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TUNNEL LINER,.ITS FABRIGATION METHOD, AND ITS

FABRICATION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a concrete
tunnel liner used for a shield tunneling method for a
tunnel having a diameter of about 1.5 to 7.0 m; its

fabrication method; and ‘its fébrication apparatus.

2. Description of the Related Art
A tunnel liner laid around the inner surface of
a tunnel having a diameter of several meters has been

generally fabricated using concrete segments, concrete

 blocks and the like.

The tunnel liner used for a shield tunneling
method requires the function that the outer surface is
tightly contacted with a shield machine for preventing
permeation of water.

Namely, the outer peripheral shrface must be
excellent in dimensional accuracy, high in water
tightness, and smooth in surface finish. Such a tunnel
liner is fabricated to be divided into arcuate plates,
and is assembled in a cylindrical shape at a job site.

Accordingly, the abutment portion between adjacent

. liners must be high in water tightness. To increase the
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water tightness, the abutment surfaces of the tunnel
liners are provided.with'projections and grooves engaged
with each otﬁer.

The arcuate plate-like concrete tunnel liner has
been conventionally fabricated by a method of mounting
reinforcing steelbar or coupler in a form which is
stationary such that the outer peripheral surface of
the tunnel liner becomes the upper surface of concrete,
placing concrete in thé"?orm.;compactins concrete using
a vibrator. The concrete liner thus fabricated has been
manually finished in its upper surface of concrete.

On the other hand, there has been known a
fabrication method of forming forms within a centrifugal
molding drum having an inside diameter equal to the
outside diameter of a tunnel liner, placing concrete in
the drum, thereby centrifugally molding arcuate plate-
like tunnel liners.

The tunnel liner fabricated by centrifugal
molding has excellent characteristics of being compact
in concrete at the outside diametef portion, high in.
dimensional accuracy, smooth in the surface, and
superior in water tigﬁtness. However, the abutment

portion between the adjacent tunnel liners has not been

perfect.

Namely, in fabrication of an arcuate plate-like

tunnel liner, the projections or recessed grooves
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provided on the surfaces of the peripheral edge of the

© tunnel liner are not accurately formed, and honeycomb

surface is generated. on- the concérete surface..
Moreover, micro-gaps are generated due to the inertia
force of the rotation at the abutment surface of
concrete with the inner surface of the form on the
downstream side of the rotational directidn of the
centrifugal molding drum, which brings about a problem
in causing the water-path on "the concrete surface. _The
end surfaces of the pefipheral edges of the liner
abutting on the inner surface of the form becomes the
coupling surfaée With the adjacent concrete liner, which
are generally formed in a projection-grooye engaging
connection. In the worst case, there is a fear that the
projection-groove engaging connection portions are
broken, and thezuater-tightness as the most important
factor of the concrete liner is lost.

The-present inventors havg studied a technique
of dividing a tunnel liner into arcuate parts having a
suitable size and centrifugally molding the divided
liners particularly to enhance the water-tightness of
the above abutment- surface, and further of effectively
fabricating a high quality tunnel liner, particularly
being excellent in accuracy in the outer péripherél

surface and the adjacent surface.
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SUMMARY OF THE INVENTION

An object of the present: invention is to provide
a tunnel liner suitable for a shield tunneling method,
which has an outer peripheral surface being accurately
circular and extremely smooth, and which possesses a
high strength.

Another object of the present invention is.to
provide a method of effebﬁiv&;y and easily fabricating a
tunnel liner having an excellent quality.

A further object of the present invention is to
provide a method 6f constructing a tunnel liner in which

a prestress is introduced in the circumferential

direction, and an apparatus .used for the construction.

Still further object of the present invention is
to provide a method allocating divided liners in a
centrifugal molding drum in fabrication of an arcuate
plate_like tunnel liner. |

A specific object of the present invention is to
form a recessed or projecting portion haviﬂg high
dimensionél accuracy and tight shape on the surfaces of
a peripheral edge of each centrifugal concrete liner,
and particularly to form a tight concrete with a high
quality for preventing the generation of the watef-path
on the abutment portion of the inner surface of a form

on the doqutream side in the rotational direction of an
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arcuate centrifugal molding concrete liner.

Another specific object.of the present invention
is to provide a technique  of fabricating. a tunnel.liner
having a large outside diameter using a centrifugal
molding drum having a diameter smaller than the outside
diameter of the tunnel liner to be fabricated.

A further specific object of the present
invention is to provide an apparatus of
mounting/dismounting centfifqgal molding forms in a
centrifugal molding drum for.concrete liners, which
includes a simple and certain form holding apparatus.

Still a further specific object of the present
invention is to provide an auxiliary driving unit used
for mounting.and dismounting forms into and from a
centrifugal molding drum. |

An addipional object of the present invention is
to provide a technique of easily centrifugally molding
a tunnel liger having a diameter larger than that of the

conventional one.

To achieve the above object, the technical means

of the present invention is as follows.

A tunnel liner of the present invention includes
a ring-shaped connected body composed of straight
liners each having-a-;ectangular shape in the

Circumferential development and taper liners each |,

having a trapezoidal shape.
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The above tunnel liner preferably includes two

'straight liners each having a center angle of 90 ° ,
two-single taper liners.each having an average center
angle of (90~a), and one double taper liner having an
average center angle of 2 g. This makes it possible t
facili’cate' the staﬁdardiz’a‘cion, to simplify the lying
within the tunnel, and to facilitate the fabricatioen.
In addition, the average center angle is an arithmetic
average of the center axig-l"es"gorresponding to the upper
and lower sides of the trapezoidal shape in the
development of the tunnel liner. Moreover, g is an .
arbitrary angle less than 90 ° , and is preferably
selected to about 10° .

In the tunnel liner.of the present invention,
the projection-groove engaging eomnection is preferably
_ used to obtain the circumferential integral coupling anc
ring-to-ring integral coupling, and to enhance the
' nater-cutot;f. effect.

The abutment portion between the adjacent liners
is provided with a seat on which a band-like sealing
material for separating the inner periphery from thé
outer periphery of the liner is seated, and a crimping
Deans for pressing the Sealing material. This makes it
POssible to ensure the excelle.nt water-tightness.-.

According to the present invention, there is

Provided a method of constructing a prestressed
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concrete tunnel liner including the Steps of: burying
an unbonded PC steel material (a steel wire(s)'or
bar(s) for prestressed concretej-in each arcuate liner
along the circumferential direction, and providing
openings from which the end portions of the unbonded PC
steel materiél are exposed on the inner surface of the
liner; assembling the liners in a cylindrical shape;
coupling the PC steel materials in a ring shape; and
stretching the PC steel materials for introducing a
prestress in the tunnel liner in the circumferential
direction.

An apparatus of the present invention suitable
for execution of the above method, includes

(a) a sawtooth sleeve composed of radially
extensible elastic material, which is externally
inserted around the end portion of an unbonded PC steel
material, |

(b) a cylindrical coupler having inner sawtooth
portions meshing with tle outer sawtooth portions on
both sides,

(c) A jack device locked onto the sleeves fo}
Pulling both the sides of the PC steel materials to each
other and fixing the sleeves within the coupler. _

The present invention provides a method of
fabricating a tunnel liner including of: dividing ong

Circumference of the tunnel liner into liners of n-

S,
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pieces each having an arbitrary arc length, and

preparing the combination of n-kinds of forms of (n-1)
pieces; and.allocating the combination of n-kinds of
the forms iﬁ a centrifugal molding form drum, thereby
centrifugally molding the liners.

The present invgntion provides a method of
fabricating a centrifugal molding concrete liner
including the steps of: holding an arcuate enclosed
hollow form in a posture that one end of an arcuate side
plate is high and the other end thereof is low; filling
the form with concrete from the upper side;
accelerating the flowing-down filling of concrete and
vibro-compacting concrete by applying of vibration;
mounting the thus prepared forms in a centrifugal
molding drum, and consolidating concrete by applying a
centrifugal force; removing the forms from the
centrifugal molding drum, and also removing a forming
panel each on an arcuate inner surface side of the form
for finishing the arcuate inner surface side of
concrete; and performing concrete curing.

The present invention provides an apparatus }or
' fabricating a centrifqgal molding concrete liner
including: a centrifugal mglding drum; and a plurality
of individual liner forms each having a hollow arcuate
shape, which are removably fixed within the drum;

Wherein each of the individual liner forms is an
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enclosed form including an arcuate outer surface plate,
an arcuate inner surface plate, two rectangular side
plates and two arcuate.side plates; the arcuate -inner
surface plate is provided with a frame-like parting
surface having a specified height around the inner
surface of the form; and an enclosable concrete charge
port is provided near one rectangular side plate, and
an air vent hole is provided near the other rectangular

- bt

side plate. .

A method of fabricating a centrifugal molding
concrete liner of the preéent invention includes the
step of reversing the rotational direction of a

centrifugal molding drum.

According to .the present invention, there is
provided a method of fabricating a centrifugal molding
tunnel liner including the steps of: mounting forms of
individual liners divided in an arcuate shape within a
centrifugal molding drum having a diameter smaller than
the outside diameter of a tunnel liner to be fabricated;
~placing concrete within the forms for centrifugal
molding; compgcting concrete centrifugally and removing
the forms from the centrifugal molding drum; and
removing an excessive thickness of the placed concrete
on the inside diameter side of the individual liners.

The basic thought of the present invention is to

8ive a sufficient rigidity to each form and to mount it
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within a centrifugal molding drum. Namely, according
to the present invention, there is provided a form for
fabricating a centrifugal molding tunnel liner including
an arcuate bottom plate provided on the back surface
with ribs for providing a rigidity to the bottom plate;
wherein the form is independently formed, and a
plurality of the forms are disposed on the inner surface
of a centrifugal molding drum.

The present invénﬁioﬁ'provides an apparatus of
mounting/dismounting molding forms for concrete liners
in a centrifugal molding drum including: projections
provided on the outer surfaces of both end portions of
an arcuate concrete liner form mounted within a
centrifugal molding drqm; L-shaped hooks engaged with
the projections for holding the form on the inner wall
of the drum, Hh§ch is provided while passing through
the wall of the drum; and a rod mechanism for engaging
and disenggg;ns the L-shaped hooks with and from the
projections, which is provided outside the drum.

According to the present invention, there is
Provided an apparatus for centrifugally molding
Concrete liner including: a driven side meshing
transmission unit mounted on the outside diameter of a
centrifugal molding"dppm for concrete liners; and an
duxiliary driving unit for low speed rotation which,

i . .
Ncludes a dprive Side transmission unit meshing with
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the driven side transmission unit; wherein the auxiiiary
driving unit is disposed to be movaﬁlé forward and
rearward to the centrifugal molding drum.

The present invention provides a method for
fabriéating tunnel liners including the steps of:
removably mounting individual enclosed hollow forms for
a plurality of arcuate liners within a centrifugal
molding drum rotating around the vertical center axis;
and centrifugally molding ‘thé liners.

According to the presént invention, there is
. provided a composite tunnel liner including: a steel
box or FRP (fiber-reinforced plastic) box formed of a
plurality of arcuate bottom plates and side walls
erected around four peripheries of each bottom plate,

whereby the box is filled with concrete. .

BRIEF DESCRIPTION OF THE DRAWINGS

Figs: 1(a) and 1(b) are views of a tunnel liner
of an embodiment wherein Fig. 1(a) is a transverse
sectional view and Fig. 1(b) is a vertical sectional

View;

Fig. 2 is a development of the tunnel liner of
the embodiment;

Figs. 3(a) and 3(b) are fraont views of the

tunnel 1ipep of the embodiment;

Figs. U(a) to 4(d) are views for explaining a
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straight liner of the embodimeht;

Fig. 5 is a partial sectional view showing the
structure of an abutment. portion. between the rings.of
the tunnel liner of the embodiment;

Fig. 6 is a partial seqtional view showing the
circumferential coupling portion of the tunnel liner of
the embodiment;

Figf T is a partial sectional view showing the
structure of the abutmeﬁt‘bo??ion between the rings of
the tunneliliner of the embodiment;

Fig. 8 is a partial sectional view showing the
circumferential coupling portion of the stréight liner
of the embodiment; |

Fig. 9 is a view taken along the line C-C of
Fig. 8;

Fig. 10 is a view showing the coupiing portion
between a.single taper liner and a double taper liner
shown in Fig: 8;

Fig. 11 is a front view shohing the structure of
the tunnel liner of the embodiment; '

Fig. 12 is a.view for explaining the structure
of the end portion-of the PC steel material of the
embodiment;

Fig. 13 is a view taken along the line C-C in
Fig. 12; g

Fig. 14 is a view: taken along the line D-D of
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Fig. 12;
' Fig. 15 is a view fof explaining the operation
of a jack of the émbodiment;

Fig. 16 is'a development showing the allocation
of the liners in the centrifugal molding drum of the
embodiment;

Fig. 17 is a typical view showing the allocation
of the embodiment; —ai

Fig. 18 is a developmént of the tunnel liner;

Fig. 19 is a front view showing the mounting of
the liner fqrm to the centrifugal molding drum for the
concrete linér according to the embodiment;

Fig. 20 is a side view of a form of the concrete
liner of the embodiment;

Figs. 21(a) to 21(c¢c) is a view of an arcuate
inner surface plate of the embodiment; wherein Fig.
21(a) is a plan view; Fig. 21(b) is a side view; and
Fig. 21(c) i§ a front view;

Fig. 22 is a front view showing the mounting of
the liner form the centrifugal molding drum for the
concrete liner according to the embodiment;

Fig. 23 is a development of the centrifugal
molding drum for the concrete liner according to the
embodiment;

"Fis- 24 is a side view of a vibration-exciter

and a concrete supply apparatus;
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Fig. 25 is a front view of the vibration-exciter
and the concrete supply apparatus;

Fig. 26 is a plan view of the concrete supply
apparatus;

Fig. 27 is a transverse sectional view of a
large diameter tunnel liner of the embodiment;

Fig. 28 is a view for explaining a process of
removing the'excessive thickness of the tunnel liner;

Fig. 29 is a verticéifsectional view (side view
of a form holding mechanism) ﬁf the embodiment;

Fig. 30 is a partial enlarged view of Fig. 29;

Fig. 31 is a front view of the drum of the
embodiment;

Fig. 32 is a side view of the drum;

Fig. 33 is a plan view of an auxiliary power
unit;

Fig. 34 is a plan view of a form of the
centrifugal polding drum for the tunnel liner of the
embodiment;

Fig. 35 is a sectional view showing the
Structure of the tunnel liner of another embodiment£

Figs. 36(a)-and 36 (b) are views showing the
assembling state of the tunnel iiner of Fig. 35,
Wherein Fig. 36(a) is-a front view; and Fig. 36(b) is a
vertical sectional view; and i

Fig. 37 is a sectional view showing the
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structure of the coupling structure of the tunnel liner

of the embodiment.

DESCRIPTION

Thé tunnel liner of the present invention is
divided into parts to be easily fabricated by
centrifugal molding and to be easily assembled upon
construction. Namely, the tunnel liner includes a
ring-like coupling body°bf’sf?aight liners each having a
rectangular shape in the circumferential development,
and taper liners having respective trapezoidal shapes
in the development. For example, it includes two
straight liners each having a center angle of 90 ° ’
two single_taper liners each ‘having an average center
angle of about 80 ° , and a double taper liner having an
average angle of about 20° .

Figs. 1(a) and 1(b) show a tunnel liner 10
according to.an embodiment of the present invention,
wherein Fig. 1(a) is a view taken along the line A-A of
Fig. 1(b), and Fig. 1(b) is a view taken along the line
B-B of Fig. 1(a). As shown in Fig. 1(a), the tunnel.
liner 10 of this embodiment is a ring-like coupling
body of straight liners 12 and 12 each having a center
angle- 8 of 90° , single taper liners 14 and 14 each
having an average center angle ¢ of 80.235 ° , and a

]
- double taper liner 1§ having an average center angle §
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of 19.343° . This tunnel liner has an inside diameter
of 2,500 mm ¢, outside diameter of 2,750 mm¢,
thickness of 125 mm, and longitudinal length of 1,200
mm. Fig. 1(b) shows a cylindrical tunnel lining in
which these rings 10a, 10b and 10¢c are coupled with each
other, and which is adapted to be advanced in the
direction of the arrow 60.

Fig. 2 is developments of the inner surfaces of
these rings'IOa and 10b. ‘In"these development, the
straight liner 12 has a size of 1200 mm (width) Xx1963.5
mm (length); the single taper liner 1l has a size of
1200 mm (width) x1852.5 mm (long side) X 1652.5 mm
(short side); and the double taper liner 16 has a size
of 1200 mm (width) X622.0 mm (long side) xX222.0 mm
(short side). 1In Fig. 2, the arrow 60 indicates the
advancing direction. '

Fig. 3(a) shows the ring 10a as seen from the
backside of the advancing direction (arrow 60) of Figs.
1(a).and 1(b); and Fig. 3(b) shows the ring 10b
subsequent -to the ring 10a as seen froﬁ the same
direction. The double taper liners 16 and 16 are
respectively disposed in the rings 10a and 10b so as to
be symmetric and tilted by a center angled = 22.5 °
with respect to the vertical axis. _

Fig. 4 shows the detail of the straight linear

12, wherein (a) shows the end surface of the ring, (b)
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shows the inner surface, (c) shows the left end

surface, and (d) shows the right end surface.
Peripheral edge side. surfaces 18, 20, 22 and.24 are
provided with projections or recesses to be coupled with
the adjacent liner in a projection-groove engaging
connectiog manner. Moreover, the straight liner 12 is
provided'with notches 30 into which connecting bolts
are inserted, and inserts 32 into which connecting bolts
are screwed.

In-the tunnel liner of the present invention,

the projection-groove engaging connection is used as the

.eircunferential coupling and the ring-to-ring coupling,

so that the adjacent liners can be easily engaged with
each other. The structure using the-projection-groove
engaging connection is also effective to cut off water.

Additionally, the peripheral edge side portion of the
liner, that is, the abutment portion with the adjacent
liner is proyided with a seat, on which a band-like
Sealing mateyial for separating the inner periphery
from the outer periphery of the liner is seated. Thus,
by interposing a sealing material into the seat
portion, and preséing.and bonding the sealing material
thereon by means of a coupling bolt, it is possible to
ensure the further'excgllent water tightness.

Fig..S shows the structure of an abutment ,

Portion between the rings 10a and 10b. A recessed
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portion 34 and a projecting portion 36 are formed to be

opposed to each other, so that the rings 10a and 10b
are easily coupled in a projection-groove engaging.
connection manner.- Moreover, each of the.rings 10a and
10b is formed with a seat 40 on which a rubber packing
38 as a sea;ing membef is seated. Fig. 6 shows the
structure of a circumferentiai coupling portion between
the single taper liner 14 and the double taper liner 16.

In this figure, numefal ﬂZ‘?nd b4 indicates a recessed
portion and a projecting portion for a projection-
groove engaging cénnection; 46 is a rubber packing; and
48 is a seat. Fig. 7 shows a coupling member between
the ring 10a and 10b. A coupling bolt 52 is screwed
and fixed into the insert 32 fixed on a reinforcing
Steel bar 50. Numeral 54 indicates a head portion of
the couplihg bolt, and 56 is a sheath. The notch 30 and
the sheath 56 for mounting the coupliné boit‘are
Previously p?ovided. Fig.fa shows a coupling portion
between the Straight liners 12 and 12; FigT 9 is a view
taken along the line C-C of Fig. 8; and Fig. 10 shows a
Coupling porfion between the single taper liner 14 and
the double taper liner 16. In these figures, same
" Parts are indicated at the same numerals.

Fig. 11 shows a tunnel liner wherein a plurality

of liners are assembled in a ring-shape while

introducing g prestress thereto. A PC steel material
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70 iis composed of an unbonded PC steel material buried
in each liner 10 upon concrete placing.

The unbonded .PC steel material is subjected to a
surface treatment for preventing the sticking with
concrete. For example, the outer surface is covered
wiéﬁ a synthetic resin sheath, paper or the like; or it
is coated with lubricant. The examples of the PC steel
materials of the present invention include a PC steel
bar and a PC strand. SO

The dimensions and arr;ngement of the PC steel
bars are designed according to the specification of a
tunnel liner and the condition of a location to be
buried, and they not limited. However, for a tunnel
liner having an outside diameter of 2 to 3 m and a
longitudinal dimension of about 1 to 1.5 m, one or two
of the PC steel Qars or strands are generally provided
in combination with the reinforcing steel framework.

As shown in Fig. 11, the end portions of the PC
steel materials inside connecting end surfaces T7U4 of the
adjacent liners 10 are coupled with:each other by each
coupler 76 within openings 72 opened to thé'insides of
the liners. One of the openings .72 is used for
introducing a prestress to the coupled PC steel
materials. . Namely, the PC steel materials are jointed
iﬁ a fing shape, and are stretched to introduce a

" circumferential prestress to the tunnel liﬁer. Fig. 12
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shows the opening 72 for introducing a prestress as seen

from the inner side of the liner. The end portion of
the unbonded PC steel material 70 exposed within the
opening 72 and the fiXing coupler are shown in vertical
section. |

A sawtooth-shaped sleeve 78 made of a radially
extensible elastic'material is externally insgrted
around the end portion of the uhbonded PC steel material
70. As shown in Fig. 13; which is a transverse
sectional view taken along the.line C-C of Fig. 12, the
sleeve 78 has'a ring section, with part of the
circumference cut-off. The sleeve 78 is fixed to the
end portion of the PC steel material 70 by a washer 80
and a nut 82. The sawtooth portion of the outer
surface meshes with the sawtooth portion of the inner
surface of the fixing coupler 86. Fig. 14 is a view
taken along the line D-D of Fig. 12. A jaw 84 of a
jack device (not shown) is locked to the rear end of
the sleeve 78, and causes the sleeve to advance within
the coupler 86. When a sawtooth of.thé outer surface
of the sleeve 78 is slid along the surface of a .
sawtooth of the inner surface of the coupler, it is
contracted in its outside diameter; and when it meshes
With the next sawtooth, it is extended in its outside

diameter. Namely, both the sawtooth portions mesh with

- each other just as the meshing between a ratchet and
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ratchet wheel. Fig. 15 shows a process of withdrawing

ends of the PC steel materials to each other by a jack
so as to introduce a prestress for fixing. The jack
"device composed of a jack 94 provided with arms 92 has
H-shaped bars whose legs are opened/closed. The H-
shaped bars are locked to the rear ends of the sleeves
78 and 78, to.-withdraw both the ends of the PC steel
material 70 in the direction of the arrow 90, thusnu'
fixing the sleeves 78 and 78 mounted at the ends of the
PC steel materials 70 within the coupler 86.

In the construction of the prestressed concrete
tunnel liner .of the embodiment, a prestress can be
introduced to the ring-shaped PC steel material from
the inner side of the liner, thus forming a rigid tunnel
liner.

In the prestressed concrete tunnel liner, a
prestress is introduced along the circumference, so that
it is possible to equalize the distribution of the
bending moment when the tunnel liner is applied with a
vertical load, to increase the streﬁgth, and to enhance

the water-tightness at the coupling portioms.
According to the construction of the present invention,
the tunnel liner in which a prestress is easily
introduced can be constructed.. Moreover, the
construction of the present inventioﬁ can be easily

)

performed using the fixing mechanism and the fixing
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jack device of the present invention.

In faprication of a tunnel liner by centrifﬁgal
molding, a centrifugal molding form drum has an inside
diameter corresponding to. the outside diameter of the
tunnel liner. The tunnel liner is divided along the
circumferential direction into arcuate plate like
liners. The divided liners are designed to be tapered in
the axial diréction for combination, and generally, .
have not the same shape:"@écéiﬂingly, in fabrication
of the liners having different shapes by the
centrifugal form drum, it is required to fabricate the
liners having different shapes neither too much nor too
little by suitably allocating the forms within the
drum.

In the present invention, the tunnel liner is
divided along the circumferential direction into liners
of n-pieces, and the liners of (n-1) pieces are disposed
in the form drum. Thus, the above requirement can be
achieved by preparing n-kinds of the above tunnel
liners. In addition, <n> is an arbitrary integef. For
making easy the fabrication, the following condition is
desirable: namely, <n> is five; the arc length of one
liner is the quarter arc or less; the drum is divided
inte the upper and - lower parts; and two liners are
allocated for each of the upper and lower drum. ;

Fig. 16 is a development of a centrifugal
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molding form drum in which four pieces of the above five
liners are disposed. In this figure, liners A and X
are allocated in an upper drum 100a and liners B and B
are allocated in a lower drum 100b. Thus, fhe kinds 1

to 5 of the combinations shown in Table 1 are selected.

Table 1
kinds of combinations upper drum lower drum
1 AR W B, B
2 A, K B, B
3 A, K A, B
4 A, K i, B
5 A, B A, B

In general, when five liners having different
shapes are used, the tunnel liner is divided along the
circumference into five liners C, D, E, F and G each
having an arbitrary arc length not more than the quarter

arc, and they may be combined with each other as shown

in Table 2.
Table 2
kinds of combinations upper drum lower drum
1 ' C, D E, E
2 C’ D E’ G -3

3 C, D F, G
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4 F, E F, G
5 . . C,D F’G

Fig. 17 is a typical view of the arrangement of
a.tunnel liner as seen from the end surface of a drum
wherein the allocation of liners shown in Table 2 is
exemplified. Additionélly, in the allocation of Table
2, five.kinds of the forms may be realized by preparing
two of upper drums having'fhe“}iners (C, D) and (F, G),
and three of lower drums having the liners (E, E), (E,F)
and (F, G), and changing the combination of the upper
and lower drums.

Moreover, by designing a tunnel liner in whiéh
arc lengths are suitable selected, it is possible to
allocate the forms into two kinds of a drum form for
fabricating the liners (C, D, E, F) and a drum form for
fabricating a plurality of the liners (G). At this
time, to enhapce the efficiency, the liner (G) may be
shortened in the arc length.

The process of fabricating a tunnel liner of the
present invention will be described below. .

(a) Each arcuate enclosed hollow form is filled with
Concrete, and is vibro-compacted b& a vibration-
exciter. At this time, the vibro-compacting is
performed by holding the form in the posture that one

end of each arcuate side plate is high and the other
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end is low. Thus, concrete on one rectangular end

surface and two arcuate side surfaces is tightly
compacted onto the inner surface‘df the form, which
prevents the generation of water-path due to an inertia
force even in the centrifugal force-compacting of the
subsequent process.

(b) In the state that concrete is not hardened, each
enclosed hollow form is mounted within a centrifugal
drum, and is compacted by‘a’cégtrifugal force with an
acceleration of 20 to 25 G (G: acceleration of gravity).

At this time, the form is mounted within the

P

centrifugal molding drum such that the rectangular side
plate positioned on the upper side in the above vibro-
compacting is positioned on the upstream side in the
rotational directidn qf the centrifugal molding drum.

By the centrifugal force, the arcuate outer surface

side of the concrete liner is consolidated and water is
squeezed on the inner surface side. Moreover, the
‘above rectangular end surface on the upstream side in
the rotational direction is tightly molded. This is due
to the rotation of concrete retarded from the rotatioﬁ
of the rotary drum by the inertia force in the
centrifugal molding of the arcuate plate-like concrete
liner, so that concrete is shifted on the upstream side

in the rotational direction and the concrete on the end

Surface on the upstream side in the rotational direction
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is tightened. Sinde the other three surfaces are
tightly molded in the above process (a), all of the end
surfaces are thus precisely molded. Concrete is
separated from the arcuate inner surface plate to form.
gaps, and water is squeezed by way of these gaps.

(¢) Each form is removed from the centrifugal molding
drum, and the arcuate inner surface plate is removed to
repair and finish the arcuate inner surface of the
concrete liner. The concrete liner is then cured.

The apparatus of the pfesent invention is _
adapted to preferably perform the method of the present
invention, and which includes a centrifugal molding
drum, and a plurality of individuallenclosed hollow
forms removébly mounted within the centrifugal molding
drum. The enclosed hollow form is an assembled body of
an arcuate outer surface plate, arcuate inner surface
plate, two arcuate side plates and two rectangular ‘side
plates. This form can be disassembled such that the
concrete product.is easily removed therefrom. The outer
.Surface of the form is provided witﬁ'a mounting '
mechanism for forcibly mounting the form onto the
centrifugal mdlding drum. The arcuate inner surface-
plate can be'independently removed differently from the
above-described disassembling mechanism. Moreover, on
the arcuate inner surface plate, an enclosable concrgte

charge port is provided near one rectangular side
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plate. | |

The apparatus used for execution of the process
(a) of the above-described fabrication method includes a
vibration-exciter -for exciting the arcuate enclosed
hollow form while holding the form in the posture that
one end of the arcuéte side plate is high and the other
is low, and a concrete supply apparatus moved over the
vibration~exciter for supplying concrete.in the
enclosed hollow form.--This‘qpparatﬁs is adapted to
precisely mold the end surfaces of the concrete liner
before the arcuate enclosed hollow form is mounted to
the centrifugal molding drum.

Fig. 22 is a front view of a concrete liner
centrifugal holding drum of the embodiment; and Fig. 23
is a development of the inner surface of the drum.
Arcuate concrete liner forms 200a, 200b, 200c and 200d
are mountéd within a shell 102 of the rotary drum.

Fig. 19 is q‘front view of the centrifugal molding

drum; and Fig. 20 is a side view of the form 200a. The
form 200a for fabricating an arcuate plate-like concrete
liner is a compressed arc-shaped enclosed hollow box
including a bottom plate 204, rectangular side plates
206, arcuate side plates 208, and an inner surface plate
210. The form 200a is removably mounted onto the

centrifugal molding drum shell 102 by means of mounting
Dembers 212.
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The arcuate inner surface platé 210 is removably
mounted on the side plates 206 and 208 by means of
fixtufes, and is provided with a- concrete charge port
216 (see Fig. 20).' The concrete charge port 216 can be
enclosed by opening/closing a shielding plate 21u'by
means of a hinge structure. The concrete charge port
216 is provided near one rectangular side plate, so
that the form 2002 can be filled with concrete while
being held in the posture that the charge port 216 is
position on the upper side. An air vent hole 220 is
provided on the other end of the arcuate inner surface
plate 210 for improve the efficiency and confirming the
filling. The shapes, and opening/closing mechanism and
the enclosing mechanism of the concrete charge port 216
and the air vent hole 220 may be different from the
above-described hinge structure.

Figs. 21(a), 21(b) and 21(c) show the arcuate
inner surface_plate 210, wherein Fig; 21(a) is a plan
view; Fig. 21(b) is a side view; and Fig. 21(c) is a
front view. A frame-like projection 222 having a
Specified height is provided on an abutment surface
between side plates 206 and 208 around the arcuate
inner surface plate 210 on the form inner surface side.

The upper surface of the projection 222 is formed wWith
2 parting surface 224 with respect to the top ends of®

the side plates 206 and 208.  The height of the parting



- 29 -
surface 224 substantially corresponds to the height 6f a
space, which is formed when concrete filled in the form
is centrifugal-compacted and consolidated on the
outside diameter side so that and the surface on the
inside diameter side is separated from the arcuate
inner surfacé plate 210. Namely, the upper edges of the
side plates 206 and 208 become finish rulers when the
form 200a is removed from the centrifugal molding-drum
shell 102 after the cedﬁéifuéa;ly molding, followed by
the removal of the arcuate inner surface plate 210, and
the surface of the concrete placed is repaired. By the
centrifugal molding, concrete is tightly consolidated
on the outer peripheral side, and water is squeezed on
the inner peripheral side which forms an irregular
surface. The irregular surface is repaired, and then
the concrete liner is subjected to steam curing.

Referring to Figs. 24, 25 and 26, the process_of
Placing concrete within a form 200a and compacting the
concrete, and iﬁs apparatus will be described. As shown
in these figures, in this process, the form 200a is _
mounted on the vibration-exciter 250, and concrete ié
Supplied from the concrete supply apparatus 260 into
the form 200a, to be vibro-compacted.

| The vibration-exciter 230 is provided with a

base 232 on which the form 200a is mounted. In the .

base 232, one end is Supported by a pin 234 and the



- 30 -

other end por;ion 248 is supported so as to be mov;ble
in the vertical direction. For example, the end portion
248 is fixed to the leading edge of a rope of an
elevator 250. The base 232 is fixed with a vibrator
246, and is supported on supporting frames 236 and 238
through flexible supporting bodies 240 and 2u2, for
example coil spring, air spring and rubber, to enhance
the exciting effect. The concrete supply apparatus-260
includes a hopper 262 andiafségew feeder 264, and which
is provided over the fibration—exciter 230 by means of

a column 270. The hopper 262 can be moved forward and
backward by wheels 272 along rails laid on the frame
268, to supply concrete in the concrete charge port 216
of the form 200a. The lower end of the column 270
includes running wheels 272, and can be moved to the
position over the adjacent vibration-exciter 230a.
Accordingly, both the vibration-excites 230 and 230a can
be alternately operated.

In the stand-by condition of the concrete supply
apparatus 260 at the position over the vibration-
exciter 230, the base 232 of the vibration-exciter 230
is substantially in the horizontal posture (base 232')
33 shoWn by the virtual line (two-dot chain line) in
Fig. 24. The form 200a’ is mounted on the base 232!
Substantially in the horizontal posture by a crane or:

the like, ang the elevator 250 is operated to lower the



- 31 -

end portion 248' of the base 232' to the position of the
end portion 288. At this time, the base 232 is rotated
around the pin 234, and is supported on the flexible
bodies 240 and 242. The concrete supply apparatus 260
is moved over the vibration-exciter 230, and the
shielding plate 214 of the form 200a is opened to supply
concrete from the charge port 216. Subsequently, the
shielding plate 214 is closed, and the vibrator 2i6. is
driven to accelerate the’bﬁhbﬁg of the concrete and to
compact the concrete. At this time, the lower end side
and the side surfaces of the form 200a are tightly
compacted. The base 232 is returned to the
substantially horizontal posture by the elevator 250
after compacting. - The form 200a is then hung up by the
crane or the like to be carried to the position of the
drum form, and mounted ﬁithin the centrifugal molding
drum, to be thus subjected to the centrifugal molding
treapment.

| As shown in Fig. 22, the con¢rete placed within
the form 200a receives an ihertia force in the direction
of the arrow 152 against thé rotational direction 150

of the centrifugal molding drum 100, to densify the
concrete abutted on the side plates 206 of the form

2002 on the upstream side in the rotational direction
150. PPOJectipns or mortises for forming sealing '

P Y
grooves are provided on the inner surface of the side
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plate 206, and the concrete surface of this portion is
precisely formed. The other three end surfaces are, as
described above, vibro-compacted directly after
concrete placing, to be thus formed in the precise end
surfaces. Thus, all of the peripheral end surfaces of
the concrete liner are precisely finished.

According to the present invention, there was
fabricated aﬁ arcuate concrete liner hav;ns a -
circumference (outside ‘diametér: 2.5 m, thickness: 0.125
m, and axial length: 1.2 m) which is unequally divided
into five parts.

As shown in Fig. 24, the assembled form 200a was
mounted on the base 232 of the vibration-exciter 230.

At this time, the form 200a was disposed in the posture
that one end of the arcuate side plate was position on
the upper side and the other end thereof was positioned
on the lower side. Thus, concrete was supplied from

the concrete charge port 216, to £ill the form 200a with

concrete.

The blending of concrete was as follows.
Cement amount: 350 to U450 kg/m3

Ratio of water to cement: 30 to U0%

Coarse aggrerate: crushed stone (15 mm), 800 to 1000
kg/m3

Fine : Mi
aggregate: Minano-produced crushed sand i

Sand Percentage: ug ¢, 55%
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Slump: 3 to 7 cm

Admixture: 150 to 230 kg/m3

Water reducing agent: 6 to 10 kg/m3

The vibration-exciter 230 was operated to
perform the vibro-compacting. The form was then mounted
onto the centrifugal molding drum 100, to be
centrifugal-molded.
| The centrifugal molding was performed as -~

- Y

follows.

I

Low speed (acceleration of centrifugal force: 4G)
¢ 1 min
Intermediate speed (acceleration of centrifugal fdfcé
8G): 3 min
Intermediate speed (acceleration of centrifugal force
14G): 3 min High speed (acceleration of
centrifugal force 20-25G) : 10 min
Next, the resultant concrete liner was subjected
to high temperature steam curing, and was removed from
the form. The concrete of the concrete liner fhus
obtained was observed in detail, with the result that
there was no defect, the outer surface and the
Deripheral'surfaces were precisely finished, and the
appearance was beautiful.
In addition, in the above compacting process
under the condition of the high speed rotation (20-25 .

G), by reversing the rotational direction of the form
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drum, there can be eliminated the.shifting of the
concrete due to the inertia force with respect to the
rotation of the centrifugal molding drum. Accordingly,
there was never generated no defect, for example, the
water path on one end surface.

According to the present invention, in the
centrifugal molding of the arcuate plate-like concrete
liner, the concrete surface of the circumferentsal edge
of the.liner can be tightIy'?prmed in a precise.
dimension, which makes it poésible to fabricate the
concrete liner being higher in the quality and is
superior in the reliability. Moreover, the concrete is
not supplied'within the centrifugal molding drum but is
certainly supplied within the form by the concrete
éupply apparatus, so that it is possible to prevent the
concrete from bging leaked to the outside of the form.

This makeshit possible to enhance the yield, to remove
the scatterég concrete in the centrifugal molding drum,
to eliminate the cleaning, and to make easy the
maintenance.

Next, there will be described a method of
fabricating a large diameter tunnel liner using a small
diameter centrifugal molding'drum.

. A separate form having a radius larger than that
of a centrifugal molding drum is mounted on the }

centrifugal molding drum. Concrete is placed within
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the form, and is applied with a centrifugal force for

compacting, to thus form a concrete having uneven wall
thickness (the radius.of the bottom plate of the form
becomes the outside diameter, and the radius from the
center of the drum becomes the inside diameter). The
concrete is removed from the centrifugal molding drum
together with the form before being sﬁlidified, and the
excessive thickness on the inside diameter side of -the
concrete is cut off, to' fabricate the large diameter
tunnel liner.

Since the form of the tunnel liner is removed
from the centrifugal molding drum and the concrete is
.processed, the processing can be easily and accurately
performed. Moreover, since the separate form is
mounted to the centrifugal molding drum and the
centrifugal molding for the next product can be made, it
is possible to fabricate the tunnel liner effectively.

The concrete, which is not sufficiently
solidified, can be easily cut off. In the centrifugal
molding, there is‘'a fear that there occurs defects on
the inside diameter side, so that the removal of the
excessive thiékness_portion on the inside diameter side
is desirable.
| According to the present invention, it is
Possible to fabricate the tunnel liners having a' '

Plurality of kinds of diameters using the same
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centrifugal molding drum, and hence to reduce the
equipment cost.

Fig. 27 is a view for explaining a centrifugal
molding drum used for the fabrication of a tunnel liner
of the present invention; and Fig. 28 is a view for
explaining the procesé of removing the excessive
thickness portion.

Forms 200a, 200b and 200c for an arcuate tunnel
liner having an outside'&iéhe%ér.z R10 = 4 m were
mounted within a centrifugal molding drum 100 having an
inside diameter 2 R1 = 3 m by way of reinforcing plates
314 and mounting fixtures 316. The form is composed a
bottom plate 310 and side plates 312, and the upper
surface of the form has an inside diameter 2 Ril. An
auxiliary form 324 was mounted on the upper surface 318
of the fdrml The_éuxiliary form 324 corresponds to the
upper surface 318 of the form 200a, and is closely
contacted with the upper surface 318 without no gap.
While concrete is placed within the form-200a, the
centrifugal molding drum 100 is rotated, to mold a
concrete product having an outside diameter surface
formed by the surface of the bottom plate 310 and the
upper surface 320 of the same radius R2 from the center
of the drum 100. The concrete product is removed from
the centrifugal molding drum 100 together with the form

2002 after the centrifugal compacting is completed.
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The form 200a removed from the centrifugal molding drum
100 is mounted on a base 328 as shown in Fig. 28.
Subsequently, the auxiliary form 324 is removed
upwardly. Then, an excessive thickness portion 322 is
cut-off along the upper surface 318 of the form 200a
using scraper, rotating cutter, wire brush or the like.

At this time, since the concreﬁe is not solidified
after compacting, the excessive thickness portion 322
can be easily removed. " After that, the concrete
product is cured and removed from the form in the
conventional manner, to thus obtain a tunnel'liner
product.

According to the fabrication method of the
embodiment, it ig possible to easily fabricate a large
diameter concrete tunnel liner with a good quality which
has a tight inner surface and the smoothly cut-off

outer surfacg using a small diameter centrifugal molding

drum.

Next, there will be described a means of
mounting a form to a centrifugal molding'drum in the

fabrication method for the tunnel liner according to the

present invention.

A hook locked on both the end surfaces of the
form is locked to or removed from the projection
Provided on the outer surface of the form by one !

action, to hold the form without the generation of the
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drop and shifting. Accordingly, in this embodiment, an
L-shaped hook is engaged with an operating rod so as to
be rocked and to be stopped at a specified position.
The operating rod is a rotating rod provided with a
normal/reversed screw. The normal/reversed screw is
screwed to a nut, and the rotating rod is normally and
reversely rotated and stopped, so that the nut is
engaged with the L-shaped hook and is rocked. -

The normal/reversed és?ew is moved to allow the
nuts to be cldse to and separated from each other
accompanied with the normal and reversed rotation.
Accordingly, the L-shaped hook engaged with the nuts is
operated to be close to or separated from both the end
surfaces of the form. Moreover, the rotating rod is
left as being locked at the position during the
stoppage.

Fig. 29 is a vertical sectional view of the drum
100 showing a portion of the form holding mechanism;
aﬁd Fig. 30 is a partially enlarged view of Fig. 29.

 The arcuate concrete liner form 370 is mounted

on the inner surface of the wall 350 of the centrifugai
molding drum 100. Projections 374 are provided on end
Plates 372 on both sides of the form. The L-shaped hook
352 is engaged with the projection 374 to hold the form
370 on the inner surface of the wall 350 of the drum .

100. Moreover, the end plate 372 holds the form 370 so
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as not to be shifted in the axial direction of the

drum.

The L-shaped hook 352 is provided while passing
through the wall 350 of the drum 100. In the L-shaped
nook 352, the center portion is rotatably supported by
a pin 354 while the other end 356 is engaged in the U-
groove with the pin 360 of the nut 358. The nut 358 is
screwed to a screw of the rod 362, and it is moved.
forward and backward alohg’tﬁ§ rod by twisting the rod
362 around the end portion 364.

Accordingly, the L-shaped hook 352 is rocked
between the position where it is engaged with the
projection 374 of the form 370 and the position (352a)
where it is disengaged therewith.

In the centrifugal molding apparatus for the
concrete liner according to the present invention, it
is possible to mount and remove the form to and from
the centrifuggl molding drum by one action, and to
certainly hold the form. Accordingly, it is possible
to achieve the manpower-saving and enhance the
productivity for the concrete liner.

Next, there wWill be described an apparatus of
rotating the centrifugal molding drum little by little,
and saﬁely_stopping it at~the arbitrary position when
the arcuate form of the concrete liner is mounted or

removed to or from the centrifugal molding drum.
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In the present invention, the form filled with
concrete is mounted within the centrifugal molding drum
and is subjected to the centrifugal molding. In the
form mounting process, the above apparatus is intended
to safely operate the centrifugal molding drum in which
the weight distribution in the circumferential
direction becomes unbalance.

To achieve the above object, a transmission
device between the drum and a drive unit is constituted
of a slip-free apparatus such as a pinion-spur gear
combination. The spur gear is preferably composed of a
pin-roller gear in which a roller pin is disposed along
the circumference in place of the tooth. At this time,
the pinion is of a sprocket type. The auxiliary drive
unit does not require the high rotation of the drum, and
is sufficient to be small in power. However, the unit
is required to output a torque larger than the turning
torque due to.the unbalance of the drum, and to be
provided with a holding mechanism for holding -the Weight
unbalance of the drum upon stoppage, for example a
reversed rotation preventive apparatus or a rotation
preventive apparatus. The examples of the apparatuses
include a suitable apparatus for preventing the rotat;on
of the drive side from the driven side upon stoppage,
for example brake unit, ratchet reversed rotation ’

preventive apparatus, a warm wheel system and the like.
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Moreover, the drive unit is required to be
released in meshing with the centrifugal molding drum
except for mounting and removal .of the form or repair
of the centrifugal molding drum. Accordingly, the
whole auxiliary drive unit is adapted to be moved
forward and backward using a screw feeder or the like.

| Fig. 31 is a front view of a centrifugal molding
drum 100 showing the embodiment of the present .-
invention; Fig. 32 is a'éi&e'G;eu of the drum 100; and
Fig. 33 is a plan view of the auxiliary power unit 410.

The drum 100 is mounted on the liner wheel 400, and is
rotated at a high speed by a rotating unit (not shown),
to centrifugél-mold the concrete liner. _The arcuate
form (not shown) for the concrete liner is mounted
within the centrifugal molding drum 100.

A pin roller gear 402 is mounted around the
outer periphery of the drum. The auxiliary power unit
for low speed'rotation has a'sprocket 412 meshing with
the pin roller gear 402. The sprocket 412 is rotated by
a reduction mofor 414. The reduction'ﬁotor Ui4 and the
sprocket 412 are mounted on a frame 416, and the frame
416 is moved forward and backward along a base frame
418. The adﬁancing[retracting mechanism is a screw type
direct retracting mechanism in which a -screw 420 is
rotated by thé rotation of the sprocket 422 by the

motor U426, which is advanced and retracted as shown by



- 42 -

the arrow 424.

In the apparatus of the embodiment, the
auxiliary power unit 410 is easily.meéhed with the pin
roller gear of the cehtrifugal molding drum, so that
the unbalanced drum is rotated by a specified angle and
kept in its posture, which makes it possible to
effectively execute the mounting and dismounting of the
form with safety. -

Moreover, there will Bg described a centrifugal
molding drum which is rotated within the horizontal
plane around the vertical center axis. The.conventional
centrifugal molding drum has the rotation axis disposed
in the horizontal direction and is.rotated within the
vertical plane. In this case, the centrifugal molding
drum is provided with a plurality of steel made tires
spaced aparf from each other in the longitudinal
direction around the outer peripheral surface, and
which is rotated while the tires are rotatably supported
by two rollers. The two rollers receive the vertical
weight together with the horizontal weight, and is usgd
in the severe condition. '

The above centrifugal molding drum requires a
structure with a high rigidity for preventing the
deformation of the drum. In the centrifugal molding for
the tunnel liner, an acceleration being several times'

that of the gravity is applied to concrete. The
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concrete is disposed unevenly within the centrifugal
molding drum, so that there occurs a significant
unbalance due to the.centrifugal force along the
circunference of the drum, resulting in the deformation
of.the drum. To prevent the deformation of the drum,
the rigidity of the drum must be further enhanced.

As compared with the conventional centrifugal
mﬁlding drum described abave, the centrifugal molding
drum of the present invention is rotated within the
horizontal plane around the vertical axis, so that the
vertical weight of the drum can be received by a
plurality of the receiving rollers. Accordingly, the
load in the radial direction of the drum, that is, in
the centrifugal force applying direction can be received
by a plurality of the receiving rollers serving as
drive rollers, to eliminate the necessity of provision
of the drum with a high rigidity even when the concrete
disposed in the drum is uneven. Moreover, there is
eliminated the necéssity of.mounting a counter weight
or the like to equalize the unbalance of the concrete.

Accordingly, a large diameter drum rotated at.a '
high speed can be easily fabricated, and a large
diameter tunnel liner can be fabricated using the above
drum. |

Moreover, siﬁce the upper portion of the drum:is

opened, the mounting and dismounting of the form are
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made easy.

Fig. 34 is a plan view of the centrifugal
molding drum 100 of this .embodiment.

Each of arcuate forms 200a, 200b, 200c and 200d

constitutes an enclosed hollow form obtained by
integrally.assembling an arcuate bottom plate,
_ peripheral side plates surrounding the four peripheries
of the tunnel liner and an arcuate inner surface plate;
and it is mounted on the ihnéb surface of a centrifugal
drum shell 30. The mounting portion is reinforced by a
shape steel flange U432 wound around the outer periphery
of the drum shell 430. '

Tires 434 are provided around the outer
periphery of the drum shell 430, but the drum shell 430
is not particularly heavily reinformed to enhance the
rigidity.

The steel tires 434 are supported by a plurality
of receiving rollers 436 for receiving a vertical load.
Moreover, the steel tires U434 are radially supported

by drive rollers U438 provided around the outer
peripheries thereof. The drive roller 438 is pushed to
the steel tire radially outwardly from the drum by a
pushing apparatus (not shown), and is rotated by a
‘drive unit (not shown) for rotating the steel tire 4314
in the horizontal direction. At least two drive s

rollers 438 are provided at positions of the drum spaced
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apart by a center angle of 180 ° . A plurality of
drive rollers 438 are preferably provided at the
positions being symmetric with respect to the center: of
the drum.

Each form of the tunnel liner, for example 200a
has a construction shown in Fig. 20.

By use of this apparatus, it is possible to
easily fabricate a tunnel liner with accurate dimensions
wherein the form is easily’iﬁporporated, and is easily
removed, without any drum shell with a high rigidity.

In particular, by use of this apparatus, a large
diameter tunnel liner can be easily centrifugal-molded.
A composite tunnel liner of the present
invention will be described. The composite tunnel liner
is so constructed- that a steel or FRP box, which is

formed of a bottom plate, and side plates erected
around the four peripheries of the bottom plate, is
filled with concrete.

The outside diameter and the side end surfaces
of the composite tunnel liner are dovered with a steel
plate or FRP, and which is high in rigidity, excelleht
in toughness, and excellent in sealing performance for
the coupling portions between the liners. Moreover, the
box is integrally formed, which prevents the cement
paste leakage upon centrifugal molding of concrete, ,

resdlting in the tight concrete product.
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In the fabrication of the composite tunnel
liner, a doweled reinforcements and ribs are freely
fixed within the steel or FRP mdde box, which makes it
possible to save the amount of the steel bar, and to
eliminate the steel reinforcing work and mounting. The
inexpensivg concrete may be fabricated using the low
cement content ratio, and further a rigid concrete may
be easily fabricated using the concrete with zero .

slump. )

The liners of forming one circumference of the
tunnel liner can be fabricated one time by disposing
the steel or FRP made boxes in the centrifugal molding
drum so as to abut on each other. Moreover, when the
steel or FRP made boxes are assembled as the tunnel
liner by a method wherein they are coupled by coupling
bolts and assembled to form a set of circumferential
lines, they can be coupled by means of the same
coupling means, to obtain the circumferential liner
with the same érrangement as that fabricated within the
centrifugal molding drum. This makes it possible to
significantly reduce the assembling work. .

Fig. 35 is a typical vertical sectional view of
a composite tunnel liner of the present invention. A
box, which is formed of a steel or FRR made arcuate

bottom plate 502, and side walls 506 erected around four

peripheries and .having a height equivalent to the
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thickness of the liner, is filled with a concrete 504,
to be thus integrated with the concrete. Fig. 36 shows
the usage state of such tunnel liner, wherein a
plurality of liners 500 are cylindrically coupled with
each 6ther. 'Fig. 36(a) ié a front view of the tunnel
liner, wherein five liners 500 are coupled with each
other in a 6ylindrica1 shape; and Fig. 36(b) is a |
vertical sectional §iew 6f Fig. 36(a) showing the state
that three rings 10a, 10b hn&{iOc are coupled to each
other.

Fig. 37 shouws the structure of the coupling
portion between the adjacent rings 10a and 10b in the
composite tunnel liner. The circumferential coupling
portion between the rings is of the same coupling
system. The state that the concrete 504 is removed from
Fig. 37 is the same as that in assembling of the form
prior to the concrete placing. Namely, a plurality of
doweled reinforcements 510 are mounted to the bottom
plate 502; inserts 514 are mounted .on the side walls
506 through mounting fixtures; sheaths 518 are mounted
on the adjacent side walls 506 in correspondence with
the above inserts 524; and the bolts 516 are screwed
Wwith the insérts 514 through the sheaths 518. Thus, the
adjacent steel made boxes are coupled. A partial form
for forming a notch 520 of concrete is provided on the

head portion of the bolt 516, so that the bolt 516 can
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be removed. The partial form for forming.the notch 520
may be fixed on the bolt 516 or bottom plate 502.

After concrete placing, ‘the bolts 516 are
removed, and'the product is removed from the centrifugal
molding drum. When the product is assembled at job
side, as shdun in Fig. 37, it is assembled in the same
manner as in the fabrication, and can be coupled using

the same bolts.
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What is Claimed is:

1. A tunnel limer comprising a ring-shaped connected
body composed of straight liners each having a
rectangular shape in the circumferential development and

taper liners having each a trapezoidal shape.

2. A tunnel liner according to claim 1, which-
comprises two straight'Iiﬁéréiéach having a center angle
of 90° , two single taper liners each having an average
center angle of (90- a), and one double taper liner

having an average center anglé of 2 a.

3. A tunnel liner according to claim 1, wherein each
an abutment portion between the adjacent liners

provides a projection-groove engaging connection.

4. A tunnel liner according to claim 1, wherein said
abﬁtment port;on between the adjaceﬁtfliners is
provided with a seat on which a band-like sealiﬁg
material for separating the inner periphery from the
outer periphery of the liner is seated, and a crimping

means for pressing said sealing material.

5. A method of constructing a prestressed concrete '
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tunnel linef comprising the steps of:
buryihg an unbonded PC steel material in each
arcuate liner along the circumferential direction, and
providing openings frﬁm which the end portidns of said
unbonded PC steel material are expospd on the inner
surface of the liner;
~ assembling said liners in a cylindrical shape;
coupling said PC steel materials in a ringiw

L. -

shape; and

”

stretching said PC steel materials for

introducing a prestress in the tunnel liner in the

circumferential direction.

6. A method 6f fabricating a tunnel liner comprising
the steps of:

dividing .one circumference of the tunnel liner
into individual liners of n-pieces each having an
arbitrary arc.length, and prepgring the combination of
n-kinds of forms of (n-1) pieces; and_

allocating the combination of n-kinds of said
forms in a cehtrifugal molding form drum, thereby

centrifugally molding said liners.

7. .A method of fabricating a tunnel liner according to

claim 6, wherein one circumference of the tunnel liner!

is divided into five individual liners each having an
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arbitrary arc length not more than the quarter arc, and
the combination of five kinds of forms in the numher of

four pieces is prepared.

8. A method of fabricating a tunnel liner according to
claim 6, wherein one liner of the five individual

liners is formed to have a short arc length, the
repaining four liners being aliocated in upper and lower
drum_shélls of the centrifﬁéélﬁﬁolding drum, and séid
liner of the shbrt arc length is separately

centrifugal-molded.

9. A method.of fabricating a centrifugal molding
concrete liner comprising the steps. of:

holding an arcuate enclosed hollow form in a
posture that one end of an arcuate side plate is high
and the other'end thereof is low;

filling said form with concrete from the upper -
side;

accelerating the flowing—-down fiiling of
concrete and vibro-compacting concrete by applying of
vibration;

mounting a plurality of thus prepared forms in a
centrifugal molding drum, and consolidating concrete by
applying a centrifugal force; : !

removing said forms from the centrifugal molding
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drum, and also removing each forming panel on an
arcuate inner surface side of each said form for ..
finishing the arcuate ‘inner surface side of concrete;

and

performing concrete curing.

10. A method of fabricating a centrifugal molding
concrete liner according to claim 9, wherein each said
form is mounted in the ééhfﬁifﬁgal molding drum such
that a rectangular side plate of said form on the .
concrete charge side is positioned on the upstream side
of the rotational direction of the centrifugal molding

drum.

11. A method of fabricating a centrifugal molding
concrete liner comprising the step of reversing the
rotational direction of a drum in fabricating a
centrifugal molding concrete of an arcuate plate like

member.

12. A method of fabricating a centrifugal molding
tunnel liner comprising the steps of:
mounting forms of individual tunnel liners
divided-in an arcuate shape within a centrifugal
molding drum having a diameter smaller than the °“?§E§E________——————

diameter of a tunnel liner to be fabricated: ot Has Been Replaced
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placing concrete within Said formé for
centrifugal molding;
compacting concrete. centrifugally and removing -said
forms from the centrifugal molding drum; and
removing an excessive thickness of the plaéed
concrete on the inside diameter side of thé'individual

liners.

13. An apparatus for faﬁéibé%;ng a centrifugal mdlding
concrete liner comprising:

é centrifugal molding drum; and

a plurality of individual liner forms each
having a hollow arcuate shape, which are removably
.fixed within said drum;.-

wherein each of said individual liner forms is
an enclosed form including an arcuate outer surface
plate, an arcuate inner surface plate, two rectangular
side plates and two arcuate side plates;

said arcuate inner surface blgte is provided
with a frame-like parting surface ha#ing a specified
height around the inner surface of the form; and

an enclosable concrete charge port is provided
near one rectaﬁgular side plate, and an air vent hole
is provided near the othgr rectangular side plate.

)

14, An apparatus for fabricating a centrifugal molding
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concrete liner according to claim 13 further
comprising: o

a vibration-exciter for exciting an arcuate
enclosed-holipw form while supporting an arcuate side
plate in a pdéture that one end is high and the other
end is low;'énd _

a concreté supply apparatus moved over said
vibration-exciter for supplying concrete in said-

enclosed hollow form.

15. An apparatus for fabricating a centrifugal molding
concrete liner according to claim 14, wherein the
exciting force of said vibration-exciter ;s three to

five times as much as the accelefation of gravity.

16. An apparatq; for fabricating a centrifugal molding
concrete liner according to claim 14, wherein said
vibration-exciter comprises .a plurality of unbalanced
load rotational type v;bratidﬁ-exciters, and the
rotational direction is dirgcted rigﬁtwar&ly.as seen
from the rightward and downward direction of said

arcuate side plate.

17. A form for fabricating a centrifugal molding -
tunnel liner comprising an arcuate bottom plate !

provided on the back surface with ribs for providing a
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rigiditf to said bottom plate;

wherein said form is independently formed, and a
plurality of said forms are dispbéed on the inner’

surface of a centrifugal molding drum.

18. An apparatus of mounting/dismounting molding forms
for concrete liners in a centrifugal molding drum
comprising:

projections provided on the outer surfaces of
both end portions of an arcuate concrete liner form
mounted within a centrifugal molding drum;

L-shaped hooks engaged with said projections for
holding the fofm on the inner wall of the drum, which
is provided while passing through the wall of the drum;
and

a rod mechanism for engaging and disengaging
said L-shaped hooks with and from said projections,

which is provided outside the drum.

19. An apparatus of mounting/dismounting molding forms
for a concrete liners in a centrifugal molding drum
according to claim 18, wherein said L-shaped hook is so

- constructed that the locking end of an L-shape is
positioned within the drum, a center pin supporting
portion is pfovided outside the drum and an engaging‘ }

portion engaged to a reciprocating nut is provided at
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the other end, and the reciprocating nﬁt'is_engaged

Wwith a screw of a rotating rod.

20. An apparatus fdf centrifugaliy molding concrete
liners comprising: _

a driven side meshing transmission unit mounted on
the outside diameter of a centrifugal molding drum for
concrete liners, and

an auxillary poweér unlt for low speed rotation
which includes a drive side transmisszon unit meshing
with said driven side transm1331on unit,

wherein said auxiliary power-unit is disposed to
be movable fofward and rearward to said centrifugal

molding drum.

21. _An apparatus for centrifugally molding concrete
liners according to claim 20, wherein said meshing
transmission uﬁit comprises a spur gear meshing with a

pinion.

22. An apparatus for centrifugally molding concrete
liners according to claim 20, wherein said meshing
transmission unit comprises a pin roller gear meshing
with a sprocket.

23. A method for fabricating tunnel liners comprising
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removably mounting individual enclosed hollow

the steps of:

forms for a plurality of arcuate liners within a
centrifugal molding drum rotating around the vertical
center axis; and

centrifugally molding said liners.

24. A method for fabricating tunnel liners according
to claim 23, wherein each an éFpuate enclosed polléw
.fobm is held such that arcuate side plates are erected,
said form is filled with concrete, followed by vibro-
compacting, and each said form is mounted within a

- centrifugal molding drum, whereby centrifugally molding

the liners.

25. A apparatus for fabricating tunnel liners
comprising: |

a cenﬁrifugal molding drum having a center axis
disposed in the vertical direction;

arcuate enclosed hollow forms removably mounted
within said drum; and

a plurality of drive rollers disposed around the

outer periphery of said drum.

26. A composite tunnel liner comprising: a steel box'

or FRP box formed of an arcuate bottom plate and side
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walls erected around four peripheries of the bottom

plate, whereby said box is filled with concrete.

2T7. A methpd-for'faﬁricating composite tunnel liners
comprising the steps of:

fixing ‘a plurality-of segment-like boxés divided
in the circumferential direction, which are connceted
with each other, within a drum of a centrifugal molding'
apparatus;

placing concrete within said boxes, Qnd
centrifugal ﬁolding and curing the concrete; and

instantly removing an integrally molded product
of said boxes and concrete from the drum of the

centrifugal molding apparatus.
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