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DESCRIPTION

Title of Invention
CONSTRUCTION METHOD FOR LARGE UNDERGROUND SPACE ANDUTER
SHELL SHIELD LUNCHING BASE

Technical Field

[0001]

The present invention relates to a constructiothatefor the large underground
space and outer shell Shield lunching base.

Priority is claimed on Japanese Patent Application2016-051383, filed on

March 15, 2016, the content of which is incorpaddterein by reference.

Background Art

[0002]

In the related art, in a large cross-section toadel, a large underground space
is built in a tunnel branch confluence part of amshield tunnel and a ramp shield
tunnel which are formed from a permanent shielc@in As a large underground space
constructing method, for example, as disclosedhileft Document 1, the following
method is known. When construction work is careetifor an underground cavity so
as to form the large underground space by excaygtiound, the construction work is
carried out in an outer section at a planned exeawvaoint of the underground cavity, in
a state where a plurality of roof shield tunneks amranged in advance with a
predetermined interval. In this manner, a shietaf pre-supporting system is built so
that the planned excavated point is surroundedhéydof shield tunnels.

[0003]
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In addition, Patent Document 1 discloses the ¥alg construction method.

When the underground space is constructed, a pyucdlouter shell shield tunnels are

constructed in the outer section of the plannedeated point of the underground space,

thereby building the shield roof pre-supportingtegs so as to surround the planned
excavated point. According to the constructionhrodf in the plurality of outer shell
shield tunnels, an outer shell shield machinestartarry out underground work by
using a launching base under the ground instatiedlvance along an outer
circumference of a previously installed tunnel.

Then, it is disclosed in Patent Document 2 that@mference shield tunnel is
used as the launching base under the ground obules shell shield machine. In
Patent Document 2, construction work is carriedfout circumference shield tunnel
having a rectangular section extending along aimferential direction, in which a

direction parallel to a tunnel central axis of greviously installed tunnel serves as a

central axis of the circumference shield tunnelhe Tircumference shield tunnel is used

as the launching base under the ground.

Citation List
Patent Literature
[0004]
[Patent Document 1] Japanese Patent No. 4958035
[Patent Document 2] Japanese Unexamined PatglicApon, First

Publication No. 2014-43738

Summary of Invention

Technical Problem
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However, according to the large underground spaaostructing method in the
related art, problems arise as follows.

That is, in the launching base under the groundtfrting the outer shell shield
machine, it is difficult to cause a shield excavdtaving a rectangular section to carry
out boring work for the launching base under thamugd in a circumferential direction.
Consequently, there is a possibility of increasiosgt.

In addition, the constructed launching base uttteground has the rectangular
cross section. Consequently, the launching baderuhe ground is structurally
unstable against an external force applied by ematier pressure received from a
surrounding area thereof. In this regard, thereasn for improvement.

[0006]

Incidentally, in a case where the plurality ofenghell shield tunnels are
constructed by starting the outer shell shield rirecfrom the previously installed ramp
shield tunnel before a main shield machine passesder to excavate the main shield
tunnel (before the main shield tunnel is complet&d$ necessary to construct a large
diameter ring-shaped launching base for outer sh&ld for integrally surrounding both
the uncompleted main shield tunnel and the preWdastalled ramp shield tunnel.

As described above, Patent Document 2 above dislive following method.
In order to construct the plurality of outer shaleld tunnels earlier around the outer
section of the tunnel branch confluence part ofrtfael tunnel, from a circumference
shield starting base obtained by partially cuttimgl widening the main shield tunnel, a
circumference shield machine starts to carry ootieation work in a circumferential
direction along an outer circumferential surfacéhef main shield tunnel, thereby

constructing the ring-shaped launching base foerashell shield. Therefore, if there is
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no change, the method disclosed in Patent Docuinisness likely to be applied to the
method of constructing the outer shell shield tlifroen the above-described ramp
shield tunnel.

[0007]

In addition, the starting base requires a depthdertain degree. Thus, from a
viewpoint of effectively using the space, as thgdadiameter ring-shaped launching
base for outer shell shield, it is desirable tovmte the launching base for outer shell
shield with the rectangular cross section. Howethes rectangular shield is structurally
unstable against the external force applied bye#réh-water pressure received from the
surrounding area, thereby causing a problem oicditfconstruction work. The
construction work for a circular section shiele&sily carried out, and is structurally
stable. However, in a case where the construetmk is carried out for the circular
shield having a required diameter, an unnecesdarihye space is left above and below
the outer shell shield machine.

Furthermore, when the large diameter ring-shapeddhing base for outer shell
shield is constructed using the circumference dhigchine, it is necessary to construct
the circumference shield starting base so as tbte&circumference shield machine.
However, the circumference shield starting basess likely to be constructed from a
ground level since the required construction sitimited. Even if the construction can
be carried out from the ground level, it is necessaexcavate a very deep pit from the
ground level, thereby causing a possibility thattbnstruction work may increase to a
large scale. Therefore, in a case where the shdl shield tunnel is constructed from
the ramp shield tunnel, it has been required teiroat the circumference shield starting
base having a reasonable and compact structurdwait be constructed using a

non-open cut method.
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The present invention is made in view of the abdescribed circumstances,
and an object thereof is to provide a large unaengd space constructing method and a
launching base for outer shell shield, which cappsesss an increase in scale, and which
enables a contractor to construct a low cost, stralty stable, compact, and reasonable

structure for a launching base under the ground.

Solution to Problem

[0009]

In order to achieve the object by solving the adescribed problems, the
present invention adopts the following aspects.

(1) According to an aspect of the present inventibere is provided a large
underground space constructing method in which vereenlarged tunnel part forming a
tunnel branch confluence part of two permanentdhisnels is constructed by
excavating ground, construction work is carriediawn outer section at a planned
excavated point of the enlarged tunnel part iratesivhere a plurality of outer shell
shield tunnels are arranged in advance in a tuir@lmferential direction so as to build
an outer shell lining body for surrounding the plad excavated point with the outer
shell shield tunnels, and so as to excavate am sawion of the outer shell lining body.
The construction method includes a constructiogse of simultaneously constructing
a plurality of circular section circumference stiginnels with an interval therebetween,
along a circumferential direction in which a diieatparallel to a tunnel axial direction
of any one of the permanent shield tunnels sersescentral axis of the circumference
shield tunnel, around the two permanent shieldeismym construction process of

constructing a plurality of adit tunnels for contieg the adjacent circumference shield



10

15

20

25

6

tunnels to each other along the circumferentia@alion with the interval therebetween,
and a construction process of boring the pluraltguter shell shield tunnels by using
the plurality of circumference shield tunnels ané plurality of adit tunnels as a
launching base under the ground.

[0010]

In this case, when the outer shell lining bodigugt by the plurality of outer
shell shield tunnels, a portion formed by connegthe plurality of circular section
circumference shield tunnels extending along theuanferential direction to each other
using the plurality of adit tunnels can be usethadaunching base under the ground of
the outer shell shield tunnel. The circumfererigeld tunnel can be bored along the
circumferential direction by a general circulartset shield excavator. In addition, a
required space can be secured as the startingob#tse outer shell shield tunnel by
excavating and connecting the circumference shigldels to each other in the
horizontal direction. Therefore, compared to a&aafsusing the rectangular section
shield excavator in the related art, the constoncivork is simply carried out, and thus, it
is possible to achieve a reduced cost.

In addition, in this case, the circumference shighnel has a circular section
which is structurally stable, and is structuralhdadvantageously resistant against the
earth-water pressure of the ground. For examplapared to the rectangular section,
the thickness of segments can be minimized, arg] the cost can be reduced.

[0011]

(2) The large underground space constructing ndegicoording to (1) described
above may further include a construction procedsrmofiing a ground improvement zone
around a portion of any one permanent shield tubneeleen the two permanent shield

tunnels, and a construction process of buildirgua¢hing shaft for shields
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circumferential shield for starting work of theaimference shield tunnel in the ground
improvement zone.

[0012]

In this case, the launching shaft for shieldswrirterential shield is built by
using one of the permanent shield tunnels, anditbemference shield machine is
caused to bore the circumference shield tunnel tftemaunching shaft for shields
circumferential shield in the circumferential ditiea. In this manner, the
circumference shield tunnel can be installed. @&fwe, it is not necessary to carry out
large scale construction work which has to be edraut by excavating a pit from the
ground level for the launching shaft for shieldeemferential shield. The construction
IS not subject to constraints on ground land. &fwee, it is possible to achieve a
reduced construction cost and a reduced construpgadod.

[0013]

(3) In the large underground space constructintpateaccording to (1) or (2)
described above, after the plurality of adit tusreele installed by simultaneously
constructing the two circumference shield tunnete of the circumference shield
tunnels may be used as a launching shaft for st shield, and the other one of the
circumference shield tunnels may be used as a ialatetivery adit.

[0014]

In this case, the start pit and the material @gyi\adit are independently
installed, and are connected to each other usagdit tunnel. In this manner, mutual
work sites are less affected by each other. gossible to configure the starting base of
the outer shell shield tunnel in which the amoudnirmecessary space is minimized.
Therefore, it is possible to achieve efficient donstion work and a reduced cost.

[0015]



10

15

20

25

8

(4) The large underground space constructing ndeglcoording to any one of
(1) to (3) described above may further include @stwiction process of forming the
outer shell lining body by connecting the pluralifyouter shell shield tunnels to each
other in the circumferential direction, a constimectprocess of installing a first end wall
in an inner section surrounded by the circumferesiéeld tunnels, a construction
process of installing a second end wall in an atgpwint of the circumference shield
tunnels, and a construction process of excavatiagnner section surrounded by the
outer shell lining body, the first end wall, ane@ tecond end wall.

[0016]

According to the above-described construction wetbf the large underground
space, the first end wall can be installed in @oregf the inner section of the structurally
table circumference shield tunnel. Accordinglyisipossible to build the first end wall
itself in a structurally excellent state. Therefahe excavation work of the inner
section surrounded by the outer shell lining bdbg,first end wall, and the second end
wall can be carried out in a space in a structystlible state.

[0017]

(5) In the large underground space constructintpateaccording to (4)
described above, the ground improvement zone mapistructed using a boring
machine for improvement work which starts to mouéa@rd from one of the permanent
shield tunnels.

[0018]

In this case, the boring machine for improvemeatikvstarting to move outward
from the permanent shield tunnel is used. Accaglgtirthe ground improvement zone
can be efficiently constructed in a desired regexuired as the launching shaft for

shields circumferential shield.
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(6) According to another aspect of the presergntion, there is provided a
launching base for outer shell shield using a lamgerground space constructing
method in which when an enlarged tunnel part fograriunnel branch confluence part
of two permanent shield tunnels is constructedxmaeating ground, construction work
is carried out in an outer section at a plannedeaied point of the enlarged tunnel part
in a state where a plurality of outer shell shielohels are arranged in advance in a
tunnel circumferential direction so as to buildauter shell lining body for surrounding
the planned excavated point with the outer shedlldhunnels, and so as to excavate an
inner section of the outer shell lining body. Aallity of circular section
circumference shield tunnels are simultaneoushgalilesl with an interval therebetween,
along a circumferential direction in which a diieatparallel to a tunnel axial direction
of any one of the permanent shield tunnels sersescntral axis of the circumference
shield tunnel, around the two permanent shieldelsin A plurality of adit tunnels for
connecting the adjacent circumference shield tunteeéach other are installed along the
circumferential direction with the interval therélveen. The plurality of circumference
shield tunnels and the plurality of adit tunnelks ased as a launching base under the
ground of an outer shell shield machine for exdagathe plurality of outer shell shield
tunnels.

[0020]

In this case, when the outer shell lining bodigugt by the plurality of outer
shell shield tunnels, the portion formed by conimgcthe plurality of circular section
circumference shield tunnels extending along theuanferential direction to each other
using the plurality of adit tunnels can be usethadaunching base under the ground of

the outer shell shield tunnel. The circumfererigeld tunnel can be bored along the



10

15

20

25

1C

circumferential direction by the general circulacson shield excavator. In addition, a
required space can be secured as the startingob#tse outer shell shield tunnel by
excavating and connecting the circumference shigldels to each other in the
horizontal direction. Therefore, compared to thsecof using the rectangular section
shield excavator in the related art, the constonctvork is simply carried out, and thus, it
is possible to achieve a reduced cost.

In addition, in this case, the circumference shiahnel has a structurally stable
circular section, and is structurally and advantaigéy resistant against the earth-water
pressure of the ground. For example, comparelktoeictangular section, the thickness
of the segments can be minimized, and thus, thecamsbe reduced.

[0021]

(7) In the launching base for outer shell shigldoading to (6) described above,
a wall surface of a start zone of the outer stedlld machine may be configured to
include a material which is capable of cutting gdine outer shell shield machine.

[0022]

In this case, the wall surface of the start zdntb® outer shell shield machine is
configured in advance to include the cuttable niter Accordingly, the outer shell
shield machine located at a predetermined staitigo$n the circumference shield
tunnel can start to move forward while the wallface of the start zone is cut using a

cutting cutter of the outer shell shield machine.

Advantageous Effects of Invention
[0023]
According to the large underground space constrgichethod and the

launching base for outer shell shield in the reBpe@spects of the present invention, it
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IS possible to suppress an increase in scaletamgassible to construct a low cost,
structurally stable, compact, and reasonable stredor a launching base under the

ground.

Brief Description of Drawings

[0024]

FIG. 1 is a plan view showing a construction stdtan enlarged tunnel part
according to an embodiment of the present invention

FIG. 2 is a perspective view showing the constoacstate of the enlarged
tunnel part shown in FIG. 1.

FIG. 3 is a perspective view showing a construcsitate of a circumference
shield tunnel, and is a view for visually showingiaterior of a first circumference
shield tunnel.

FIG. 4 is a sectional view when the constructiatesof the circumference
shield tunnel is viewed in a tunnel axial direction

FIG. 5 is a sectional view taken along line A-Asim in FIG. 1.

FIG. 6 is a sectional view of a portion where tireumference shield tunnels
are connected to each other using a connectioiopant a launching base under the
ground.

FIG. 7 is a side view showing a configuration afarp curve shield excavator.

FIG. 8 is a plan view when a construction stata Eunching shaft for shields
circumferential shield is viewed from above.

FIG. 9A is a view showing a construction procedoiréhe enlarged tunnel part.

FIG. 9B is a view showing a construction procedairthe enlarged tunnel part,

which is subsequent to FIG. 9A.
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FIG. 10A is a view showing a construction procedof the enlarged tunnel part,
which is subsequent to FIG. 9B.

FIG. 10B is a view showing a construction procedofrthe enlarged tunnel part,
which is subsequent to FIG. 10A.

FIG. 11A is a view showing a construction procedof the enlarged tunnel part,
which is subsequent to FIG. 10B.

FIG. 11B is a view showing a construction procedofrthe enlarged tunnel part,
which is subsequent to FIG. 11A.

FIG. 12A is a view showing a construction procedof the enlarged tunnel part,
which is subsequent to FIG. 11B.

FIG. 12B is a view showing a construction procedofrthe enlarged tunnel part,

which is subsequent to FIG. 12A.

Description of Embodiments

[0025]

Hereinafter, a large underground space constgiatiethod and a launching
base for outer shell shield according to an embedtrof the present invention will be
described with reference to the drawings.

[0026]

As shown in FIGS. 1 and 2, the large undergroyrate constructing method
according to the present embodiment is applietieddllowing construction work. For
example, in a road tunnel, the construction workaisied out so as to build an enlarged
tunnel part 1 in a location where a ramp shielshéii2 (permanent shield tunnel)
converges to or diverges from a main shield tuddelpermanent shield tunnel)

constructed underground in advance.
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According to the present embodiment, the rampahigmnel 12 converging to
or diverging from the main shield tunnel 11 is domsted earlier than the main shield
tunnel 11. A plurality of outer shell shield tut@3 and 13 are constructed in an outer
section of the main shield tunnel 11 and the ranigid tunnel 12, in a state of being
arranged in a circumferential direction E in whicHirection parallel to a tunnel axial
direction X of the main shield tunnel 11 serves @gntral axis of the outer shell shield
tunnels 13 and 13. In this manner, an outer $ihellg body 1A is built so that a
planned excavated point is surrounded by the inelt shield tunnels 13. That is, the
enlarged tunnel part 1 is built by excavating areinsection of the outer shell lining
body 1A surrounding the main shield tunnel 11 drdraamp shield tunnel 12.

The outer shell shield tunnel 13 can be boredcandtructed by an outer shell
shield machine 14.

According to the present embodiment, the mainidhisnel 11 and the ramp
shield tunnel 12 are constructed using a knowriglenstruction method.

[0028]

As shown in FIGS. 3 and 5, the outer shell shetethine 14 starts to bore the
outer section of the main shield tunnel 11 anddmep shield tunnel 12 from a launching
base under the ground 15 (launching base for shtdt shield) formed in a ring shape
along the circumferential direction E.

As shown in FIG. 1, the outer shell shield tuntiis constructed by causing
the outer shell shield machine 14 to bore the kel shield tunnel 13 up to a
predetermined arrival position.

[0029]
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As shown in FIG. 6, the launching base under thard 15 is configured to
include two circular section circumference shieidrtels 10 (10A and 10B) constructed
using a sharp curve shield excavator 2, and alpjucd adit tunnels 102 for connecting
the circumference shield tunnels 10A and 10B ttedber in the tunnel axial direction
X. An outer diameter of one first circumferencéeghtunnel 10A is set to a dimension
which enables the outer shell shield machine Btad (refer to FIG. 5). An outer
diameter of the other second circumference shigidel 10B may be set to a diameter
dimension suitable for transporting constructiorierials. However, according to the
present embodiment, the outer diameter is set thdbsame as that of the first
circumference shield tunnel 10A.

[0030]

As shown in FIG. 2, a wall surface 151 (workingg#) in a start zone 15 of the
outer shell shield machine 14, which is locatethnfirst circumference shield tunnel
10A in the launching base under the ground 15 hasuger wall formed using a segment
103 when the construction work is carried out. Idoer, similar to a general shield
construction method, the outer wall is construdategidvance at a proper timing by using
a material, for example, such as carbon fiber-animg concrete which is capable of
cutting using the cutting cutter. It is also pb#ssito use the segment 103 in which the
wall surface 151 formed of the material which ipajale of cutting using the cutting
cutter is incorporated.

[0031]

Here, as shown in FIG. 2, the sharp curve shietdwator 2 is used when
excavating the circumference shield tunnel 10 fagrihe launching base under the
ground 15 from which the outer shell shield macHidestarts to move. The sharp

curve shield excavator 2 includes a cutter on @aeating surface, and is adapted to
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bore the tunnel so that tunnel alignment can drgneacribed curve. Then, the
segment 103 (FIG. 3) assembled in a cylindricapsha connected to a rear portion of
the sharp curve shield excavator 2 in a tunnehigadirection, and the circumference
shield tunnel 10 is sequentially extended and built

[0032]

In addition, FIG. 7 shows a detailed configuratidrthe sharp curve shield
excavator 2. FIG. 7 is a side view in which a earinner circumference 10a in the
sharp curve shield excavator 2 and the circumfersheeld tunnel 10 is located in
proximity to the bottom of the paper in FIG. 7 andurved outer circumference 10b is
located in proximity to the top of the paper.

The sharp curve shield excavator 2 has the foligwionfiguration. Expansion
and contraction strokes of a propulsion jack 24sateso that the stroke in proximity to
the curved outer circumference 10b is longer tharstroke in proximity to the curved
inner circumference 10a in accordance with the eéuahignment (alignment of the
circumference shield tunnel 10). A skin plate 2@oided in two in accordance with the
tunnel alignment.  Since the shield excavator hatiims configuration is used, even if
the tunnel alignment is a sharp curve, the boramglze carried out without the skin plate
20 coming into contact with excavated rock mass.

[0033]

The sharp curve shield excavator 2 includes ddshachine main body 2A
having the cylindrical skin plate 20 forming ane@ushell, and a cutter head 3 having a
plurality of cutter bits installed in proximity the front of the shield machine main body
2A. Although not particularly shown, in the sharpve shield excavator 2 according to

the present embodiment, an earth discharging messhasuch as a sludge drainage pipe
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and a mechanism for injecting a mud addition aganta chamber inside the cutter head
3 are arranged at appropriate positions.

[0034]

Here, a central axis line passing through a cefteach cross section of the
circumference shield tunnels 10 (10A and 10B) bdlreferred to as a tunnel central axis
O. The central axis line passing through the ceoftéhe cutter head 3 will be referred
to as a first central axis O1l. The central axie passing through the center of the
shield machine main body 2A will be referred taaasecond central axis O2. The first
central axis O1 and the second central axis O2siet¢ each other at a predetermined tilt
angle. A direction along the central axis O weél feferred to as a forward-rearward
direction. A portion in proximity to a working e along the forward-rearward
direction will be referred to as a front portionforward. A portion in proximity to a
side opposite thereto (close to the starting bagkpe referred to as a rear portion or
rearward. In addition, a direction orthogonalre forward-rearward direction will be
referred to as a tunnel radial direction. A di@cturning around the forward-rearward
direction will be referred to as a tunnel circunefatial direction F.

[0035]

The shield machine main body 2A includes the dyloal skin plate 20 in
which a front body 20A is bent at a predeterminik@mngle with respect to a rear body
20B, a partition wall 21 arranged in front of theénsplate 20 so as to forming a division
wall which partitions the working place and an iideof the shield machine, a cutter
ring 22 installed on the partition wall 21, a rislgaped main body ring 23 installed in an
intermediate portion in a length direction of thkénsplate 20 and located behind the
partition wall 21, a plurality of propulsion jackg installed in the main body ring 23

with an interval in the tunnel circumferential diten F, and an erector device 25
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installed in a central portion in the tunnel radiaéction of the main body ring 23 via a
pivot shaft portion 27.

[0036]

A tail seal 20a for sealing a gap S from an ocitetumferential surface of the
assembled segment 103 is installed over the gugniphery in proximity to the inner
circumference of the rear portion of the skin ple The partition wall 21 is
configured to include an outer circumferential pan wall 21A formed in a ring shape
near the outer circumference in the tunnel radralction, and an inner circumferential
partition wall 21B formed in a disc shape pinchihg cutter ring 22 in the inner section
in the tunnel radial direction of the outer circemgntial partition wall 21A. The outer
circumferential partition wall 21A and the inneratimferential partition wall 21B are
installed coaxially with each other in the firsht®l axis O1. A center cutter 31 of the
cutter head 3 is fixed to the center in the tumadial direction of the inner
circumferential partition wall 21B.

[0037]

The cutter ring 22 is located coaxially with th@er circumferential partition
wall 21B. Aring gear formed on the outer circurefdtial surface is rotatably installed
by meshing with each rotary shaft 26a of a plwalitcutter drive motors 26 located
with an interval in the tunnel circumferential diten F in an inner circumferential
portion 21a of the outer circumferential partitiwall 21A.

A portion of the curved outer circumference 10bhi@ outer circumferential
partition wall 21A is provided with a movable sl2til which can protrude toward the
outer section in the tunnel radial direction. Thevable sled 211 causes a protruding

end surface 211a to protrude so as to be press@sagock mass.  In this manner, the
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sharp curve shield excavator 2 can carry out tmeovork, while a counterforce of a
force directed toward the outer section of the eusvtaken by the rock mass.

[0038]

The cutter head 3 includes the center cutter 8lagplurality of spokes 32
extending radially from the center cutter 31 in tinenel radial direction. The first
central axis O1 tilts toward the curved inner anderence 10a with respect to the second
central axis O2 of the main central ring 23. Sarhthe plurality of spokes 32 are
equipped with a copy cutter 33 which is retractablene radial direction from a spoke
tip. Then, the rear end of the center cutter 3&rosided with a rotary joint 34
supported by the cutter ring 22.

Then, in the propulsion jack 24, the expansion@mdraction stroke in
proximity to the curved inner circumference 10adsto be shorter than that in proximity
to the curved outer circumference 10b.

[0039]

In addition, the main body ring 23 is providedhwile pivot shaft portion 27
extending rearward in the central portion in thenl radial direction, and a revolving
frame 28 located in proximity to the rear end @& givot shaft portion 27 and rotated in
the tunnel circumferential direction F. Then, érector device 25 is supported by the
revolving frame 28.

The erector device 25 includes a gripping deviek 2aving a gripping portion
251a for detachably gripping the segment 103, avaugrdownward cylinder 254 for
moving the gripping device 251 upward and downward] a slide jack (not shown)
which causes the gripping device 251 to slide enfdrward-rearward direction.

[0040]
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In addition, according to the present embodimehgn the circumference
shield tunnel 10 is constructed, in a state whegkiality of segment pieces are loaded
as shown in FIG. 4, a segment car 4 is used whasiels on a track inside the
circumference shield tunnel 10 from the proximifyttee starting base of the
circumference shield tunnel 10 so as to supplygseme by one to the erector device 25
of the above-described sharp curve shield excaatoiThe segment car 4 enables the
loaded segment 103 to enter between the erectared2s and a tunnel inner
circumferential surface.

[0041]

Next, a constructing method of the above-descréyddrged tunnel part 1 will
be described in detail with reference to the drgain

As shown in FIGS. 1 and 2, the constructing metbfathe enlarged tunnel part
1 according to the present embodiment has a catistnuprocess of constructing the two
the circumference shield tunnels 10A and 10B ardhadmain shield tunnel 11 and the
ramp shield tunnel 12 with an interval therebetwalemg the circumferential direction E,
a construction process of constructing the plyralitadit tunnels 102 and 102 for
connecting the two adjacent circumference shiaidéls 10A and 10B to each other
with an interval along the circumferential directif, and a construction process of
boring the plurality of outer shell shield tunné&and 13 by using the two
circumference shield tunnels 10A and 10B and theafity of adit tunnels 102 as the
launching base under the ground 15.

[0042]

According to this construction method, at the pkthexcavated point of the
enlarged tunnel part 1, the ramp shield tunnel hiZkwvconverges to or diverges from the

main shield tunnel 11 is constructed.
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First, as shown in FIGS. 8 and 9A, the startingebaf the two circumference

shield tunnels 10A and 10B (hereinafter, refercedd a “launching shaft for shields
circumferential shield 101”) is installed in a sentof the ramp shield tunnel 12. Then,
in order to construct the launching shaft for sfgetircumferential shield 101, ground
improvement work for forming a freezing wall 100dqgnd improvement zone) by using
a freezing method is carried out for the groundiadoa construction region of the
launching shatft for shields circumferential shigGdl.

[0043]

According to the freezing method in this caseslasvn in FIG. 8, a circular
section propulsion machine 16 (boring machine riggriovement work) using a
propulsion construction method starts the boringkitom the ramp shield tunnel 12
toward the outer section in the radial directiorthaf ramp shield tunnel 12. In this case,
the freezing wall 100 is installed by radially amging a plurality of freezing ducts 104
from the propulsion machine 16. In addition, itassary, the freezing ducts are
arranged from the ramp shield tunnel. Thereatierground of the inner section of the
freezing wall 100 is excavated using a construatigghod in the related art, thereby
building the launching shaft for shields circumferal shield 101 having a region
formed in a substantially rectangular box shapehenT the launching shaft for shields
circumferential shield 101 is excavated, and tlogpision machine 16 is removed.

In addition, as shown in FIG. 8, if necessary,fthezing ducts 105 may be
arranged on the ground around the constructiomneigom the ramp shield tunnel 12 so
as to carry out the ground improvement work (r&deflG. 2).

[0044]

The propulsion machine 16 or the ground improvemenk carried out from

the ramp shield tunnel 12 is not limited to the\adescribed freezing method. For
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example, another ground improvement work can bd@rag such as chemical grouting
work for injecting a chemical by installing an igj®n pipe from the rear of the
propulsion machine 16 toward a target improvemegioin.

As shown in FIGS. 1 and 2, a size of the launckimaft for shields
circumferential shield 101 is set to a size so thatsharp curve shield excavators 2
respectively boring the two circumference shielthiels 10A and 10B are arranged with
a predetermined distance therebetween.

[0045]

Next, inside the launching shaft for shields ainéerential shield 101, the sharp
curve shield excavator 2 is assembled, and subsetaalities needed to receive the
counterforce and to carry out the boring work astdlled so as to prepare for starting.
According to the present embodiment, the secomticiference shield tunnel 10B is
constructed earlier. Then, the sharp curve sleet@vator 2 set in the launching shaft
for shields circumferential shield 101 is installmthat the first central axis O1 of the
cutter head 3 shown in FIG. 7 coincides with thetize axis line O of the circumference
shield tunnel 10.

[0046]

Next, as shown in FIGS. 1, 2, 4, 9B, and 10A sharp curve shield excavator 2
starts to move forward, the excavation work isiedrout using a method the same as the
shield construction method in the related art. 3é&gment 103 is assembled, and work
for injecting a back-filling material between thegsnent 103 and the rock mass is
sequentially and repeatedly carried out. The cagetion of the main shield tunnel 11
and the ramp shield tunnel 12 is bored in the onfewential direction E so as to arrive
again in the launching shaft for shields circun¢ied shield 101. In this manner, the

circumference shield tunnel 10 can be built.
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In this way, the first one of the second circurafere shield tunnel 10B is
installed, and the second one of the first circusrfee shield tunnel 10A is constructed
using the same procedure so as to extend aloraptistructed second circumference
shield tunnel 10B.

[0047]

Next, as shown in FIGS. 6 and 10B, the ground awpment work is carried out
between the two circumference shield tunnels 10\ 0B by using the freezing method
or the chemical injection construction method. rEaéer, both the circumference
shield tunnels 10A and 10B are connected to edwr oising the excavated adit tunnel
102. The plurality of adit tunnels 102 are ingdltorresponding to the start positions
of the outer shell shield machine 14, and are ggdnvith an interval in the
circumferential direction E. In this manner, therhching base under the ground 15 is
completed using the two circumference shield tunaélA and 10B and the plurality of
adit tunnels 102 and 102.

As shown in FIG. 6, the adit tunnel 102 leadsh®interior of the two
circumference shield tunnels 10A and 10B. Accabjinthe launching base under the
ground 15 has a space R which is linearly commintgécalong the tunnel axial direction
X. This space R is used as the starting baseeaduker shell shield machine 14 (refer
to FIG. 5). In a case of the present embodiméstfitst circumference shield tunnel
10A serves as a start zone of the outer shellshielchine 14, and the second
circumference shield tunnel 10B serves as a cart&irumaterial loading location.
Therefore, the first circumference shield tunneh 19 set to have a size so that the
completed outer shell shield machine 14 can beeld@hd can start to move forward.

In addition, the wall surface (working place) oétstart zone of the outer shell shield
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machine 14 in the launching base under the grobnd &onstructed in advance using a
material which can be cut by the cutter.

[0048]

After the launching base under the ground 15 mstacted, as shown in FIG. 5,
the plurality of outer shell shield machines 14lassled into the launching base under
the ground 15 via the ramp shield tunnel 12. Asashin FIGS. 1, 2 and 11A, the
plurality of outer shell shield machines 14 ar@aged one by one or all simultaneously
with a predetermined interval along the circumféiegdmirection E so as to carry out the
boring work. In this manner, the plurality of oushell shield tunnels 13 are
constructed. Then, the excavated earth and sandkéivered into the ramp shield
tunnel 12 via the launching base under the gro&@ndd are unloaded outward. The
construction materials such as the segment regtaratie boring work are unloaded
from the interior of the ramp shield tunnel 12 itie outer shell shield tunnel 13 via the
launching base under the ground 15.

[0049]

Next, as shown in FIGS. 2, 5, and 11B, all ofdbé&er shell shield machines 14
start to move forward, and the main shield tundepasses through the position of the
first circumference shield tunnel 10A. Thereaftefirst end wall 17 formed of
reinforced concrete, for example, is installechia inner section surrounded by the first
circumference shield tunnel 10A. Specifically, reund improvement work is carried
around the first circumference shield tunnel 10l€ast an inner section portion of the
first circumference shield tunnel 10A). The owbkell shield machine 14 is allowed to
have access from at least any one of the firsugiference shield tunnel 10A, the main
shield tunnel 11, and the ramp shield tunnel 1&eby building the first end wall 17.

[0050]
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Thereafter, as shown in FIG. 11B, if all of thdamshell shield machines 14
arrive at a predetermined underground arrival polr outer shell shield machines 14
are disassembled and collected in the undergrounalgpoint in a state where the skin
plate is left behind.

Next, as shown in FIG. 12A, a second end walldk&hed of reinforced concrete,
for example, is installed in the underground afrp@nt. Specifically, the ground
improvement is carried out around the main shigfohél 11, and the access is allowed
from a portion of the main shield tunnel 11 soabuild the second end wall 18 in the
underground arrival point at which the pluralityaafter shell shield tunnels 13 arrive.

The first end wall 17 and the second end wallr&8net limited to walls formed
of the reinforced concrete. For example, bottheké may be ground improvement
walls formed using the freezing method or the cleairinjection construction method.

[0051]

Then, the ground improvement work is carried aiiMeen the outer shell shield
tunnels 13 and 13 adjacent to each other in tlceirciferential direction E by using the
freezing method or the chemical injection constarctnethod. Thereafter, the outer
shell shield tunnels 13 and 13 are integrated lnygbeonnected to each other as an
open-cut structure. In this manner, the outerl $inéhg body 1A having a supporting
function and a waterproofing function is built.

[0052]

Next, as shown in FIG. 12B, the inner sectionaunded by the outer shell
lining body 1A, the first end wall 17, and the sed@nd wall 18 is excavated. In this
case, the segment of the main shield tunnel 1ttendamp shield tunnel 12 located in
the inner section of the outer shell lining body i$Alisassembled and removed, thereby

forming the enlarged tunnel part 1.
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Next, the above-described large underground spastructing method and an
operation of the launching base for outer she#ldhill be described in detail with
reference to the drawings.

As shown in FIGS. 1 and 2, according to the presetbodiment, when the
outer shell lining body 1A is built using the pllityof outer shell shield tunnels 13 and
13, a portion formed by connecting the two circumfee shield tunnels 10A and 10B
extending along the circumferential direction Eeéh other using the plurality of adit
tunnels 102 can be used as the launching base tiredground 15 of the outer shell
shield tunnel 13. The circumference shield tundéik and 10B can be bored and
constructed section along the circumferential dioecE by using the general circular
section sharp curve shield excavator 2. In additibe circumference shield tunnels
10A and 10B are excavated and connected to eaehiotthe horizontal direction. In
this manner, it is possible to secure a space nedjais the starting base of the outer shell
shield tunnel 13.

Therefore, compared to the case of using thengatar section shield
excavator in the related art, the construction wertarried out simply, and thus, it is
possible to achieve a reduced cost.

[0054]

In addition, according to the present embodimiat circumference shield
tunnel 10 has a structurally stable circular sectémd is structurally and advantageously
resistant against the earth-water pressure ofrthend. For example, the thickness of
the segments can be minimized, and thus, the eodbe reduced.

[0055]
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In addition, according to the present embodimigetJaunching shaft for shields
circumferential shield 101 is built using the rasfpeld tunnel 12, and the circumference
shield machine starts to carry out the boring wookn the launching shaft for shields
circumferential shield 101 in the circumferentiakdtion E. In this way, the
circumference shield tunnel 10 can be installedher&fore, it is not necessary to carry
out large-scale construction work which has todied out by excavating a pit from the
ground level for the launching shaft for shieldseinferential shield 101. The
construction does not receive any limitation of tbastruction site on the ground.
Therefore, it is possible to achieve a reducedtcoctson cost and a reduced
construction period.

[0056]

Furthermore, according to the present embodintleatiaunching shaft for outer
shell shield of the first circumference shield tahhOA and the material delivery adit of
the second circumference shield tunnel 10B areectsely and independently installed,
and are connected to each other using the adietsd®8. In this manner, mutual work
sites are less affected by each other. It is ptesgd configure the starting base of the
outer shell shield tunnel 13 whose unnecessaryespaninimized. Therefore, it is
possible to achieve efficiency in construction ward a reduced cost.

[0057]

In addition, according to the present embodimiat first end wall 17 can be
installed in the region of the inner section of tingt circumference shield tunnel 10A
which is structurally stable. Accordingly, it isgsible to build the first end wall 17
itself in a structurally excellent state. Therefahe excavation work of the inner
section surrounded by the outer shell lining balg,first end wall 17, and the second

end wall 18 can be carried out in the space imutirally stable state.
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[0058]

In addition, according to the present embodimigat,circumference shield
tunnel 10 has the circular section. Accordinghg é€xcavator only needs a space in
which the sharp curve shield excavator 2 can ndyrmsgdrt to move forward.
Accordingly, it is possible to build the launchisigaft for shields circumferential shield
101 in the freezing wall 100 formed from the rarhekl tunnel 12.

Moreover, in this case, as shown in FIG. 8, ttopplsion machine starting to
move outward from the ramp shield tunnel 12 is useikccordingly, the freezing wall
100 can be efficiently constructed in a desiredoregequired as the launching shaft for
shields circumferential shield 101.

[0059]

As described above, according to the large undargt space constructing
method and the launching base for outer shelldlimethe present invention, it is
possible to suppress an increase in scale, asgdassible to construct a low cost,
structurally stable, compact, and reasonable stredor a launching base under the
ground.

[0060]

Hitherto, the embodiment of the large undergrosipace constructing method
and the launching base for outer shell shield aliogrto the present invention has been
described. However, the present invention isinatdd to the above-described
embodiment, and may be appropriately modified withie scope not departing from the
gist of the present invention.

For example, according to the present embodineenistruction target is set as
follows. The ramp shield tunnel 12 is construatadier, and the construction is carried

out so that the main shield tunnel 11 arrives attimnel branch confluence part,
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subsequently to the ramp shield tunnel 12. Howeterpresent invention is not
limited to this construction work. For examplegevn a case where the main shield
tunnel 11 is constructed earlier and the ramp ghiginel 12 arrives at the tunnel branch
confluence part, subsequently to the main shieidet11, if the main shield tunnel 11 is
still bored, and if the launching base for outezllsthield (launching base under the
ground 15) is installed in the main shield tunnkeb% disclosed in Patent Document 2
(Japanese Unexamined Patent Application, Firsti€atidn No. 2014-43738) described
above, transportation work resulting from the bgnvork of the main shield tunnel 11,
building work of the outer shell shield tunnel gtarting base, and transportation work
of the outer shell shield machine 14 are complaiateereby causing a problem in terms
of a construction period and safety. Thereforss, @ffective to adopt the present
invention.

In this way, even in a case where any shield tuisr@nstructed earlier
between the main shield tunnel 11 and the rampdstuanel 12, the excavation work is
carried out after the end wall is built in a stateere both the shield tunnels are always
located in the zone surrounded by the outer sinélig body 1A. If any shield tunnel
arrives at the zone after the end wall is builgless work for cutting the end wall has to
be carried out. In addition, since it is necessaryarry out waterproofing work in the
cut boundary portion, it is not preferable.

[0061]

In addition, a position or a size of the launchirage under the ground 15
configured to include the circumference shield elari0OA and 10B can be appropriately
set depending on conditions such as the outer déaroethe main shield tunnel 11 or the
ramp shield tunnel 12, the outer diameter or sjatibns of the outer shell shield

machine 14, and the rock mass.
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Then, according to the present embodiment, thebeumf the constructed
circumference shield tunnels 10 is two. Howeuemee or more circumference shield
tunnels 10 may be constructed with an intervalssthde connected to each other using
the adit tunnel 102.

[0062]

Furthermore, according to the present embodintieatfirst end wall 17 and the
second end wall 18 are installed in both end pestio the tunnel axial direction X of the
outer shell lining body 1A. However, these endlsvean be omitted, or only any one
of the end walls may be installed. For examplepading to the present embodiment,
the second end wall 18 is installed between thergrdund arrival point and the main
shield tunnel 11. However, in a case where theergrdund arrival point is installed so
as to be in contact with the outer circumferencthefmain shield tunnel 11, the second
end wall 18 can be omitted.

[0063]

Furthermore, the present embodiment is an apitaixample in a case of
constructing a large cross-section road tunnel. wéder, the present embodiment is
generally and widely applicable to a case of casiing various scales, applications, and
forms of tunnels having the large underground spacdescribed above. Various
design modifications are available depending orsttage or the form of the large
underground space in a construction target turomedh view of various conditions in the
surrounding environment.

[0064]

In addition, when the construction work is carrged for the launching shaft for
shields circumferential shield 101 serving as taet gone of the circumference shield

tunnel 10, a range or a form of the ground improeenzone constructed before the
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excavation work by using the freezing method, astroieting method thereof, and details
of other respective construction processes maybmally designed within the scope
not departing from the gist of the present invemtioAs a matter of course, an auxiliary
construction method may be appropriately adopfettdessary.

[0065]

Alternatively, the configuration elements in thmwae-described embodiment
can be appropriately substituted with known cornfigion elements within the scope not

departing from the gist of the present invention.

Industrial Applicability

[0066]

According to the large underground space constrgichethod and the
launching base for outer shell shield in the presamntion, it is possible to suppress a
increase in scale, and it is possible to constdow cost, structurally stable, compact,

and reasonable structure for a launching base uhderound.

Reference Signs List
[0067]
1 enlarged tunnel part
1A outer shell lining body
2 sharp curve shield excavator
10, 10A, 10B circumference shield tunnel
10a curved inner circumference
10b curved outer circumference

11 main shield tunnel (permanent shield tunnel)
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12 ramp shield tunnel (permanent shield tunnel)

13 outer shell shield tunnel

14 outer shell shield machine

15 launching base under the ground (launching foassuter shell shield)
16 propulsion machine (boring machine for improeetmwork)
17 first end wall

18 second end walll

100 freezing wall (ground improvement zone)

101 launching shaft for shields circumferentiaékh

102 adit tunnel

103 segment

E circumferential direction

X tunnel axial direction
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CLAIMS

What is claimed is:

1. Alarge underground space constructing metteochich when an enlarged
tunnel part forming a tunnel branch confluence pativo permanent shield tunnels is
constructed by excavating ground, construction viarried out in an outer section at
a planned excavated point of the enlarged tunnelmpa state where a plurality of outer
shell shield tunnels are arranged in advance imadl circumferential direction so as to
build an outer shell lining body for surrounding thlanned excavated point by the outer
shell shield tunnels, and so as to excavate am sewtion of the outer shell lining body,
the construction method comprising:

a construction process of simultaneously constrga plurality of circular
section circumference shield tunnels with an irdéthierebetween, along a
circumferential direction in which a direction pkeato a tunnel axial direction of any
one of the permanent shield tunnels serves asteataris of the circumference shield
tunnel, around the two permanent shield tunnels;

a construction process of constructing a pluralftgdit tunnels for connecting
the adjacent circumference shield tunnels to edtodr @long the circumferential
direction with the interval therebetween; and

a construction process of boring the pluralitpofer shell shield tunnels by
using the plurality of circumference shield tunret&l the plurality of adit tunnels as a

launching base under the ground.

2. The large underground space constructing ndedlcoording to claim 1,

further comprising:
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a construction process of forming a ground impno@et zone around a portion
of any one permanent shield tunnel between thepgvmanent shield tunnels; and

a construction process of building a launchindtdioa shields circumferential
shield for starting work of the circumference stiieinnel in the ground improvement

zone.

3. The large underground space constructing rdetlcoording to claim 1 or 2,

wherein after the plurality of adit tunnels arstalled by simultaneously
constructing the two circumference shield tunnete of the circumference shield
tunnels is used as a launching shaft for outet shidld, and the other one of the

circumference shield tunnels is used as a matdeialery adit.

4. The large underground space constructing ndedlcoording to any one of
claims 1 to 3, further comprising:

a construction process of forming the outer diveéfig body by connecting the
plurality of outer shell shield tunnels to eachestim the circumferential direction;

a construction process of installing a first eralw an inner section
surrounded by the circumference shield tunnels;

a construction process of installing a secondveaitlin an arrival point of the
circumference shield tunnels; and

a construction process of excavating the innei@esurrounded by the outer

shell lining body, the first end wall, and the sed¢@nd wall.

5. The large underground space constructing rdedlcoording to claim 4,
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wherein the ground improvement zone is construgsaag a boring machine for
improvement work which starts to move outward frome of the permanent shield

tunnels.

6. A launching base for outer shell shield usiigrge underground space
constructing method in which when an enlarged tupag forming a tunnel branch
confluence part of two permanent shield tunnetoisstructed by excavating ground,
construction work is carried out in an outer secba planned excavated point of the
enlarged tunnel part in a state where a plurafityuter shell shield tunnels are arranged
in advance in a tunnel circumferential directiorasdo build an outer shell lining body
for surrounding the planned excavated point withdhter shell shield tunnels, and so as
to excavate an inner section of the outer shetigimody,

wherein a plurality of circular section circumfaece shield tunnels are
simultaneously installed with an interval therebstw, along a circumferential direction
in which a direction parallel to a tunnel axialetition of any one of the permanent shield
tunnels serves as a central axis of the circuméershield tunnel, around the two
permanent shield tunnels,

wherein a plurality of adit tunnels for connectihg adjacent circumference
shield tunnels to each other are installed aloegctftumferential direction with the
interval therebetween, and

wherein the plurality of circumference shield talmand the plurality of adit
tunnels are used as a launching base under thadyodwan outer shell shield machine

for excavating the plurality of outer shell shiélthnels.

7. The launching base for outer shell shield ating to claim 6,
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wherein a wall surface of a start zone of the ostell shield machine is formed

of a material which is capable of cutting using tluer shell shield machine.



