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METHOD FOR FILLING DEFORMABLE KARST CAVE.

@ The present invention relates to a method for filling a
deformable karst cave, and the steps are: penetrating a
grouting pipe into an elastic silicone tube, then

penetrating the grouting pipe and the elastic silicone tube

into a deformable bracket as a whole, and then lowering
into a karst cave; closing and sealing the elastic silicone
tube, injecting silicate resin materials into the grouting
pipe, and then injecting steel fiber reinforced grout that is
stirred evenly to make a lower part of the elastic silicone
tube implement a “block stone like” structure; sealing the
elastic silicone tube and cutting the elastic silicone tube

and the deformable bracket to complete separation of the

formed “block stone like” structure from the elastic
silicone tube, thereby completing a first “block stone like”
structure; lowering the elastic silicone tube and the
deformable bracket by 10 cm, sealing the elastic silicone
tube, and then lowering the elastic silicone tube and the
deformable bracket by another 50 cm along the grouting
pipe; and completing the “block stone like” structure
again, and completing filling the deformable karst cave.
The present invention may effectively stabilize the karst
cave, ensure safety construction of a tunnel and
stabilization of surrounding rocks, and improve an
engineering construction speed.
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METHOD FOR FILLING DEFORMABLE KARST CAVE

BACKGROUND OF THE INVENTION
[0001] 1. Technical Field

[0002] The present invention relates to a method for filling a deformable karst cave and
is applicable to filling and reinforcement of the karst cave during excavation and construction
of a tunnel at a karst area. The present invention may efficiently stabilize the karst cave,
ensure safety construction of the tunnel and stabilization of surrounding rocks, reduce
influences of the karst cave on tunnel construction and later operations, may reduce
engineering construction costs and improve an engineering construction speed, and belongs to
the field of underground engineering.
[0003] 2. Description of Related Art

[0004] With the development of transportation power construction of China, a scale of
tunnel construction involved in highway, railway and urban rail transit engineering is
expanding, and the tunnel engineering construction inevitably passes through high-risk karst
areas;, karst caves have great hidden dangers to the safety of the tunnel engineering
construction, and need to be filled and reinforced in an early stage; and if the karst caves
cannot be effectively filled and reinforced, it is very easy to cause collapse of surrounding
rocks or a bottom bearing stratum during excavation and construction of the tunnel, resulting
in the burial of excavation machines or personnel, and endangering life safety of builders.
However, a traditional karst cave filling method during the tunnel construction at the karst
area is to use a grouting process to reinforce the karst cave by filling grout or mortar into the
karst cave. This method has a long grouting time and large consumption of materials, and it 1s
not easy to form a filling and reinforcement region in case of encountering a groundwater rich

area; and if block stones can be put into the karst cave and then seriflux is injected into the
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karst cave, a complementary reinforcement effect between different sizes of block stones and
the seriflux may be better implemented, and a filling and reinforcement effect of the karst
cave may be improved more effectively. However, the size of the diameter of a grouting hole
limits a passing property of the block stones, and only small size of block stones can be filled
into the karst cave through the grouting hole, but a filling effect is not ideal.

[0005] Therefore, based on the limit of the diameter of the grouting hole and a
deformable body theory, there is provided a technology for filling a deformable “block stone
like” karst cave, the technology including a deformable bracket, an elastic silicone tube, a
lock apparatus, and a filling material. The deformable bracket may pass through a limited
space of the grouting hole and may be propped up to form a bracket with the filling of the
filling material in the karst cave; the elastic silicone tube is a long film tube made of an elastic
silicone material, and the long tube may be propped up without breaking with the filling of
the filling material; the lock apparatus may cut the elastic silicone tube and implement sealing
of the opening of the tube; and the filling material is that: silicate resin materials are filled into
the elastic silicone tube first to implement fast expansion and reinforcement, and then a proper
amount of grout is injected to implement the “block stone like” structure. The apparatus may
efficiently stabilize the karst cave, ensure safety construction of the tunnel and stabilization of
surrounding rocks, reduce influences of the karst cave on tunnel construction and later
operations, and may reduce engineering construction costs and improve an engineering

construction speed.

BRIEF SUMMARY OF THE INVENTION
[0006] For the above questions, the present invention provides a method for filling a
deformable karst cave, and the present invention may efficiently stabilize the karst cave.

[0007] The technical solutions of the present invention are as follows:
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[0008] a method for filling a deformable karst cave, including the following steps:

[0009] (1) penetrating a grouting pipe into an elastic silicone tube, and then penetrating
the grouting tube and the elastic silicone tube into a deformable bracket as a whole;

[0010] (2) lowering the whole pipeline completed above into the karst cave along a
borehole conduit;

[0011] (3) a console controlling a circumferential lock apparatus by means of the
pipeline, to implement that a circumferential lock close insert closely seals the elastic silicone
tube to enable the bottom of the elastic silicone tube to be sealed without leakage of grout,
and then lowering the elastic silicone tube and the deformable bracket by 50 cm along the
grouting pipe,

[0012] (4) injecting the amount of silicate resin materials into the grouting pipe under
the control of a grouting device to fill the elastic silicone tube at the bottom of the borehole
conduit to implement fast expansion thereof, and to ensure deformation and expansion of the
deformable bracket with the expansion of the elastic silicone tube;

[0013] (5) injecting steel fiber reinforced grout that is stirred evenly into the grouting
pipe under the control of the grouting device to fill the elastic silicone tube at the bottom of
the borehole conduit to implement a “block stone like” structure;

[0014] (6) the console controlling the circumferential lock apparatus by means of the
pipeline, to implement that the circumferential lock close insert closely seals the elastic
silicone tube, and the grouting device stopping grouting at the same time;

[0015] (7) the console controlling a circumferential scissor apparatus located above the
circumferential lock apparatus by means of the pipeline to implement that the circumferential
scissor cuts the elastic silicone tube and the deformable bracket to complete separation of the
formed “block stone like” structure from the elastic silicone tube, thereby completing a first

“block stone like” structure;
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[0016] (8) lowering the elastic silicone tube and the deformable bracket by 10 cm along
the grouting pipe;

[0017] (9) the console controlling the circumferential lock apparatus by means of the
pipeline, to implement that the circumferential lock close insert closely seals the elastic
silicone tube;

[0018] (10) lowering the elastic silicone tube and the deformable bracket by 50cm along
the grouting pipe;

[0019] (11) repeating steps (4) to (7) to successively complete the “block stone like”
structure to complete filling the deformable karst cave finally.

[0020] Further, the deformable bracket is circular with a diameter of 40 cm after the
deformable bracket is expanded, and the material thereof is steel wire.

[0021] Further, the elastic silicone tube has an inner diameter of 25 ¢m and a thickness
of 2 cm.

[0022] Further, the filling material includes silicate resin, grout, and a small amount of
steel fibers; and the filling steps of the filling material are:

[0023] (1) dividing the silicate resin into two groups: A and B, where in group A, a
viscosity is 300 cp, and a density is 1500 g/cm3, and in group B, a viscosity is 135 ¢p, and a
density s 1200 g/cm3, and injecting groups A and B into the elastic silicone tube after being
mixed at a volume ratio of 1:1; and

[0024] (2)injecting the steel fiber and the grout into the elastic silicone tube to complete
the filling after being stirred evenly at a mass ratio of 1:10.

[0025] The elastic silicone tube is expanded after the silicate resin is filled, and the
deformable bracket is expanded at the same time, and then grout with the steel fiber is
injected to form the “block stone like” structure.

[0026] Compared with the prior art, the present invention has the following advantages:
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[0027] the present invention forms the “block stone like” structure after the filling,
which may effectively stabilize the karst cave, ensure safety construction of the tunnel and
stabilization of surrounding rocks and reduce influences of the karst cave on tunnel
construction and later operations, may reduce engineering construction costs, and may

improve an engineering construction speed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0028] FIG. 1 1s a schematic working diagram of a technology for filling a deformable
“block stone like” karst cave;

[0029] FIG. 2 is a schematic diagram of an inner longitudinal section of a conduit;

[0030] FIG. 3 is a schematic diagram of an inner cross section of a conduit;

[0031] FIG. 4 is a schematic diagram of expansion and contraction of a deformable
bracket;

[0032] FIG. S is a schematic working diagram of a lock apparatus;

[0033] FIG. 6 is a schematic diagram of a circumferential scissor apparatus of a lock
apparatus; and

[0034] FIG. 7 is a schematic diagram of a circumferential lock apparatus of a lock
apparatus.

[0035] Reference numerals are as follows:

[0036] 1. block stone like structure, 2. karst cave, 3. borehole conduit, 4. grouting
device, 5. console, 6. deformable bracket, 7. pipeline, 8. grouting pipe, 9. elastic silicone tube,
10. circumferential scissor apparatus, 11. circumferential lock apparatus, 12. circumferential

scissor, and 13. circumferential lock close insert.

DETAILED DESCRIPTION OF THE INVENTION
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[0037] The present invention is further described below with reference to specific
embodiments, and the advantages and features of the present invention will be more clear
with the description. However, the embodiments are merely exemplary and do not constitute
any limitations to the scope of the present invention. Those skilled in the art should
understand that modifications and replacements may be made to details and forms of the
technical solutions of the present invention without departing from the spirit and scope of the
present invention, and these modifications and replacements all fall within the protection
scope of the present invention.

[0038] Embodiment 1. a method for filling a deformable karst cave

[0039] As shown in FIGs. 1 to 7, the steps are as follows:

[0040] (1) penetrating a grouting pipe 8 into an elastic silicone tube 9, and then
penetrating the grouting tube and the elastic silicone tube into a deformable bracket 6 as a
whole;

[0041] (2) lowering the whole pipeline completed above into the karst cave 2 along a
borehole conduit 3;

[0042] (3) a console S controlling a circumferential lock apparatus 11 by means of a
pipeline 7, to implement that a circumferential lock close insert 13 closely seals the elastic
silicone tube 9 to enable the bottom of the elastic silicone tube 9 to be sealed without leakage
of grout, and then lowering the elastic silicone tube 9 and the deformable bracket 6 by 50 cm
along the grouting pipe 8;

[0043] (4) injecting the amount of silicate resin materials into the grouting pipe 8 under
the control of a grouting device 4 to fill the elastic silicone tube 9 at the bottom of the
borehole conduit 3 to implement fast expansion thereof, and to ensure deformation and

expansion of the deformable bracket 6 with the expansion of the elastic silicone tube 9;
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[0044] (5) injecting steel fiber reinforced grout that is stirred evenly into the grouting
pipe 8 under the control of a grouting device 4 to fill the elastic silicone tube 9 at the bottom
of the borehole conduit 3 to implement a “block stone like” structure;

[0045] (6) the console 5 controlling the circumferential lock apparatus 11 by means of
the pipeline 7, to implement that the circumferential lock close insert 13 closely seals the
elastic silicone tube 9, and the grouting device 4 stopping grouting at the same time;

[0046] (7) the console 5 controlling a circumferential scissor apparatus 10 located above
the circumferential lock apparatus 11 by means of the pipeline 7 to implement that the
circumferential scissor 12 cuts the elastic silicone tube 9 and the deformable bracket 6 to
complete separation of the formed “block stone like” structure 1 from the elastic silicone tube
9, thereby completing a first “block stone like” structure 1;

[0047] (8) lowering the elastic silicone tube 9 and the deformable bracket 6 by 10 cm
along the grouting pipe §;

[0048] (9) the console S controlling the circumferential lock apparatus 11 by means of
the pipeline 7, to implement that the circumferential lock close insert 13 closely seals the
elastic silicone tube 9;

[0049] (10) lowering the elastic silicone tube 9 and the deformable bracket 6 by 50cm
along the grouting pipe 8;

[0050] (11) repeating steps (4) to (7) to successively complete the “block stone like”
structure to complete filling the deformable karst cave finally.

[0051] Embodiment 2:

[0052] based on Embodiment 1, the deformable bracket 6 is circular with a diameter of
40 cm after the deformable bracket is expanded, and the material thereof is steel wire; the
elastic silicone tube 9 has an inner diameter of 25 cm and a thickness of 2 ¢cm; and filling

steps of the filling material are:
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[0053] (1) dividing the silicate resin into two groups: A and B, where in group A, a
viscosity is 300 cp, and a density is 1500 g/cm3, and in group B, a viscosity is 135 ¢p, and a
density is 1200 g/cm3, and injecting groups A and B into the elastic silicone tube after being
mixed at a volume ratio of 1:1; and

[0054] (2)injecting the steel fiber and the grout into the elastic silicone tube to complete

the filling after being stirred evenly at a mass ratio of 1:10.
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What is claimed is:

1. A method for filling a deformable karst cave, characterized in that steps of the filling
method are as follows:

(1) penetrating a grouting pipe into an elastic silicone tube, and then penetrating the
grouting tube and the elastic silicone tube into a deformable bracket as a whole;

(2) lowering the whole pipeline completed above into the karst cave along a borehole
conduit;

(3) a console controlling a circumferential lock apparatus by means of the pipeline, to
implement that a circumferential lock close insert closely seals the elastic silicone tube to
enable the bottom of the elastic silicone tube to be sealed without leakage of grout, and then
lowering the elastic silicone tube and the deformable bracket by S0 cm along the grouting
pipe;

(4) injecting the amount of silicate resin materials into the grouting pipe under the
control of a grouting device to fill the elastic silicone tube at the bottom of the borehole
conduit to implement fast expansion thereof, and to ensure deformation and expansion of the
deformable bracket with the expansion of the elastic silicone tube;

(5) injecting steel fiber reinforced grout that is stirred evenly into the grouting pipe under
the control of the grouting device to fill the elastic silicone tube at the bottom of the borehole
conduit to implement a “block stone like” structure;

(6) the console controlling the circumferential lock apparatus by means of the pipeline,
to implement that the circumferential lock close insert closely seals the elastic silicone tube,
and the grouting device stopping grouting at the same time;

(7) the console controlling a circumferential scissor apparatus located above the
circumferential lock apparatus by means of the pipeline to implement that the circumferential

scissor cuts the elastic silicone tube and the deformable bracket to complete separation of the
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formed “block stone like” structure from the elastic silicone tube, thereby completing a first
“block stone like” structure;

(8) lowering the elastic silicone tube and the deformable bracket by 10 cm along the
grouting pipe;

(9) the console controlling the circumferential lock apparatus by means of the pipeline,
to implement that the circumferential lock close insert closely seals the elastic silicone tube;

(10) lowering the elastic silicone tube and the deformable bracket by 50cm along the
grouting pipe;

(11) repeating steps (4) to (7) to successively complete the “block stone like” structure to
complete filling the deformable karst cave finally,

wherein the deformable bracket is circular with a diameter of 40 cm after the deformable
bracket is expanded, and the material thereof is steel wire; and the elastic silicone tube has an

inner diameter of 25 cm and a thickness of 2 ¢m.
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1. Un procédé de remplissage d'une caverne déformable, caractérisé en ce qu’il est,
ledit procédé de remplissage comporte les étapes suivantes :

(1) Ie tube d'injection est enfilé dans le tube de silicone flexible, puis intégré au
support déformable ;

(2) descente de la canalisation intégrale achevée ci-dessus dans la caverne par le
conduit du forage ;

(3) la console contréle le dispositif de verrouillage de I'anneau & travers la ligne de
conduite pour obtenir un verrouillage de 'anneau étroitement encastré pour sceller le
tube de silicone flexible, rendant le fond du tube de silicone flexible scellé sans fuite
de boue, puis le tube de silicone flexible et le support déformable sont descendus de
50 cm dans le tuyau d'injection

{4) controler la quantité de matériau a base de résine de silicate injectée dans le tuyau
d'injection par I'équipement d'injection, remplir le tube de silicone flexible a la base
du conduit de forage pour son expansion rapide et s'assurer que le support déformable
se déforme et s'étend avec 'expansion du tube de silicone flexible ;

(5) injection contrélée de boue de ciment a fibres d'acier bien mélangée a travers
I'équipement d'injection dans le tuyau d'injection pour remplir le tube de silicone
flexible a la base du conduit de forage afin d'obtenir une structure « en bloc » ;

(6) la console controle le dispositif de verrouillage de l'anneau a travers la ligne de
conduite pour obtenir un verrouillage de 'anneau étroitement encastré pour sceller le
tube de silicone flexible, tandis que I'équipement d'injection arréte 'injection ;

(7) la console commande le dispositif de ciseaux de l'anneau situé¢ au-dessus du
dispositif de verrouillage de l'anneau a travers la ligne de conduite pour réaliser le
ciseau de l'anneau afin de couper le tube de silicone flexible et le support déformable,
pour achever la séparation de la structure « en bloc » formée du tube de silicone
flexible et pour produire la premiére structure « en bloc » |

(8) descendre le tube de silicone flexible et le support déformable de 10 cm dans le
tuyau d'injection ;

(9) la console contréle le dispositif de verrouillage de 'anneau a travers la ligne de
conduite pour obtenir un verrouillage de 'anneau étroitement encastré pour sceller le
tube de silicone flexible ;

(10) descendre le tube de silicone flexible et le support déformable de 50 cm dans le
tuyau d'injection ;

(11) répéter les étapes (4) a (7) dans l'ordre pour compléter la structure « en bloc » et
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finaliser le remplissage de la caverne déformable | LU503258
dans lequel ledit support déformable est un cercle d'un diamétre de 40 cm lorsqu'il est
ouvert et est fait de fil d'acier ; ledit tube de silicone flexible a un diametre intérieur de

25 cm et une ¢paisseur de 2 cm.
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