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1
METHOD FOR FOUNDATION
CONSOLIDATION COMBINING VACUUM
PRELOADING AND GEOMEMBRANE BAG
ASSEMBLY LOADING

BACKGROUND OF INVENTION
1. Field of the Invention

The present invention relates to a method for foundation
consolidation combining vacuum preloading and geomem-
brane bag assembly loading.

2. Description of Related Art

With rapid economic and social development as well as
soaring population in coastal areas, the demand for land
resources is becoming increasingly compelling. Therefore,
tideland reclamation is becoming an important means of
land resource development for many countries in the world.
Generally, mud can be categorized into dredged mud,
reclaimed silt and construction waste mud. These kinds of
mud feature high water content, high compressibility, and
low strength, and the soil mass is in the state of fluid and
slurry. However, the conventional vacuum preloading
method for foundation consolidation is of poor performance,
and cannot meet the requirements for foundation strength
and deformation in construction projects, and may often lead
to engineering accidents.

Considering the engineering complexity and uneven
settlement resulting from conventional vacuum preloading
using slag loading, the present invention adopts geomem-
brane bags for loading to overcome the adverse effects of
slag loading. At present, one kind of geomembrane bag
treatment method is used quite widely, and can be directly
used for loading above the slurry pit dug out in a construc-
tion project. Geomembrane bag is a kind of huge membrane
bag and inclusion made of high-strength geotextile with its
diameter changeable as needed. Geomembrane bags were
initially used in embankment engineering, and then gradu-
ally applied in environment protection and agricultural
fields. Currently, they are also applied in some sludge
treatment projects. However, ordinary geomembrane bags
have inherent defects in treating pipe mud and dredged mud:
firstly, drainage is realized only through the natural settle-
ment of mud and geomembrane bag stacking, and a long
period of one to two months is required. The low speed and
insufficient dehydration will obviously affect the duration of
construction, and consequently lead to increased time cost
and economic cost. Therefore, it is not suitable for urgent
and complicated foundation consolidation projects; in addi-
tion, during the dehydration process through stacking and
gravity-based squeezing of the geomembrane bags, the
discharged water is very muddy and not immediately recy-
clable, and requires centralized treatment.

Furthermore, during the foundation consolidation pro-
cess, the conventional vacuum preloading method has con-
siderable loss of vacuity and low transmission efficiency
along the depth, leading to poor treatment of in-depth soil
mass and low bearing capacity of the foundation. From a
microscopic view, because of the fine soil particles in the
mud and the fluid state, during vacuum preloading, the soil
particles are discharged along with the pore-water and are
displaced. They gradually deposit around the drainage body
to form a dense soil column, causing clogging and lower
transverse permeability coefficient of the soil mass, and poor
drainage and consolidation of the soil mass between drain-
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age bodies; in addition, during the vacuum preloading pump
drainage and consolidation process, the fine particles move
along with the pore-water and enter the drain board filtering
membrane, causing reduced permeability of the filtering
membrane. The vacuum pumping generates a lateral press-
ing force upon the plastic drain board, forcing the filtering
membrane into the drainage channel. Due to clogging of the
filtering membrane, the vertical drainage flux of the drain
board is reduced; the phenomena described above are col-
lectively referred to as vacuum preloading clogging effect.
Therefore, in view of the shortcoming of the conventional
vacuum preloading, more researches need to be carried out
to improve the current vacuum preloading method, and to
improve the consolidation efficiency of vacuum preloading.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
foundation consolidation method that uses the mud to be
treated for loading (the material can be easily obtained), and
adopts the technology of vacuum preloading for foundation
consolidation, for better transmission of vacuity in the soft
soil, higher drainage speed, and higher degree of consoli-
dation.

A further step, said method comprising: a method for
foundation consolidation combining vacuum preloading and
geomembrane bag assembly loading, which comprises: dig-
ging a slurry pit, filling mud into the slurry pit and conduct-
ing vacuum preloading pump drainage for several times,
place the geomembrane bag assemblies filled with mud
above the soft slurry seam drained through vacuum preload-
ing in the slurry pit to form a loading layer, the geomem-
brane bag assemblies are laid by stacking geomembrane
bags.

More particularly, which comprises the following steps:

(1) prefabricate drainage systems and geomembrane bag
assemblies for soft slurry seam vacuum preloading
pump drainage;

(2) based on vacuum preloading method, fill multiple
layers of mud on the soft slurry seam of the slurry pit,
and place drainage systems layer by layer. After place-
ment of the drainage systems on every layer, connect
them to the vacuum pump assemblies, and start vacuum
punping;

(3) fill and stack the geomembrane bag assemblies;

(4) place second vertical drain boards around the slurry
pit, place third transverse drain boards above the upper
surface of the geomembrane bag assemblies, and con-
nect the second vertical drain boards and third trans-
verse drain boards to the vacuum pump assemblies for
pump drainage.

More particularly, wherein a plurality of vertically
arranged second horizontal drainage systems is placed into
the soft slurry seam, the second horizontal drainage system
includes a plurality of transversely arranged second trans-
verse drain board, both sides of the second horizontal
drainage system are respectively and conductively con-
nected via elbows to the corresponding vertical drainpipes
on both sides.

More particularly, wherein a plurality of vertical drainage
systems is placed into the soft slurry seam; the vertical
drainage system includes a plurality of first vertical drain
boards, both sides of the first vertical drain board are
respectively and conductively connected via elbows to the
corresponding vertical drainpipes on both sides.

More particularly, wherein a vertical and horizontal inte-
grated drainage system is placed into the soft slurry seam;
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the vertical and horizontal integrated drainage system is a
drainage system made of multiple rows of second transverse
drain boards and multiple columns of first vertical drain
boards, both sides of the second transverse drain board are
connected with the adjacent first vertical drain boards, the
first vertical drain boards are joined and connected to a
transverse drainpipe.

More particularly, wherein the second horizontal drainage
systems are covered by a geotextile layer, and are laid by the
following means:

filling mud into the slurry pit, when the mud filled reaches

the preset height, transversely place the firstly layer of
second, horizontal drainage systems, and continue fill-
ing mud until it covers the geotextile layer of the
second horizontal drainage systems, conductively con-
nect the second junction blocks on both sides of the
horizontal drainage systems of the first layer via elbows
to the vertical drainpipes and start vacuum pumping
immediately; repeat the above steps; as vacuum pump-
ing goes on, the mud will sink simultaneously, when
the covering mud reaches the standard height required
by the construction project, lay the last layer of second
horizontal drainage systems, and seal them using a
second sealing membrane, so that the soft slurry seam
of the slurry pit forms an integral body, and then
conduct vacuum pumping.

More particularly, wherein the vertical drainage systems
are covered using a geotextile layer, and are laid by the
following means:

filling mud into the slurry pit, when the mud filled reaches

the preset height, place the vertical drainage system at
regular intervals, continue filling in mud until the mud
completely covers the vertical drainage systems and
reaches the standard height required by the construction
project, and then stop filling; connect the vertical
drainage systems to the vertical drainpipes in a con-
ductive form, place a layer of second sealing membrane
on the surface of the soft slurry seam, and start vacuum
pumping.

More particularly, wherein the vertical and horizontal
integrated drainage systems are laid by the following means:

filling mud into the soft slurry seam of the slurry pit, when

the mud filled reaches the preset height, lay the vertical
drainage systems at regular intervals, every time the
mud filled reaches the preset height, place a layer of
second transverse drain boards between every two
vertical drainage systems, the second transverse drain
boards are placed in the same direction as the vertical
drainage systems; after placing every layer of second
transverse drain boards, connect one end of the second
transverse drain boards to the vertical drainpipes in a
conductive form; repeat the above steps until the mud
is filled to the standard height required by the construc-
tion project; place a layer of second sealing membrane
on the soft slurry seam, finally, start the vacuum pump
assemblies for vacuum preloading pump drainage, the
vertical drainage systems and second transverse drain
boards include the geotextile layer.

More particularly, wherein the geomembrane bag assem-
blies include sealing geomembrane bags and single
geomembrane bags, first horizontal drainage systems are
placed inside the sealing geomembrane bags, the first hori-
zontal drainage systems are connected via the pipe system to
the vacuum pump assemblies, wherein, sealing geomem-
brane bags are only laid on the topmost layer of the
geomembrane bag assemblies.
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More particularly, wherein, the inner wall and outer wall
of the sealing geomembrane bags are configured with a first
sealing membrane, the first horizontal drainage system
includes first transverse drain boards and transverse geotex-
tile to fix the first transverse drain boards, the transverse
geotextile is transversely placed in the middle of the sealing
geomembrane bag and divides the bag into an upper cham-
ber and lower chamber; the first transverse drain boards are
evenly fixed on the transverse geotextile at regular intervals;
both ends of each first transverse drain board are connected
via hand-type connectors to the pipe system, the first hori-
zontal drainage systems are connected via geogrids to the
two ends of the sealing geomembrane bags, the sealing
geomembrane bag has a flange for the drainpipe to pass
through, at least one end of the first transverse drain board
is connected via the pipe system to the vacuum pump
assemblies.

The benefits of the present invention are:

(1) By adopting a second horizontal drainage system, the
vertical drainage system, and the layout of horizontal
and vertical integrated drainage systems and the
geomembrane bag assemblies in upper and lower lay-
ers, the respective properties of the two drainage sys-
tems are fully exploited, resulting in better vacuity
transmission effect in the whole soil mass, quicker
drainage speed, and higher degree of consolidation, so
as to save time cost and economic cost.

(2) By using an integral second horizontal drainage sys-
tem, an integral vertical drainage system or a horizontal
and vertical integrated drainage system, the drain
boards in every layer and every column can be main-
tained in the same plane, the overall structure is stable,
and adverse effects resulting from bending or breakage
of the drain boards can be avoided. Moreover, the
layout is simplified, saving a lot of labor and cost.

(3) The drain board covered by the geotextile layer can
have longer useful life, and can effectively reduce soil
particles entering the drain board to cause clogging and
reduced drainage speed.

(4) The second transverse drain boards and the first
vertical drain boards are laid out in an intersecting
manner to form a grid structure, thus improving the
consolidation effect of the soil mass.

(5) The sealing geomembrane bag provided by the present
invention is air-tight and fluid-tight, and is placed with
the first horizontal drainage system. Such an arrange-
ment can produce inside the sealing geomembrane bag
a structure similar to vacuum preloading reclamation.
During drainage of the first transverse drain board, a
pressure difference is formed between the inside and
outside of the sealing geomembrane bag, and the atmo-
spheric pressure can press the sealing geomembrane
bag to accelerate the drainage of the second transverse
drain board, thus greatly saving time cost and economic
cost. As the surface of the slurry pit is laid with a layer
of sealing geomembrane bag assembly, the problem of
low drainage efficiency with absence of external pres-
sure can be effectively solved.

(6) The volume of the geomembrane bag can be adjusted
as needed. It can have a wide application range, good
engineering flexibility, and can be fabricated according
to the size of the slurry pit; multiple layers of geomem-
brane bag assemblies can be continuously manufac-
tured in factories to effectively save production cost;
the geomembrane bag assemblies feature low invest-
ment, low human resource intensity, and easy and
convenient operation.
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(7) While using geomembrane bag assemblies to consoli-
date the sludge, the solid waste material can be used as
filling materials to solve the problem of insufficient
ground elevation, saving the transportation and mate-
rial cost of additional filling materials like sand and
stone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of Embodiment 1 of the
present invention;

FIG. 2 is a schematic view of Embodiment 2 of the
present invention;

FIG. 3 is a schematic view of Embodiment 3 of the
present invention;

FIG. 4 is a schematic view of the plane layout of the
second horizontal drainage system in FIG. 1;

FIG. 5 is a schematic view of the plane layout of the
vertical drainage system in FIG. 2;

FIG. 6 is a perspective schematic view of the structure of
the sealing geomembrane bag;

FIG. 7 is a perspective schematic view of the structure of
a single geomembrane bag;

FIG. 8 is a schematic structural view of the layout of the
first vertical drain boards in FIG. 3;

FIG. 9 is a schematic structural view of the layout of the
second transverse drain boards in FIG. 3;

FIG. 10 is a schematic structural view showing the
connection between the second transverse drain board and
the hand-type connector;

FIG. 11 is a schematic view of the locking slot and locking
key of the geomembrane bag assembly.

DETAILED DESCRIPTION OF THE
INVENTION

Detailed descriptions of the present invention are pro-
vided below with reference to the accompanying figures.

Referring to FIGS. 1 to 3, the present invention is a
method for foundation consolidation combining vacuum
preloading and geomembrane bag assembly loading, com-
prising: digging a slurry pit 1, filling mud 22 into the slurry
pit 1 and conducting vacuum preloading pump drainage for
several times, laying the geomembrane bag assemblies 103
above the soft slurry seam 101 treated through vacuum
preloading, pump drainage inside the slurry pit 1 to form a
loading layer 102. Said geomembrane bag assemblies 103
are laid by stacking geomembrane bags. In the present
embodiment, the slurry pit 1 dug out includes the soft slurry
seam 101 and the loading layer 102 loaded above the soft
slurry seam 101. Inside the soft slurry seam 101, drainage
systems 3 connected to vacuum pump assemblies 2 are
placed. In the present embodiment, the soft slurry seam 101
and the loading layer 102 are deployed in different layers.
The soft slurry seam 101 is filled with dredged mud,
reclaimed mud and construction waste mud etc. The drain-
age systems 3 are connected to the vacuum pump assemblies
2 through a pipe system 23. On the walls of the slurry pit 1
on both sides, drainpipes 16 are laid. The ends of each
vertical drainpipe 16 on both sides are respectively con-
nected to vacuum pump assemblies 2. The present invention
uses the mud to be treated 22 as loading material. The
pressure of the loading can be used for consolidation of the
mud 22 inside the geomembrane bag assemblies 103. The
consolidated geomembrane bags can be used as filling
materials. The geomembrane bag assemblies 103 can be
further used as the loading for the underlying soft slurry
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seam 101. The soft slurry seam 101 receives both vacuum
suction force and loading pressure force at the same time.
Thus, the efficiency of drainage and consolidation can be
enhanced.

In the above descriptions, referring to FIGS. 1 to 3, 7, and
10, the geomembrane bag assemblies 103 include single
geomembrane bags 8 and sealing geomembrane bags 9. The
sealing geomembrane bags 9 are deployed on the topmost
layer of the geomembrane bag assemblies 103. Single
geomembrane bags 8 are geomembrane bags only filled with
mud to be treated 22, and are drained by squeezing under
loading/stacking. The sealing geomembrane bags 9 are
configured with first horizontal drainage systems 18. The
first horizontal drainage systems 18 are connected to
vacuum pump assemblies 2 via pipe systems 23. In the
present embodiment, the inner wall or outer wall of the
sealing geomembrane bag 9 is provided with a layer of first
sealing membrane 903. The first horizontal drainage system
18 includes a first transverse drain board 901, to fix the
transverse geotextile 902 of the first transverse drain board
901. The transverse geotextile 902 is transversely placed in
the middle of the sealing geomembrane bag 9 and divides it
into an upper chamber and a lower chamber; Said first
transverse drain boards 901 are evenly fixed on the trans-
verse geotextile 902 at regular intervals; The two ends of the
first transverse drain board 901 are connected to the pipe
system 23 through hand-type connectors 12. Said first hori-
zontal drainage system 18 is connected to both sides of the
sealing geomembrane bag 9 through geogrids 20. After
sealing, the sealing geomembrane bags 9 become airtight
and fluidtight. At least one end of the first transverse drain
board 901 is connected to the vacuum pump assemblies 2 via
the pipe system 23; Through a flange 14, the sealing
geomembrane hag 9 goes through the drainpipe to be
communicated with the vertical drainpipes 16 on both sides.
In the present invention, sealing geomembrane bags 9 are
only deployed on the topmost layer of the geomembrane bag
assemblies 103. It solves the problem of low drainage speed
of'the mud 22 in the geomembrane bags on the surface layer
due to absence of external pressure. Meanwhile, the lower
layers of geomembrane bag assemblies 103 use single
geomembrane bags 8 to accelerate drainage through the load
pressure, thus ensuring good efficiency of drainage and
consolidation while saving cost and time.

In the above descriptions, referring to FIG. 11, one end of
the single geomembrane bag 8 and the sealing geomembrane
bag 9 is provided with a plurality of locking slots 25,
whereas the other end is provided with locking keys 24 that
match the locking slots 25. By linking the locking slots 25
with the locking keys 24, the geomembrane bag assemblies
103 can be connected to form an integral body.

In the above descriptions, drainage systems 3 is provided
inside the soft slurry seam 101. In Embodiment 1, referring
to FIGS. 1 and 4, inside the soft slurry seam 101, a plurality
of vertically arranged second horizontal drainage systems
302 are deployed. The distances between all adjacent second
horizontal drainage systems 302 are the same. In the present
embodiment, the distance between the adjacent second hori-
zontal drainage systems 302 is 40 cm. Each second hori-
zontal drainage system 302 includes a plurality of trans-
versely arranged second transverse drain boards 19, and the
distance between the adjacent second transverse drain
boards 19 is 80 cm. The second transverse drain boards 19
are fixed through iron wires. Both ends of the second
transverse drain board 19 have a hand-type connector 12.
The hand-type connectors 12 are sequentially connected and
communicated with the first junction blocks 21 on both sides
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of the second transverse drain board 19. After collection, the
first junction blocks 21 are connected to the corresponding
second junction blocks 5. The upper lay and lower layer of
the fixed second transverse drain boards 19 are laid with
geotextile layers 15. The four sides of the upper and lower
geotextile layers 15 are sealed and connected. One end of the
second junction block 5 is placed inside the geotextile layer
15 and is communicated with the first junction block 21. The
other end of the second junction block 5 extends out of the
geotextile layer 15. The second junction block 5 is con-
nected with the elbow 6. The elbow 6 is conductively
connected with the vertical drainpipes 16 on both sides. The
vertical drainpipes 16 on both sides are respectively con-
nected to the vacuum pump assemblies 2.

Referring to FIGS. 2, 5 and 10, Embodiment 2 of the
present invention is basically the same as Embodiment 1,
with the only difference in that, inside the soft slurry seam
101, a plurality of vertical drainage systems 301 are laid
vertically with a preset distance. In the present embodiment,
the distance between the vertical drainage systems 301 is 40
cm. Each vertical drainage system 301 includes a plurality
of first vertical drain boards 4. The first vertical drain boards
4 are arranged at equal intervals. The distance between the
adjacent first vertical drain boards 4 is 80 cm. The first
vertical drain boards 4 are fixed using iron wires. Both ends
of the first vertical drain board 4 have hand-type connectors
12. The hand-type connectors 12 are sequentially conduc-
tively connected with the first junction blocks 21 on both
sides of the first vertical drain board 4. The first junction
blocks 21 are joined and connected to the corresponding
second junction block 5. The upper layer and lower layer of
the fixed first vertical drain boards 4 are laid with geotextile
layers 15. The four sides of the geotextile on the upper layer
and lower layer are sealed and connected to form a geotex-
tile layer 15. One end of the second junction block 5 is
placed inside the geotextile layer 15 and is communicated
with the first junction block 21. The other end of the second
junction block 5 extends out of the geotextile layer 15. The
second junction block 5 is connected with the elbow 6. The
elbow 6 is communicated with the vertical drainpipes 16 on
both sides. The vertical drainpipes 16 on both sides are
respectively connected to the vacuum pump assemblies 2.

Referring to FIGS. 3, 8 and 9, Embodiment 3 of the
present invention is basically the same as Embodiments 1
and 2, with the only difference in that, inside the soft slurry
seam 101, horizontal and vertical integrated drainage sys-
tems 303 are deployed. The horizontal and vertical inte-
grated drainage systems 303 are deployed with multiple
rows of second transverse drain hoards 19 and multiple
columns of first vertical drain boards 4 at preset intervals. In
the present embodiment, the distance between the adjacent
second transverse drain boards 19 is 40 cm, and the distance
between the adjacent first vertical drain boards 4 is 80 cm.
Both ends of the second transverse drain board 19 are
connected to the adjacent first vertical drain boards 4. The
vertical drain boards are joined and connected to a trans-
verse drainpipe 11. The transverse drainpipe 11 is conduc-
tively connected with the vertical drainpipe 16 via the elbow
6, and the vertical drainpipe 16 is connected to the vacuum
pump assemblies 2.

In the above descriptions of Embodiments 1, 2, and 3, all
of the first vertical drain board 4, the second vertical drain
board 10, the first transverse drain board 901, the second
transverse drain board 19, and the third transverse drain
board 13 include the geotextile layer 15 laid outside. Said
first vertical drain board 4, second vertical drain board 10,
first transverse drain board 901, second transverse drain
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board 19, third transverse drain board 13 are completely
covered by the geotextile layer 15. The drainpipe can go
through the geotextile layer 15. The drain boards covered by
geotextile can have longer service life, and can effectively
reduce particles entering the first vertical drain board 4,
second vertical drain board 10, first transverse drain board
901, second transverse drain board 19, and third transverse
drain board 13, causing reduced drainage speed. By adopt-
ing integral drainage systems 3, the second transverse drain
boards 19 or first vertical drain boards 4 in every layer or
every column can be always maintained in the same plane,
and the whole structure is stable, thus avoiding adverse
effects caused by bending or breakage. The simplified form
of deployment can greatly reduce manpower and material
resources.

Referring to FIGS. 1, 2 and 3, in Embodiments 1, 2, and
3 as described above, after laying the drainage systems 3 in
the underlying soft slurry seam 101 of the lower-layer slurry
pit 1, a second sealing membrane 7 is used for sealing before
laying the loading layer 102.

Referring to FIGS. 1 to 5, in the above-described Embodi-
ments 1, 2, and 3, a plurality of second vertical drain boards
10 are vertically inserted at the peripheral edges of the slurry
pit 1. In the present embodiment, the distance between
adjacent second vertical drain boards 10 is 100 cm. The
outside of the second vertical drain boards 10 are covered by
a geotextile layer 15. The end part of the second vertical
drain board 10 is communicated with the third junction
blocks 17. The third junction blocks 17 are sequentially
communicated with the vertical drainpipe 16. The surface of
the slurry pit 1, ie., the upper surface of the sealing
geomembrane bag 9 is laid with a plurality of third trans-
verse drain boards 13 at regular intervals in between. In the
present embodiment, the distance between the adjacent third
transverse drain boards 13 is 100 cm. The outside of the third
transverse drain boards 13 is covered by a geotextile layer
15. Both ends of the third transverse drain board 13 are
conductively connected to the transverse drainpipe 11, so as
to discharged the water squeezed out by the stacked
geomembrane bag assemblies 103.

Part of the mud 22 in the soft slurry seam 101 beneath the
slurry pit 1 will leak out during the pumping and consoli-
dation, and the water naturally discharged from the single
geomembrane bags 8 will be sucked and discharged through
the second vertical drain boards 10 and the third transverse
drain boards 13, so as to prevent leaking out from the
periphery of the drainage systems 3 laid beneath to affect the
drainage. The combination of single geomembrane bags 8,
sealing geomembrane bags 9, drainage systems 3, third
transverse drain boards 13 and second vertical drain boards
10 can greatly improve the drainage and consolidation
effects.

In the above embodiment, the method for foundation
consolidation combining vacuum preloading and loading
according to the present invention includes:

(1) Prefabricating Drainage Systems 3 and Sealing
Geomembrane Bags 9

Prefabricate second horizontal drainage systems 302, and
arrange a plurality of second transverse drain boards 19 at
regular intervals and fix them. The distance between adja-
cent second transverse drain boards 19 is 80 cm. Both ends
of the second transverse drain board 19 are connected with
hand-type connectors 12. The hand-type connectors 12 on
the two sides are respectively conductively connected with
the first junction blocks 21 on the two sides of the second
transverse drain board 19. The first junction blocks 21 on the
two sides are both connected with second junction blocks 5.
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The upper layer and lower layer of the arranged and fixed
second transverse drain boards 19 are both laid with geo-
textile layers 15. The four sides of the upper and lower
geotextile layers 15 are sealed and connected. One end of the
second junction block 5 is placed inside the geotextile layer
15 and conductively connected with the first junction block
21, while the other side of the second junction block 5
extends out of the geotextile layer 15; and/or

Prefabricated the vertical drainage systems 3, and arrange
a plurality of first vertical drain boards 4 at regular intervals
and fix them. The distance between the adjacent first vertical
drain boards 4 is 80 cm. The two ends of the first vertical
drain board 4 are connected with hand-type connectors 12.
The hand-type connectors 12 on the two sides are respec-
tively and sequentially and conductively connected with the
first junction blocks 21 on the two sides of the first vertical
drain board 4. The first junction blocks 21 on the two sides
are both conductively connected with second junction
blocks 5. The upper and lower layers of the arranged and
fixed first vertical drain boards 4 are both laid with geotextile
layers 15. The four sides of the upper and lower geotextile
layers 15 are sealed and connected. One end of the second
junction block 5 is placed inside the geotextile layer 15 and
is conductively connected with the first junction block 21,
while the other end of the second junction block 5 extends
out of the geotextile layer 15;

When prefabricating the drainage system 3, a geogrid 20
can be used to fix the first horizontal drainage system 18 in
the middle position of the sealing geomembrane bag 9.
Install the flange 14 on the upper surface of the sealing
geomembrane bag 9, and conduct processing and sealing
according to required specifications to form a completely
sealed integral body. Thus the fabrication of the sealing
geomembrane bag 9 is completed;

(2) Laying Drainage System 3

Filling mud 22 into the slurry pit 1, when the height of the
mud 22 filled reaches 40 cm, transversely lay the first layer
of second horizontal drainage systems 302, then continue
filling in mud 22; when the mud 22 covers the geotextile
layer 15 of second horizontal drainage systems 302 of the
first layer, connect the second junction blocks 5 on both
sides of the first layer of second horizontal drainage system
302 with the vertical drainpipe 16 via the elbows 6, and
immediately conduct pumping. Meanwhile, continue filling
mud 22 into the slurry pit 1; when the height of the second
layer of mud 22 reaches 40 cm, lay the second layer of
second horizontal drainage systems 302; when the mud 22
covers the geotextile layer 15 of the second layer of second
horizontal drainage systems 302, connect the second junc-
tion blocks 5 on both sides of the second layer of second
horizontal drainage system 302 to the vertical drainpipe 16
via the elbow 6, and immediately conduct pumping; con-
tinue filling mud 22 into the slurry pit 1; repeat the above
process; as vacuum pumping goes on, the mud 22 will
descend simultaneously, until the mud 22 coverage reaches
the standard height required by the construction project; then
lay the last layer of second horizontal drainage systems 302,
and cover the topmost layer of second sealing membrane 7
and seal it, so that the lower layer of the slurry pit 1 forms
an integral body, and then conduct vacuum pumping again;
vacuum pumping for the second horizontal drainage systems
302 laid in the lower layer is conducted at the initial stage
of filling, thus drainage and consolidation of the lower-layer
mud 22 are started as soon as possible, and the degree of
consolidation of the whole slurry pit 1 is effectively
enhanced; or
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Filling mud 22 into the slurry pit 1, when the height of the
mud 22 filled reaches 40 cm, lay the vertical drainage
systems 301 at regular intervals; then, continue filling in
mud 22 until the mud 22 completely covers the vertical
drainage systems 301 and reaches the standard height
required by the construction project, and stop filling; con-
nect the second junction block 5 inside the vertical drainage
system 301 with the elbow 6; the elbow 6 is connected with
the transverse drainpipe 11, the transverse drainpipe 11 is
conductively connected with the vertical drainpipe 16, and
the vertical drainpipes 16 are connected to the vacuum pump
assemblies 2; place a layer of second sealing membrane 7 on
the surface of the soft slurry seam 101, and start vacuum
pumping; or

filling mud 22 into the slurry pit 1, when the height of the
mud 22 filled reaches 40 cm, lay the vertical drainage
systems 301 at regular intervals; every time the height
of the mud 22 filled reaches 40 cm, place a layer of
second transverse drain boards 19 between each two
layers of vertical drainage systems 301; the second
transverse drain boards 19 are placed in the same
direction as the vertical drainage systems 301; every
time a layer of second transverse drain board 19 is
placed, one end of the second transverse drain boards
19 is connected to the elbows 6; the elbows 6 are joined
via a second junction block 5, which is connected to the
third junction block 17; repeat the above steps until the
mud 22 is filled to the standard height required by the
construction project; place a layer of sealing membrane
on the soft slurry seam 101, and start the vacuum pump
assemblies 2 for vacuum preloading pump drainage;

(3) Layout of the Loading

Filling and pile the single geomembrane bags 8, and place
a layer of sealing geomembrane bag 9 on the topmost layer
of'the stack, then connect the vacuum pump assemblies 2 for
drainage;

(4) Place second vertical drain boards 10 and third trans-
verse drain boards 13 around the slurry pit 1, and
conduct pumping and drainage to discharge the mar-
ginal water with poor treatment effect in the bottom
layer and the water discharged from the upper layer of
geomembrane bags in the slurry pit 1. Thus the whole
drainage process can be conducted steadily.

We claim:

1. A method for consolidating a foundation using vacuum
preloading combined with a geomembrane bag device load,
comprising:

excavating a sludge pond, filling the sludge pond with
sludge, and performing a plurality of vacuum preload-
ing and drainage treatments;

laying a geomembrane bag device filled with sludge on
top of a soft mud layer in the sludge pond after the
plurality of vacuum preloading and drainage treatments
to form a load layer, wherein the geomembrane bag
device is arranged in a stacked configuration;

prefabricating a drainage system and a geomembrane bag
device for vacuum p reloading and drainage of the soft
mud layer; using a vacuum preloading method to fill
the soft mud layer in the sludge pond with a plurality
of layers of sludge, and laying a drainage system for
each layer sequentially; after the installation of each
layer’s drainage system is completed, connecting the
drainage system to a vacuum pump device and imme-
diately starting the vacuum extraction;

filling and stacking the geomembrane bag device;

laying a second vertical drainage board around the sludge
pond, and laying a third horizontal drainage board on
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an upper surface of the geomembrane bag device; the
second vertical drainage board and the third horizontal
drainage board are connected to the vacuum pump
device for vacuum extraction and drainage.

2. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device A load according to claim 1, wherein a plurality of
vertically arranged second horizontal drainage systems is
placed into the soft slurry seam, said second horizontal
drainage system includes a plurality of transversely arranged
second transverse drain board, both sides of the second
horizontal drainage system are respectively and conduc-
tively connected via elbows to the corresponding vertical
drainpipes on both sides.

3. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 2, wherein the second
horizontal drainage system is wrapped with a geotextile
layer and is laid using the following steps:

filling the sludge pond with sludge, and when the sludge

filling height reaches a predetermined level, laying a
first layer of the second horizontal drainage system
transversely;
continuing to fill the sludge until the geotextile layer of
the second horizontal drainage system is covered;

connecting the second joint pipes at both ends of the first
layer of the horizontal drainage system to the vertical
drainage pipes through bent pipes and immediately
starting vacuum extraction;
repeating the above steps, and as vacuum extraction is
performed, the sludge settles synchronously, until the
sludge covers the required engineering elevation;

laying the final layer of the second horizontal drainage
system, and sealing with a second sealing membrane,
thereby forming the soft mud layer in the sludge pond
into an integrated structure, followed by vacuum
extraction.
4. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 1, wherein a plurality of
vertical drainage systems is placed into the soft slurry seam;
said vertical drainage system includes a plurality of first
vertical drain boards, both sides of the first vertical drain
board are respectively and conductively connected via
elbows to the corresponding vertical drainpipes on both
sides.
5. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 4, wherein the vertical
drainage system is wrapped with a geotextile layer and is
laid using the following steps:
filling the sludge pond with sludge, and when the sludge
filling, height reaches a predetermined level, laying the
vertical drainage system at regular intervals;

continuing to fill the sludge until the vertical drainage
system is completely covered and reaches the required
engineering elevation, then stopping the filling;

connecting the vertical drainage system to the vertical
drainage pipes, and laying a second sealing membrane
on the surface of the soft mud layer;

starting vacuum extraction.

6. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
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device load according to claim 1, wherein a vertical and
horizontal integrated drainage system is placed into the soft
mud layer; said vertical and horizontal integrated drainage
system is a drainage system made of multiple rows of second
transverse drain boards and multiple columns of first vertical
drain boards, both sides of the second transverse drain board
are connected with the adjacent first vertical drain boards,
said first vertical drain boards are joined and connected to a
transverse drainpipe.

7. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 6, wherein said vertical and
horizontal integrated drainage systems are laid by the fol-
lowing steps:

filling mud into the soft mud layer of the slurry pit, when

the mud reaches a preset height, lay the vertical drain-
age systems at regular intervals, every time the mud
filled reaches the preset height, place a layer of second
transverse drain boards between every two vertical
drainage systems, the second transverse drain boards
are placed in the same direction as the vertical drainage
systems; after placing every layer of second transverse
drain boards, connect one end of the second transverse
drain boards to the vertical drainpipes in a conductive
form; repeat the above steps until the mud is filled to a
standard height required by the construction project;
place a layer of second sealing membrane on the soft
slurry seam, finally, start the vacuum pump assemblies
for vacuum preloading pump drainage, said vertical
drainage systems and second transverse drain boards
include the geotextile layer.

8. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 1, wherein said geomem-
brane bag assemblies include sealing geomembrane bags
and single geomembrane bags, first horizontal drainage
systems are placed inside said sealing geomembrane bags,
said first horizontal drainage systems are connected via the
pipe system to the vacuum pump assemblies, wherein,
sealing geomembrane bags are only laid on a topmost layer
of the geomembrane bag assemblies.

9. The method for consolidating the foundation using
vacuum preloading combined with the geomembrane bag
device load according to claim 8, wherein, an inner wall and
outer wall of the sealing geomembrane bags are configured
with a first sealing membrane, said first horizontal drainage
system includes first transverse drain boards and transverse
geotextile to fix the first transverse drain boards, the trans-
verse geotextile is transversely placed in the middle of the
sealing geomembrane bag and divides the bag into an upper
chamber and lower chamber; said first transverse drain
boards are evenly fixed on the transverse geotextile at
regular intervals; both ends of each first transverse drain
board are connected via hand-type connectors to the pipe
system, said first horizontal drainage systems are connected
via geogrids to the two ends of the sealing geomembrane
bags, said sealing geomembrane bag has a flange for the
drainpipe to pass through, at least one end of the first
transverse drain board is connected via the pipe system to
the vacuum pump assemblies.
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