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(54) PACKER AND PILE FOUNDATION STRUCTURE

(57) Disclosed in the present invention are a packer
and a foundation pile structure, relating to the technical
field of ocean engineering. The foundation pile structure
comprises a foundation pile, a sleeve, and a packer. The
sleeve is sleeved on the foundation pile, a gap is reserved
between the sleeve and the foundation pile, and an ad-
hesive is filled in the gap. The packer is configured to
pack the bottom of the gap between the foundation pile
and the sleeve, and the packer comprises a clamp as-
sembly and a cantilever assembly. The clamp assembly
is sleeved on the foundation pile and is connected with
the bottom of the sleeve, and comprises a plurality of
segments, and the segments are connected with each
other to form an annular structure; the cantilever assem-
bly comprises a plurality layers of cantilever units stacked
on the inner side of the clamp assembly and in the vertical
direction, each cantilever unit comprises cantilever mem-
bers annularly and densely placed at intervals on the
inner side of the clamp assembly; and each cantilever
member comprises a fixed end and a cantilever end; the
fixed ends are connected with the clamp assembly, the

cantilever ends is configured to resist on the foundation
pile, and the length value of each cantilever member is
not smaller than the difference value between the inner
radius of the sleeve and the outer radius of the foundation
pile. The present invention has a simple structure, does
not need to be controlled by complicated hydraulic power,
is convenient to construct, and has low construction cost.
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Description

Field of the Invention

[0001] The present invention relates to the technical
field of ocean engineering, and in particular to a packer
and a foundation pile structure.

Background of the Invention

[0002] Underwater piling in ocean engineering often
uses sleeves to realize the connection between subsea
foundation piles and the foundation of the water surface
structure, wherein underwater grouting (adhesive injec-
tion) operation for the gap between the subsea founda-
tion pile and the sleeve is a key step to realize the con-
nection. In order to ensure that the adhesive slurry hard-
ens smoothly after being poured into the gap, it is nec-
essary to ensure that the adhesive in the gap does not
flow violently during the hardening process. Therefore,
the packer at the lower end of the sleeve is a key device
to prevent the adhesive slurry in the gap from flowing
downward under the action of gravity.
[0003] At present, there are hydraulic packers at home
and abroad, comprising bladders made of special rubber
materials. When the packer needs to be packed, the hy-
draulic device is used to inject liquid or gas into the blad-
der, so that the bladder expands to achieve gap packing.
Or a simple rubber gasket packer is used, which mainly
uses rubber gaskets in the gaps to implement isolation,
and the rubber gaskets are fixed by means of bolts.
[0004] The above hydraulic packer has the following
shortcomings:

1. Complex structure. The packer works in deep wa-
ter, so hydraulic control device is usually placed
above the water surface for ease of operation. The
hydraulic pipeline is long, so faults that are hard to
be eliminated are easily occurred, which will make
the hydraulic packer fail.

2. During the process of pile driving, since the packer
has not yet played the role of isolation, it cannot pre-
vent the mud and sand aroused by piling from en-
tering the gap with the water flow.

3. High cost and construction cost.

[0005] The above simple packer has the following
shortcomings:

1. During the process of pile lowering and pile driving,
the rubber sealing gasket and the positioning bolt
thereof have a great blocking effect on the foundation
pile, which is easy to cause the problem of pile jam-
ming, so that the foundation pile cannot pass through
the sleeve.

2. During the process of pile lowering and pile driving,
the rubber sealing gasket and the positioning bolt
thereof have a great blocking effect on the foundation
pile, which is further easy to cause damage to the
rubber sealing gasket and the positioning bolt there-
of.

[0006] In addition, the deformation of the packer is de-
signed according to the ideal void volume, that is, the
foundation pile is considered to be located in the center
of the sleeve. Once the position of the foundation pile is
eccentric, the packer may be damaged, or the gap may
not be completely packed, causing slurry leakage.

Summary of the Invention

[0007] In view of the defects existing in the prior art,
the purpose of the present invention is to provide a packer
and a foundation pile structure, which are configured to
solve the problems of complex structure, inconvenient
construction, and high cost of the existing packers.
[0008] In order to achieve the above purpose, the
present invention adopts the following technical solution:
a packer, which is configured to pack the bottom of a gap
between a foundation pile and a sleeve, comprising:

a clamp assembly, which is sleeved on the founda-
tion pile and connected with the bottom of the sleeve;
the clamp assembly comprises a plurality of seg-
ments, and the segments are connected to each oth-
er to form an annular structure; and

a cantilever assembly, which comprises a plurality
layers of cantilever units stacked on the inner side
of the clamp assembly and in the vertical direction,
each cantilever unit comprises cantilever members
annularly and densely placed at intervals on the inner
side of the clamp assembly, each cantilever member
comprises a fixed end and a cantilever end, the fixed
ends are connected with the clamp assembly, the
cantilever ends are configured to resist on the foun-
dation pile, and the length value of each cantilever
member is not smaller than the difference value be-
tween the inner radius of the sleeve and the outer
radius of the foundation pile.

[0009] On the basis of the above technical solution,
each segment comprises:

a bottom plate, which is provided with an end plate
at both ends;

a fixed plate, which is arranged on the bottom plate,
and the fixed plate is connected with the sleeve;

a mounting plate, which is arranged on the bottom
plate, and the mounting plate is provided with mount-
ing holes for mounting the cantilever members at
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intervals along the length direction of the bottom
plate; and

a limiting plate, which is arranged on the bottom
plate, and the limiting plate is configured to limit the
movement of the cantilever members.

[0010] On the basis of the above technical solution,
the end plates of two adjacent segments are fastened in
a welding way.
[0011] On the basis of the above technical solution,
the cantilever member is a single steel wire, the fixed end
of the single steel wire is provided with an upsetting head,
and the size of the upsetting head is larger than that of
the mounting hole.
[0012] On the basis of the above technical solution,
the cantilever member is a U-shaped steel wire, and the
fixed end of the U-shaped steel wire is penetrated and
fixed on two mounting holes.
[0013] On the basis of the above technical solution,
the surface of the cantilever member is painted with paint
or grease.
[0014] On the basis of the above technical solution,
the cantilever member is nylon wire or a composite mem-
ber of steel wire and rubber.
[0015] The present invention further provides a com-
posite packer, which is configured to pack the bottom of
a gap between a foundation pile and a sleeve, comprising
a plurality of the packers according to claim 1, and the
plurality of the packers are stacked in a vertical direction
and connected with the bottom of the sleeve.
[0016] The purpose of the present invention is to fur-
ther provide a foundation pile structure, comprising:

a foundation pile;

a sleeve, which is sleeved on the foundation pile;
wherein a gap is reserved between the sleeve and
the foundation pile, and an adhesive is filled in the
gap; and

a packer, which is configured to pack the bottom of
the gap between the foundation pile and the sleeve,
and the packer comprises:

- a clamp assembly, which is sleeved on the foun-
dation pile and connected with the bottom of the
sleeve; the clamp assembly comprises a plural-
ity of segments, and the segments are connect-
ed to each other to form an annular structure;
and

- a cantilever assembly, which comprises a plu-
rality layers of cantilever units stacked on the
inner side of the clamp assembly and in the ver-
tical direction, each cantilever unit comprises
cantilever members annularly and densely
placed at intervals on the inner side of the clamp

assembly, the adhesive is configured to fill the
gaps between the cantilever members, each
cantilever member comprises a fixed end and a
cantilever end, the fixed ends are connected
with the clamp assembly, the cantilever ends
are configured to resist on the foundation pile,
and the length value of each cantilever member
is not smaller than the difference value between
the inner radius of the sleeve and the outer ra-
dius of the foundation pile.

[0017] Compared with the prior art, the present inven-
tion has the following advantages.
[0018] The packer and the foundation pile structure in
the embodiment of the present invention, have no need
to be controlled by complicated hydraulic power, and
have convenient construction and economical cost. Dur-
ing the process of pile driving, due to the function of the
cantilever member, it has the function of preventing the
sandy soil aroused by pile driving from entering the gap
with the water flow, and because the cantilever member
is annularly and densely placed at intervals along the
foundation pile, there are small gaps between the canti-
lever members, then the adhesive slurry can be used to
fill up the small gaps between the cantilever members
because it is a paste fluid, and can isolate the gap be-
tween the foundation pile and the sleeve from seawater.

Description of the Drawings

[0019]

Fig. 1 is a structural schematic diagram of a packer
and foundation pile structure in the embodiment of
the present invention;

Fig. 2 is a cross-sectional diagram of a packer in the
embodiment of the present invention;

Fig. 3 is a structural schematic diagram of a segment
of the packer in the embodiment of the present in-
vention;

Fig. 4 is another structural schematic diagram of a
segment of the packer in the embodiment of the
present invention;

Fig. 5 is a structural schematic diagram of a com-
posite packer in the embodiment of the present in-
vention.

[0020] In the figures: 1. clamp assembly; 11. segment;
111. bottom plate; 112. fixed plate; 113. mounting plate;
114. limiting plate; 115. end plate; 2. cantilever assembly;
21. cantilever member; 211. fixed end; 212. cantilever
end; 3. foundation pile; 4. sleeve; 5. adhesive.

3 4 
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Detailed Description of the Embodiments

[0021] The present invention will be further described
below in detail with reference to the drawings in combi-
nation with the embodiments.
[0022] As shown in Fig. 1, one aspect of the embodi-
ment of the present invention provides a packer, which
is configured to pack the bottom of a gap between a foun-
dation pile and a sleeve, comprising: a clamp assembly
1 and a cantilever assembly 2.
[0023] The clamp assembly 1 is sleeved on the foun-
dation pile 3 and connected with the bottom of the sleeve
4; the clamp assembly 1 comprises a plurality of seg-
ments 11, and the segments 11 are connected to each
other to form an annular structure.
[0024] The cantilever assembly 2 comprises a plurality
layers of cantilever units stacked on the inner side of the
clamp assembly 1 and in the vertical direction, each can-
tilever unit comprises cantilever members 21 annularly
and densely placed at intervals on the inner side of the
clamp assembly 1, each cantilever member 21 compris-
es a fixed end 211 and a cantilever end 212, as shown
in Fig. 2, the fixed ends 211 are connected with the clamp
assembly 1, the cantilever ends 212 are configured to
resist on the foundation pile 3, and the length value of
each cantilever member 21 is not smaller than the differ-
ence value between the inner radius of the sleeve 4 and
the outer radius of the foundation pile 3, which is contrib-
ute to the cantilever member 21 to tightly resist on the
foundation pile 3 even after the cantilever, so as to ensure
the packing effect of the packer.
[0025] Specifically, as shown in Fig. 3, each segment
11 comprises: a bottom plate 111, a fixed plate 112, a
mounting plate 113 and a limiting plate 114. An end plate
115 is respectively provided at both ends of the bottom
plate 111, and the end plates 115 of two adjacent seg-
ments 11 are fastened in a welding way. As shown in
Fig. 2, the embodiment of the present invention adopts
16 segments, which are connected to each other to form
an annular structure. The fixed plate 112 is arranged on
the bottom plate 111 and connected with the sleeve 4,
and can use various conventional connection methods
such as bolts, flanges, welding, etc., so the construction
is convenient. The mounting plate 113 is provided on the
bottom plate 111, and the mounting plate 113 is provided
with mounting holes for mounting the cantilever members
21 at intervals along the length direction of the bottom
plate 111. The limiting plate 114 is arranged on the bot-
tom plate 111 and configured to limit the movement of
the cantilever member 21, so as to prevent the cantilever
member 21 from loosening.
[0026] Compared with the prior art, the packer in the
embodiment of the present invention does not need to
be controlled by complicated hydraulic power, has simple
structure, convenient construction, and low construction
cost. In the process of pile lowering and pile driving, since
the stiffness of the cantilever member 21 is small, the
resistance of the packer to the foundation pile 3 is very

small, which will not lead to the phenomenon of pile jam-
ming. The clamp assembly 1 is not in direct contact with
the foundation pile 3, and the cantilever member 21 has
a strong deformation recovery ability, so the packer will
not be damaged by the foundation pile 3, and the ability
to adapt to the eccentricity of the foundation pile 3 is
strong. After the pile is lowered, the cantilever member
21 resists on the foundation pile 3, which preliminarily
realizes the isolation of the bottom end of the gap during
the process of the pile driving, so it has the function of
preventing the coarse-grained sandy soil aroused by the
pile driving from entering the gap with the water flow. In
the process of grouting (adhesive injection), the adhesive
is usually a paste fluid containing graded slurry and well-
graded aggregates. The densely arranged cantilever
member has a large surface area, and the gap between
the cantilever members 21 is very small. Due to the ad-
sorption of the adhesive slurry on the surface of the can-
tilever member 21 and the clamping of the adhesive ag-
gregate by the gap between the cantilever members 21,
the densely arranged cantilever members 21 form a
whole under the action of the adhesive, so that the rigidity
is improved, which can effectively prevent the slurry from
leaking.
[0027] In addition, the clamp assembly 1 is connected
with the sleeve 4, and the cantilever member 21 is in a
deformable state of the cantilever, which can prevent
parts with high rigidity of the clamp assembly 1 from being
immersed in the range of the pile hole of the foundation
pile 3, and the packer as a whole will not hinder the pile
lowering and driving operations, or cause the phenome-
non of pile jamming, and can further prevent the packer
from being damaged during the pile lowering and pile
driving operations.
[0028] As a preferred embodiment, as shown in Fig.
3, the cantilever member 21 is a single steel wire, the
fixed end 211 of the single steel wire is provided with an
upsetting head, and the size of the upsetting head is larg-
er than that of the mounting hole. As shown in Fig. 4, the
cantilever member 21 can further be a U-shaped steel
wire, and the fixed end 211 of the U-shaped steel wire is
penetrated and fixed on two mounting holes. The surface
of the single steel wire or the U-shaped steel wire is paint-
ed with a paint layer to prevent seawater corrosion. Fur-
ther, the cantilever member 21 is a nylon wire or a com-
posite member of steel wire and rubber.
[0029] As shown in Fig. 5, another aspect of the em-
bodiment of the present invention further provides a com-
posite packer, which is configured to pack the bottom of
a gap between a foundation pile and a sleeve, comprising
a plurality of the packers in the above-mentioned embod-
iment, the plurality of the packers are stacked in a vertical
direction and connected with the bottom of the sleeve 4,
and the packing effect is increased through superimpos-
ing a plurality of the packers.
[0030] As shown in Fig. 1, another aspect of the em-
bodiment of the present invention further provides a foun-
dation pile structure, comprising: a foundation pile 3, a
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sleeve 4 and a packer. The sleeve 4 is sleeved on the
foundation pile 3, a gap is reserved between the sleeve
4 and the foundation pile 3, and an adhesive 5 is filled in
the gap.
[0031] The packer is configured to pack the bottom of
the gap between the foundation pile 3 and the sleeve 4,
and the packer comprises a clamp assembly 1 and a
cantilever assembly 2.
[0032] The clamp assembly 1 is sleeved on the foun-
dation pile 3 and connected with the bottom of the sleeve
4; the clamp assembly 1 comprises a plurality of seg-
ments 11, and the segments 11 are connected to each
other to form an annular structure.
[0033] The cantilever assembly 2 comprises a plurality
layers of cantilever units stacked on the inner side of the
clamp assembly 1 and in the vertical direction, each can-
tilever unit comprises cantilever members 21 annularly
and densely placed at intervals on the inner side of the
clamp assembly 1, each cantilever member 21 compris-
es a fixed end 211 and a cantilever end 212, as shown
in Fig. 2, the fixed ends 211 are connected with the clamp
assembly 1, the cantilever ends 212 are configured to
resist on the foundation pile 3, and the length value of
each cantilever member 21 is not smaller than the differ-
ence value between the inner radius of the sleeve 4 and
the outer radius of the foundation pile 3, which is contrib-
ute to the cantilever member 21 to tightly resist on the
foundation pile 3 even after the cantilever, so as to ensure
the packing effect of the packer.
[0034] Compared with the prior art, the foundation pile
structure in the embodiment of the present invention does
not need to be controlled by complicated hydraulic power,
has simple structure, convenient construction, and low
construction cost. In the process of pile lowering and pile
driving, since the stiffness of the cantilever member 21
is small, the resistance of the packer to the foundation
pile 3 is very small, which will not lead to the phenomenon
of pile jamming. The clamp assembly 1 is not in direct
contact with the foundation pile 3, and the cantilever
member 21 has a strong deformation recovery ability, so
the packer will not be damaged by the foundation pile 3,
and the ability to adapt to the eccentricity of the founda-
tion pile 3 is strong. After the pile is lowered, the cantilever
member 21 resists on the foundation pile 3, which pre-
liminarily realizes the isolation of the bottom end of the
gap during the process of the pile driving, so it has the
function of preventing the coarse-grained sandy soil
aroused by the pile driving from entering the gap with the
water flow. In the process of grouting (adhesive injection),
the adhesive is usually a paste fluid containing graded
slurry and well-graded aggregates. The densely ar-
ranged cantilever member has a large surface area, and
the gap between the cantilever members 21 is very small.
Due to the adsorption of the adhesive slurry on the sur-
face of the cantilever member 21 and the clamping of the
adhesive aggregate by the gap between the cantilever
members 21, the densely arranged cantilever members
21 form a whole under the action of the adhesive, so that

the rigidity is improved, which can effectively prevent the
slurry from leaking.
[0035] The present invention is not limited to the
above-mentioned embodiments. One skilled in the art
may make several improvements and modifications with-
out departing from the principle of the present invention,
and these improvements and modifications are further
considered to be within the protection scope of the
present invention. The contents that are not described in
detail in the description belong to the prior art well known
by one skilled in the art.

Claims

1. A packer, which is configured to pack the bottom of
a gap between a foundation pile and a sleeve, com-
prising:

a clamp assembly (1), which is sleeved on the
foundation pile (3) and connected with the bot-
tom of the sleeve (4); the clamp assembly (1)
comprises a plurality of segments (11), and the
segments (11) are connected to each other to
form an annular structure; and
a cantilever assembly (2), which comprises a
plurality layers of cantilever units stacked on the
inner side of the clamp assembly (1) and in the
vertical direction, each cantilever unit comprises
cantilever members (21) annularly and densely
placed at intervals on the inner side of the clamp
assembly (1), each cantilever member (21)
comprises a fixed end (211) and a cantilever end
(212), the fixed ends (211) are connected with
the clamp assembly (1), the cantilever ends
(212) are configured to resist on the foundation
pile (3), and the length value of each cantilever
member (21) is not smaller than the difference
value between the inner radius of the sleeve (4)
and the outer radius of the foundation pile (3).

2. The packer according to claim 1, wherein each seg-
ment (11) comprises:

a bottom plate (111), which is provided with an
end plate (115) at both ends;
a fixed plate (112), which is arranged on the bot-
tom plate (111), and the fixed plate (112) is con-
nected with the sleeve (4);
a mounting plate (113), which is arranged on the
bottom plate (111), and the mounting plate (113)
is provided with mounting holes for mounting the
cantilever members (21) at intervals along the
length direction of the bottom plate (111); and
a limiting plate (114), which is arranged on the
bottom plate (111), and the limiting plate (114)
is configured to limit the movement of the can-
tilever members (21).
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3. The packer according to claim 2, wherein the end
plates (115) of two adjacent segments (11) are fas-
tened in a welding way.

4. The packer according to claim 2, wherein the canti-
lever member (21) is a single steel wire, the fixed
end (211) of the single steel wire is provided with an
upsetting head, and the size of the upsetting head
is larger than that of the mounting hole.

5. The packer according to claim 2, wherein the canti-
lever member (21) is a U-shaped steel wire, and the
fixed end (211) of the U-shaped steel wire is pene-
trated and fixed on two mounting holes.

6. The packer according to claim 4 or claim 5, wherein
the surface of the cantilever member (21) is painted
with paint or grease.

7. The packer according to claim 1, wherein the canti-
lever member (21) is nylon wire or a composite mem-
ber of steel wire and rubber.

8. A composite packer, which is configured to pack the
bottom of a gap between a foundation pile and a
sleeve, comprising a plurality of the packers accord-
ing to claim 1, and the plurality of the packers are
stacked in a vertical direction and connected with
the bottom of the sleeve (4).

9. A foundation pile structure, comprising:

a foundation pile (3);
a sleeve (4), which is sleeved on the foundation
pile (3); wherein a gap is reserved between the
sleeve (4) and the foundation pile (3), and an
adhesive (5) is filled in the gap; and
a packer, which is configured to pack the bottom
of the gap between the foundation pile (3) and
the sleeve (4), and the packer comprises:

- a clamp assembly (1), which is sleeved on
the foundation pile (3) and connected with
the bottom of the sleeve (4); the clamp as-
sembly (1) comprises a plurality of seg-
ments (11), and the segments (11) are con-
nected to each other to form an annular
structure; and
- a cantilever assembly (2), which compris-
es a plurality layers of cantilever units
stacked on the inner side of the clamp as-
sembly (1) and in the vertical direction, each
cantilever unit comprises cantilever mem-
bers (21) annularly and densely placed at
intervals on the inner side of the clamp as-
sembly (1), the adhesive (5) is configured
to fill the gaps between the cantilever mem-
bers (21), each cantilever member (21)

comprises a fixed end (211) and a cantilever
end (212), the fixed ends (211) are connect-
ed with the clamp assembly (1), the canti-
lever ends (212) are configured to resist on
the foundation pile (3), and the length value
of each cantilever member (21) is not small-
er than the difference value between the in-
ner radius of the sleeve (4) and the outer
radius of the foundation pile (3).

9 10 
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