Wall height of 18 cm, different wall spacings. The direction of the arrow
indicates the direction of the longitudinal horizontal load.

(2) Q-S curve of the transverse horizontal load model wall

As shown in Figure 8, under the action of transverse horizontal load, keeping the wall
spacing unchanged, increasing the wall height significantly improves its transverse bear-
ing characteristics because increasing the wall height significantly increases the section
stiffness at this section. Compared with the same displacement, the corresponding longi-
tudinal horizontal load is generally more than 10% higher than the horizontal load, which
is related to the size of the section stiffness of the two, that is, the higher the height of the
long side of the ground wall model, the greater the section stiffness and the corresponding
bearing performance.
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Figure 8. Horizontal load-displacement curve of the wall top. (a) Wall spacing of 10 cm, different
wall heights. (b) Wall spacing of 11 cm, different wall heights. (c) Wall spacing of 12 cm, different
wall heights. (d) Wall height of 15 cm, different wall spacings. (e) Wall height of 16.5 cm, different
wall spacings. (f) Wall height of 18 cm, different wall spacings. The direction of the arrow indicates
the direction of the transverse horizontal load.

Horizontal and vertical loading show the same phenomenon, which is related to the
change in the compactness of the sand in the test, and the gradual hardening of the sand
with the progress of the test may lead to this phenomenon. As the method of first burying
and then backfilling is adopted in this experiment, the contact tightness between the back-
filled sand and the surface under the slab wall model may not be completely consistent
each time, which may have a certain influence on the variation law of the ultimate bearing
capacity of the foundation of the ground wall.
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4.2. Influence of Wall Buried Depth on Longitudinal Horizontal Loading Performance

When the bottom of the cap is flush with the mud surface and the loading mode is
longitudinal horizontal loading, the bending moment buried depth curves of the three
walls when the wall spacing is 10 cm and the wall buried depth is 15 cm, 16.5 cm and
18 cm are shown in Figure 9.

The following can be seen in Figure 9: (1) When the buried depth of the wall increases,
the load value exerted by the wall to reach the longitudinal horizontal ultimate bearing ca-
pacity is larger, and the overall bending moment value increases with the increase in the
buried depth of the wall. (2) When the longitudinal horizontal load value increases, the
absolute change in the bending moment also increases. The main reason is that the defor-
mation of the wall gradually increases with the increase in the applied load, so the soil
reaction on the wall-soil contact surface also increases, resulting in an increase in the in-
ternal force of the wall section. (3) With the application of longitudinal horizontal load,
the ground wall model overturns because of translational plus rotation, which makes the
upper cap of the left wall and the soil contact and squeeze each other and has a certain
disturbance influence on the soil. It can be seen in Figure 9a,d,e that the bending moment
distribution law of the three figures is roughly the same, and the bending moment value
of the pile body increases with the increase in depth in all cases. After reaching the maxi-
mum bending moment value, the bending moment gradually decreases with the increase
in depth. (4) As shown in Figure 9a, there are three approximately equal bending moment
values near the bottom of the wall, which may be caused by the uneven filling of the test soil.
The negative bending moment phenomenon shown in Figure 9e may be because the con-
nector of the bearing table is not tightly connected, which has a certain negative bending
moment effect on the adjacent wall body but does not affect the maximum bending mo-
ment value of the wall body in general. The design of the connector needs to be improved
in the course of subsequent research to reduce the impact of negative bending moments.
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Figure 9. Cont.
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Figure 9. Longitudinal horizontal loading bending moment changes with burial depth. (a) The
bending moment of the right wall varies with the buried depth of 15 cm. (b) The bending moment
of the middle wall varies with the buried depth of 15 cm. (c) The bending moment of the left wall
varies with the buried depth of 15 cm. (d) Bending moment diagram of the right wall (wall height
16.5 cm). (e) Bending moment diagram of the middle wall (wall height 16.5 cm). (f) Bending moment
diagram of the left wall (wall height 16.5 cm). (g) Bending moment diagram of the right wall (wall
height 18 cm). (h) Bending moment diagram of the middle wall (wall height 18 cm). (i) Bending
moment diagram of the left wall (wall height 18 cm).

4.3. Influence of Wall Buried Depth on Lateral Horizontal Loading Performance

When the transverse horizontal loading wall spacing is 10 cm and the wall buried
depth is 15 cm, 16.5 cm and 18 cm, the bending moment buried depth curves of the three

walls are shown in Figure 10.
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Based on Figure 10, it can be concluded that (1) when the buried depth of the wall
increases, the load value exerted by the wall to reach the lateral ultimate bearing capacity
increases, which has a certain relationship with the substantial increase in the stiffness of
the section. (2) When the transverse horizontal load value increases, the absolute change
in the bending moment also increases. The main reason is that the deformation of the
wall gradually increases with the increase in the applied load, and the soil reaction on the
wall-soil contact surface also increases, which leads to the increase in the internal force
of the wall section. (3) The negative bending moment phenomenon in the figure may be
caused by the improper degree of embeddedness of the connector. (4) The phenomenon
of inconsistent bending moment values on both sides of the wall may be caused by the
eccentric load caused by the flexible material of the model wall itself and the position of

the loading point, which is not strictly centered.
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Figure 10. Cont.
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Figure 10. Lateral horizontal loading bending moment changes with burial depth. (a) Bending mo-
ment diagram of the right wall (wall height 15 cm). (b) Wall bending moment diagram (wall height
15 cm). (c) Bending moment diagram of the left wall (wall height 15 cm). (d) Bending moment dia-
gram of the right wall (wall height 16.5 cm). (e) Bending moment diagram of the middle wall (wall
height 16.5 cm). (f) Bending moment diagram of the left wall (wall height 16.5 cm). (g) Bending
moment diagram of the right wall (wall height 18 cm). (h) Bending moment diagram of the middle

wall (wall height 18 cm). (i) Bending moment diagram of the left wall (wall height 18 cm).

4.4. Influence of Wall Buried Depth on Lateral Horizontal Loading Performance

When the vertical horizontal loading wall height is 18 cm and the wall spacing is 10 cm,
11 cm and 12 cm, the bending moment buried depth curves of the three walls are shown

in Figure 11.

Based on Figure 11a,d, it can be concluded that (1) when the wall spacing increases, the
load value exerted by the wall to reach the longitudinal horizontal ultimate bearing capac-
ity is larger, so the overall bending moment value increases with the increase in the wall
spacing. (2) When the longitudinal horizontal load value increases, the absolute change
in the bending moment also increases. The main reason is that the deformation of the
wall gradually increases with the increase in the applied load, and the soil reaction on the
wall-soil contact surface also increases, which leads to the increase in the internal force of
the wall section. (3) In Figure 11b—e, h, it can be seen that the bending moment distribu-
tion rules of these four figures are roughly the same, and the bending moment gradually
decreases with the increase in depth. This is because with the increase in the vertical hori-
zontal load, the lateral constraint of the soil becomes stronger, and the shear force decays
rapidly, resulting in the bending moment at the bottom of the wall being almost 0. (4) When
the external loads presented in Figure 11d,g are similar, the interaction force between wall
and soil can be significantly increased by increasing the wall spacing, and the bending mo-
ment value of the wall body decreases with the increase in the wall spacing. As shown
in Figure 11a,d, increasing the wall spacing improves the longitudinal horizontal bearing
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capacity, and the bending moment bearing performance in the longitudinal horizontal di-
rection is also further improved. This is because the close contact between the soil and the
model under the action of load can be regarded as a rigid body. The increase in the wall
spacing strengthens the interaction force between the soil and the foundation model, thus
increasing the overall stiffness and improving the longitudinal horizontal bearing perfor-

mance of the model.
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Figure 11. Longitudinal horizontal loading bending moment changes with wall spacing. (a) Right
wall bending moment diagram (spacing 10 cm). (b) Middle wall bending moment diagram (spacing
10 cm). (c) Left wall bending moment diagram (spacing 10 cm). (d) Right wall bending moment
diagram (spacing 11 cm). (e) Middle wall bending moment diagram (spacing 11 cm). (f) Left wall
bending moment diagram (spacing 11 cm). (g) Right wall bending moment diagram (spacing 12 cm).
(h) Middle wall bending moment diagram (spacing 12 cm). (i) Left wall bending moment diagram
(spacing 12 cm).

4.5. Influence of Wall Buried Depth on Lateral Horizontal Loading Performance

When the wall height is 15 cm and the wall spacing is 10 cm, 11 cm and 12 cm respec-
tively, the bending moment buried depth curves of the three walls are shown in Figure 12.

The following can be concluded from Figure 12: (1) When the wall spacing increases,
the load value exerted by the wall to reach the horizontal ultimate bearing capacity is
larger, so the overall bending moment value increases with the increase in the wall spacing.
(2) When the transverse horizontal load value increases, the absolute change in the bending
moment also increases. The main reason is that the deformation of the wall gradually in-
creases with the increase in the applied load, and the soil reaction on the wall—soil contact
surface also increases, which leads to the increase in the internal force of the wall section.
(3) Increasing the wall spacing improves the horizontal bearing capacity, and the bending
moment bearing performance in the horizontal direction is also further improved. This
is because the close contact between the soil and the model under load can be regarded
as a rigid body. The increase in the wall spacing increases the overall contact tightness,
increases the overall stiffness of the foundation, and improves the horizontal bearing per-
formance of the model. (4) The soil mass is in a relatively elastic condition under the action
of a small load on the top of the wall. With the application of a load, the soil mass devel-
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ops from elasticity to plasticity, and its plastic region gradually moves deeper to resist the
action of horizontal load, while the maximum bending moment also moves downward.
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Figure 12. Variation in transverse horizontal loading bending moment with wall spacing. (a) Bend-
ing moment diagram of the right wall (buried depth 10 cm). (b) Bending moment diagram of the
middle wall (buried depth 10 cm). (c) Bending moment diagram of the left wall (buried depth 10 cm).
(d) Bending moment diagram of the right wall (buried depth 16.5 cm). (e) Bending moment diagram
of the left wall (buried depth 16.5 cm). (f) Bending moment diagram of the right wall (buried depth
18 cm). (g) Bending moment diagram of the middle wall (buried depth 18 cm). (h) Bending moment
diagram of the left wall (buried depth 18 cm).

4.6. The Group Wall Effect Coefficient under Horizontal Load

The load value corresponding to an 11 mm displacement of a single wall and an 11 mm
horizontal displacement of a group wall are compared and analyzed to study the group
wall effect coefficient of three walls with bearing caps under horizontal load. The horizon-
tal load—displacement curves of a monolithic wall with different wall heights are shown in
Figure 13.

Horizontal load/N
0 20 40 60 80 100

—=—Single piece wall height 15cm
——Single piece wall height 16.5cm

——Single piece wall height 18cm

~
T

Displacement/mm
[ere] (o)}
I I

10

12 &

Figure 13. Horizontal load—displacement diagram of a monolithic wall.

In Table 3, H; represents the horizontal bearing capacity of three walls and caps to-
gether, and H; is the horizontal bearing capacity of a single wall strip. = Hi/(n x Hs),
where n represents the number of walls (1 =3). As can be seen in Table 3, when the bottom
of the cap is level with the mud surface, as the buried depth of the foundation increases
from 15 cm to 16.5 cm and 18 cm, the horizontal group wall effect coefficient § of the founda-
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tion decreases from 1.38 to 1.24 and 1.09. This indicates that the buried depth is negatively
correlated with the group wall effect coefficient of the foundation under the cap when
other factors remain unchanged. At the same time, it can be seen in Table 3 that as the wall
spacing of the model increases from 10 cm to 11 cm and 12 cm, the horizontal group wall
effect coefficient B of the foundation increases from 1.09 to 1.1620 and 1.1624, indicating
that the wall spacing is positively correlated with the group wall effect coefficient of the
foundation under the bearing table when other factors remain unchanged.

Table 3. Group wall effect coefficients of three walls under horizontal load.

D D/B C/B Comparison of Horizontal = Horizontal Group Wall
(Wall Height/Wall Width)  (Wall Spacing/Wall Width) Bearing Capacity Effect Coefficient 8
1 15 10 65.268/270.48 1.38
2 15 11 65.268/263.62 1.35
3 15 12 65.268/298.9 1.53
4 16.5 10 74.088/274.596 1.24
5 16.5 11 74.088/298.9 1.35
6 16.5 12 74.088/288.12 1.30
7 18 10 83.496/272.44 1.09
8 18 11 83.496/291.06 1.16
9 18 12 83.496/291.158 1.16

Parameter fitting is a challenging task that can be implemented with more precise anal-
ysis methods such as the YOLO network [23]. However, because of limitations in article
length, the separation of variables method is adopted for coefficient fitting. By observing
the data in Table 3, it can be seen that the horizontal group wall effect coefficient f is re-
lated to the buried depth/wall thickness (D/B) and the wall spacing/wall thickness (C/B),
and it is more significantly affected by the buried depth/wall thickness (D/B). Therefore,
the relationship between the group wall effect coefficient § and the change in the buried
depth/wall thickness (D/B) is first fitted. Then, fitting the relationship between it and wall
spacing/wall thickness (C/B) can effectively reduce the error of the fitting formula. The
specific operation is as follows:

p=f(D/B)g(C/B) )

where (D/B) is the influence coefficient of the relationship between wall depth and wall
thickness on the effect coefficient of the horizontal group wall. g (C/B) is the influence
coefficient of the relationship between wall spacing and wall thickness on the wall effect
coefficient of the horizontal group.

First, scatter plots are drawn with the buried depth/wall thickness (D/B) values of each
group of tests in Table 3 as the horizontal coordinate and the § value of the horizontal group
wall effect coefficient as the vertical coordinate. As can be seen from Figure 14, there is a
relatively obvious linear relationship between the two. The function relationship between
the B of the horizontal group wall effect coefficient and the buried depth/wall thickness
(D/B) is obtained by fitting logarithmic data points:

p= —0.094 (g) +2.835 (3)
If Formula (3) is substituted into (2), we obtain:

B= {0.094(?) + 2.835]g(C/B) 4)

The data in Table 3 are processed, and the scatter plot shown in Figure 15 is drawn
with the value of B/[—0.094(D/B) + 2.835] as the vertical coordinate and the value of the
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wall spacing/wall thickness (C/B) as the horizontal coordinate. The final fitting formula of
the horizontal group wall effect coefficient § can be obtained by fitting as follows:

D C
B = [—0.094(B> + 2.835} [0.036 (B) + 0.609] (5)
1.6 -
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Figure 14. Fitting results of § and (D/B).
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Figure 15. Fitting results of .
4.7. Simplified Calculation Method for the Horizontal Bearing Capacity of the SUDW Foundation

According to the results of the study on the displacement curve of longitudinal hor-
izontal load and the group wall effect coefficient, a simplified calculation method for the
longitudinal horizontal bearing capacity of the foundation under the laboratory test con-
ditions of the ground connecting wall model is proposed in this section as follows:

H; = BnH; 6)

where H; represents the longitudinal horizontal bearing capacity of the foundation of the
connecting wall; Hs represents the longitudinal horizontal bearing capacity of a single wall;
n is the number of walls; and B is the longitudinal horizontal group wall effect coefficient.
The longitudinal horizontal B value is the same as the corresponding group wall effect
coefficient under the longitudinal horizontal load mentioned above.

5. Conclusions

Based on the laboratory test research of the SUDW model under the influence of dif-
ferent wall spacing and wall height factors, the bearing capacity of the foundation and the
internal force distribution law of the wall body of the SUDW model under the horizontal
load condition are analyzed. Then, the group wall effect coefficient under the action of
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the bearing cap and a simplified calculation method of the horizontal bearing capacity are
obtained. The following conclusions are drawn:

(1) Under longitudinal horizontal load, when the load is greater than 50 N, with a
further increase in the load, the growth rate of the total displacement of the wall top grad-
ually decreases, showing nonlinear characteristics. Under lateral horizontal load, with the
uniform change in the wall height, the optimal bearing performance spacing of the ground
connecting wall occurs at the wall spacing of 11 cm. When the same displacement occurs,
the corresponding longitudinal horizontal load is generally more than 10% higher than the
horizontal load.

(2) When the wall height increases, the load value exerted to reach the horizontal
ultimate bearing capacity is larger, and the total bending moment value increases with the
increase in the buried depth of the wall. At the same time, when the external load is similar,
the bending stiffness can be significantly improved by increasing the wall spacing, and the
bending moment value decreases with the increase in the wall spacing.

(3) Based on the comparison with the load—displacement curve of a single piece of wall,
an expression of the change in the horizontal group wall effect coefficient with wall spacing
and wall height is established. According to the expression, the buried depth of the model
wall is negatively correlated with the group wall effect coefficient. As the wall height of the
ground connecting the wall increases from 15 cm to 18 cm, the horizontal group wall effect
coefficient of the model decreases from 1.38 to 1.09. The model wall spacing is positively
correlated with the group wall effect coefficient. When the model wall spacing increases
from 10 cm to 12 cm, the horizontal group wall effect coefficient of the model wall increases
from 1.09 to 1.16. The horizontal group wall effect coefficients are all greater than 1, and it
can be seen from the group wall effect coefficient that an increase in wall height and wall
spacing can better exert the horizontal bearing capacity of the wall.

(4) According to the fitting results of B, wall spacing, and wall height, the value range
of the group wall effect coefficient is discussed. Based on this, a simplified calculation
method of the horizontal load-bearing capacity of the SUDW foundation is proposed, which
is made of plexiglass material, and the cap is flush with the sand surface.
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