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(54) GROUND REINFORCING METHOD

(57) A natural ground reinforcing construction meth-
od applied in excavation of for example a tunnel or cav-
ern, characterized in that a ring bit (20) having a drilling
function is provided at a tip end of a pipe (11) made of
fiber reinforced resin, a drill rod (22) having a base end
portion mounted to a rock drill (10) and having a drill bit
(22a) mounted at its tip end is stored in the pipe, the bit
is detachably mounted directly or indirectly to the pipe,
drilling is performed into natural ground in a prescribed
position at the outer periphery of the stall and/or the face
in excavation of a tunnel or the like while sequentially

supplying and connecting the pipes (11) and the drill
rods (22), as the drill bit advances, the pipe engaged
with the bit is drawn, propelled and placed into the nat-
ural ground to be laid as a reinforcing pipe in a pre-
scribed position in the natural ground, upon or after plac-
ing the pipe, the drill rod is pulled out and retracted and
then a solidifying material is injected into the surround-
ing natural ground through the pipe to reinforce the nat-
ural ground. In this way, the natural ground can be rein-
forced well without expanding the width of the tunnel
cross section.
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Description

Technical Field

[0001] The present invention relates to a natural
ground reinforcing construction method such as fore-pil-
ing and face reinforcing construction methods applied
as a natural ground pre-reinforcing construction method
at the time of excavating for example a tunnel or cavern.
The invention particularly relates to a natural ground re-
inforcing construction method applicable in poor geolog-
ical conditions.

Background Art

[0002] In conventional tunnel construction, the portal
is selectively provided in a location excluding any in-
clined surface which is unstable for its landform and ge-
ology, but in recent years, portal positions tend to be
planned regardless of the location or geology. According
to conventional methods, the section of heading is small
in a location in poor geological conditions, short fore-
poling is employed in order to improve the self support-
ability of the stall crown, and short resin bolts are used
for improving the self supportability of the stall face, so
that the ground in the location is more stabilized. How-
ever, in recent years, in such cases, a natural ground
fore-piling construction method using long fore-piling
pipes or a face reinforcing construction method by resin
bolts is often employed in advance to reinforce the nat-
ural ground ahead of the tunnel stall.
[0003] According to these natural ground fore-piling
construction method and face reinforcing construction
method, the natural ground ahead of the stall is fastened
for a long length, so that the ground can be prevented
from being loosened in advance, and the fore-piling
length is greater than the conventional short fore-poling
face reinforcing construction. The natural ground fore-
piling construction characterized in its various drilling
methods using the long fore-piling steel pipes is per-
formed, and the long face reinforcing construction is al-
so provided using resin bolts in various shapes.
[0004] The injection type long fore-piling construction
method (AGF method or tube umbrella method) is an
example of such a natural ground fore-piling construc-
tion method. According to the AGF method or the tube
umbrella method, using a drill jumbo or the like for tunnel
excavation, drilling is performed using a diameter wid-
ening drill bit attached at the tip end of a drill rod and
having a size larger than the size of a steel pipe as water
is flushed from the rock drill, steel pipes having a size
of about 3 m are sequentially supplied and connected
by the double-pipe method as the drilling work pro-
ceeds, and the steel pipes are placed for a long length.
The steel pipes placed for a prescribed length are laid
in the ground, and a solidifying material is injected into
the surrounding ground through the steel pipes, so that
the ground is more stabilized.

[0005] Fig. 11 is a schematic view showing how the
tunnel ground fore-piling construction according to the
AGF method or the tube umbrella method is performed.
According to the AGF method or the tube umbrella
method, a steel pipe 1 is placed from the inside (the low-
er side in Fig. 11) of a steel tunnel support 2 at the tunnel
stall F using a drill jumbo or the like which is not shown.
The steel pipe 1 is placed at an angle of elevation T of
about 5° so that the steel pipe 1 is positioned at a min-
imum distance from the back of steel tunnel supports 2
to be built ahead of the stall. In order to secure the plac-
ing angle, a width-expanded section S about as large
as 6 m for the guide shell length of the drill jumbo is
provided, and using the lower end of the steel tunnel
support 2 already built in the immediate vicinity of the
stall F as a ruler, the steel pipes 1 are sequentially
placed for the entire length at prescribed intervals.
[0006] Among the AGF methods or the tube umbrella
methods, there is the AGF-P method according to which
a resin pipe (vinyl chloride pipe) is laid as the pipe at the
terminal end of the steel pipes. Fig. 12 is a schematic
view showing how the tunnel ground fore-piling con-
struction according to the AGF-P method is provided.
Also according to the AGF-P method, using the drill jum-
bo or the like which is not shown, the steel pipe 1 is
placed as it is pressed from the inside of the steel tunnel
support 2 already built in the immediate vicinity of the
tunnel stall F. The steel pipe 1 is provided at the back of
the steel tunnel supports 2 to be build ahead of the stall,
a resin pipe (vinyl chloride pipe) is laid as the pipe at the
terminal end of the steel pipes 1, the resin pipe is pro-
visionally buried in a position hindering the steel tunnel
support 2 from being built in the tunnel excavation such
as the range within three tunnel supports (three tunnel
supports 2a, 2b, and 2c) ahead of the stall at an angle
of elevation T of about 10° on the condition that it is to
be removed at the time of building the tunnel supports.
According to the method, the steel pipes are placed at
prescribed intervals using the lower end of the steel tun-
nel support in the immediate vicinity of the stall F as a
ruler without providing a width-expanded section in the
tunnel cross section and steel pipes are used for the en-
tire length except for the pipe at the terminal end.
[0007] Meanwhile, as an example of long face rein-
forcing construction, when the geological conditions are
poor, the walls of drilled bolt inserting holes are not self
supporting, and therefore self-boring resin bolts are in-
serted or long hollow resin bolts are sequentially insert-
ed as drilling is performed by a double pipe method with
a dedicated machine (boring machine). The face rein-
forcing construction is necessarily performed using
short resin bolts. The bolts used for the face reinforcing
construction is glassfiber reinforced resin bolts having
a diameter from 22 mm to 32 mm, and when the walls
are self supporting by long-size construction for 8 m or
more, couplers are used for connection. Therefore, the
drilled holes often have a diameter about as large as 75
mm.
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[0008] Fig. 13 is a schematic view showing how face
reinforcing construction is performed using a dedicated
machine (boring machine), and using the dedicated ma-
chine 5, long hollow resin bolts 6 are sequentially insert-
ed by the double pipe drilling. The outer pipe casing is
retracted after the entire length of the long hollow resin
bolt 6 is inserted. The inserted long hollow resin bolts 6
are laid in the natural ground, and a solidifying material
is injected into the surrounding ground through the hol-
low resin bolts 6 in the holes H to be fixed according to
this method.
[0009] According to the above described injection
type fore-piling method (AGF method or tube umbrella
method), the steel pipe is placed at an angle of elevation
of about 5° so that the pipe is positioned at a minimum
distance from the back of the steel tunnel support ahead
of the tunnel stall using the drill jumbo or the like. In order
to secure the minimum placing angle, a cross section
width expanded section about as large as 6 m for the
guide shell length of the drill jumbo should be provided.
This increases extra excavation and the amount of the
material such as concrete for the expanded width of the
tunnel cross section, and the workload such as tunnel
excavation increases. More specifically, a space larger
than the size of the cross section as exactly necessary
is excavated and provided with tunnel supports and lin-
ing, which is considerably wasteful.
[0010] According to the tunnel natural ground fore-pil-
ing construction by the AGF-P method( one of the tube
umbrella methods), a plurality of steel pipes are placed
as they are pressed at prescribed intervals along the
outer periphery of the tunnel cross section ahead of the
tunnel stall without providing the width expanded sec-
tion in the tunnel cross section, while drilling with a di-
ameter widening drill bit mounted at the tip end of the
drill rod. At the time, the pipe at the terminal end is a
resin pipe (vinyl chloride pipe) and should be placed at
the angle of elevation of about 10° to be within the range
of about three supports ahead of the stall, on the condi-
tion that it is to be later removed. Therefore, the distance
D between the steel tunnel supports and the steel pipe
in the overlapping section (the section W shown in Fig.
12) is large, the ground under the steel pipe at the part
may be unfastened depending upon the circumstances
of the ground, and the resin pipe (vinyl chloride pipe) at
the terminal end cannot be strong enough to hold, or the
degree of ground improvement could adversely be af-
fected. In this case, separate fore-piling reinforcement
should be necessary, which increases the amount of the
reinforcing material and the workload.
[0011] In the face reinforcing construction in worse
geological conditions, the walls of the drilled bolt inser-
tion holes are not self supporting, and therefore a ded-
icated machine (boring machine) is necessary. Using
the machine, a plurality of long hollow resin bolts are
sequentially inserted into the casings by the double pipe
drilling, and then the casing pipes are sequentially
pulled out. The process has a problem of increasing the

construction cost and period. If the geological conditions
are poor, and spring water in the ground should be re-
duced at the tunnel stall, the casings are sequentially
supplied and connected by the double pipe drilling using
a dedicated machine, strainer pipes should be inserted
into the long casings, and the casing pipes must be se-
quentially pulled out. This process has a problem of in-
creasing the construction cost and period.
[0012] The present invention is directed to a solution
to the above described disadvantages associated with
the conventional technique, and provides an efficient
natural ground reinforcing construction method which
always allows stable tunnel excavation to proceed with-
out expanding the tunnel cross section at the time of per-
forming long fore-piling construction at the minimum dis-
tances between the pipes and tunnel supports for rein-
forcing the natural ground, and without a dedicated ma-
chine in the face reinforcing construction method.
[0013] The present invention also provides a natural
ground reinforcing construction method according to
which the process of double pipe drilling using the cas-
ings and pulling out the casings with the dedicated ma-
chine is not necessary because spring water is reduced
in the natural ground at the tunnel stall or the like, and
the level of the ground water can readily and stably be
lowered.

Disclosure of the Invention

[0014] The natural ground reinforcing construction
method according to the present invention is directed to
a solution to the above-described disadvantages and
has the following features. More specifically, according
to the present invention, a ring bit having a drilling func-
tion is provided at a tip end of a pipe made of fiber rein-
forced resin, a drill rod having a base end portion mount-
ed to a rock drill and having a drill bit mounted at its tip
end is stored in the pipe, the bit is detachably mounted
directly or indirectly to the pipe, drilling is performed into
natural ground in a prescribed position at the outer pe-
riphery of the stall and/or the face in excavation of a tun-
nel or the like while sequentially supplying and connect-
ing said pipes and drill rods, the pipe engaged with the
bit is drawn, propelled and placed into the natural
ground as the drill bit advances, the pipes are laid as a
reinforcing pipe in a prescribed position in the natural
ground, upon or after placing said pipe, the drill rod in
the pipe is pulled out and retracted and then a solidifying
material is injected into the surrounding natural ground
through the pipe to reinforce the natural ground.

Brief Description of the Drawings

[0015]

Fig. 1 is a schematic longitudinal sectional view
showing a fore-piling reinforcing construction meth-
od using a high-strength glassfiber reinforced resin
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pipe according to a first embodiment of the present
invention;
Fig. 2 is a transverse sectional view showing fore-
piling reinforcing at the tunnel stall shown in Fig. 1;
Fig. 3 is an overview showing a high-strength glass-
fiber reinforced resin pipe and a drill machine ac-
cording to one embodiment; Fig. 4 is a partially sec-
tional view showing an example of the connection
portion of a high-strength glassfiber reinforced resin
pipe and a coupler; Fig. 5 is a schematic longitudinal
sectional view showing an example of a face rein-
forcing construction method using a high-strength
glassfiber reinforced resin pipe; Fig. 6 is a trans-
verse sectional view showing how the face of the
tunnel stall shown in Fig. 5 is reinforced; Fig. 7 is a
transverse sectional view showing a valve injection
method; Fig. 8 is a transverse sectional view show-
ing a swivel injection method; Fig. 9 is a longitudinal
sectional view showing how spring water at the stall
in the top section of the tunnel is reduced; Fig. 10
is a transverse sectional view showing how spring
water at the stall in the top section is reduced; Fig.
11 is a schematic view showing an example of a
steel pipe fore-piling construction method accord-
ing to a conventional AGF method; Fig. 12 is a sche-
matic view showing an example of a steel pipe fore-
piling construction method according to a conven-
tional AGF-P method; and Fig. 13 is a schematic
view showing an example of a conventional face re-
inforcing construction method using a dedicated
machine.

Best Mode for Carrying Out the Invention

[0016] The natural ground reinforcing construction
method according to an embodiment of the present in-
vention shown in the drawings will now be detailed.
[0017] Fig. 1 is a schematic view showing how the top
section of a tunnel is subjected to fore-piling reinforcing
construction by the fore-piling reinforcing construction
method according to a first embodiment of the natural
ground reinforcing construction method according to the
present invention, and there is a drill jumbo 10 provided
in the vicinity of the tunnel stall in the hanging wall of the
tunnel. The tip end of the guide shell 10a of the drill jum-
bo 10 is set at the lower end of a steel tunnel support
12 built in the immediate vicinity of the stall face 15 after
the excavation.
[0018] According to the embodiment, the excavated
wall surface between the face 15 in the direction of the
longitudinal section of the tunnel and steel tunnel sup-
port (H-2003200) 12a in the immediate vicinity is lined
with primary shotcrete (t=50 mm) 13, and then second-
ary shotcrete (t=200 mm) 14 is also provided in a pre-
scribed lining thickness further at the back between the
steel tunnel supports 12 already built at a pitch of 1 m.
The stall face 15 is provided with shotcrete (t=100 mm)
16, and the face 15 is provided with a hole (not shown)

drilled in advance and having a diameter of about 120
mm and a depth of about 300 mm in the ground in a
prescribed position (see Fig. 2) at the lower end of the
steel tunnel support 12a positioned along the outer pe-
riphery of the stall.
[0019] Note that the hole dilled in advance is used to
provide a leakage preventing gap larger than the steel
pipe at the mouth portion surrounding the steel pipe
where a solidifying material could be leaked to seal
against the leakage, when the solidifying material is in-
jected into the ground surrounding the pipe through a
reinforcing pipe placed as will be described.
[0020] The guide shell 10a shown in Fig. 1 is attached
with a reinforcing pipe 11 made of fiber reinforced resin
(FRP), particularly glassfiber reinforced resin (GFRP)
according to the embodiment. At the tip end of the rein-
forcing pipe 11, a ring bit (not shown) having a diameter
larger than the size of the reinforcing pipe 11 and a drill-
ing function is attached, while the drill rod having the
function of transmitting the striking force and pivoting
force to the ring bit, and a function of drilling aid, is
placed in the reinforcing pipe 11 and coupled to the rock
drill, which will later be described.
[0021] The guide shell 10a is set at such an angle of
elevation (from 3° to 6°, preferably about 5°) that the
reinforcing pipe 11 passes on the fourth steel tunnel sup-
port ahead of the stall counting from the one at the lead-
ing drilling position of the stall face 15. In the ground
ahead of the stall where the tip end of the guide shell
10a is set, a series of four coupled reinforcing pipes 11
are placed. According to the embodiment, a plurality of
reinforcing pipes 11 each as long as 3 m are coupled,
and the reinforcing pipe is made of glassfiber reinforced
resin for the entire length. In the ground around the re-
inforcing pipes 11 already placed, an improved zone is
formed by injecting a solidifying material for the entire
length, and a natural ground reinforcing effect as a result
of fore-piling construction can be expected. The natural
ground injection will later be detailed.
[0022] Fig. 3 is a view for use in illustration of how
drilling with the reinforcing pipe 11 made of the glassfib-
er reinforced resin is propelled to carry out the method
according to the invention. According to the embodi-
ment, the reinforcing pipe 11 having an outer diameter
of 70 mm, an inner diameter of 60 mm, and a length of
3 m is used. A ring bit 20 having a drilling function is
attached through a casing shoe 21 to the tip end of the
reinforcing pipe 11 at the head, while a drill rod 22 having
a drilling aiding function is stored in the reinforcing pipe
11 as it has a bit 22a mounted at the tip end protruded
from the ring bit 20 toward the front side.
[0023] The bit 22a of the drill rod 22 is detachably en-
gaged with the ring bit 20 and the casing shoe 21, while
the base end side of the drill rod 22 is connected to the
shank rod 23a of the rock drill 23 by a shank sleeve 24.
Thus, when the drilling work is performed, the striking
force and rotating force from the rock drill 23 are trans-
mitted to the bit 22a and the ring bit 20 through the drill
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rod 22, and the drilling is performed by the drill rod 22
sliding on the guide shell 10a integrally with the rock drill
in association of the feeding operation of the rock drill
23. As the drilling work proceeds, the bit 22a draws the
reinforcing pipes 11 engaged therewith through the ring
bit 20 and the casing shoe 21 and thus the reinforcing
pipe 11 is propelled and placed. Note that the above bit
22a may directly draw the reinforcing pipes.
[0024] During the above drilling work, the ring bit 20
drills a hole having a larger size than the outer diameter
of the reinforcing pipe 11, and the reinforcing pipe 11 is
therefore smoothly drawn. As a result, despite its inferi-
ority in terms of rigidity to a steel pipe and its long length,
the reinforcing pipe 11 made of fiber reinforced resin can
readily be placed at a prescribed angle of elevation
(which is smaller than that according to the conventional
AGF method or tube umbrella method) in a prescribed
position in the ground by the drawing operation of the
bit 22a positioned at the head of the hole and by the
function of the leading ring bit 20 to ream the diameter.
[0025] Therefore, when the tunnel supports 12 are se-
quentially built in the process of excavating the tunnel
to the position of a new face 15' denoted by the broken
line in Fig. 1, the supports can built at the minimum dis-
tance without expanding the width of the cross section
unlike the conventional technique, so that the tunnel ex-
cavation can be stable. The reinforcing pipes 11 thus
placed are made of fiber reinforced resin for the entire
length, and therefore the part impeding the supports
from being built can readily be cut and removed as re-
quired as the drilling work proceeds.
[0026] Note that after the reinforcing pipes 11 are
placed, the bit 22a can be reversely rotated, so that the
engagement between the ring bit 20 and the casing
shoe 21 is released, the drill rod 22 is detached from
them, and the drill rod 22 including the above bit 22a is
pulled out and retracted from the reinforcing pipes 11.
The space created in the reinforcing pipes 11 after the
drill rod 22 is pulled out is used as an injection path for
a solidifying material.
[0027] Fig. 4 shows an example of how the reinforcing
pipes 11 for carrying out the method are connected. Ac-
cording to the first embodiment, the headmost pipe, the
following intermediate pipes, and the terminal pipe are
glassfiber reinforced resin pipes having an outer diam-
eter of 70 mm, an inner diameter of 60 mm, and a length
of 3 m. There is a connection portion 11a provided with
a cutting thread having a V-shaped cross section to min-
imize cross section defects at both ends, a connection
coupler 25 is made of aluminum and provided with a V-
shaped raised cutting thread, and a resin-based adhe-
sive is applied at the time of connection to improve the
strength of the connection portion. A plurality of drill rods
22 and reinforcing pipes 11 of glassfiber reinforced resin
are sequentially connected, propelled and placed for the
entire length simultaneously with the drilling work, so
that the reinforcing pipes of high-strength glassfiber re-
inforced resin can be laid for the entire length.

[0028] Figs. 5 and 6 are schematic views showing
how face reinforcing construction is performed at the top
section of the tunnel in a face reinforcing construction
method according to a second embodiment of the nat-
ural ground reinforcing construction method according
to the present invention. As shown Fig. 5, there is a drill
jumbo 10 in the vicinity of the stall in the hanging wall of
the tunnel. The tip end of the guide shell 10a of the drill
jumbo 10 is set at the stall face 15 after the tunnel ex-
cavation. According to the embodiment, the face 15 in
the direction of the longitudinal section of the tunnel is
provided with shotcrete (t=100 mm) 16 and there is a
hole (not shown) drilled in advance having a diameter
of about 120 mm and a depth of about 300 mm in the
ground in a prescribed position at the face.
[0029] The guide shell 10a shown in Fig. 5 is attached
with the reinforcing pipe 11 made of glassfiber rein-
forced resin mounted with a ring bit (not shown) having
a drilling function at the tip end similarly to the first em-
bodiment shown in Fig. 1 described above, and a drill
rod having a function of transmitting the rotating force
and the striking force to the ring bit and aiding the drilling
is attached to the rock drill. The guide shell 10a is pro-
vided at such an angle of elevation that slime is not kept
from being let out at the time of drilling from the leading
drilling position of the stall face into the natural ground
ahead of the stall. In the natural ground ahead of the
stall where the tip end of the guide shell 10a is set, a
series of four connected reinforcing pipes are already
placed.
[0030] Also according to the embodiment, a plurality
of reinforcing pipes each as long as 3 m are coupled,
and the reinforcing pipe is made of glassfiber reinforced
resin for the entire length. In the ground around the re-
inforcing pipes 11 already placed, an anchorage zone
is formed by injecting a solidifying material for the entire
length, and a natural ground reinforcing effect as a result
of the face reinforcing construction can be expected.
The natural ground injection will later be detailed.
[0031] The method of propelling/drilling with the rein-
forcing pipes 11 and the method of connecting the rein-
forcing pipes 11 are the same as the case of the fore-
piling natural ground reinforcing construction method
according to the first embodiment shown in Figs. 1 to 4,
and the methods are not detailed.
[0032] The reinforcing pipes 11 according to the first
and second embodiments described above are subject-
ed to the same injection process. As an example of the
injection method at the tunnel stall position according to
the present invention, a subsequent injection, valve in-
jection method and a prior injection, swivel injection
method will be described.
[0033] Fig. 7 shows an example of the valve injection
method and the gap (mouth portion) between the rear
end portion of the terminal one of the reinforcing pipes
11 laid for the entire length described above and the
leading drilling portion described above is sealed with
waste cloth 28 or the like impregnated with a urethane-
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based chemical agent, so that a solidifying material can
be prevented from leaking.
[0034] The solidifying agent is injected using the re-
inforcing pipes 11 laid for the entire length described
above as the injection pipe. The reinforcing pipes 11 are
therefore provided with strainer holes 11c at prescribed
intervals as shown in Fig. 4 (b). At the rear end of the
terminal one of the reinforcing pipes 11, an injection
valve 29 is attached as shown in Fig. 7, and the solidi-
fying material is introduced into the reinforcing pipes 11
through the injection valve 29 described above from an
injection hose 31 connected to an injection device 30.
The solidifying material introduced into the reinforcing
pipes 11 is sequentially discharged from the strainer
holes 11c of the reinforcing pipes 11, injected into the
natural ground and solidified, so that the reinforcing
pipes 11 and the surrounding ground are integrally re-
inforced.
[0035] Meanwhile, Fig. 8 shows an example of the
swivel type injection method, and the reinforcing pipes
11 are attached with the ring bit 20 described above hav-
ing the drilling function at the tip end. A plurality of rods
22 and the reinforcing pipes 11 are sequentially con-
nected for the entire length, propelled and placed as the
drilling work proceeds. In the case of the valve injection,
the drilling work is performed as water or air is flushed
from the rock drill through the drill rods 22 having a drill-
ing aiding function.
[0036] In contrast, when the injection is performed by
the swivel type method as shown in Fig. 8, a cement-
based injection material is flushed through a swivel 33
provided in front of the rock drill during the drilling work,
the wall surrounding the reinforcing pipes during the
drilling work is stabilized for reinforcing the natural
ground, and the reinforcing pipes 11 are laid for the en-
tire length. Then, the gap (mouth portion) between the
rear end of the terminal one of the reinforcing pipes 11
and the leading drilling portion described above is
sealed by waste cloth 28 impregnated with a urethane-
based chemical agent similarly to the case as shown in
Fig. 7, so that the solidifying material can be prevented
from leaking, and the solidifying material is injected. For
injecting the solidifying material, the reinforcing pipes 11
laid for the entire length described above are used as
the injection pipe.
[0037] The injection valve is attached at the rear end
of the terminal one of the reinforcing pipes 11, and the
injection material is passed through the injection valve
from the injection hose set at the injection device (not
shown), discharged from the strainer holes 11c of the
reinforcing pipes 11, injected into the ground and solid-
ified, so that the reinforcing pipes 11 and the surround-
ing ground are integrally reinforced.
[0038] Figs. 9 and 10 are schematic views showing
how spring water at the stall in the top section of the
tunnel is removed according to a stall spring water re-
moval reinforcing construction method according to a
third embodiment of the natural ground reinforcing con-

struction method according to the present invention. As
shown in Fig. 9, there is a drill jumbo 10 provided in the
vicinity of the stall at the hanging wall of the tunnel. The
tip end of the guide shell 10a of the drill jumbo 10 is set
at the stall face after the tunnel excavation.
[0039] According to the third embodiment, the face 15
in the direction of the longitudinal section of the tunnel
is provided with shotcrete (t=100 mm) 16, the guide shell
10a shown in Fig. 9 is attached with a ring bit 20 having
a drilling function at its tip end, strainer pipes 51 of vinyl
chloride perforated with small holes (strainer holes) on
the circumferential wall are mounted at prescribed inter-
vals, and a drill rod 22 transmitting the rotating force and
the striking force at the same time to the ring bit and
aiding drilling has its base end portion side mounted at
the rock drill 23 as its tip end bit 22a is protruded from
the ring bit 20. The guide shell 10a is provided at such
an angle of elevation that slime is not kept from being
let out at the time of the drilling from the position of the
stall face into the ground ahead of the stall. In the natural
ground ahead of the stall where the tip end of the guide
shell 10a is set, a series of five connected vinyl chloride
pipes are already placed as the strainer pipe 51.
[0040] According to the third embodiment, each vinyl
chloride pipe for a strainer pipe 51 is as long as 3 m and
made of vinyl chloride for the entire length. Spring water
from the surrounding natural ground is taken from the
strainer holes of the already placed strainer pipe 51, and
an effect as a result of the stall spring water removal can
be expected.
[0041] The way of propelling and drilling with the
strainer pipe for carrying out the method is substantially
the same as that shown in Fig. 3. According to the third
embodiment, the strainer pipe is of an HI-VP vinyl chlo-
ride pipe (outer diameter: 76 mm, inner diameter: 65
mm, length: 3 m). At the tip end of the strainer pipe, the
ring bit 20 having a drilling function and the casing shoe
21 are attached similarly to the above Fig. 3, while a drill
rod 22 having a drilling aiding function is connected to
the shank rod 23a of the rock drill 23 by a shank sleeve
24, and stored in the strainer pipe 51 described above.
[0042] The ring bit 20 is mainly transmitted with the
striking force and the rotating force from the rock drill
through the rod 22, and the bit slides on the guide shell
integrally with the rock drill in association with the feed-
ing operation of the rock drill, so that the bit 22a and the
ring bit 20 drill, and the bit 22a engaged with the strainer
pipe 51 through the ring bit 20 and the casing shoe 21
draws the strainer pipe 51 as propelling and drilling work
proceeds.
[0043] The way of connecting the strainer pipe 51 of
vinyl chloride or the like for carrying out the method is
substantially the same as that of the case of the glass-
fiber reinforced resin pipe shown in Fig. 4. According to
the third embodiment, the headmost pipe, the following
intermediate pipes, and the terminal pipe are all made
of a vinyl chloride, HI-VP pipe (outer diameter: 76 mm,
inner diameter: 65 mm, length: 3 m), and provided with
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a connection portion with a cutting thread having a V
shaped cross section to minimize cross section defects
at both ends. A connection coupler is made of aluminum
and provided with a V-shaped raised cutting thread, and
a resin-based adhesive is applied at the time of connec-
tion to improve the strength of the connection portion. A
plurality of rods and strainer pipes of resin (vinyl chlo-
ride) pipes are connected, and the entire length can be
drawn and propelled as the drilling work proceeds, so
that they can be laid for the entire length.

Industrial Applicability

[0044] As in the foregoing, according to the present
invention, a plurality of pipes such as high-strength
glassfiber reinforced resin pipes which can be cut are
laid in the ground as a reinforcing pipe for long fore-pil-
ing for the entire length without using a dedicated ma-
chine and a solidifying material can be injected for the
entire length into the ground surrounding the pipes
through the reinforcing pipe. As a result, the placement
angle of the reinforcing pipe can be restricted to a small
value, the size of the tunnel cross section is not expand-
ed, while the long fore-piling reinforcing construction
can be provided as the distance between the reinforcing
pipe and the tunnel supports is minimized. Since the
fore-piling reinforcing pipe in the excavation range dur-
ing the excavation of the tunnel can be cut, steel tunnel
supports can readily be built in the same cross section.
Therefore, the period and cost for an auxiliary construc-
tion method of the reinforcing construction method can
be reduced, and the work efficiency can be improved.
[0045] In the face reinforcing construction, a plurality
of pipes such as high-strength glassfiber reinforced res-
in pipes which can be cut are laid in the ground as a
reinforcing pipe for reinforcing the face for the entire
length without using a dedicated machine, and a solid-
ifying material can be injected for the entire length into
the natural ground surrounding the pipes through the re-
inforcing pipe. As a result, it is not necessary to pull out
the casing pipes by the double pipe drilling using the
dedicated machine at the time of the face reinforcement
as is with the conventional case. This allows the method
to be easily and stably performed, the work efficiency to
be improved and the construction period and cost to be
reduced.
[0046] For the face reinforcing construction in worse
geological conditions, a plurality of pipes such as vinyl
chloride pipes which can be cut are laid in holes as a
strainer pipe for the entire length, and spring water from
the natural ground surrounding the pipes can be re-
duced through the strainer pipe. Therefore, the ground
water level can be lowered and reinforcement can be
performed readily and stably without taking time to pull
out casing pipes by the double pipe drilling using the
dedicated machine.

Claims

1. A natural ground reinforcing construction method
characterized in that a ring bit having a drilling
function is provided at a tip end of a pipe made of
fiber reinforced resin, a drill rod having a base end
portion mounted to a rock drill and having a drill bit
mounted at its tip end is stored in the pipe, said bit
being detachably mounted directly or indirectly to
the pipe, drilling is performed into natural ground in
a prescribed position at the outer periphery of the
stall and/or the face in excavation of a tunnel or the
like while sequentially supplying and connecting the
pipes and drill rods, the pipe engaged with the bit
being drawn, propelled and placed into the natural
ground as the drill bit advances, the pipes are laid
as a reinforcing pipe in a prescribed position in the
natural ground, upon or after placing the pipe, the
drill rod is pulled out and retracted and then a solid-
ifying material is injected into the surrounding nat-
ural ground through the pipe to reinforce the natural
ground.

2. The natural ground reinforcing construction method
according to claim 1, wherein a tunnel is excavated
forward into said reinforced natural ground, said re-
inforcing pipe exposed into the tunnel space formed
at the time is sequentially cut away, as a tunnel sup-
port is built along the inner surface of the tunnel,
said pipe is propelled and placed into the natural
ground as said pipe is directed to the front side at
a prescribed angle to the excavation advancing di-
rection from the tunnel space on the inner side than
the tunnel supports already built.

3. The natural ground reinforcing construction method
according to claim 1, wherein said pipe is propelled
and placed into the natural ground from the face to-
ward the front side in the excavation advancing di-
rection of the tunnel, and the placed reinforcing pipe
including a plurality of pipes is sequentially cut away
and removed entirely as the excavation proceeds.

4. The natural ground reinforcing construction method
according to claim 1 characterized in that said
pipe is made of resin and reinforcing fiber, the resin
is non-saturated polyester, epoxy, vinyl ester or the
like, and the reinforcing fiber is glassfiber or carbon
fiber or aramid fiber or the like.

5. The natural ground reinforcing construction method
according to claim 1 characterized in that said re-
inforcing pipe is attached with a ring bit having a
drilling function at its tip end and includes a plurality
of pipes threaded at both ends and connectable
with one another, an adhesive is applied to the
threaded parts at the time of connection and then a
coupler is used for connection.
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6. The natural ground reinforcing construction method
according to claim 1 characterized in that said re-
inforcing pipe is made of a pipe having an outlet hole
for an injection material and has an inner diameter
in the range from 60 mm to 120 mm, and a length
in the range from 1 m to 12 m.

7. The natural ground reinforcing construction method
according to claim 1 characterized in that when
said reinforcing pipe is propelled, the base end por-
tion of said drill rod is mounted to said rock drill
through a swivel capable of supplying an injection
material, a cement-based injection material is
flushed through the swivel to reinforce the natural
ground surrounding the reinforcing pipe, and said
reinforcing pipe is laid in a prescribed position in the
natural ground.

8. A natural ground reinforcing construction method
characterized in that a ring bit having a drilling
function is provided at a tip end of a strainer pipe
provided with a plurality of holes on the circumfer-
ential wall, a drill rod having a base end portion
mounted to a rock drill and having a drill bit mounted
at its tip end is stored in the strainer pipe, said bit
being detachably mounted directly or indirectly to
the strainer pipe, the natural ground is drilled in a
prescribed position at the outer periphery of the stall
and/or the face in excavation of a tunnel or the like
while sequentially supplying and connecting the
strainer pipes and drill rods, the strainer pipe en-
gaged with the bit is drawn, propelled, and placed
to be laid in a prescribed position in the natural
ground as the drill bit advances, upon or after plac-
ing the pipe, the drill rod is pulled out and retracted
and then spring water in the natural ground is let out
through the strainer pipe.
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