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- TUNNEL LINER,. ITS FABRICATION 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 ·:i.ts ia.brication apparatus. 

2. Description of the Relate.d 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 tunn~l liner used for a shield tunneling 

method requires the function that the outer surface is 

tightly conta~ted with a shield machine for preventing 

permeation of water. 

Namely, the outer peripheral su~race must be 

excellent in dimensiQnal accuracy, high in water 

tightness, and s~ooth in surface finish. Such a tunnel 

liner is fabricated to be divided into arcuate plates, 

and is assembled in a cylindrical shap~ 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 other. 

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 the~torm, ·compacting 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 characterist~cs of being compact 

in concrete at the outside diameter portion, high in 

dimensional accuracy, smooth in the surface, and 

superior in water tightness. 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 tormed, and honeycomb 

surface is generated. on-the· concrete surface •. 

Moreover, micro-gaps"are generated due to the inertia 

force of the rotation at the abutment surface of 

concrete with the inner surface or the form on the 

downstream side at the rotational direction of the 

centrifugal molding drum, which brings about a pr~~lem 

in causing the water-path on~the concrete surface. The 

end surfaces ot the peripheral edges or the liner 

abutting on the inner surf ace of the torm becomes the 

coupling surface with the adjacent concrete liner, which 

are generally formed in a projection-groove engaging 

connection. In the worst ease, there is a tear that the 

projection-groove engaging connection portions are 

broken, and the~water-tightness as the most important 

factor of the concrete liner is lost. 

The-present inventors have studied a technique 

of dividing a tunnel liner into arcuate parts having a 

suitable size and centrifugally moldlng the divided 
. 

liners particularly to enhance the water-tightness of 

the above· abutment· surface,. and further of et'fectively 

fabricating a hi·gh quality tunnel liner, particularly 

being excellent in accuracy in the outer peripheral 

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 ettective~y and easily fabricating a 

tunnel liner having an excellent quality. 

A further object of the present invention is to 

provide a method of constructing a tunnel liner in which 

a prestress is introduced in the circumferential 

direction, and an apparatus.used tor the construction. 

Still further object or the present invention is 

to provide a me~hod allocating divided liners in a 

centrifugal molding drum in fabrication or an arcuate 

plate like tunnel liner. 

A specific object of the present invention is to 

form a recessed or projecting portion having high 

dimensional accuracy and tight shape on the surfaces of 

a peripheral edge·or each centrifugal concrete liner, 

and particularly to form a tight concrete with a high 

quality for preventing the generation of the water-path 

on the abutment portion of the inner surface of a form 
I 

on the downstream side in the rotational direction or an 

···"'·· ·.~ ....... 
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arcuate centrifugal molding concrete liner. 

Another specific object.or the present invention 

is to provide a technique· or fabricating.a tunnel~liner 

having a large outsiae diameter using a centrifugal 

molding drum having·a diameter smaller than the outside 

diameter of the tunnel liner to be fabricated. 

A further specitic object of the present 

invention is to provide an apparatus of 

mounting/dismounting cent~itugal molding torms in a 
• 

centrifugal ·molding drum tor concrete liners, which 

includes a simple and certain torm holding apparatus. 

Still a further specific object or the present 

invention is to provide an auxiliary driving unit used 

tor mounting and dismounting rorms into and from a 

centritugai" molding drum. 

An additional object or the present invention is 

to provide a ~echnique or easily centrifugally molding 

a tunnel liner 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 ea~h 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 ot 90 ° , 

two·single taper liners.each.having an average center 

angle or ( 90- cz ) , and one double taper liner having an 

average cent~r angle ot 2 a • This makes it possible t. 

facilitate the standardization, to simplify the lying 

within the tllllllel, and to tacilitate the fabrication. 

In addition, the average center angle is an arit~~tic 

average at the center an'g!es·'"corresponding to the upper 
• 

and lower s;des ot the trapezoidal shape in the 

development of the tunnel liner. Moreover; a is an 

arbitrary·angle less than 90 ° , and is preferably 

selected to about 10° • 

In the tunnel liner.or the present invention, 

the projection-groove engaging connection is preterably 

used to.obtain ~he ~ir~umterential integral.coupling anc 

ring-to-ring integral coupling, and to enhance the 

water-cutoff 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 the 

outer periphery of ·the liner is seated, and a crimping 

means for pressing the sealing material. This makes it 

possible to ensure the excellent water-tightness·· 

According to the present 1nvention, there is 

Provided a method or 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 prestress~d concrete) ·in each arcuate liner 

along the circumferential direction, and providing 

openings from which the end portions of the unbonded PC 

steel material 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 stee1·mater~a1s for introducing a 

prestress in the tunnel liner in the circumterential 

direction. 

An apparatus of the present invention suitable 

for execution of the above method, includes 

(a)' a sawtooth sleeve composed or radially 

extensible elastic material, which is externally 

inserted around .the end portion or an unbonded PC steel 

material, 

(b) ~ cylindrical coupler having inner sawtooth 

portions meshing with the outer sawtooth portions on 

both sides, 
. 

(c) A jack device locked onto the sleeves for 

pulling both· the sides of the PC steel materials to each 

other and fixing the sleeves within the coupler. 

The present inyention provides a method of 

fabricating a tunnel liner including of: dividing on~ 

circumference or the tunnel liner into liners of n-

- .• ;:._ ... ;::.-:ci--· .... \ 
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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 or n-kinds. of 

the forms in a centrifugal molding form drum, thereby 

centrifugally molding the liners. 

The present invention provides a method or 

fabr.icating a centrifugal molding concrete liner 

including the steps or: holding an arcuate enclosed 

hollow form in a postur~ 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 or vibration; 

mounting the thus prepared forms in a centrifugal 

molding drum, and consolidating concrete by applying a 

centrifugal for~e; removing the forms from the 

centrifugal molding drum, and also removing a forming 

panel each on an arcuate inner surf ace side of the form 

for finishing the arcuate inner surface side of 

concrete; and performing concrete.curing. 

The present invention provides an apparatus for 

fabricating a centrifugal molding concrete liner 

including: a centrifugal molding drum; and a plurality 

or 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 wit~ a frame-like parting 

surface having a specified height around the inner 

surface or 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 
. .,. -.. 

side plate. 

A method of fabricating a centrifugal molding 

concrete liner of the present invention includes the 

step of reversing the rotational direction or a 

centrifugal molding drum. 

According to .the present invention, there is 

provided a method of fabricating a centrifugal molding 

tunnel liner inc~uding the steps or: mounting forms of 

individual.liners divided in an arcuate shape within a 

centrifugal ~olding drum having a diameter smaller than 

the outside diameter or a tunnel liner to be fabricated; 

placing concrete within the forms for centrifugal 

molding; compacting 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 

give 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 invention 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 drum; L-shaped hooks engaged with 

the projections for holding the form 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 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··drum for concrete liners; and an 
aux·1· 1 iary driving unit for low speed rotation which 

1 

includes a drive side transmission unit meshing with 
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the driven side transmission unit; wherein the auxiliary 

driving unit is disposed to be movable forward and 

rearward to the centrifugal molding drum. 

The present invention provides a method for 

fabricating 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 ~~is; 

and centrifugally molding'the-1iners. 
' 

According to the present invention, there is 

provided a composite tunnel liner including: a steel 

box or FRP (fiber-reinforced plast~c) box t9rmed 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. l(a) and l(b) are views of a tunnel liner 

of an embodi~ent wherein Fig. l(a) _is a transverse 

sectional view and Fig. l(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 front views of the 

tunnel liner or the embodiment; 

~igs. 4(a) to 4(d) are views for explaining a · 
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straight liner of the embodiment; 

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 ~ec;:tional view showing the 

circumferential coupling portion of the tunnel liner of 

the embodiment; 

Fig. 7 is a partial sectional view showing_ the 

structure of the abutment;portion between the rings of , 

the tunnel liner of the embodiment; 

Fig. 8 is a partial sectional view showing the 

circumferential coupling portion of the straight 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 coupling portion 

between a single taper liner and a double taper liner 

shown in Fig. 8; 

Fig. 11 is a front view showing 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; 

Fig. 14 is a view· taken along the line D-D or 
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Fig. 12; 

Fig. 15 is a view for explaining the operation 

of a jack of the embodiment; 

Fig. t6 is· a ·development showing the allocation 

of the liners in the centrifugal molding drum of the 

embodiment; 

Fig. l7 is a typical view showing the allocation 

of the embodiment; 

Fig. ta is a development or the tunnel liner; 
' 

Fig. 19 is a front view showing the mounting or 

the liner form to the centrifugal molding drum for the 

concrete liner according to the embodiment;· 

F~g. 20 is a side view of a form of the concrete 

liner of the embodiment; 

Figs. 21(a) to 21(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) is 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; 

·Fig. 2U is a side view of a vibration-excite~ 

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 or the tunnel liner; 

Fig. 29 is a vertical sectional view (side view 
. , 

of a form holding mechanism) of the embodiment; 

Fig. 30 is a partial enlarged view or 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 molding 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 liner of Fig. 35, 

wherein Fig. 36(a) is· a front view; and Fig. 36(b) is a 

vertical sectional view; and 

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

DESCRIPTION 

The 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 ~. 
ring-like coupling body·orstraight 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. l(a) and l(b) show a tunnel liner 10 
according to an embodiment of the present invention, 
wherein Fig. t(a) is a view taken al~ng the line A-A of 
Fig. l(b), and Fig. l(b) is a view taken along the line 
B-B of Fig. l(a). As shown in Fig. l(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. f3 of 90° , single taper liners 1 u and t 4 each 
having an average center angle 1 ot 80. 235 ° , and ~ 

· double taper .liner 16 having an average center angle 8 
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of 19.343° • This tunnel liner has an inside diameter 

of 2, 500 mm ,P , outside diameter of 2, 750 mm ,P , 

thickness of 125 mm, and longittidinal length of l,200 

mm. Fig. t(b.} shows·a cylindrical tunnel lining in 

which these rings 1 Oa, · 1 Ob and 1 Oc are coupled with each 

other, and which is adapted to be advanced in the 

direction of the arrow 60. 

Fig. 2 is developments or the inner surfaces of 

these rings 1 Oa and 1 Ob·. "In ···these development, the 
' 

straight liner 12 has a size of 1200 mm (width) x 1963.5 

mm (length); the single taper liner 14 has a size of 

1200 mm (width) x 1852.5 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) x222.0 mm 

(short side). In Fig. 2, the arrow 60 indicates the 

advancing direc~ion. 

Fig. 3(a) shows the ring 10a as seen from the 

backside of ~he advancing direction (arrow 60) of Figs. 

l(a).and l(b); and Fig. 3(b) shows the ring 10b 

subsequent·to the ring lOa as seen from 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 angle e = 22.5 ° 

with respect to the vertical axis. 

Fig. 4 shows the detail of the straight lin~ 

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 

connection manner. Moreover, the straight liner t2 is 

provided with notches 30 into which connecting bolts 

are inserted, and inserts 32 into which connecting bolts 

are screwed. 

In·the tunnel liner ot the present invention, 

the projection-groove engaging connection is used as the 

-circumferential 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 provided with a seat, on which a band-like 

sealing material for separating the.inner periphery 

from the outer periphery of the liner is seat~d. Thus, 

by interposing a sealing material into the seat 

portion, and pressing .and bonding the sealing material 

thereon by m~ans of a coupling bolt, it is possible to 

ensure the ~urther ·exc~llent water tightness. 

Fig. 5 shows the structure of an abutment 

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

opposed to each oth~r, so that the rings lOa and lOb 

are easily coupled in a projection-groove engaging. 

connection manner.· Moreover, each of the.rings 10a and 

lOb is formed with a seat 40 on which a rubber packing 

38 as a sealing member is seated. Fig. 6 shows the 

structure of a circumferential coupling portion between 

the single taper liner 14 and the double taper li~~r 16. 

In this t igure, numera1 ·42-··and 44 indicates a recessed 
' 

portion and a projecting portion tor a projection­

groove engaging connection; 46 is a rubber packing; and 

48 is a seat. Fig. r shows a coupling member between 

the ring lOa and 10b. A coupling bolt 52 is screwed 

and fixed into the insert 32 fixed on a reinforcing 

steel bar so. Numeral 54 indicates a head portion of 

the coupling bolt, and 56 is a sheath. The notch 30 and 
the sheath 56 for mounting the coupling bolt· are 

previously provided. Fig. 8 shows a coupling portion 

between the straight liners 12 and 12; Fig. 9 is a view 

taken along the line c-c of Fig. a;· and Fig. 10 shows a 
coupling portion 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 
or liners are assembled in a ring-shape wnile 

introducing a prestress thereto. A PC steel material 
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70 tis 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 

with 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. . .,. -. • .. 

The dimensions and arrangement or the PC steel 

bars are designed according to the specification of a 

tunnel liner and the condition or a location to be 

buried, and they not limited. However, tor a tunnel 

liner having an outside diameter or 2 to 3 m and a 

longitudinal dimension of about 1 to 1.5 m, one or two 

of the PC steel bars or strands are generally provided 

in combination with the reinforcing steel framework. 

As sh~wn in Fig. 11, the end portions of the PC 

steel materials inside connecting end surfaces 7ll of the 

adjacent liners 10 are coupled with.each other by each 

coupler 76 within openings 72 opened to the insides of 

the liners. One of the openings .72 is used for 

introducing a prestress to the coupled PC steel 

materials .. ~amely, the_ PC steel materials are jointed 

in a ring shape, and are stretched to introd~ce a 

circumferential prestress to the tunnel liner. 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 1a exposed within the 

opening 72 and the f iiing coupler are shown in vertical 

section. 

A sawtooth-shaped sleeve 78 made of a radially 

extensible elastic· material is externally inserted 

around the end portion of the unbonded PC steel material 

10. As shown in Fig. 13;'whic~ 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-orr. The sleeve 78 is fixed to the 

end portion or the PC steel material 70 by a washer 80 

and a nut 82. The sawtooth portion or the outer 

surface meshes with the sawtooth portion or the inner 

surface of the fi~ing coupler 86. Fig. 14 is a view 

taken along the line D-D or Fig. 12. A jaw 84 of a 

jack device (not shown) is locked to the rear end or 

th~ sleeve 78, and causes the sleeve to advance within 

the coupler 86. When a sawtooth or the outer surface 

or the sleeve 78 is slid along the surface of a 

sawtooth of the inner surface or 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 op~ned/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, thus .... 

fixing the sleeves 78 and" 7~ mounted at the ends or the 
' 

PC steel materials 70 within the coupler 86. 

In the·· construction of the prestressed concrete 

tunnel liner .qf the embodiment, a prestress can be 

introduced to the ring-shaped PC steel material from 

the inner side or the liner, thus forming a rigid tunnel 

liner. 

In the p~estress~d concrete tunnel liner, a 

prestress is introduced along the circumference, so that 

it is possibl~ to equalize the distribution of the 

bending moment when the tunnel liner is applied with a 

vertical load, to increase the strength, and to enhance 

the water-tightness at the coupling portions. 

According to the construction or the present invention, 

the tunnel liner in which a prestress is easily 

introduced can be constructed .. Moreover, the 
. 

construction or the present invention can be easily 

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

In fabrication of a tunnel liner by centrifugal 

molding, a centrifugal molding form drum has an inside 

diameter corresponding to. the outside diameter of the 

tunnel line~. The tunnel liner is divided along the 

circumrerentia~ direction into arcuate plate like 

liners. The divided liners are designed to be tapered in 

the axial direction for combination, and generally, .. 

have not the same shape: · ·.Accordingly, 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 or (n-1) pieces are disposed 

in the form drum. Thus, the above requirement can be 

achieved by preparing n-kinds of the ~bove tunnel 

liners. In addition, <n> is an arbitrary integer. 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 

into 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 K 

are allocated in an upper drum 1aoa and liners B and B 

are allocated in a lower drum 100b. Thus, the kinds 1 

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

Table 1 

kinds of combinations upper drum lower drum 

1 -. A, K S, B 

2 A, IC B, B 

3 A, IC A, B 

4 A, K A, B 

5 A, s A, B 

In general, when five liners having different 

shapes are used, ~he tunnel liner is divided along the 

circumference into five liners C, D, E, F and G each 

having an arb~trary arc length not more than the quarter 

arc, and they may be combined with ~ach other as shown 

in Table 2. 

Table 2 

kinds of combinations upper drum lower drum 

C, D E, E 

2 C, D E, G ., 
3 C, D F, G 
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F, E 

C, D 

F, G 

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. Additionally, in the allocation or Table 

2, five kinds of the forms may be realized by preparing 

two of upper drums having"- the··;1ners (C, D) and (F, G), 

and three o( 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 which 

arc lengths are suitable selected, it is possible to 

allocate the forms into two kinds of a drum form for 

fabricating the ~iners (C, D, E, F) and a drum form for 

fabricating a plurality of the liners (G). At this 

time, to enhance the efficiency, the liner (G) may be 

shortened in the arc length. 

The process or 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 by 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 ·or 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"' ce~tritugal force with an 

acceleration or 20 to 25 G (G: acceleration of gravity). 

At this time, the form is motinted within the 

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 direction of the centrifugal molding drum. 

By the centrifuga~ 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 rotation 

of the ro~ar.y drum by the inertia force in the 

centrifugal molding of the arcuate plate-like concrete 

lin~r, so that concrete is shifted on the upstream side 

in the rotational direction and the concrete on the end 

surface on the up~tream side in the rotational direction 

.. 
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is tightened. Since the other three surfaces are 

tightly molded in the above process (a), all or 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 thes~ gaps. 

(c) 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-·1.iner is then cured. 
' 

The apparatus of the present invention is 

adapted to preferably pertorm the method ot the present 

invention, and which includes a centrifugal molding 

drum, and a plurality of individual enclosed hollow 

forms removably 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 with·a mounting 

mechanism for forcibly mounting the form onto the 

centrifugal molding drum. The ar.cuate inner surface 

plate can be.independently removed differently from the 

above-described disasse~bling mechan~sm. Moreover, on 

the arcuate inner surface plate, an enclosable concr~te 

charge port is provided near one rectangular side 
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plate. 

The apparatus used tor execution of the process 

(a) of the above-described fabrication method includes a 

vibration-exciter·fo-r exciting the arcuate enclosed 

hollow form while holding the form in the posture that 

one end of the arcuate side plate is high and the other 

is low, and a concrete supply apparatus moved over the 

vibration-excite~ for supplying concrete in the 

enclosed hollow form.· ·This-apparatus 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 molding drum of the embodiment; and Fig. 23 

is a development of the inner surface or the drum. 

Arcuate concrete liner forms 200a, 200b, 200c and 200d 

are mounted within a shell 102 of the rotary drum~ 

Fig. 19 is a front view ot the centrifugal.molding 

drum; and Fig. 20 is a side view or the fo~m 200a. The 

form 200a.for fabricating an arcuate plate-iike concrete 

liner is a compressed arc-shaped enclosed hollow bo~ 

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 

members 212. 
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The arcuate inner surface plate 210 is removably 

mounted on the side plates 206 and 208 by means of 

fixtures, and is provided with a· concrete ·charge port 

216 (see Fig. 20).· 1he 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 200a 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 tor improve the efficiency and confirming the 

tilling. 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 ~inge 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 t~e projection 222 is formed with 

a parting surface 224 with respect to the top ends ofl 

the side plates 206 and 208.· The height of the parting 
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surface 22U substantially corresponds to the height of a 

space, which is formed when concrete filled in the form 

is centrifugal-compact'ed and consolidated on the 

outside diameter· side so that and the surface on the 

inside diameter side is sepa~ated from the arcuate 

inner surface 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 ceri~rifuga)ly molding, followed by 

the removal or 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 lin~r 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 its apparatus will be d·escribed. As shown 

in these figures, in this process, the form 200a is 
. 

mounted on the vibration-exciter 230, and concrete is 

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 1 

base 232, one end is supported by a pin 231t and the 
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other end portion 248 is supported so as to be movable 

in the vertical direction. For example, the end portion 

248 is fixed to the leading edge ·of a rope or 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 242, for 

example coil spring, air spring and rubber, to enhance 

the exciting effect. The- concrete supply apparatus .. 260 

includes a hopper 262 ana'· a· sc·~ew feeder 264, and which 

is provided over the vibration-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 

or the for~ 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 or the vibration-exciter 230 

is substantially in the horizontal posture (base 232') 

as 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 or1 

the like, and the elevator 250 is operated to lower the 
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end portion 248~ of the base 232' to the position of the 

end portion 248. 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 246. is 
. . .,. .... 

driven to accelerate the· ·charge 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 m~unted within the centrifugal molding 

drum, to be thus subjected to the centrifugal molding 

treatment. 

As shown in Fig. 22, the concrete placed within 

the form 200a receives an inertia force in the direction 

of the arrow 152 against the rotational direction 150 

or the centrifugal molding drum 100, to densify the 

concrete abutted on the side plates 206 of the form 
2ooa on the upstream side in the rotational direction 
150. Projections or mortises for forming sealing 

grooves are provided on the inner surface or 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 an arcuate concrete liner having a 
. ,. .... 

circumference (outside "diameter: 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-exci~er 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 a~d the other end thereof was positioned 

on the lower side. Thus, concrete was supplied from 

the concrete ~harge port 216, to fill the form 200a with 

concrete. 

The blending of concrete was as follows. 

Cement amou~t: 350 to 450 kg/m3 

Ratio or water to cement: 30 to 40% 

Coarse aggre~ate: crushed stone (15 mm), 800 to 1000 
kg/m3 

Fine aggrega~e: Minano-produced crushed sand 

Sand percentage: 40 to SSj 
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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 tOO, to be 

centrifugal-molded. 

The centrifugal molding was performed as -... 
. _. -.. 

follows. 

Low speed (acceleration of centrifugal force: 4G) 

: 1 min 
.. 

Intermediate speed (acceleration of centrifugal force 

8G): 3 min 

Intermediate speed (acceleration of centrifugal force 

14G): 3 min High speed (ac·celeration of 

centrifugal force. 20-25G) : 1 O min 

Next, the resultant concrete liner was subjected 

to high tempe~ature steam curing, and was removed from 

the form. The concrete of the concrete .liner thus 

obtained was observed in detail, with the result that 

there was no defect, the outer surface and the 

peripheral sur.faces 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 or 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 detect, 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 circumferents~l edge 

of the liner can be ti-glitly ·rormed in a precise 

dimension, which makes it possible 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 

supply apparatus, so that it is possible to prevent the 

concrete from being leaked to the outside of the form. 

This make~ it possible to enhance the yield, to remo!e 

the scattered 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 

or 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 s:o lidif ied, and the 

excessive thickness on.the inside.diameter side o~-the 
. .,. -.. 

concrete is cut off', to· fabricate the large diameter 
' 

tunnel liner. 

Since the form of' the tunnel liner is removed 

trom the centrifugal molding drum and the concrete is 

processed, the processing can be easily and accurately 

performed. M~reover, since the separate form is 

mounted to the centrifugal molding drum and the 

centrifugal moldi~g 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 or the 

excessive thickness portion on the inside diameter side 

is desirable. 

According to the present invention, it is 

Possible to fabricate the tunnel liners having a 

Plurality or kinds or 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 process of removing the excessive 

thickness portion. 

Forms 200a, 200b and 200c tor an arcuate tunnel 

liner having an outside·aiamet~r 2 RlO = 4 m were 

mounted within a centrifugal molding drum 100 having an 

inside diameter 2 Rl = 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 insid~ diameter 2 Rll. An 

auxiliary form 32U was mounted on the upper surface 318 

of the form. The. auxiliary form 32U corresponds to the 

upper surface 318 or the form 200a, and is closely 

contacted wit~ 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 for~ 

200a after the centrifugal compacting is completed. 
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The rorm 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 concrete 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 is ~ossible 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 surface 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 ror 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 or the form by one 

action, to hold the form without the generation or 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 screw is moved to allow the 

nuts to be close 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; 

and 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 centrifugal 

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 37U to hold the form 

370 on the inner surface or the wall 350 or 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 

hook 352, the center portion is rotatably supported by 

a pin 354 while the other end 356 is engaged in the 0-

groove with the pin 360 or the nut 358. The nut 358 is 

screwed to a screw of the rod 362, and it is moved-. 

rorward and backward along·" tlie 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 a~cording to the present invention, it 

is possible to mount and remove the form to and from 

the centrifugal 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 will be described an apparatus of 

rotating the centrifugal molding drum little by little, 

and saf'.ely stopping it ~t--··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. T~e 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 or the drum, and to be 

~rovided 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 ~he 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 ~f the form or repair 

of the centritugal·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 tront view or a centrifugal molding 

drum 100 showing the embodiment ot the present 
. ; -. 

invention; Fig. 32 is «side view 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 centrifugal-mold the concrete liner. The arcuate 

form (not shown) for the concrete liner is mounted 

within the centrifugal molding drum 100. 

A pin ro~ler gear·uo2 is mounted around the 

outer periphery or the drum. The auxiliary power unit 

for low speed rotation has a sprocket Ut2 meshing with 

the pin roller gear 402. The sprocket 412 is rotated by 

a reduction motor UlU. The reduction motor u1u and the 

sprocket 412 are mounted on a frame 416, and the frame 

4t6 is moved forward and backward along a base frame 

418. The advancing!retracting mechanism is a screw type 

direct retracting mecha~ism in which a ~crew U20 is 

rotated by the rotation or the sprocket 422 by the 

motor 426, which is advanced and retracted as shown by 
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the arrow 424. 

In the apparatus of the embodiment, the 

auxiliary power unit 410 is easily meshed with the· pin 

roller gear of the centrifugal 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 b~ described a centrifugal 

molding drum which is rotated within the horizontal 

plane around the vertical center axis. The conventional 

centrifugal molding drum has the rotatio·n axis disposed 

in the horizontal dire.ction and is rotated within the 

vertical plane. In this case, the centrifugal molding 

drum is provided with a plurality of steel made tires 

spaced apart fro~ 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 ver~ical 

weight together with the horizontal weight, and is used 

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 li"ner, 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 

circumfere~ce 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 

molding drum described above, the centrifugal molding 

drum of the present inven~ion ~s rotated within the 

horizontal plane around the vertical axis, so that the 

vertical weig~t ot the drum can be received by a 

plurality or 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 or provision 

of the drum with a high rigidity even when the concrete 

disposed in·t~e drum is uneven. Moreover, there is 

eliminated the necessity of mounting a counter weight 

or the like to equalize the unbalance of the concrete. 

Accordingly, a large diameter drum rotated at a 

high sp~ed can be easily fabricated, and a large 

diameter tunnel liner can be fabricated using the above 

drum. 

Moreover, since the upper portion of the drumiis 

opened, the mounting and dismounting of the form are 
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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 mo·unted on the inne·~ surface of a centrifugal 

drum shell 30. The mounting portion is reinforced by a 

shape steel flange 432 wound around the outer periphery 

or the drum shell 430. 

Tires 43U are provided around the outer 

periphery or 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 434 are radially supported 

by drive rollers 438 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 43U 

in the horizontal direction. At least two drive 

rollers 438 are provided at positions of the drum spaced 
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apart by a center angle or 180 ° A plurality of 

drive rollers U38 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 dim~~sions 

wherein the form is easily incorporated, 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 covered with a steel 
. 

plate or FRP, and which is high in rigidity, excellent 

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, , 

resulting 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 made box, which makes it 

possible to save the"amount of the steel bar, and to 

eliminate the steel reinforcing work and mounting. The 

inexpensive 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 c~ntritugal 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 or circumferential 

lines, they can be coupled by means of the same 

coupling means, to obtain the circumferential liner 

with the same arrangement 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 FRP. 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 or liners 500 are cylindrically coupled with 

each other. Fig. 36(a) is a front view of the tunnel 

liner, wherein five liners 500 are coupled with each 

other in a cylindrical shape; and Fig. 36(b) is a 

vertical sectional view of Fig. 36(a) showing the.~tate 

that three rings 10a, 10b ana 10c are coupled to each 

other. 

Fig. 37 shows the structure or the coupling 

portion between the adjacent rings lOa 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 

with the inserts 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 t~e 

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. 

Af'ter concrete placing , ·.the bolts S 16 are 

removed, and the product is removed from the centrifugal 

molding drum~ When the product is assembled at job 

side, as shown 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 liner 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 t , which . · · · 
. ""' -.... 

comprises two straight"iiners ~ach 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 a • 

3. A tunnel. liner according to claim l, 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 

abutment por~ion between the adjacent_.liners is 

provided with a seat on which a band-like sealing 

material for separating the inner periphery from the 

outer periphery of the liner is seated, and a crimping 

means for pressing said sealing material. 

s. A method of constructing a prestressed concrete & 
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tunnel liner comprising the steps of: 

burying an unbonded PC steel material in ~ach 

arcuate liner along the circumferential direction, and 

providing openings from which the end portions or said 

unbonded PC steel material are exposed on the inner 

surface of the lfner; 

assembling said liners in a cylindrical shape; 

coupling said PC steel materials in a ring···· 
.. ,,,. ·-.. 

shape; and 

stretching said PC steel materials tor 

introducing a prestress in the tunnel liner in the 

circumferential direction. 

6. A method of fabricating a tunnel liner comprising . 

the steps of: 

dividing .. ~>ne circumference of the tunnel liner 

into individual liners of n-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 said 

forms in a centrifugal molding form.drum, thereby 

centrifugally molding said liners. 

7. .A method of fabrica~ing a tunnel liner according to 

claim 6, wherein one circumference of the tunnel linerl 

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 numQer of 

tour pieces is prepared. 

a. A method of fabricating a tunnel liner according to 

claim 6, wherein one liner ot the five individual 

liners is formed to have a short arc length, the 

remaining four ~iners being allocated in upper and iower . . 
drum shells of the centrituga1-··i!Jolding drum, and said 

liner of the short arc length is separately 

centrifugal-molded. 

9. A method of fabricating a centrifugal molding 

c~ncrete liner comprising the steps. of: 

holding an arcuate enclosed hollow form in a 

posture that one ~~d 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 fill~ng 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 centr.J..tuga1-moiding 
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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 

perfor~ing concrete curing. 

10. A method of fabricating a centrifugal molding 

concrete liner according to claim 9, wherein each said 

form is mounted in the centrif~gal 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 cqmprising the step of reversing the 

rotational direction Of a drum in fabricating a 
centr.ifugal mp~ding 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 outsida --------
diameter of a tunnel liner to be fabricated: 
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placing concret~ within said forms for 

c~ntrifugal molding; 

compa~ting concr.ete. centrifugally and removing·said 

forms from the centr'rfugal molding drum; and 

removing an excessive thickness of the placed 

concrete on the inside diameter sid·e of the individual 

liners. 

13. An apparatus tor fabricat~ng a centrifugal molding 

concrete liner comprising: 

a 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 a~d two arcuate side plates; 
. . 

said 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 side plate. 

14. An apparatus tor fabricating a centrifugal molding 
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concrete liner according to claim 13 further 

comprising: 

a vibration-exciter tor ·exciting an arcuate 

enclosed- hollow rorm ~bile supporting an arcuate side 

plate in a posture that one end is high and the other 

end is low; · and 

a concrete 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, wherei~ the 

exciting force of said vibration-exciter is three to . 
five times as much as the acceleration of gravity. 

16. An apparatus for fabricating a centrifugal molding 
'. 

concrete liner according to claim 14, wherein said 

vibration-exc~~er comprises .a plurality or unbalanced 

load rotatio~al type vibratirii-exciters, and the 

rotational direction is directed rightwardly as seen 

from the rightward and downward direction of said 

arcuate side pl~te. 

17~ A form for fabric?ting a centrifugal molding 

tunnel.liner·comprising an arcuate bottom plate 

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

wherein said form is independently f'ormed ,, and a 

plurality of said forms are disposed on the inner· 

surface or a centrifugal molding drum. 

18. An apparatus or mounting/dismounting molding forms 

for concrete liners in a·centritugal molding drum 

comprising: 

projections provi'ded oii, the outer surf aces 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 form on the inner wall of the dr~m, which 

is provided while pass'ing through the wall of' the drum; 

and 

a rod mec.hanism for engaging and disengaging 

said L-shaped hooks with and from said projections, 

which is prov~~ed 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 or an L-shape is 

positioned within the dr~m, a center pin supporting 

portion is provided 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 nut is engaged 

with a screw or a rotating rod. 

20. An apparatus for centrifugally moldlng concrete 

.liner~ comprising: 

a driven side meshing transmission unit mounted on 

the outside diameter ot a centrifugal molding drum tor 

concrete liners; and 

an auxiliary power.uni~ for low speed rotation 

which includes a drive side transmission unit meshing 

with said driven side transJiiission unit; 

wherein said auxiliary power-unit is disposed to 

be movable forward and rearward to said centrifugal 

molding drum. 

21. .An apparatu$ for centrifugally molding concrete 

liners according to claim 20, wherein said meshing 

transmission µ~it comprises a spur gear meshing with a 

pinion. 

22. An apparatus for centrifugally molding concrete 

liners according to claim 20, wherein· said meshi~g 

transmission unit comprises a pin roller gear meshing 

with a sprocket. 

23. A method for fabricating tunnel liners comprising 
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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 said liners. 

24. A meth~d·tor fabricating tunnel liners according 

to claim 23' wherein each" . an arcuate enclosed hollow 
~ . 

form ~s 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 centrifuga~ly molding 

the liners. 

25. A apparatu~ _for fabricating tunnel liners 

comprising: 

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

arcuate. enclosed hollow forms removably mountep 

within said drum; and 

a plurality ot drive rollers disposed around the 

outer periphery of said drum. 

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

21. A method· tor ·ra~ricating composite tunnel liners 

comprising the steps ot: 

fixing·a plurality-of segment-like boxes divided 

in the circumferential direction, which are connceted 

with each other, within a drum of a centrifugal molding 

apparatus; 

placing concrete within said boxes, and 

centrifugal molding and curing the concrete; and 

instantly removing an integrally molded product 

of said boxes and concrete from the drum of the 

centrifugal molding apparatus. 


