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Combined vacuum and surcharge preloading has gradually been widely used because of its advantages of low cost, green
environmental protection, and good treatment effect. +e conventional prefabricated vertical drain presents obvious defects in
vacuum preloading treatment, such as obvious silting, serious bending of the drainage board, large attenuation of vacuum degree
of drainage board along the depth, long construction period, and so on, which affect the final reinforcement effect. In this paper,
the MIDAS finite element simulation of combined vacuum and surcharge preloading of prefabricated vertical drains (PVDs) and
prefabricated horizontal drains (PHDs) is established through the comparative experiment of the engineering field. +e
comparative experimental study is carried out from the aspects of the vertical settlement, horizontal displacement, and pore water
pressure. +e results show that under combined vacuum and surcharge preloading, the consolidation effect of soft soil with PHDs
is better than that with PVDs.When PHDs are used, the vertical settlement increases by 7.2% compared with PVDs; the horizontal
displacement is larger; and the pore water pressure dissipates faster.+is is because when the PHDs are adopted, the consolidation
direction of the soil is consistent with the direction of the vacuum suction, which is mainly caused by vertical settlement. With the
consolidation, the spacing between PHDs is gradually shortened, and the drainage distance is reduced, which can effectively
reduce the consolidation time and improve the reinforcement effect of the soil. In addition, the PHDs can move downward
uniformly with the soil during the consolidation process and have almost no bending deformation, which makes the vacuum
transfer more uniform and effective.

1. Introduction

+e vacuum-surcharge preloading method is an economic
and effective soft foundation treatment method, which has
been widely used in large-area soft foundation treatment,
and its advantages in foundation treatment are very obvious.
As early as the 1980s, a large number of scholars in China
have been exploring the application of vacuum combined
surcharge preloading method to practical engineering.
+rough exploring and testing to solve the key problems in
the process, the Scientific Research Institute of the First
Aviation Administration has achieved success in the field
test of large-area vacuum combined surcharge [1]. Shang [2]
obtained the best consolidation effect and economic benefit

of combined vacuum and surcharge preloading through field
comparative tests. Subsequently, due to the update of theory
[3–6] and the progress of construction technology, with the
further development of indoor model test and finite element
numerical simulation [7–9], the vacuum-surcharge pre-
loading method is widely applied to practical engineering.
+rough engineering example and stress route analysis, Lou
and Yi [10] put forward the necessity of graded loading for
soft foundation strengthened by vacuum combined sur-
charge preloading. Yuan and Lu [11, 12] studied the de-
formation characteristics of micro prefabricated vertical
drainage unit by changing the loading rate of heaped
pressure and vacuum pressure so that the soft soil was
consolidated more fully and the consolidation efficiency was

Hindawi
Advances in Civil Engineering
Volume 2021, Article ID 9448436, 11 pages
https://doi.org/10.1155/2021/9448436

mailto:yuanbx@gdut.edu.cn
https://orcid.org/0000-0003-1198-8424
https://orcid.org/0000-0001-5650-2374
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/9448436


improved. Jin et al. [13] used vacuum combined surcharge
preloading method to reinforce soft foundation with con-
fined water and introduced the construction technology to
prevent the penetration of confined water. Based on the
combined surcharge preloading model test, the lateral
pressure is applied to the internal air injection of the filled
foundation, which has a significant effect on improving the
consolidation degree of the soil [14, 15].

However, the engineering practice shows that the vac-
uum preloading method using PVDs has the following
problems: the drainage plate is easy to silt up, and the soil
column is formed around the drainage plate, leading to
uneven settlement [16, 17]. +e attenuation of vacuum along
the PVDs leads to the poor treatment effect of deep soil
[18–20] and a long construction period [21, 22]. +is is
mainly due to the fact that in the process of vacuum pre-
loading, small particles are easily blocked in the filter
membrane pores of the drainage plate, resulting in siltation
of the drainage plate. Subsequently, fine particles continue to
migrate to the drainage plate and accumulate near the
drainage plate, forming soil columns with extremely poor
permeability around the drainage plate, which greatly re-
duces the drainage rate and seriously affects the efficiency of
drainage consolidation.

+erefore, the research on prefabricated horizontal
drains (PHDs) is gradually carried out. In the early stage, Lee
[23] used horizontal shallow sand-clay layer instead of
vertical sand wells as drainage body to reinforce dredger fill
silt and proved its feasibility. Jin et al. [24] used the labo-
ratory test results of the middle well and soil box test to
simulate the local installation of horizontal drainage pipe
and discussed the estimation of the best negative pressure. Li
[25] successfully completed vacuum dehydration using a
horizontal geosynthetic drainage blanket, and the placement
of a horizontal geosynthetic drainage blanket also enhanced
the strength and stability of silt. In the domestic research,
Bao et al. [26] research showed that horizontal integral
drainage plate is more conducive to the transmission of
vacuum in soil. By comparing the vacuum preloading effect
of the vertical drainage plate and horizontal drainage plate, it
is concluded that the physical and mechanical indexes of
PHDs are better than those of PVDs, and the deformation of
PHDs is smaller than that of PVDs [27, 28]. In addition, the
PHD has a better reinforcement effect on dredged silt be-
cause its vertical spacing decreases with settlement, and
drainage path is shorter [29, 30]. Wang et al. [31] proposed a
method about combining vacuum preloading with elec-
troosmosis using prefabricated horizontal drain (EPHD) to
treat dredged fill sludge and compared it with combining
vacuum preloading with electroosmosis using prefabricated
vertical drain (EPVD). EPHD showed obvious advantages in
drainage efficiency, reinforcement efficiency, and economy.

Based on the above analysis, PHDs + vacuum preloading
method as a promising dredging sludge treatment method
can effectively solve the traditional vacuum preloading
consolidation stress limitation, vacuum attenuation along
the depth, the reinforcement effect of deep soil that is not
ideal, uneven settlement, and other shortcomings. In order
to further explore the mechanism and effect of PHDs in soft

foundation reinforcement, this paper simulates the actual
project of vacuum combined surcharge preloading by
MIDAS.GTS.NX finite element software. By comprehen-
sively comparing the effects of PHDs and PVDs on the
reinforcement effect of soft foundation, the advantages of
PHDs + vacuum combined surcharge preloading method
are discussed.

2. Project Profile

+e first-stage project from Xinhuicheng to Yamen section
of Guangfo River Expressway is located in the central and
western part of Guangdong Province, China. +e total area
of foundation treatment is divided into 13 treatment areas,
as shown in Figure 1, and the foundation treatment methods
in areas 1, 3, and 6–10 are plastic drainage plate + vacuum
combined surcharge preloading method. In this paper, area
1 is selected as the research object for simulation analysis.
+e soft foundation treatment area is 48m× 106.9m, and
some of them are used as field experiments in this study.+e
silt soft soil in the region has the characteristics of “three
high and one low,” that is, high water content, high porosity
ratio, high sensitivity, and low strength. Engineering
properties are poor, so soft foundation treatment is needed
to be developed and utilized. +e basic physical and me-
chanical properties of the soil layer in the region are shown
in Table 1.

According to the requirements of the construction
design drawings, the first step is the preliminary prepa-
ration, such as leveling the site and digging the drainage
ditch. +en lay the lower sand cushion, and then carry out
the construction of plastic drainage board.+e foundation
treatment depth is about 13m, and the buried depth of the
plastic drainage plate is 12m. +e PVDs and PHDs are
buried, respectively. After the plastic drainage board is
completed, the upper sand cushion is laid, and vacuum
preloading is started. +e vacuum pressure under the
membrane can be maintained at 85 kPa after 10 days of the
vacuum pumping. When the reinforcement effect of
vacuum preloading method was gradually weakened in
the later stage, the stack preloading was carried out, and
the accumulated loading was three levels. +e vacuum
preloading can be stopped after the settlement meets the
design requirements by analyzing the settlement obser-
vation data. +e vacuum pumping time of the whole test
process is about 3months.

2.1. Experimental Method and Finite Element Establishment

2.1.1. +eoretical Analysis of Consolidation. When Terzaghi
studied the consolidation characteristics of soil in 1925, he
proposed and established a one-dimensional consolidation
differential equation, which laid the theoretical foundation of
consolidation in classical soil mechanics. On this basis, Biot
proposed the three-dimensional consolidation theory of soil in
1943. +e consolidation problem of soil can be understood as
the transformation process of effective stress in soil. +rough
the coupling effect of continuous conditions and compression
conditions of the interaction between laminar pore water and
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soil skeleton, the physical equation, geometric equation, and
continuity equation of soil are constructed. +e consolidation
equation is solved by Darcy’s law and boundary conditions.

In vacuum combined surcharge preloading, due to the
existence of drainage plate, the drainage consolidation
problem of foundation reinforced by vacuum combined
surcharge preloading method is a three-dimensional
problem. However, due to the dense drainage plate arranged
in a soft soil foundation, it can be assumed that the drainage
plate is connected into a plane in the longitudinal direction,
and then it is simplified into a plane strain problem for
processing. +erefore, Biot’s consolidation equation can be
simplified as follows:

− G∇2wx −
G

1 − 2]
g

zεv

zx
+

zu

zx
� 0,

− G∇2wz −
G

1 − 2]
g

zεv

zz
+

zu

zz
� − c,

zεv

zt
+

K

cw

∇2u � 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

where G is the soil shear modulus; υ is Poisson’s ratio; u is
pore water pressure; K is the permeability coefficient, as-
suming that the permeability coefficient in the soil is the
same in all directions; and cw and c are the gravity of water
and the gravity of soil, respectively. Under the plane strain
condition, the Laplace operator and volumetric strain in the
equation are expressed as follows:
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2.1.2. Equivalent Principle of Drainage Plate. Using vacuum
combined surcharge preloadingmethod to reinforce soft soil
foundation, drainage plate should be inserted into the
foundation.+e function of the drainage plate is to drain and
transfer vacuum negative pressure.+e plastic drainage plate

cannot be simulated in the plane calculation model of finite
element, so the drainage plate is converted into the sand wall
for processing. Firstly, the drainage plate is equivalent to
sand well. +e basic idea is to make the cylindrical sand well;
the plastic drainage plate has the same drainage capacity; and
the diameter of the sand well can be set as the equivalent
diameter of the drainage plate. Hansbo (1979) first proposed
that the equivalent diameter formula of plastic drainage plate
can be expressed as [32]:

dw � α
2(a + b)

π
, (4)

where dw is the equivalent diameter of the drainage plate; a
and b are the width value and thickness value of plastic
drainage plate, respectively; and α is the conversion coef-
ficient, usually 0.75∼1.0.

+e consolidation problem of sand wells should be
calculated by a three-dimensional spatial model. However,
due to the heavy workload of three-dimensional finite ele-
ment analysis itself, coupled with dense sand wells, the mesh
elements are greatly increased.+e calculation can be greatly
reduced by using two-dimensional plane finite element
analysis. +erefore, on the basis of transforming plastic
drainage plate into the sand well, the sand well is trans-
formed into the sand wall, and the space problem is
transformed into the plane problem to simplify the calcu-
lation. +e relationship between permeability coefficient of
converted sand wall and permeability coefficient of sand well
is as follows [33]:

kxp � Dxkxa, (5)

kzp � Dzkza, (6)

where kxa and kza are the horizontal and vertical actual
permeability coefficient of sand well foundation, respec-
tively, andDx andDz are horizontal and vertical permeability
coefficient adjustment coefficient, respectively; the calcula-
tion formula are as follows:

Dx �
4(ηp − sp)

2
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where
μa � n2/n2 − s2 ln n/s − (3n2 − s2)/4n2 + kra/ks(n2 − s2)/n2
In s; L�B/re is the magnification of sand well spacing; B and
re are half of sand wall spacing and effective drainage radius,
respectively; β is the ratio of horizontal actual permeability
coefficient (kxa) to permeability coefficient of smearing area
(ksp); np is the ratio of half of sand wall spacing (B) to sand
well radius (rwp); sp is the ratio of the distance from the
center of sand well to the outer edge of smearing area (rsp) to
half of the thickness of the sand wall (rwp); n� re/rwa is hole
diameter ratio; rwa is the radius of sand well; s� rs/rwa is
coating ratio; rs is the smear radius; and υ is Poisson’s ratio of
soil.
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Figure 1: Aerial view of engineering site.
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2.1.3. Establishment of MIDAS Finite Element. +e consol-
idation problem of vacuum combined surcharge preloading is
actually a three-dimensional consolidation problem. However,
due to the existence of plastic drainage plates, the calculation
cost of three-dimensional finite element analysis is too high. In
addition, many scholars can get better results through the
calculation of a two-dimensional finite element model.
+erefore, this paper selects MIDAS.GTS.NX finite element
numerical software to carry out two-dimensional plane strain
finite element analysis of vacuum combined surcharge pre-
loading. In this paper, the local area of 1 area is selected for
finite element analysis.+e reinforcementwidth of themodel is
20m, and the vacuum preloading can affect the soil below the
bottom of the drainage plate and outside the reinforcement
area. +erefore, the width and height of the calculation model
are 80mm and 20m. +e drainage plate size is
4.5mm× 100mm, and the embedded depth is 12m. For the
vertical drainage system, the spacing of the PVDs is 1m. In
order to ensure that the length of PHDs and PVDs in the
experimental area is consistent, the spacing of the adjacent
PHD in the horizontal drainage system is 1.2m.+e equivalent
diameter and permeability coefficient of the plastic drainage
plate can be calculated according to formulas (2)–6 +e pa-
rameters of the drainage plate are shown in Table 2.

According to the basic parameters of the soil layer and
the drain plate, the model and grid division can be obtained,
as shown in Figure 2. +e numerical simulation analysis of
vacuum combined surcharge preloading with PVDs and
PHDs is carried out, respectively. +e load in the vacuum
combined surcharge preloading is mainly the self-weight of
the soil, the vacuum negative pressure in the drainage body,
and the surcharge pressure acting on the surface of the soil in
the reinforcement area. +erefore, the construction simu-
lation mainly has the following three stages:

(1) Initial stress stage: activate all soil layers (including
sand cushions), drainage plate, foundation boundary
constraints, and weight. In the definition construc-
tion, check the displacement to zero and set the
displacement in the initial stress stage to the initial
value.

(2) Vacuum preloading stage: activate cushion drainage
conditions and drainage plate drainage conditions.
+e vacuum load is set to negative node pressure
head, duration of 30 days.

(3) Vacuum combined surcharge stage: activate the
surcharge soil and its nonconsolidation conditions
and carry out graded surcharge. After each stage of
surcharge, it will stand for 10 days. After the end of
the last stage of surcharge, it will stand until the
consolidation effect is obviously weak.

3. Results and Analysis

3.1. Calculation and Analysis of Vertical Settlement
Displacement. Figure 3 is the final settlement calculation
cloud chart of vacuum combined surcharge preloading with
two different drainage plates. It can be seen from the figure
that whether PVDs or PHDs are used, the settlement de-
formation of the soil layer from top to bottom is concave.
With the increase of depth, the settlement of soil is de-
creasing, and the settlement tends to be gentle. +e settle-
ment contour of soil at the bottom of the drainage plate is
similar to a straight line. +e settlement mainly occurs in the
range of the reinforcement area, and there is a certain degree
of influence outside the influence area. +is is mainly be-
cause the soil in the reinforcement area moves to the in-
fluence area under the action of vacuum combined
surcharge. Figure 4 shows the relationship between the
depth at the center of the reinforcement area and the final
settlement. It can be obtained that the soil settlement on the
surface is the largest, and the maximum settlement of the soil
in PVDs is smaller than that in PHDs. +e maximum set-
tlement of the two drainboards is 0.692m and 0.742m,
respectively. +is is because when the PHDs are used, the
consolidation direction of the soil is consistent with the
direction of the vacuum suction, that is, the vertical set-
tlement is mainly caused. With the progress of consolida-
tion, the distance between adjacent PHD is gradually
shortened, and the drainage distance is reduced, which can
effectively reduce the consolidation time and improve the
soil reinforcement effect.

+e surface central point of the preloading area is ana-
lyzed to obtain the surface subsidence-time curve of the
central point (Figure 5). As shown in the figure, the two
drainage modes have rapid settlement under the action of
vacuum preloading, accounting for about 60% of the total
settlement. In the early stage of vacuum preloading, the
surface settlement changes almost linearly, while the later
stage of the preloading gradually slows down. At the

Table 1: Basic physical parameters of the soil layer.

Parameter Sand cushion Plain fill Silt Mucky soil Silty clay
Depth (m) 1.0 1.0 8.0 4.0 6.0
Γ (kN/m3) 18.7 17.0 16.6 18.4 20
υ 0.25 0.35 0.38 0.37 0.37
e0 0.6 0.65 1.6 1.2 0.7
E (kPa) 12,000 3,590 2,380 2,650 4,270
C (kPa) 1 12 8 10 15
Φ (°) 20 15 4 12 17
K (m/s) 1.35×10− 3 3.75×10− 5 1.55×10− 9 6.26×10− 8 1.55×10− 6

Note: c is the weight of the soil; υ is Poisson ratio; e0 and E are initial void ratio and elastic modulus, respectively;C andΦ are the cohesion and internal friction
angle of soil, respectively; and k denotes the permeability coefficient.
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beginning of preloading, the settlement increases significantly
and then gradually slows down. +e settlement in the last
30 days accounts for only 3% of the total settlement. +is is
because when the loading starts, the discharge rate of excess
pore water is fast, the pore water pressure is converted into
effective stress, and the pores in the soil are reduced. In the
later stage, fine particles are easy to block the filter membrane
of the drainage plate and continue to gather, forming a “soil
column” near the drainage plate, resulting in the decline of
drainage efficiency and slow settlement in the later stage.

In general, the surface settlement with the PHDs is larger
than that with the PVDs. +is is because in the process of
consolidation with PVDs, due to the initial stress of the soil
and the compression and bending of the plate, the drainage
plate has serious deformation and obvious bending to one
side. +e distance between PVDs is getting farther and
farther, and the drainage path is lengthened, so the con-
solidation drainage is more difficult. In the consolidation
process with PHDs, the drainage plate can move down

uniformly with the soil, and the plate has almost no bending
deformation, which makes the vacuum transfer more uni-
form and effective. Figure 6 shows the displacement vector
diagrams of the two drainage plates. Figure 6 shows the
displacement vector diagrams of two kinds of drainage
plates. It can be seen from the figure that the deformation of
the drainage plate gradually decreases with the increase of
depth. +e drain plate with the largest displacement for
analysis is taken, and the results shown in Figure 7 are
obtained. +e maximum displacement difference of the
PHDs is 50mm, and the maximum displacement difference
of the PVDs is 80mm, that is, the deformation of the
horizontal drainage plate is smaller than the vertical
drainage plate.

3.2. Calculation and Analysis of Horizontal Displacement.
Figure 8 is the horizontal displacement cloud chart of
vacuum combined surcharge preloading using two kinds of

Table 2: Equivalent parameters of drainage plates.

Parameters E (kPa) S (m) υ dw (m) K (m/s) Dx Dz kx (m/s) kz (m/s)

Value 6,000 1.0 0.25 0.06 5.8×10− 6 1.05 0.83 6.1× 10− 6 4.8×10− 6

Note. E is elastic modulus; s and υ are the spacing and Poisson’s ratio of drainage plates, respectively; dw is the equivalent radius; k denotes the original
permeability coefficient; Dx and Dz are the adjustment coefficients of horizontal and vertical permeability coefficients, respectively; and kx and kz are the
adjusted horizontal and vertical permeability coefficients, respectively.
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Figure 2: Finite element model of vacuum combined surcharge preloading: (a) PVDs and (b) PHDs.
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drainage plates. It can be seen from the figure that the
maximum positive and negative horizontal displacement
occurs between the first and second layers of the soil during
the vacuum combined surcharge preloading, and the in-
fluence range of the influence area is larger than that of the
settlement area. +e maximum horizontal displacement of

the vacuum combined surcharge preloading with PHDs is
larger than that with PVDs, which are 96.8mm and
93.8mm, respectively, and the difference is 3mm. When
the buried depth is 6m, the horizontal displacement of the
soil at the junction of the affected area and the rein-
forcement area is analyzed, as shown in Figure 9. In the
process of vacuum loading, the soil in the affected area is

Max 0

Min:–0.692388

(a)

Max 0

Min:–0. 742194

(b)

Figure 3: Vertical settlement nephogram of finite element: (a) vertical drainage and (b) horizontal drainage.
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squeezed to the reinforced area (horizontal displacement is
expressed as negative), while in the process of surcharge
preloading, the trend of extrusion of soil from the rein-
forced area to the affected area (horizontal displacement is
expressed as positive) is generated. In the early stage of
vacuum preloading, the horizontal displacement in the
direction of the reinforcement area increases linearly and
rapidly and gradually slows down after reaching the
maximum negative value. +is is due to the beginning of
vacuum pumping; the vacuum degree in the film increases
rapidly; and the vacuum suction makes the soil in the
influence area move to the reinforced area. +en, with the
discharge of pore water, the effective stress of the upper soil
increases, and the upper soil exerts pressure on the lower
soil, resulting in a gradual decrease in the horizontal
displacement. With the increase of surcharge preloading,
the soil further slows down the lateral shrinkage defor-
mation of soil under vacuum pressure and gradually
produces lateral expansion deformation. +e soil moves
from the reinforcement area to the influence area.

Figure 10 is the relationship curve between horizontal
displacement and depth of soil on the boundary between
reinforcement area and influence area with two different
drainage structures. From the surface to the bottom of the
first layer of soil, the horizontal displacement gradually
increases and reaches the maximum value. +en, as the
reinforcement depth increases, the horizontal displacement
of the soil gradually decreases, indicating that the horizontal
displacement of the soil on the soft soil surface is large and is
greatly affected by the drainage preloading. +e deeper the
depth, the less affected. In addition, the abrupt change
position of the slope of the relationship curve is the junction
between the soil layers, indicating that the horizontal dis-
placement of the soil is greatly affected by the properties of
the soil layer.

3.3. Calculation and Analysis of Pore Water Pressure.
Figure 11 is the cloud diagram of pore water pressure cal-
culation of vacuum combined surcharge preloading with

(a) (b)

Figure 6: Displacement vector diagram of drainage plate: (a) PVDs and (b) PHDs.

Min: 1.32e–002

(a)

Max: –6.38e–001
Min: –6.88e–001

(b)

Figure 7: Calculation value of displacement of drainage plate: (a) PVDs and (b) PHDs.
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two different drainage plates. It can be seen from the dia-
gram that the pore water pressure considering the well
resistance effect decreases with the increase of depth in the
reinforcement area. +e change curve is consistent with the
function added when defining the node head. In addition,
within the depth range of the drainage board, the pore water
pressure is obviously affected by the vacuum load, which also
has a certain impact on the pore water pressure below the

drainage board and in the influence area.+e contour line of
the pore water pressure of the soil with PHDs is more gentle,
indicating that the influence of the PHVs on the pore water
pressure of the soil in the affected area is greater than that of
the PVDs.

+e surface center node of the reinforced area is ana-
lyzed, as shown in Figure 12. In the early stage of vacuum
preloading, the pore water pressure rapidly dissipates and

(a)

(b)

Figure 8: Cloud chart of horizontal displacement calculation: (a) PVDs and (b) PHDs.
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then gradually slows down under the effect of vacuum
negative pressure but still maintains the dissipation trend.
+en when surcharge preloading starts, each level of pre-
loading causes the pore pressure to increase suddenly and
then dissipate gently. After the surcharge preloading is over,
the pore pressure still slowly dissipates until it reaches about
− 85 kPa and then tends to be flat. In addition, the diagram
shows that the dissipation rate of pore water pressure in the

soil layer with PHDs is faster than that with PVDs, and the
pore pressure value reaches coincidence in the final stage.
+is is because the bending deformation of the PHDs is
small, and the drainage effect is better. +e spacing of the
PHDs is gradually reduced in the consolidation process; the
drainage path is shortened; and the drainage efficiency is
higher, so the pore pressure dissipation is faster. In the final
stage, since the vacuum negative pressure set by the node
head value of the model is the same, the pore water pressure
of the last two is consistent.

4. Conclusions

Based on the field test of the first-stage project from Xin-
huicheng to Yamen of Guangzhou-Foshan River Express-
way, the calculation model of vacuum combined surcharge
preloading was established by MIDAS finite element soft-
ware. +e reinforcement effect of the horizontal drainage
plate and vertical drainage plate on soft soil such as local silt
under vacuum combined surcharge preloading was com-
pared and analyzed, and the following conclusions were
obtained:

(1) In the vacuum combined surcharge preloading
method, the vertical settlement, horizontal dis-
placement, and pore water pressure with two dif-
ferent drainage plates are analyzed. It is found that
the rules of soil consolidation and deformation
caused by two kinds of drainage plates are basically

(a)

(b)

Figure 11: Calculation cloud chart of pore water pressure: (a) PVDs and (b) PHDs.

0 10 20 30 40 50 60
Time (day)

Po
re

 W
at

er
 P

re
ss

ur
e (

kP
a)

70 80 90
0

–10

–20

–30

–40

–50

–60

–70

–90

–80

PVDs
PHDs

Figure 12: Relationship curve between pore water pressure and
time.
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the same, but in general, the consolidation effect of
PHDs is better than that of PVDs.

(2) +e maximum vertical settlement of vacuum com-
bined surcharge preloading with PHDs is 742mm,
which are 50mm larger than that with PVDs, and the
pore water pressure dissipates faster. +is is because
the spacing of PHDs decreases gradually in the
consolidation process, the drainage path is short-
ened, the drainage efficiency is higher, and the set-
tlement is larger. +e maximum horizontal
displacement of vacuum combined surcharge pre-
loading with PHDs is larger than that with PVDs,
which is 96.8mm and 93.8mm, respectively. +e
difference between the two is 3mm, and the dif-
ference is not large.

(3) +e force and deformation of the two drainage plates
are analyzed. It is found that the maximum dis-
placement difference of PHDs is 50mm, and the
maximum displacement difference of PVDs is
80mm, that is, the deformation of PHDs is smaller
than that of the PVDs. +is leads to PVDs appearing
to one side of the obvious bending; the distance
between the drainage plate is farther and farther;
drainage path lengthening and consolidation
drainage more difficult; and PHDs can move down
uniformly with the soil during the consolidation
process. +e drainage plate has a small bending
deformation, whichmakes the vacuum transfer more
uniform and effective.
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