SPECIFICATION

Title of the Invention
‘Apparatus for lining an inner face of tubular

culverts having arbitrary cross section

Technical Field

The present invention relates to a lining apparatus
fgr providing a lining layer to an inner face of existing
tubular culverts such as sewage pipes, water supply pipes
and gas pipes of various cross sections including a
circular, oval, rectangular or other polygonal shape.
More specifically, this invention relates to an apparétus
for lining an inner face of a tubular culvert having an
arbitrary cross section for carrying out lining operation,
in which a tubular body, or so-called lining pipe, formed
by spirally winding a strip-like member comprising a
sheet-like body, is inserted into a tubular culvert having
various cross sections including a circular, oval,

rectangular or other polygonal shape.

Background Art
The applicant has proposed in Japanese Unexamined

Patent Publication No. JP-A-8-200547 {hereinafter,



v

referred to as "Prior Art 1") a lining apparatus in which
a strip;like member is continuously supplied and spirally
wound to adhere at 3joint portions provided on its both
sides, thereby to fabricate a tubular body. The lining
apparatus advances along the internal diameter of the
tubular body to extend the length thereof and thus
fabricated tubular body is left at the site where the
tubular body is completed. According to Prior Art 1,
lining operation is applied to a tubular culvert which has
a normal circular cross section. A rigid forming frame in
an annular shape is used therein.

- Next, the applicant has proposed in Japanese
Unexamined Patent Publication No. JP-A-8-261363
(hereinafter, referred to as "Prior Art 2") an apparatus
of lining an inner face of a tubular culvert having an
arbitrary cross section, which is not limited to a culvert
having a c¢ircular cross section but is applicable to
culverts having various cross sections in a horse shoe
shape {oval shape), a rectangular shape, other polygonal
shapes and so on. Prior Art 2 has been realized based on
a conception of providing flexibility to a forming frame
and providing plastic deformation performance to a strip-
like member.

That is, according to the apparatus for lining an

inner face of a tubular culvert having an arbitrary cross



section, there is provided a lining apparatus in which an
elongated strip-like member having plastic deformation
performance which can be plastically deformed and in which
joifit ‘portions are formed on both side edge portions
'théfebf, is used, a tubular body formed by continuously
supplying and spirally winding the strip-like menber
having plastic deformation performance and Jjointing the
joint portions which are brought into contact with each
other, is placed to remain in tubular culverts having
deformed shape cross sections and the strip-like member
having plastic deformatién performance newly supplied in
frént of the tubular body which has already been formed,
igs ‘added to form a portion of a lining pipe, the apparatus
comprising

a forming frame which has a predetermined width and a
lateral rigidity and which is made flexible in a
longitudinal direction by a link mechanism;

guide rollers which are mounted around the forming frame
and are brought into contact’with the inner face of the
tubular body;

a joint mechanism unit which is attached to the forming
frame, and arranged at a portioh to closedly joint the
joint portions of the tubular body that has been already
formed and the‘strip-like member that is newly supplied

and which comprises an outer face roller and an inner face



roller for pinching the strip-like member; and

a :egulating frame which.is arranged on the inner side of
the forming frame, maintaining a rigidity and having a
guide track for deformed sectional shapes for restraining
movement of the forming frame.

Further, according to the lining apparatus of Prior

_Art 2, movement of the forming frame is forced and the
strip-like member is plastically deformed by which a
lining pipe having a deformed shape cross section in
conformity with the shape of the regulating frame is
formed.

However, according to Prior Art 2, respective
structures of the regulating frame and guide members
engaded with the regqulating frame are complicated and time
and labor is needed in fabrication. Further, the
regulating frame is proximate to the center, the inner
diameter dimension of the reguléting frame is downsized,
in flowing water, a water flowing cross section is reduced
and water flowing resistance is increased which
constitutes a bottleneck in pipe making operation.

Furthermore, deficiency in bending the strip-like
member having plastic deformation performance as well as
lack in flexibility in mounting the forming frame and the
like pose problems.

The present invention has been carried out in order
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to resolve these problems of the prior arts and it is an
object of the present invention to provide an apparatus
for lining an inner-face of a tubular culvert having an
arbitrary cross section in which in a liniﬁg apparatus at
inside of a tubular culvert in a deformed shape using a
regulating frame in respect of a strip-like member having
plastic deformation performance, the structure is
simplified, and the inner diameter dimension of the
regulating frame is enlarged by which the winding
operation of the strip-like member is smoothly carried out.

Furthermore, it is other object thereéf to devise é
measure further ensuring to bend the strip-like member
having plastic deformation performance as well as

facilitating mounting operation of a forming frame.

Disclosure of the Invention

An apparatus for lining an inner face of a tubular
culvert having an arbitrary cross section according to the
present invention adopts the following constitution to
achieve the above-described object.
First Invention

The first invention is an apparatus for lining an
inner face of a tubular culvert having an arbitrary cross
section which adopts the following constitution.

The feature resides in a 1lining apparatus for



forming a lining pipe in the culvert by forming a tubular
body by continuously supplying and spirally winding a long
strip-like member formed with joint portions at both side
edge.pbrtions thereof, bringing the joint portions into
contact with each other and jointing together the joint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at a
front side of the tubular body which has already been
formed thereby additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame in a closed loop made flexible by a
link mechanism comprising a series of links;

rotary guides rotatably installed to shafts axially
supported by the forming frame;

a joint mechanism unit attached to the forming
frame for Jointing ‘together the Jjoint portion of the
strip-like member of the tubular body constituting an
already-formed portion of the lining pipe and the'joint
portion of the newly-supplied strip-like member; and

a regulating frame maintaining a rigidity, having a
guide track at an outer periphery thereof and arranged on
an inner side of the forming frame, said guide track being
brbught into contact with outer faces of the rotary guides
at the forming frame.

According to the invention, a circular shape, an



arch shape, a rectangular shape or other deformed
sectional shape is adopted in the regulating frame.

Further, in this constitution, adoption of a strip-
like member having plastic deformation performance, or
elastic deformation performance, or addition of a
peripheral 1length adjusting mechanism for adjusting a
peripheral length of the forming frame to the forming
frame and so on are selective matters.

The first invention 1is implemented in a first
embodiment.

According to the constitution, by driving the joint
mechanism unit, the lining pipe is formed by spirally

winding the strip-like member around the forming frame.

At this occasion, the movement of the forming frame is

regulated by the regulating frame and the forming frame is
moved along the shape of the regulating frame and the
strip-like member having plastic deformation performance
is exerted with a bending force at a corner portion. The
lining apparatus for a tubular culvert forms the lining
pipe by carrying out rotational operation along with the
forming frame.

According to the apparatus for lining an inner face
of a tubular culvert having an arbitrary cross section of
the first embodimeht, the regulating frgme is deviated to

a side of the forming frame, that is, to the outer side



and accordingly, a cross section for flowing water is
secured. Furthef, by expanding the inner diameter space,
excessive bending stress is not applied to the strip-like
member inserted through the central space by which smooth
pipe fabricating operation can be carried out.

Second Invention

| A second invention is other apparatus for lining an
inner face of a tubular culvert having an arbitrary cross
section which adopts the following constitution.

The feature resides in a lining apparatus for
forming a lining pipe in the culvert by forming a tubular
body by continuously supplying and spirally winding a long
strip-like member formed with joint portions at both side
edge portions thereof, bringing the.joint portions into
contact with each other and jointing together the Jjoint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at a
front side of the tubular body which has already been
formed thereby additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame made flexible by a link mechanism
comprising a series of links, each of said links prevented
from being folded inwardly;

guide rollers arranged side by side at intervals

therebetween and rotatably mounted to shafts axially



suppérted by the forming frame, said guide rollers being
brought into contact with inner faces of portions of the
lining pipe formed by spirally winding the strip-like
member ;

rotary guides rotatably mounted to the shafts
mounted with the guide rolls and arranged between the
guide rolls disposed side byzside, each of said rotary
guides having an outer diameter smaller than an outer
diameter of the guide rolls and having a guide groove at
an outer periphery thereof;

a joint mechanism unit attached to the forming
frame and comprising an outer face roller and an inner
face roller arranged at positions of the Jjoint portion of
the already-formed portion of the 1lining pipe and the
joint portion of the newly-supplied strip-like member for
pinching the joint portions of the strip-like member; and

a regulating frame maintaining a rigidity, having a
guide track at an outer periphery thereof and arranged on
an inner side of the forming frame, said guide track being
fitted to guide grooves of the rotary guides of the
forming frame. |

According to the invention, a circular shape, an
arch shape, a rectangular shape or other deformed
sectional shape is adopted in the regulating frame.

Further, in this constitution, adoption of a strip-



iike member having plastic deformation performance, or
elastic deformation performance, or addition of a
peripheral length adjusting mechanism for adjusting a
peripheral length of the forming frame to the forming
frame and so oﬁ are selective matters. |

The second invention is implemented in the first
embodiment.

According to the constitution, by driving the joint
mechanism unit, the 1lining pipe is formed by spirally
winding the strip-like member around the guide rollers of
the forming frame. At this occasion, the movement of the
forming frame is regulated by the regulating frame and the
forming frame is moved along the shape of the regulating
frame and the strip-like member having plastic deformation
performance is exerted with a bending force at a corner
portion. The lining apparatus for a tubular culvert forms
the linihg pipe by carrying out rotational operation along
with the forming frame.

| According to the apparatus for lining an inner face
of a tubular culvert having an arbitrary cross section of
the first embodiment, the regulating frame is deviated to
a side of the forming frame, that is, to the outer side
and accordingly, a cross section for flowing water is
secured. Further, by expanding the inner diameter space,

excessive bending stress is not applied to the strip-like
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member inserted through the central space by which smooth
pipe fabricating operation can be carried out.
Third Invention

A third invention is ‘still other apparatus for
lining an dinner face of a tubular culvert having an
arbitrary cross section which adopts the following
constitution. |

The feature resides in a 1lining apparatus for
forming a lining pipe in the culvert by forming a tubular
body by continuously supplying and spirally winding a long
strip-like member formed with joint portions at both side
edge portions thereof, bringing the joint portions into
contact with each other and jointing together the joint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at a
front side of the tubular body which has already been
formed thereby'additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame in a closed loop made flexible by a
1ink mechanism comprising a series of links;

guide rollers rotatably mounted around the forming
frame and brought intc contact with inner faces of
portions of the lining pipe formed by spirally winding the
strip-like member;

a first pinch mechanism unit attached ' to the

11



forming frame and arranged at positions of the Jjoint
portion of the elready—formed portion of the lining pipe
and the joint portion of the newly-supplied strip-like
member and comprising an outer face roller and an inner
face roller for pinching the joint portions of the strip-
like member; |

a regulating frame arranged on an inner side of the
forming frame and having bent portions for regulating a
movement of the forming frame; and

wherein the forming frame is arranged with a second
pinch mechanism unit comprising an outer face roller and
an inner face roller for pinching the joint portions of
the strip-like member on a rear side of the first pinch
mechanism unit at a predetermined interval therebetween
arranged with one of the bent portions.

According to the constitution, as a selective
matter the regulating frame comprises a quadrangular frame
and the first pinch mechanism unit and the second pinch
mechanism unit are arranged at an angular interval of 90°
by disposing the first pinch mechanism unit and the second
pinch Jnechanisn; unit at one of corner portions of the
quadrangular frame as proximate as possible.

The third invention is implemented in a second and
a fourth embodiment.

According to the third invention, by the two pinch

12



mechanism units an elastic strip-like member is spirally
wounded firmly by a strong force and in the case of a
plastically deformable strip-like member the plastic body
can firmly be folded to bend.

A fourth invention is still otﬁer apparatus for
lining an inner face of a tubular culvert having an
arbitrary cross section which adopts the following
constitution.

The features resides in a 1lining apparatus for
forming a lining pipe in the culvert by forming a tubular
body by continudusly supplying and spirally winding a long
strip-like member formed with joint portions at both side
edge portions thereof, bringing the Jjoint portions into

“contact with each other and jointing together the joint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at a
front . side of the tubular body which has already been
formed thereby additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame made flexible by a link mechanism
comprising a series of links, each of said links prevented
from being folded inwardly:;

guide rollers rotatably mounted-around the forming

frame and brought into contact with inner faces of
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portions of the lining pipe formed by spirally winding the
strip-like member;

a first pinch mechanism unit attached to the
forming frame and arranged at positions of the Jjoint
portion of the already-formed portion of the lining pipe
and the joint portion of the newly-supplied strip-like
member and comprising an outer face roller and an inner
face roller for pinching the joint portions of the strip-
like member;

wherein the first pinch mechanism unit is arranged
with a first feed roller having an outer face projected to
an outermost side for exerting a feed drive force in a
direction of spirally winding the strip-like member; and

wherein a second feed roller cooperatively moved by
a second pinch mechanism unit similarly comprising an
outer face rdller and an inner face roller for pinching
the joint portions of the strip-like member is arranged at
a rear side of the first feed roller in a direction of
rotating the forming frame at a predetermined interwval.

The fourth invention is implemented in the third
embodiment.

According to the apparatus for 1lining a tubular
culvert having an arbitrary cross section of the fourth
invention, the forming frame is provided with flexibility

by the 1link mechanism and -accordingly, the apparatus
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follows freely the shape of an inner wall of a tubular

culvert having a circular or a deformed cross section and

pushed toward the side of the pipe wall also by the

elasticity of the lining pipe by which the feed rollers
are always brought inté contact with the pipe wall,
Further, the outer face rollers of the joint mechanism
units are prevented from being brought into cgntact with-
the wall face owing to the feed rollers and the 1lining
pipe 1is smoothly formed also Dby the feed action
accompanied by contact of the feed rollers to the wall
face. |

Further, owing to the two series of feed rollers,
even at a corner portion of the tubular culvert having a
deformed cross'section, either one of the feed rollers is
maintained to be always brought into contact with the wall
face and the feed action is always maintained.

Fifth Invention ' '

A fifth invention is an apparatus for liniﬁg an
inner face of the tubular culvert having an arbitrary
cross section which adopts the following constitution.

The .feature resides in a 1lining apparatus for
forming a lining pipe in the culvert by forming a tubular
body by continuously supplying and spirally winding a long
strip-like member formed with joint portions at both side

edge portions thereof, bringing the joint portions into
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contact with each other and jointing together the joint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at- a
front side of the tubular bod.y which has already been
formed thereby additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame made flexible by a link mechanism
comprising a series of links, each of said links prevented
from being folded inwardly;

a peripheral length adjﬁsting mechanism
incorporated in the forming frame for freely adjusting a
peripheral length of the forming frame;

guide rollers rotatably mounted around the forming
frame and brought into contact with inner faces of
portions of the lining pipe formed by spirally winding the
strip-like member; and ’

a Jjoint mechanism unit attached to the forming
frame and arranged at positions of the joint portion of
the already-formed portion of the lining pipe and the
joint portion of the neﬁly—supplied strip-like member and
comprising an outer face rollér and an inner face roller
for pinching the joint portions of the strip-like mémber.

The fifth invention is implemented in .the third

embodiment.‘

Sixth Invention
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A sixth invention 1is still other apparatﬁs for
lininé an inner face of a tubular culvert havigg an
arbitrary <c¢ross section which adopts the following
constitution.

The feature resides in a 1lining apparatus for
forming a lining pipe-in the culvert by forming a tubular
body by continuously supplying and spirally winding a long
strip-like member formed with joint portions at both side
edge portions thereof, bringing the joint portions into
contact with each other and jointing together the joint
portions, said tubular body being left in the tubular
culvert and newly supplying the strip-like member at a
front side of the tubular body which has already been
formed thereby additionally forming portions of the lining
pipe, said apparatus comprising:

a forming frame in a closed loop shape;

a peripheral length - adjusting mechanism -
incorporated in the forming frame for freely adjusting a
peripheral length of the forming frame;

an interval maintaining mechanism incorporated in
the forming frame and installed to the peripheral length
adjusting mechanism;

_guide'rdllers rotatably mounted around the forming
frame and brought into contact with inner faces of

portions of the lining pipe formed by spirally winding the
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strip-like member; and

a Jjoint mechanism unit attached to the forming
frame and arranged at positions of 4.the joint portion of
the already-formed portion of the lining pipe and the
joint portion of the newly-supplied strip-like member and
comprising an outer face roller and an inner face roller
for pinching the joint portions of the strip-like member.

According to the invention, a forming frame
comprising a rigid annular body, or a forming frame made
flexible by a link mechanism comprising a series of links
where each of the links is prevented from being folded
inwardly is adopted.

The sixth invention adopting the flexible forming
frame is implemented in the third embodiment.

According to the invention, attachment and
detachment of the forming frame to and from the lining
pipe are. facilitated by the peripheral length adjusting
meciuanism and the peripheral length of the forming frame
is pertinently adjusted and accordingly, the forming frame
can deal with a change in the pipe diameter and the
accurate peripherél length can be provided. Further, the
interval maintaining mechanism is installed to the
peripheral length adjusting mechanism and therefore, a
force exerted on the peripheral length adjusting mechanism

is received by the interval maintaining mechanism,
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excessive stress is not caused in the peripheral length
adjusting mechanism, the forming frame maintains a
constant strength as a whole and weak portions are
dispensed with.

Further, enlargement and reduction of the aiameter
of the forming frame can freely be carried out and the
forming frame can deal with any pipe diameter by which the
forming frame can freely deal with a stepped portion, a
bent portion and a change in the diameter in the tubular
culvert.

The sixth invention adopting the forming frame
comprising a rigid annular body is implemented in a fifth
embodiment.

According to the lining apparatus, by operating the
peripheral length adjusting"mechanism, attachment and
detachment of the forming frame to and from the lining
pipe are facilitated, owing to the interval maintaining
mechanism, a force exerted on the peripheral Ilength
adjusting mechanism 1is received by the interval
maintaining mechanism, excessively large stress is not
caused in the peripheral length adjusting mechanism, the
forming frame maintains a constant strength as a whole and

weak portions are dispensed with.
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Brief Explanation of the Drawings

(First and Second Embodiments)

Fig. 1 -is a longitudinal sectional view showing a
total of an apparatus for lining an inner face of a
tubular culvert having an arbitrary cross section
according to a first embodiment;

Fig. 2 1is a front view of a lining apparatus
omitting a portion thereof;

Fig. 3 is a partially sectional plane view (a view
in an arrow mark 3 direction of Fig. 4) of a forming frame
constituting the lining apparatus;

_Fig. 4 is a partially sectional side view (a view
in an arrow mark 4.direction Qf Fig. 3 and Fig. 18) of -the
forming frame;

Figs. 5(a) and 5(b) are views showing an inward-
folding preventive mechanism of the forming frame;

Fig. 6 is a plane view of an attaching portion of
the forming frame;

Fig. 7 is a side view (a view in an arrow mark 7
direction of Fig. 6 and Fig. 19) of the attaching portion
of the forming frame:;

Fig. 8 is a front view of a joint mechanism unit;

Fig. 9 is a longitudinal sectional view of the
joint mechanism unit;

FPig. 10 is a constitutional view of joint rollers
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of the joint mechanism unit;

Fig. 11 is a front view of a regulating frame;

Fig. 12 1is an enlarged sectional view showing a
relationship of engaging the forming frame with the
regulating frame;

Fig. 13 is a view showing an embodiment of a
peripheral length adjusting mechanism;

Fig. 14 is a sectional view taken from a line 14-14
of Fig. 13;

Fig. 15 is a view summariziﬁg lining operation;

(Third and Fourth Embodiments)

Fig. 16 is a longitudinal sectional view showing a
total of an apparatus for lining an inner _face of a
tubular culvert having an arbitrary cross section
according to a third embodiment:;

Fig. 17 is 'a front view of the lining apparatus
omitting a portion thereof;

Fig. 18 is a partially sectional plane view of a
forming frame;

Fig. 19 is a side view of an attaching portion of
the forming frame; |

Fig. 20 is .a partially sectional'plgne view of an
arrangement view of a ©peripheral 1length adjusting
méchanism and an interval maintaining mechanism;

Fig. 21 is a sectional view taken from a line 21-21

21



of Fig. 20;

Fig. 22 is a sectional view taken ffom a line 22-22
of Fig. 20;

Fig. 23 is a sectional view showing the structure
of the interval maintaining mechanism;

Fig. 24 is a sectional view taken from a line 24-24
of Fig. 23;

Fig. 25 is a sectional_view showing one operation
of the interval maintaining mechanism;

Fig. 26 is a view summarizing a lining operation
that 1s carried Qut by wusing the 1lining apparatus
according to the embodiment;

Fig. 27 is a view summarizing the lining operation
at a tubular culvert having a ci;cular cross section;

Figs. 28 (a) and 28 (b) are views summarizing the
lining operation at a stepped portion;

Fig. 29 is a view summarizing the lining operation
at a bent portion;

Fig. 30 is a view summarizing the lining operation
at a diameter reducing portion; |

Fig. 31 is a view summarizing the lining operation
ét a tubular culvert having a rectangular cross section;

Fig. 32 is a longitudinal sectional view showing a
total of an apparatus for 1lining an inner face of a

tubular culvert having an arbitrary cross section
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according to a fourth embodiment;

Figs. 33(a) and 33(b) are views enlarging essential
portions of the apparatus for lining an inner face of a
tubular culvert having an arbitrary cross section
according to the fourth embodiment;

(Fifth Embodiment)

Fig. 34 is a sectiona; view showing the structure
of an interval maintaining mecﬁanism in a lining apparatus
according to a fifth embodiment;

(Strip-like member)

Figs. 35(a) and 35(b) are views showing an
embodiment of a strip-like member;

Figs. 36(a) and 36(b) are views showing other
embodiment of a strip-like member; and

Figs. 37(a) and 37(b) are views showing still other

embodiment of a strip-like member.

Best Mode for Carrying out the Invention

An explanation will be given of embodiments of an
apparatus for lining an inner face of a tubular culvert
having an arbitrary cross section in reference to -the
drawings.

Notation S designates the lining apparatus which
includes respective embodiments of S1 through S5.

First, an explanation will be given of a strip-like
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member used in the present invention in reference to the
drawings. Incidentally, illustrated examples are
exemplification which do not prescribe the present
invention and no embodiments are excluded so far as they
achieve their function.

Figs. 35(a), 35(b), 36, 37{(a) and 37(b) show
respective embodiments of strip-like members used in the
present invention.

trip—-like m rs 100, 130, 140 (100', 130", 140"

Figs.  35(a) and 35(b) show an example of a strip-
like member used in a lining apparatus according to the
embodiment.

According to a strip-like member 100, a main body
thereof constitutes a flat plate shape having a constant
thickness and a pertinent number (5 in illustrated
example) of projected streaks 102 are continuously
provided in the longitudinal direction on its outer face.
A flange 102a is formed at a front end portion of each of
the projected streaks 102. Grooves 104 or groove spaces
are formed among the projected streaks 102. An inner face
106 thereof is formed substantially flat and smooth.

Joint portions 100A and 100B, inner and outer
portions of which are engaged to overlap each other, are
formed on both sides of the strip-like member 100. That

is, according to the front edge side joint portion 1003,
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the base portion of the projected streak 102A at the front
end portion 1s expanded in the diameter di_rection, a
recess groove 110 is verticai‘ly provided from the inner
face side and an overhung portion 112 is continuously
provided from the projected streak 102A. According to the
rear edge side joint. portion 100B, an extended portion 114
is provided from the projected streak 102B at the rear end
portion and a projected streak 116 for engaging with the
recess groove 110 of the fronﬁ edge side Jjoint portion
100A is vertically provided on the side of the edge
portion of the extended portion 114.

According to the strip-like member 100, a
plastically deforming member 120 is mounted between the
intermediate projected streaks 102 as a member having
plastic deformation function made of a metal (normally
made of steel) and having a cross section in a W-like
shape. According to the plastically deforming member 120,
the position is not limited to that as illustrated but the
member may be disposed at other position or at a plurality
of portions and further, a V—liké shape, a U-like shape or
the like is adopted as for its shape.

In jointing operation, the front edge portion and
the rear edge portion of side by side portions of the
strip-like member 100 overlap each other, the.front edge

side. joint portion 100A and the rear edge side joint
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portion 100B receive pinchiné' action by an outer face
roller and an inner face roller of a joint roller portion,
mentioned later, and jointing is carried out by fitting
the projected streak 116 into the recess groove 110 and
the end of the overhung portion 112 to the inner side of
the flange 102a of the projected streak 102B, respectively.
In this case, the main jointing operation is carried out
by the recess groove 110 and the projected stréak 116 and
the secondary Jjointing is carried out by the overhung
portion 112 and the projected streak 102B and accordingly,
the secondary jointing may be omitted depending on cases.

Further, according to the embodiment, a seal
material 118 is interposed at a portiop wﬁere the overhung
and extended portions 112 and 114 are brought into contact
with each other to promote joint performance.
Incidentally, the seal material 118 may be omitted when
the joint portions 100A and 100B are sufficiently fitted
and jointed. |

The strip-like member is formed by a synthetic
resin material and polyvinyl chloride (PVC) capable of
being molded continuously by extrusion is preferable
particularly in view of molderability. However, forming
by metal is not excluded.

As is apparent from the above-described explanation,

the strip-like member 100 is provided with plastic
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deformation performance and 1is an elastic strip-like
member when the plastically deforming member 120 is
omitted. The elastic strip-like member is designated by
notation 100'. Accordingly, when the strip-like member
100 per se is provided with plastic deformation
performance, the plastically deforming member 120 is not
naturally needed.

Fig. 36 shows other embodiment of a strip-like
member.

According to the strip-like member 130, a pertinent
number of projected streaks 132 in a trapezoidal shape are
continuously and vertically provided in the longitudinal
direction of the outer face and valley portions 134 are
formed among the projectéd streaks 132. The projected
streaks 152 and the valley portions 134 are at equal pitch
in the width direction. An inner face 136 thereof is
formed substantially flat and smooth. Both sides of the
strip-like member 130 is formed with Jjoint portions 130A
and 130B jointed together by overlapping an inner face and
an outer face thereof.

According to the strip-like member 130, plastiéally
deforming members 122 of wires are embedded at inside of
the projected steaks 132.

In jointing operation, the jointing is carried out

by pressing the inner side joint portion 130B into the
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outer side Jjoint portion 130A by an outer face roller and
an inner face roller of a joint roller portion and fitting
together corresponding joint portions, that is, a round
recess groove and a round projected streak and a cut
recess groove and the end of an extended portion,
respectively.

According to the embodiment, a strip-like member
having no plastically deforming member 122 constitutes an
elastic strip-like member 130°'.

Figs.. 37(a) and 37(b) show still other embodiment
of a strip-like member.

The strip-like member is constituted by a
combination of a main member (main strip-like member) 140
and a fitting member 150, the main member 140 is provided
with projected streaks 142 and grooves 144, joint portions
140A and 140B are formed at.its both end portions and
fitting grooves 146 are formed at the joint portions 140A
and 140B. Further, the fitting member 150 is provided
with the fitting streaks 152 for elastically fitting into
the fitting grooves 146 of the main members 140.

A plastically deforming member 124 in a V-like
shape is mounted betweeﬁ the projected streaks 142 of the
main member 140. The pdsition for attaching the
plastically deforming member 124 is not limited to the

illustrated example.
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In jointing operation, the fitting member 150 1is
jointed to span over the joint portions 140A and 140B of
the main members 140 placed side by side.

Further, also in this embodiment, a strip-like
member having no plastically deforming member 124

constitutes an elastic strip-like member 140°'.

FIRST EMBODIMENT

Fig. l.through Fig. 14 shows an embodiment (First
Embodiment) of an apparatus for lining an inner face of a
tubular culvert having an arbitrary cross section
according to the present invention. That is, Fig. 1 and
Fig. 2 show an outline of a total of the lining apparatus
S1 'and Fig. 3 through Fig. 14 show constitutions of
various portions of the lining apparatus S1.

In these drawings, notation P designates a tubular
cﬁlvert having a rectangular cross section as a deformed
cross section and notation R designates a lining pipe that
is fabricated at inside of the tubular culvert P having a
rectangular cross section. In the drawings, an arrow mark
o indicates an advancing direction of the apparatus S1 and
an arrow mark B indicates a rotating direction thereof.

Incidentally,.a front’portion and a rear portion
are defined by the advancing direction (arrow mark o) of

the apparatus S.
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The plastically deforming strip-like member 100 is
used in the embodiment.
Lining a ratus S1 (refer to Fig. 1 through Fig. 14

An explanation will be given of the constitution of
the lining apparatus .Sl according to the embodiment in
reference to Fig. 1 through Fig. 14;

As shown by Fig. 1 and Fig. 2, the lining.apparatus
s1 camﬁrises essential portions of a forming frame 1
having a predetermined width and comprising a flexible
loop by a 1link mechanism constituted by a plurality of
links, pluralities of guide rollers 2 and rotary guides 3
arranged at respective shafts of the link mechanism of the
forming frame 1, a joint mechanism unit 6 attached to the
forming frame 1 and including an inner face roller 4 and
an outer face roller 5 and a regulating frame 7 having a
rectangular shape and arranged at the inner side of the
forming frame 1. According to the embodiment, a
peripheral length adjusting mechanism 8 is further added
to the forming frame 1.

An explanation will be- given of detail structures
of respective poftions as follows.
Forming frame 1 (refer to Fig. 1 through Fig. 7)

The forming frame 1 constitutes a loop with a
required width, a total thereof is made flexible in a

direction of outer diameter by a 1link mechanism and
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provided with a lateral rigidity and a portion thereof
constitutes a portion for attaching the Jjoint mechanism
unit 7. That is, the flexibility of the loop is provided
by a chain of links in which a plurality of links 10 are
put together via shafts 11.

(Link mechanism) (refer to Fig. 3 and Fig. 4)

As shown by Fig. 3 and Fig. 4, according to the
embodiment, the links 10 include two modes of outer side
links 10A and inner side links' 10B which are arranged
alternately. . |

The outer side link 10A is formed in an H-like
shape as a whole and is constituted by side plates 12 in
parallel with each other and a connecting plate 13 rigidly
connecting these at their central portions. Circular
shaft holes 14 are opened at both sides of the side plate
12,

The inner side 1link 10B is assembled with two
divided bodies 10b in a channel-like shape and is formed
in an H-like shape as a whole similar to the outer side
link 10A. That is, the divided body 10b is formed in a
channel-like shape comprising short side plate$-16 and a
back plate 17, the back plates 17 are brought into contact
with each other and rigidly connected by bolts and nuts
and integrally assembled into an H-1like shape. A round

shaft hole 18 1is opened at the short side plate 16 in
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correspondence with the shaft hole 14 of the side plate 12
of the outer side link 10A.

Further, the outer side links 10A and the inner
side links 10B constitute the 1link mechanism by
overlapping the side plates 16 of the inner side links 10B
and the inner sides of the side plates 12 of the outer
side links 10A, making axis centers of the shaft holes 14
and 18 of these coincide with each other and inserting the
shafts 11 into the shaft holes 14 and 18 via bearings 20
fixedly held therein. Accordingly, the shafts 11 are made
rotatable.

(Inward-folding preventive mechanism) (fefer to Fig.
4 and Figs. 5(a) and 5(b))

Respectives of the link§ 10 can be folded outwardly
but prevented from folding inwardly with an angle of 180°
as a reference. Accordingly, an inward-folding preventive
mechanism is installed and one example thereof is shown by
Fig. 4 and Figs. 5(a) and 5(b). That is, a recess portion
22 for stopper is provided at an end portion of the side
plate of one link 10(I) and a stopper 23 projected to the
side of the 1link 10(I) is fixedly provided to the side
plate of other 1link 10(II) and the inward-folding is
ﬁrevented by bringing the stopper 23 into contact with one
end face 22a of the recess portion 22 for stopper.

Further, the outward-folding can be carried out until the
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stopper 23 is brought into contact with other end face 22b
of the recess portion 22 for stopper. An opening angle
(y) of the recess portion 22 constitutes a pivoting
angular width.

(Attaching portion) (refer to Fig. 6 and Fig. 7)

An attaching portion is constituted similar to
other links and is constituted by two divided bodies 25
and 26 incorporating the inner face roller 4 and as shown
by Fig. 6 and Fig. 7, the divided bodies 26 are used for
attaching to the joint mechanism unit 6. The above-
described inward-folding preventive mechanisms 22 and 23
are installed at side plates Qf'the divided bodies 25 and
26.

According to a link 10b' disposed contiguous to the
attaching portion in the rotational direction, a front
side plate thereof is retracted rearwardly and the link is
formed in a shape having a slender width. The retracted
width constitutes a width sufficient for receiving the
strip—-like member 100.

Although the forming frame 1 of the embodiment is
constituted by 17 of the 1links. These can be freely
decreased or increased. In short, the number is increased
or decreased in conformity with a diameter of a tubular
culvert that is the object of operation.

cuide roller 2 (refer to Fig. 1 through Fig. 4, Fig. 6,
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Two of guide rollers 2 (front guide roller 2A, rear
guide roller 2B) are mounted to each shaft 11 of the
forming frame 1. Although according to the embodiment,
the guide rollers 2A and 2B are integrally attached to the
shaft 11, they may be attached thereto via bearings. The
roller main body is made of synthetic resin or metal and
is brought into contact with the inner face of the strip-

like member 100.

Rotary guide.3 (refer to Fig. 1, Fig. 3, Fig. 12)

The rotary guide 3 is fgrmed rigidly and is mounted
rotatably to the center of each shaft 11 of fhe forming
frame 1. The outer diameter of the rotary guide 3 1is made
smaller than the diameter of the guide roller 2 and a V-
like groove 28 1is formed to recess at the center for
receiving a guide track of the regulating frame 7,
mentioned later.

Joint mechanism unit 6 (refer to Fig. 1, Fig. 2, Fig. 6,

Fig. 8 through Fig. 10

The Jjoint mechanism wunit 6 is mounted to the

attaching portion at a side portion of the forming frame 1.

The joint mechanism unit 6 is provided with a feed roller.
The joint mechanism unit 6 includes a joint roller
portion 30 constituted by a pair of the inner face roller

4 and the outer face roller 5 as a major portion, a box 33
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incorporating a gear mechanism 31 synchronously rotating
the rollers 4 and 5 and holding a feed mechanism 32 moved
in cooperation with the gear mechanism 31 and a hydraulic
motor 34 attached to the box 33 as a source for driving to
rotate the rollers 4 and 5.. Further, the unit is arrénged
in correspondence with a portion for jointing the strip-
like member 100 that is spirally wound, that is, a
position where the strip—lige member 100 -is closedly
jointed initially. |

{Box 33f

As shown by Fig. 8 and Fig. 9, the box 33 is
divided into an upper portion 33A and a lower portion 33B,
the upper portion 33A can be opened around a pin shaft 36
and the upper portion 33A is closedly jointed to the lower
portion 33B by a closing device 37.

The box 33 holds shafts of the gear mechénism 31 at
front and rear faces thereof ovef the upper and lower
portions 33A and 33B. Further, the front face of thé
lower portion 33B of the box 33 is used for attaching the
hydraulic motor 34 and the rear face is attached to a link
at the attaching portion of the forming frame l.-

Other side face of the box 33 is attached with the
closing device 37 for closedly jointing the upﬁer portion
33A to the lower portion 33B. Illustrated is an example

thereof in which a connecting rod 39 is pivotably attached
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to a rib 38 projected from the upper portion 33a, a
bifurcated receiving shelf 40 is projected from the lower
portion 33B with the same phase as that of the rib 38'and
the connecting rod 39 is put irnto the recess of the
receiving shelf 40. The connecting rod 39 is successively
mounted with a helical spring,gl.énd a nut 42 screwed to.a
screw portion thereunder and the helical spring 41 1is
pushed to the lower face of the receiving shelf 40 by
fastening the nut 42. Thereby, a force for fastening the
upper portion 32A is suitably adjusted by the elasticity
of the helical spring 41.

(Gear mechanism 31)

As shown by Fig. 9, the gear mechanism 31 is
provided with three shafts 44, 45 and 46 successively from
below which are rotatably spanned over front and rear
walls of the box 33 and gears 47, 48 and 49 are fixedly
installed to the respective shafts 44, 45 and 46. Further,
the inner face roller 4 (4A, 4B) is connected to the
second shaft 45 and the outer face roller 5 is connected
to the third shaft 46. As illustrated, the second shaft
45 is rotated reversely to the rotating direction of the
first shaft 44, the third shaft 46 is rotated regularly
thereto and accordingly, the inner face roller 4 and the
outer face roller 6 are rotated reversely to each other.

Further, by adjusting numbers of these teeth, the

36



rotational numbers of shafts 45 and 46 and accordingly,
the rotational numbers of rollers 4 and 5 can be adjusted. -

Although according to the embodiment, the  three
shafts 44, 45 and 46 are fixedly supported by rotary
bearings, sliding bearings may freély be used.

(Feed mechanism 32)

The feed mechanism 32 is constituted by.a drive
sprocket 52 fixedly installed to the second shaft 45 at
outside of the box 33, a feed roller with sprocket 53
(notation 53a designates its feed roller portion and
notation 53b designates its sprocket portion) that is
rotétably mounted to the third shaft 46 and a chain 54.
More in details, the drive sprocket 52 is provided with
gear teeth 52a at its outer periphery, is fixed to the
second shaft 45 via a key or by spline coupling and is
rotated integrally with the shaft 45.

The feed roller with sprocket 53 comprises the
sprocket portion 53b having a small diameter and the feed
roller portion 53a having a large diameter and is
rotatably mounted to the third shaft 46 via a bearing.
The‘sprocket portion 53b is p_rovided with gear teeth at
its outer periphery. Although according to the embodiment,
the feed roller portion 53a comprises a member made of
steel, an elastic ring in a strip-like shape (not

illustrated) may pertinently be mounted onto its outer
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periphery.

The chain 54 is wrappeé around the drive sprocket
52 and the sprocket portion 53b of the feed roller with
sprocket 53 and transmits the drive force of the drive
| sprocket 52 to the feed roller with sprocket 53.

Further, the rotating feed roller 53 is brought
into contact with the tube wall of the tubular culvert P
and the rotational speed of the device S is determined by
the rotation and the speed is made synchronous to a
forming speed of the lining pipe R fabricated by the joint
roller portion 30, mentioned later, or made slightly
faster than the forming speed.

{Hydraulic motor 34)

The hydraulic motor 34 is attached to the front
face of the box 33 by connecting a drive shaft 34a thereof
to the first shaft 44.

The hydraulic motor 34 is connected wifh a feed-in
side pipe 56a for feeding oil to the hydraulic motor 34
and a feed-out side pipe 56b for discharging oil from the
hydraulic motor 34. Further, these pipes 56 are connected
to a rotary Joint (refer to Fig. 1) attached to a
pertinent position of the box 33 or the forming frame 1
and pipes 58 connected to an outside pressure source are
connected to the rotary joint 57. Transmission of working

fluid is carried out between the pipe 56 on the side of
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the hydraulic motor 34 accompanied by rotational operation
and the pipes 58 on the outer side having no rotational
operation by interposing the rotary joint 57.

The drive force of the hydraulic motor 34 is
transmitted to the first shaft 44 by the gear mechanism 31
and the hydraulic motor 34 and 1is transmitted to the
second and the third shafts 45 and 46 via the gear
mechanism 31. The second shaft 45 and the third shaft 46
are rotated reversely to each other.

(Joint roller portion 30)

As shown by Fig. 9, according to the joint roller
portion 30, the inner face roller 4 and the outer face
roller 5 are arranged side by side in a direction of an
axis of the formed pipe, maintaining a predetermined
'interval therebetween such that the strip-like member 100
is pinched between the two rollers 4 and 5. The inner
face roller 4 is arranged with two rollers 4A and 4B at
the front portion and the rear po;tion interposing the
rotary guide 3 similar to the guide roller 2.

Further, as described above, the inner face roller
4 is directly attached to the second shaft 45 and the
outer face roller 5 is directly attached to the third
shaft 46.

Fig. 10 shows a detailed structure of the Jjoint

roller portion 30.
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Fig. 10 shows not only the two inner face and outer
face rollers 4 and 5 and the rotary guide 3 of the joint
roller portion 30 by magnifying them but also a
corresponding relationship between the rollers 4 and 5 and
the strip-like member 100. As 1is illustrated, according
to the embodiment, a plurality (3 in this embodiment) of
spans ©of the strip-like member 100 are arranged at the
rollers 4 and 5. Further, notation H indicates the
initial closedly jointed portion of the strip-like member
100.

The inner face roller 4 is formed in a cylindrical
shape and is brought into close contact with the inner
face of the strip-like member 100 and supports the strip¥
like member 100 pressed from outside by the outer face
“roller 5 including the «closedly jointed portion H.
Further, although a diameter expanding portion 4a is
formed at the front end portion of the front portion of
the inner face roller 4a and a flange 4b is projectéd for
engaging with the groove 110 at the inner face of the
strip-like member 100, 1is projected at the diameter
expanding portion 4a, they may be omitted pertinently.

Although in the illustrated example, one end of the
shaft of the inner face roller 4 is supporteg by the frame
1, both ends thereof may naturally be supported by the

frame 1.
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The outer face roller 5 is formed with a plurality
of ring-like flanges 5b at a cylindrical main body 5a at
predetermined intervals and the ring—likg flanges 5b are
fitted to the grooves 104 among the projected streaks 102
of the strip-like member.lOO._ The outer periphery of the
cylinder main body 5a is brought into press contact with
the outer faces of the projected streaks 102 of the strip-
like member 100. The outer face of the cylindrical main
body 5a is knurled to prevent slippage with the strip-like
member 100.. Further, the diameter of a portion 5a’
thereof is reduced to detach from the projected streak 102.

In respect.of the ring-like flanges 5b, peripheral
side portions of a pair of two ring-like flanges 5b’ in
correspondence with the closedly jointed portion H, is
brqught- into contact with the strip-like member 100.
Other ring-like flanges 5b are not needed to be brought
into contact with the strip-like member 100 and it is
essential that the other ring-like flanges 5b are fitted
té the grooves 104 among the projected streaks 102.

In attaching the joint mechanism unit 6 to the
lining pipe R, the upper .portion 33A of the box 33 is
opened, the ring-like flanges 5b of the outer face roller
5 are made to coincide with .the pitch of the projected
streaks 102 of the strip-like member 100, the ring-like

flanges 5b' are disposed at the closedly jointed portion H
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and thereafter, the upper portion 33A is closed on the

lower portion 33B, the closing device 37 is closed and the
nut 32 is fastened. |
Regqulating frame 7 (refer to Fig. 1, Fig. 12)

The regulating frame % is made of steel,
constitutes a large rigid frame in a rectangular shape and
is constitufed by a frame main body 60 and a guide track
61 projected from the outer periphery of the frame main
body 60. A corner 7R is provided with roundness having a
predetermined radius of curvature "r". The regulating
frame 7 is normally assembled by divided bodies. The
guide track 61 is fitted to the V groove of the rotary
guide 3.

More in details, the frame main body 60 is
constituted by channel members and ribs 63 are installed
at pertinent intervals in the peripheral direction to
enhance the rigidity. The guide track 61 is constituted
by a rigid body having a predetermined thickness and its
front end is formed by tapered faces 6la fitted to the V
groove of the rotary guide 3 and is fixedly installed on
the outer periphery of the frame main body 60.

Fig. 12 shows details of a relationship of engaging
the forming frame 1 and the regulating frame 7. In Fig.
12, numeral 65 designates a sheath tube externally fitted

to the shaft 11, which is integrated to the shaft 11,
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however, the sheath tube can be removed from the shaft 11.
Further, the guide roller 2 1is mounted with thrust
bearings 66 and radial bearings 67 via the sheath tube 65
and a radial bearing 68 is mounted to the rotary guide 3.
Numeral 69 designates spacers for holding the position of
the rotary guide 3.

Peripheral length adjusting mechanism 8 (refer to Fig. 13

and Fig. 14)

A peripheral length adjusting mechanism 8 is
arranged at a pertinent portion of the link mechanism of
the forming frame 1 for adjusting the peripheral length of
the forming frame 1.

As shown by Fig. 13 and Fig. 14, according to the
embbdiment, the peripheral length adjusting mechanism 8 is
mounted to the inner side 1link 10B and further
specifically, mounted betWeen the back plates 17 of the
divided bodies 10b.

Further, the peripheral length adjusting mechanism
8 is constituted by nuts 71 fixedly installed to the back
plates 17 opposed to each other and an adjusting bolt 72
screwed between the nuts 71 and having a pivot portion 73.
Further, screws of screw holes 74a and 74b of the pair of
nuts 71 are cut inversely to each other.

The adjusting bolt 72 is provided with sufficient

strength, provided with screws 72a and 72b cut .in
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directions reverse to each other toward both end portions
while interposing the central pivot portion 73 and the
screws 72a and 72b are screwed to the screw holes 74a and
74b of the corresponding nuts.

Although two of the peripheral length adjusting
mechanisms 8 of the embodiment are normally installed in a
single one of the inner side 1link 10B in the width
direction, 3 or more thereof may be used and the number is
not limited. Further, although the peripheral length
adjusting mechanisms 8 are arranged at a plurality of
locations (for example, 4 locations) of four peripheral
sides of the forming frame 1 at peftinent intervals, the
locations of arrangement are pértinently determined and
the number is not limited.

Further, by pivoting the adjusting bolt 72, the
nuts 71 screwed to the sCrews 72a and 72b and opposed to
each other, are moved in diréctions attracting to each
other or directions separating from each other by which
the disténce between the back plates 17 of the couple of
divided bodies 10b is freely adjusted.

Operation of lining inner face of tubular culvert P

The lining apparatus S1 described above ié applied
to and operated in lining an inner face of a tubular
culvert as follows.

Fig. 15 illustrates an outline of the .lining
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operation. In this operation, an example of applying the
apparatus to a sewage tubular culvert P comprising a
rectangular cross section will be shown as an underground
tubular culvert. In Fig. 15, notation Q1 designates a
manhole on the upstream side and notation Q2 designates a
manhole on the downstream side.

As shown by Eig; 15, on the ground, a reel out
device.T with a rotational base wound with the strip-like
member 100 is arranged on the side of the manhole Q1 at
the wupstream side and a hydraulic drive source G is
arranged on the side of the manhole Q2 at the downstream
side. The operation is carried out from the upstream side
along the downstream side.

An explanation will be given in the order of steps
as follows. |
(1) The 1lining apparatus S1 is transported into the
tubular culvert P having a square cross section and
constituting an object of renewal operation wvia the
opening of the manhole Q1. The transportation of the
apparatus into the manhole Q1 is facilitated since the
forming frame 1 of the apparatus S can be disassembled and
assembled and the regulating frame 7 comprises divided
bodies. Further, the joint mechanism unit 6 is attachable
to thg forming frame 1 and attaching thereof on the spot

is also facilitated.
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(2) Next, the lining apparatus S1 is asséembled in the
manhole Q. That is, the regulating frame 7 is assembled,
the forming frame 1 is assembled while engaging the rotary
guides 3 around the regulating frame 7 and the Joint
mechanism unit 6 is mounted at predetermined side faces of
the forming frame 1. Further, a hydraulic piping system
is connected. |

| Thereafter, the lining apparatus S1 is arranged to
face the entry of the tubular culvert P having a
rectangular cross section.

(3) The strip-like member 100 is drawn info the manhole Q1
and introduced into the Jjoint mechanism unit 6 of the
lining apparatus S1 and the strip-like member 100 .is wound
by éeveral turns around the forming frame 1 by which a
portion of a lining pipe (which is referred to as start
portion of 1lining pipe) Ro is fabricated. At this
occasion, in the joint mechanism unit 6, the inner face
roller 4 and the outer face roller 5 of the joiﬁt roller
portion 30 are arranged at the closedly jointed portion of
the start portion of the 1lining pipe Ro, the annular
flanges 5b of the outer face roller 5 are fitted into the
grooves 104 of the strip-liké member 100, particularly,
the annular flanges 5b' are brought into contact with the
closedly jointed portion H accurately and the flange 4b of

the inner face roller 4 is engaged with the recess groove
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110 of the strip-like member 100.

(4) By driving to rotate the inner and outer face rollers
4 and 5 of the joint mechanism unit 6, the newly supplied
strip-like member 100 is jointed together in continuation
to the start portion of the lining pipe Ro at the closedly
jointed portion H of the strip-like member 100 owing to
the Jjoint structure by a pinching force exerted from the
inner face roller 4 and the outer face roller 5.

Further, by driving the joint mechanism unit 6 of
the lining apparatus S1, the' forming frame 1 integrated
with the guide rollers 2 and the joint mechanism unit 6,
is advanced along the shape of the regulating frame 7. At
a corner portion of the regulating frame 7, the joint
roller portion 30 of the joint mechanism unit 6 folds the
strip-like member 100.inwardly. The strip~like member 100
is provided with plastic deformation performance and holds
the folded and bent state as it is.

Further, a total of the 1lining apparatus 81 is
revolved in a direction of pipe periphery and is moved
forwardly in a direction of pipe axis. Thereby, the
strip-like member 100 ié wound spirally and the lining
pipe R in a rectangular shape is fabricated.

(4A) In these steps, the regulating frame 7 always
maintains the same phase state. That is, the portion of

the 1lining pipe R which has already been formed,
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constitutes a rectangular sectional shape by a force of

preserving its shape and the regulating frame 7 is held at

inside of the lining pipe R formed in the rectangular
shape.

Further, the feed roller 53 of the feed mechanism
32 is brought into contact with the pipe wall of the
tubular culvert P and rotates the apparatus S by receiving
the reaction from the p;pe wali through the rotation.
(4B) Further, in these steps, the strip-like member 100 is
supplied successively from the reel out device T arranged
on the .ground. As 1llustrating an example of the
constitution by Fig. 15, according to the reel out device
T, a rotational base 204 1is arranged rotatably on a
circular track 200 ‘arranged. at the surrounding of the
opening of the manhole Q1 wvia rollers 202 and a winding
drum 206 wound with the strip-like member iOO for freely
reeling it out, is rotatably supported on the rotational
base 204. Thereby, rotation of the rotational base 204
along the circular track 200 in the horizontal face and
rotation of the winding drum 206 in the vertical face are
synthesized.

Although with the pipe fabricating operation, the
strip-like member 100 is rotated to twist, according to
‘the reel out device T, the device follows the twist

rotation by the rotational base 204 which is rotated in
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synchronism with the twist rotation.

(5) With the advance of the lining apparatus S, the
portion of the lining pipe that is left on the rearward
side of the lining apparatus S, holds a rectangular shape
as a whole by its plastic performance.

(6) When the 1lining pipe :R is fabricated over a
predetermined length of a tubular culvert P (normally,
entire cross section from the manhole Q1 to the manhole
02), the lining apparatus S is removed.

As mentioned above, the lining apparatus S can be

disassembled and is easily be transported to the outside
via the manhole Q.
(7) When the lining pipe R is fabricated over the entire
length of the tubular culvert P, cement milk M is filled
into a gap between the tubular culvert P and the lining
pipe R and the lining operatién. at this embodiment is
finished after awaiting for fixing of the milk.

In this way, a lining layer adapted to the
sectional shape of the tubular culvert P having the
rectangular cross section is formed.

According to the lining apparatus S1 for a tubular
culvert having an arbitrary cross section in this
embodiment, the regulating frame 7 is dispoéed to the side
of the forming frame 1, that is, the outer side and

accordingly, not only a cross section for flowing water is
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secured but smooth pipe fabricating operation can be
carried out without causing excessive bending stress at
the strip-like member 100 inserted via the central space.
The following design ﬁodification. can be carried
out in this embodiment.
Although in this embodiment, engagement between the
forming frame 1 and the regulating frame 7 is performed
via the rotary guides 3, a guide having sliding function
can be adopted in place of the fotary guide 3.
Although in this embodiment, a single one of the fotary
guide 3 1is arranged at the center between the guide
rollers 2 which are disposed side by side, an embodiment
where 3 or more of the guide rollers 2 are arranged and a
plurality of the rotary guides 3 are arranged among them
may be adopted.
The shape of the regulating frame 7 is not limited to
rectangular but other polygonal shape, for example,
triangular shape, pentagonal shape or the 1like may be

adopted.

SECOND EMBODIMENT
Other embodiment (Second Embodiment) of a lining

apparatus for a tubular culvert having an arbitrary cross

section according to the present invention will be shown.

As shown by one-dotted chain lines in Fig. 2, a
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lining apparatus S$2 of this embodiment is added with still
other Jjoint mechanism unit 6B having a constitution
similar to the constitution of the joint mechanism unit 6A
mounted to the forming frame 1 of the first embodiment.

The other joint mechanism unit 6B is provided with
a major function of pinching the strip-like member by the
inner face roller and the outer face roller 4 and 5, which
is referred to as a second pinch mechanism unit while the
prior joint mechanism unit 6A is referred to as a first
pinch mechanism unit.

That is, in Fig. 2, the second pinch mechanism unit
6B is arranged on the rear side of the first pinch
mechanism unit 6A via a predetermined number (3 in
illustrated example) of links.

More in details, the two pinch mechanism units 6A
and 6B are arranged at an angular interval of 90° at
corner portions of the forming frame 1 when they approach
as near as possible. Although the second pinch mechanism
unit 6B is provided with a constitution similar to the
constitution of the first pinch mechanism unit 6A, a front
face plate of the link is not retracted in respect of the
rotational direction for receiving the strip-like member
100,

Further, in a procedure where the first pinch

mechanism unit 6A curves the corner portion 7R, the strip-
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like member 100 is gradually bent by receiving grubbing
action of the following second pinch mechanism unit 6B and
when the two pinch mechanism units 6A and 6B are
orthogonal to each other, the strip-like member is
provided with a predetermined bending.

According to the lining apparatus S2, the strip-
like member 100 having plastic deformation performance
receives bending deformation with further certainty at the
corner portion by the two series of pinch mechanism units
6A and 6B.

According to the apparatus S2 for lining an inner
face of a tubular culvert having an arbitrary cross
section of the embodiment, the regulating frame 7 is
disposed to the side of the forming frame 1, that is, the
outer side and therefore, the cross section for flowing
water 1is secured. Further, by expanding the inner
diameter space, smooth pipe fabricating operation can be
carried out without causing excessive bending stress in
the strip-like member 100 that is inserted through the
central space.

The plastically deformable strip-like member 100
can firmly be folded to bend by the two pinch mechanism

units 6A and 6B.

THIRD EMBODIMENT
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Other embodiment of an apparatus for lining an
inner face of a tubular culvert haviné an arbitrary cross
section which 1is provided with two series of Jjoint
mechanism units will be shown.

An explanation will be given of the constitution of
a lining apparatus S3 according to the embodiment (Third -
Embodiment) in reference to Fig. 16 through Fig. 25.
Members equivalent to those in the first and the second
embodiments described above are attached with the same
notations.

Fig. 16 and Fig. 17 show the totai constitution and
Fig. 18 through Fig. 25 show partial constitutions thereof.

Incidentally, in the drawing, a direction 4 of Fig.
18 represents the same direction in Fig. 4 and a direction
of a line 7-7 in Fig. 19 represents the same direction in
Fig. 7. Constitutions in Figs. 5(a) and 5{(b), Fig. 8, Fig.
9 and Fig. 10 are applicable to this embodiment (two inner
face rollers 4A and 4B in Fig. 9 and Fig. 10 are modified
into one roller).

According to the embodiment, the elastic strip-like
member 100' is used.

As shown by Fig. 16 and Fig. 17, the 1lining
apparatus S3 is constituted by a forming frame 1 forming a
flexible annular body by a 1link mechanism having a

predetermined width and constituted by a plurality of
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links, a plurality of guide rollers 2 arranged at
respective shaft portions of the link mechanism of the
forming frame 1 and two joint mechanism units 6 (first
joint mechanism unit 6A, second joint mechanism unit 6B)
inciuding inner face rollers 4 and outer face rollers 5
which are attached to the forming frame 1 at a
predetermined interval. Further, the forming frame 1 is
added with peripheral length adjusting mechanisms 8 and
interval maintaining mechanisms 9. Further, feed rollers
are attached to the two joint mechanism units 6A and 6B as
a major constitution.

The forming frame 1 is provided with a constitution
similar to the constitution disclosed in the  first
embodiment described above. That is, the forming frame 1
is made flexible and is provided with an inward-folding
preventive mechanism.

The guide roller 2 is provided with a length equal
to the inner width of the link 10 and is rotatably mounted
to the respective shaft 11 of the forming frame 1.
Although the standard guide roller 2 (2a) is provided with
a length equal to a total of the inner width of the link
10, the guide roller 2 (2b) at the front side of the first
joint mechanism unit 6A is shortened by the width of the
strip-like member 100 (refer to Fig. 18 and Fig. 19).

Although the Jjoint mechanism unit 6 1is provided
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with a constitution similar to the constitutions disclosed
in the first and the second embodiments described above,
what is to be paid attention to is that the first joint
mechanism unit 6A and the second joint mechanism unit 6B
constituting the joint mechanism unit 6 are arranged at an
interval of a predetermined number of links and are
mounted to attaching portions at sides of the forming
frame 1. Further, both of the first joint mechanism unit
6A and the second joint mechanism unit 6B are provided
with the feed rollers. That is, notation 53A designates
the feed roller of the first joint mechanism unit 6A and
notation.,SBB designates the feed roller of the second
joint mechanism unit 6B. Further, in respect of the
hydraulic system of the two series of joint mechanism
units 6A and 6B, the hydraulic pipe 56 communicating with
the rotary Jjoint 57 is connected from the first joint
mechanism unit 6A to the second joint mechanism unit 6B
which constitutes a so-called series system. Naturally, a
system communicating with respective independent hydraulic
drive sources may be adopted.
Peripheral length adjusting me;ganism 8

Although the peripheral length adjusting mechanism
8 has been described in the first embodiment, an
explanation will be given of the constitution in further

details.
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An extended portion 17a is provided on the lower
side of the back plate 17 of the divided body 10b in
correspondence with the ©position of attaching the
mechanism and a bolt insertion hole 75 for loosely.
inserting an adjusting bolt 72 is opened by utilizing the
extended portion 17a. Incidentally, when the height of
the back plate 17 is sufficient, the extended portion 17a
is naturally not needed. Each of nuts 71 is formed in a
cylindrical body having a screw hole 74 penetratingly at
inside thereof and is solidly fixed by welding to the back
plate 17 to face the bolt insertion hole 75. Incidentally,
screws of the screw holes 7la and 7lb of the couple of
nuts 71 are cut in directions reversely to each other.

The adjusting bolt 72 is provided with sufficient
strength and is provided with screws 72a and 72b cut in
directions reversely to each other toward both end
portions interposing the central pivoting portion 73 and
the screws 72a and 72b are screwed to the screw holes 74a
and 74b of the nuts 71. The pivoting portion 73 is formed
integrally with the adjusting bolt 72 and outer faces
thereof are formed in a shape of a hexagon head nut which
receives pivoting operation by being grubbed by pivoting
means such as spanner or the like.

Although two of the peripheral 1length adjusting

'meChanisms 2 of the embodiment are installed in the width
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direction of a single one of the inner 1link 10B, the
number may be 3 or more and the number is not limited to 2.
Further, although the peripheral length adjusting
mechanisms 2 are arranged at 4 locations of the forming
frame 1 as shown by Fig. 17, the arrangement locations are
pertinently determined and the number is not limited to 4.

Further, by pivoting the adjusting bolt 72; fhe
nuts 71 screwed to the screws 72a and 72b and opposed to
each other, are moved in directions of attracting each
other or directions of separating from each other by which
a distance Yy between the back plates 17 of ‘the couple of
divided bodies 10b is freely adjusted.

Interval maintaining mechanism 9

The interval maintaining mechanism 9 is installed
along with the peripheral length adjusting mechanism 8 and
according to the embodiment, the interval maintaining
mechanisms 9 are arranged at' both end portions of the
inner links 10B with the same constitution.

That is, as shown by Fig. 23 through Fig. 25, the
interval maintaining mechanism 9 is constituted by taper
plates 77 fixedly installed to the back plates 17 opposed
to each other of the divided bodies 10b, inner and outer
interval maintaining pieces 78 and 79 interposed between
the both taper plates and a bolt 80 attached between the

interval maintaining pieces 78 and 79 and further includes
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a connecting plate 81 spanning over portions of the outer
interval maintaining piece 79.

(Taper plate 77)

The taper plate 77 is provided with a constant
width and is formed with taper faces 77a where the
thickness are reduced from the central portion towérd the
inner direction and the outer direction. Although one or
two of guide walls 77b are formed at both end portions or
at one end portion in the width direction of the taper
plate 77, the guide walls 77b may pertinently be omitted.
The two taper plates 77 are opposed to each other and are
fixed to thg back plates 17 of the divided bodies 10b by
welding or by screws.

(Inner and outer interval maintaining pieces 78,
79)

The inner interval maintaining piece 78 is provided
with a constant width and is formed with taper faces 78a
coinciding with the taper faces 77a of the taper plates 77
in respect of the thickness from inner side toward outer
side.

A bolt insertion hole 78b for receiving a bolt rod
of the bolt 80 is penetratingly opened at the center of
the inner interval maintaining piece 78.

The outer interval maintaining piece 79 is provided

with a constitution the same as the constitution of the
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inner interval maintaining piece 78 in respect of the
width and the thickness and a screw hole 79a for screwing
with the screw of the bolt rod of the bolt 80 is opened at
its center.

(Bolt 80)

The bolt 80 comprises a bolt head 80a and a bolt
rod 80b and a screw 80c¢ is formed at the bolt rod 80Db.
According to the bolt 80, the bolt rod 80b is loosely
inserted into the bolt insertion hole 78a of the inner
interval maintaining piece 78 and the screw 80c is screwed
to the screw hole 79a of the outer interval maintaining
piece 79.

(Connecting plate 81)

The connecting plate 81 comprises a slender flat
plate and is fixedly provided on the upper faces of the
outer interval maintaining pieces 79 arranged on the both
sides ‘to connect them. A bolt insertion hole 8la is
opened in the connecting plate 81 to allow to draw and
insert the ©bolt 80 accompanied by extraction and
retraction of the outer interval maintaining piece 79.

In Fig. 23 through Fig. 25, Fig. 23 and Fig. 24
show a state of the interval maintaining mechanism 9 where
the interval between the inner 1links 10B is narrowed
(interval "a") when the peripheral 1length adjusting

-mechanism 8 is contracted. Fig. 25 shows a state of the
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interval maintaining mechanism 9 where the interval
between the inner links 10B is widened (interval "b") by
elongating the peripheral length adjusting mechanism 8.

Lining operation is carried out in a tubular
culvert by using the lining apparatus S3 of the embodiment
as follows. |

Fig. 15 and Fig. 26 show outline of the 1lining
operation. In this operation, an example of applying the
lining apparatus S3 to a sewage tubular culvert P having a
rectangular cross section as an underground tubular
culvert will be shown.
Transportation of the lining apparatué S3 _into tubular
culvert P

The lining apparatus S3 is transported into the
tubular culvert P having a rectangular cross section
constituting an object of renewal operation via the
manhole Q1. The forming frame 1 of the lining apparatus
S3 can be assembled and transportation thereof into the
manhole Q1 is facilitated. That is, although the opening
of the manhole Q is small, the lining apparatus S3 can
easily be transported into the opening-by removing bolts
and nuts connecting the back plates 17 of a single one of
the inner link 10B or removing the adjusting bolts 72 of a

single one of the peripheral length adjusting mechanism 8.
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After transporting in the lining apparatus S3, the bolts
and the nuts or the adjusting bolts 72 are attached again
to construct the forming frame 1 into a loop body.
Further, the joint mechanism unit 6 can be attached to the
forming frame 1 and attachment thereof on the spot is also
facilitated.

The peripheral length of the lining apparatus S3 is
made to be smaller than the peripheral length of the inner
wall face of the tubular culvért P in a rectangular shape
with some allowance. Incidentally, the peripheral length
of the lining apparatus S3 is determined by a length of an
envelop of outermost diameter portions of the guide rolls
2.

Adjustment of peripheral length of forming frame 1

The peripheral length of the forming frame 1 in the
lining apparatus S3 1s adjusted. That is, the interval d
is adjusted by pivoting the adjusting bolt 72 of the
peripheral length adjusting mechanism 8 of the 'fdrming
frame 1. Normally, the adjusting bolt 72 is disposed in a
neutral state. Thereby, the peripheral length of the
formed lining pipe R 1is prescribed. Further, the inner
and outer interval ﬁaintaining pieces 78 and 79 of the
interval maintaining mechanism 9 are brought into a state
where they are remote from each other as far as possible.

When the adjustment of the peripheral length
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adjusting mechanism 8 is finished, the bolt 80 in the
interval maintaining mechanism 9 is pivoted, the inner and
outer interval maintaining pieces 78 and 79 are drawn to
each other and are brought into close contact with the
taper faces 77a of the taper plates 77.
Lining operation

The lining operation is carried out based on the
following procedure.
(1) The elastic strip-like member 100' is drawn into the
manhole Q1 and the strip-like member 100' is wound by
several turns (about 3 turns) by manual operation at
inside of the manhole Q1 by which a portion of the lining
pipe (which 1s referred to as a start portion of lining
pipe} Ro is ‘fabricated. The peripheral length of the
inner face of the start portion of the lining pipe Ro is
equal to the peripheral length of the lining apparatus S3.
Further, the start portion of the lining pipe Ro maintains
a circular shape in a natural state where no binding force
is exerted owing to the elasticity of the strip-like
member 100°7.
(2) The.lining apparatus S3 is integrated to the inside of
the start portion of the lining pipe Ro and the joint
mechanism unit 6 of the lining apparatus S is installed in
a predetermined state at the front edge of the start

~ portion of the lining pipe Ro. That is, at the first
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joint mechanism unit 6A, the inner face roller 4 and the
outer face roller 5 of the joint roller portion 30 are
arranged at a closedly jointed portion of the lining pipe
RO iﬁ. which the annular flanges 5b of the outer face
roller 5 are fitted to the grooves 104 of the strip-like
member 100" and particularly, the annular flanges 5b' are
accurately brought into contact with the closedly jointed
portion H. Further, the flange 4b of the inner face
rol.ler 4 is engaged with the recess groove 110 of the
strip-like member 100°'.

(3) The 1lining apparatus S3 integrated with the start
portion of the lining pipe Ro under the state is drawn
into the tubular culvert P having a rectangular cross
section.

At this occasion, although the overall dimension of
the apparatus including the feed roller 53 of the feed
mechanism 32 is larger than the diameter of the tubular
culvert P in a natural state, in other words, in an
unbound state, the forming frame 1 is flexible and the
overall dimension is shortened by which the apparatus is
forcibly charged into the tubular culvert P. That is,'the
portion of the‘ lining pipe Ro is deformed into a
rectangular shape by receiving binding force from the
tubular culvert P via the feed roller 53.

The inner face roller and the outer face roller .4

63



and 5 of the joint mechanism unit 6 are driven to rotate
and the strip-like member 100' which is newly supplied in
continuation to the start portion of the lining pipe Ro is
jointed by the joint structure at the closedly jointed
portion H of the strip-like member 100' by a pinching
force exerted by the inner face roller 4 and the outer
face roller 5. Further, a total of the lining apparatus
S3 1s revolved in a direction of pipe periphery (8
direction) and is advanced in a direction of pipe axis (a
direction).

Thereby, the strip-like member 100" is wound
spirally and the lining pipe R is fabricated. |

'In these steps, a force exerted on the peripheral
length adjusting mechanism 8 in accordance with the
rotation of the forming frame 1 is received by the
interval maintaining mechanism 9 and no excessive stress
is caused at the peripheral length adjusting mechanism 8.
(4A) Further, in these steps, the feed.roller 53 of the
feed mechanism 32 is brought into contact with the pipe
wall of the tubular culvert P, drives to rotate the lining
apparatus S3 through the rotation and finally determines
the pipe.fabricating speed of the lining pipe R.

That is, Qhen the Jjoint mechanism unit 6 1is
disposed at an upper portion, the feed roller 53 is pushed

to the pipe wall by the flexing action of the forming
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frame 1 and by the operation of the inward-folding
preventive mechanism with a force which tends. to recover-a
portion of the lining pipe R to a circular shape by which
the apparatus S is rotated;

When the joint mechanism unit 6 reaches a lower
portion, the feed roller 53 is naturally brought into
contact with the pipe wall and rotates the apparatus by
receiving a reaction from the pipe wall.

Describing in respect of a state of Fig. 26,
although when the feed roller 53a of the first joint
mechanism unit 6A reaches a corner portion of the tubular
culvert P having a rectangular cross section, the feed
roller 53A leaves the wall face, the feed roller 53B of
the second Jjoint mechanism unit 6B :méintains to be in
contact with the wall face by which the feeding operation
is always maintained.

(4B) Further, in these steps, the strip-like member 100"
is successively supplied. from the reel out device T
arranged on the ground.

(5) With the advance of the lining apparatus S3, a portion
of the lining pipe R left behind the lining apparatus S3
is pushed to the pipe wall of the tubular culvert P having
a rectangular cross section by its elasticity by which the
rectangular shape is maintained as a whole.

{(6) When the lining pipe R is fabricated over a

65



predetermined length (normally entire cross section from
the manhole'Ql to the manhole Q2) of the tubular culvert P,
the 1lining apparatus S3 is removed. The removing
operation is carried §ut easily since the lining apparatus
S3 1s provided with the peripheral length adjusting
mechanisms 8. Firstly, in the interval maintaining
mechanism 9, the bolt 80 is pivoted, and the inner and
outer interval maintaining pieces 78 and 79 are moved in
directions separating from each other by which the fixed
attachment is released. Thereafter, the adjusting bolt 72
of.the,peripheral length adjusting mechanism 8 is pivoted
by which the interval § is shortened. Thereby, the
diameter of the total of the forming frame 1 is reduced,
the forming frame 1 is separated-from the lining pipe R by
which the lining apparatus $3 is removed.

As has been described, the lining apparatus S3 can

be divided and can be easily transported to the outside
via the manhole Q.
(7) When the lining pipe R is fabricated over the entire
length of the tubular culvert P, the cement milk M is
filled into the gap between the tubular culvert P and the
lining pipe R and the operation of the embodiment is
finished after awaiting for curing of the milk.

According to the lining apparatus S3 for a tubular

culvert having a deformed cross section, the forming frame
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1 is made flexible by the link mechanism and accordingly,
the forming frame 1 freely follows the shape of the inner
wall of the tubular culvert P having a rectangular cross
section and is always pushed to the side of the pipe wall
partially by the elasticity of the lining pipe R and
brings the feed roller 73 always to the pipe wall.
Further, the outer face roller 5 of the joint mechanism
unit 6 is prevented from being brought into contéct with
the wall face owing to the feed roller 53 and further, the
lining pipe R is smoothly fabricated partially due to the
feed action in accordance with the contact of the feed
roller 53 to the wall face.

Further, by the two feed rollers 53A and 53B, even
at a corner portion of the tubular culvert P having a
rectangular cross section, either one of the feed rollers
is always maintained to be brought into contact with the
wall face and the feed action is always maintained.

Further, attachment and detachment of the forming
frame 1 to and from the lining pipe R are easily carried
out by the peripheral length adjusting mechanism 2 and the
peripheral length of the forming frame 1 is pertinently
adjusted and accordingly, a change in the pipe diameter
can be dealt with and accurate peripheral length can be
provided. Further, when ‘1the interval maintaining

mechanisms 3 are installed along with the peripheral
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length adjusting mechanisms 2, a force exerted on the
peripheral length adjusting mechanism 8 is received by the
interval maintaining mechanism 9, excessively large stress
is not caused in.the peripheral length adjusting mechanism
8, a constant strength is maintained in the forming frame

1 as a whole and weak portions are dispensed with.

Lining operation utilizing function of peripheral length
adjusting mechanism and interval maintaining mechanism

What is featured in the matters described in the
lining apparatus S3 according to the third embodiment
resides in that increase or decrease {addition or removal)
a number of the links 10 is facilitated since the forming
frame 1 can be assembled by bolts and nuts via the links
10 and that expansion or reduction in the diameter of the
forming frame 1 can freely be carried out since the
peripheral length can'freely be adjustéd-by the peripheral
length adjusting mechanism 8 or the interval maintaining
mechanism 9 added to the peripheral 1length adjusting
mechanisms 8 by which the apparatus can-deal with any pipe
diameter. Various operational modes can be adopted by
utilizing the feature. |

Fig. 27 shows an operational mode in respect of a
tubular culvert having a <circular cross section.
According to this mode, the lining apparatus S3 having a

single one of the joint mechanism 6 can be used.
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An explanation will 'be given of a 1lining
operational mode by the lining apparatus S3 when there is
a stepped portion or a bent portion at a midway of the
tubular culvert P, or the like.

Fig. 28(a) and 28(b) show an example of the state
in such a tubular culvert where there is a stepped
difference A between a tubular culvert Pl and a tubular
culvert P2. Further, the diameters of the tubular
culverts Pl and P2 are the same. At the stepped portion,
a peripheral length M of the inner diameter of the tubular
culvert and a height H are minimized. Further, the lining
apparatus S3 advances from the tubular culvert Pl to the
tubular culvert P2.

When.the lining'apparatus S3 reaches the stepped
portion, in the case where the stepped difference A is
small, the lining apparatus S3 passes thrdugh the stepped
portion while carrying out pipe fabricating operation by
achieving the flexibility.

When the stepped difference A is large and the
peripheral length of the lining' apparatus S3 is larger
than the peripheral length M of the stepped portion, the
lining apparatus S3 is made to stop driving in front of
the stepped portion and the diameter of the forming frame
1 is reduced by the adjusting bolts 72 of the peripheral

length adjusting mechanisms 8. Then, the lining apparatus
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S3 is driven again to pass through the stepped portion.
Next, the diameter is enlarged again and the operation is
progressed in accordance with the previous mode.

At a bent portion shown by Fig. 29, although.the
lining apparatus 83 initially behaves with linearly
advancing performance, when the apparatus enters the bent
portion, the apparatus is brought into contact with a wall
face on the outer side of the radius of curvature by which
the apparatus receives the reac¢tion from the wall face and
achieves the. flexibility in compliance with the radius of
curvature.

Even in the case where the diameter of the tubular
culvert P is changed at the midway, the lining apparatus
S3 can deal with the situation easily.

Fig. 30 shows a state where a tubular culvert Pl
having a large diameter is changed to a tubular culvert P2
having a small diameter. When operation of fabricating a
lining pipe at inside of the large diameter portion P1
reaches a front side of the small diameter portion P2, the
apparatus stops operating once, the diameter is reduced by
the peripheral 1length adjusting mechanisms 8 of the
forming frame 1 and the diameter is adjusted to adapt to
the diameter of the tubular culvert P2. Thereafter, the
pipe fabricating operation is restarted and the apparatus

advances into the tubular culvert P2.
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Although according to the embodiment described
above, application of the apparatus to a tubular culvert
having a circular cross section has been shown, the
apparatus 1is naturally applicable to tubular culverts
having an oQal cross section, a rectangular cross section
and other polygonal cross section.

Fig. 31 shows application of the ‘appar.atus to a
rectangular cross section. Although a single one of a
joint mechanism unit is shown in the illustrated example,

2 of the joint mechanism units may naturally be used.

'FOURTH EMBODIMENT

Other embodiment (Fourth Embodiment) of a lining
apparatus for a tubular culvert having an arbitrary cross
section according to the present invention that is
applicable to a strip-like member having plastic
deformation performance will be shown. According to the
embodiment, application of ‘the apparatus to a tubular
culvert having a rectangular cross section will be shown
and the plastically deformable strip-like member explained
previously in reference to Fig. 35 is used.

In reference to Fig. 17, Fig. 32 and Figs. 33 (a)
and 33{(b), according to a lining apparatus S84 of the
embodiment, a regulating frame 7A and guide pieces 7B are

added to the constitution of the third embodiment. That
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is, the regulating frame 7A is arranged at inside of the
forming frame 1 and the guide pieces 7B are interposed
between the forming frame 1 and the regulating_frame 7A.
Incidentally, in these drawings, the same notations are
attached to members equivalent to those in the 1lining
apparatuses of the previous embodiments.

Regulating frame 7A

The regulating frame 7A is provided with large
rigidity, the total shape is rectangular and a corner
portion 7R 1is rounded. A@cording.tq fhe embodiment, a
piece of cross section steel having a hollow guide groove
83 is used and the guide_groove 83 is opened toward the
outer side. The regulating frame 7A 1is preferably
assembled by divided bodies.

Gui iece 7B

The guide pieces 7B are interposed between the
formihg frame 1 and the regulating frame 7A for guiding
movement of the forming frame 1 by following a track of
the regulating frame 7A.

More in details, according to the guide piece 7B,
both ends of a bifurcated main body are pivotably attached
to each of the shaft 11 of the guide roller 2 or the shaft
of each of the inner face rollers 4 of the two Jjoint
mechanism portions 6A and 6B at the forming frame 1 via

bearings (not illustrated)}, a roller holder 84 is inwardly
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extended from the central portion of the main body and the
roller holder 84 rotatably holds a rotating shaft 86
attached with rollers 85 at its both sides. The rollers
85 are mounted to inside of a groove 83 of the regulating
frame 7A and are rolled along its inner wall.

By the constitution described above, the forming
frame 1 integrated with the guide rollers 2 and the two
pinch mechanism units 6A and 6B, is moved along the shape
of the regulating frame 7A maintaining the same phase in
respect of the tubular cross section of the tubular
culvert P having a rectangular cross section.

Further, the two pincﬂ'mechanism units 6A and 6B
interéose a predetermined number of the links therebetween
and are arranged by an angular interval of 90° when they
approach each other as near as possible at the corner
portion of the forming frame 1.

Fig. 32 summarizingly shows the lining operation by
using the lining apparatus S4. Fig. 32 particularly shows
a state where the two pinch mechanisms units 6A and 6B
reach the corner portion 7R of the regulating frame 7A.

That is, in the procedure where the first pinch
mechanism unit 6A curves at the corner portion 7R, the
strip-like member 100 is gradually bent by receiving
grubbing action of the succeeding second pinch mechanism

unit 6B and when the two pinch mechanism units 6A and 6B
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are orthogonal to each other, a predetermined bending is
provided to the strip-like member 100.

According to the 1lining apparatus S4, the
plastically deformable strip-like member 100 receives
folding and bending deformation at the corner portion 7R
with further certginty by the two pinch mechanism units 6A

and 6B.

FIFTH EMBODIMENT

Still further embodiment (Fifth  Embodiment)
according to the present invention is constituted by a
lining apparatus having a mode whefe both of peripheral
length adjusting mechanisms and interval maintaining
mechanism are installed at a forming frame having rigidity.

The applicant has proposed a lining apparatus
having a predetermined width and an annular shape where
rigidity is maintained as a whole previously in Japanese
Unexamined Patent Publication No. JP-A-8-200547. That is,
according to the lining apparatus, the forming frame can
be assembled from and disassembled into individual divided
bodies that are divided in the peripheral direction and
guide rollgrs are rotatably mounted to the diviqed-bodies.

Further, according to the lining apparatus of the
embodiment, peripheral length adjusting mechanisms and

interval maintaining mechanisms installed to the
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peripheral length adjusting meéhanisms are arranged among
the divided bodies of the forming frame and over one or
- two or more locations in the peripheral direction. The
peripheral length adjusting mechanism 8 in the pre&ious
embodiments is applicable to the peripheral length
adjusting mechanism of this embodiment. In respect of
interval maintaining. mechanism, although an embodiment
different from those in the previous embodiments 1is
constituted, the previous interval maintaining mechanism 9
may naturally be used.

Fig. 34 shows an interval maintaining mechanism 9A
according to the embodiment. In Fig. 34, notation 1A
designates a forming frame in an annular shape and a joint
‘mechanism unit comprising an inner face roller and an
outer face roller is arranged to the forming frame 1A
similar to the previous embodiments. Further, the forming
frame 1A comprises respective divided bodies in a circular
arc shape.and the peripheral length adjusting mechanisms 8
similar to those in the previous embodiments are arranged
at pertinent locations of the respective divided bodies.
The interval maintaining mechanism 9A is ipstalled to the
peripheral length adjusting mechanism 8.

As shown by Fig. 34, the interval maintaining
mechanism 9A is constituted by taper plates 88 arranged to

the divided bodies constituting the forming frame 1A and
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opposed to each other, an interval maintaining piece 89
having taper faces BQé which are - brought into contact with
taper fgces 88a of the taper plates 88, support pieces 90
projected to the inner sides of the divided bodies, a
reaction receiving member 91 which is brought into contact
with the support pieces 90 and is made to span them and a
bolt 92 screwed to a screw hole 89 cut at the central
portion of the intérval maintaining piece 89 and supported
by the reaction receiving member 91 which allows the
reaction receiving member 91 to perform only pivoting
movement. Further, a connecting plate 93 spanning
portions of the interval maintaining piece 89 is included.
Incidentally, notation 9la designates a bolt insertion
hole of the reaction receiving member 91 and notation 93a
designates a hole in the connecting plate 93.

According to the lining apparatus of this
embodiment, by operating the peripheral length adjusting
mechanisms 8, attachment and detachment of the forming
frame 1 to and from the lining pipe R are facilitated, by
using the interval maintaining mechanism 97, a force
exerted on the peripheral length adjusting mechanism 8 is
received by the interval maintaining mechanism 8A, no
excessive stress 1is caused at the peripheral length
adjusting mechanism 8 and the forming frame 1A maintains a

constant strength as a whole and weak portions are
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dispensed with.
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CLAIMS

1. An apparatus for 1ining an 1inner face of a
tubulér culvert which is a lining apparatus for.forming a
lining pipe in the culvert by forming_a tubular body by
continuously supplying and spirally winding a long strip-
like member formed with joint portions at both side edge
portions thereof, bringing the joint portions into contact
with each other and jointing together the joint portions,
said tubular body being left in the tubular culvert and
newly supplying the strip-like member at a front side of
the tubular body which has already been formed thereby
additionally forming portions of the 1lining pipe, said
apparatus comprising:

a forming frame in a closed loop made flexible by a
link mechanism comprising a series of links;

rotary guides rotatably instélled to shafts axially
supported by the forming frame;

a joint mechanism unit attached to the forming
frame for Jjointing together the 3joint portion of the
strip-like member of the tubular body constituting the
already-formed portion of the lining pipe and the joint
portion of the newly-supplied strip-like member; and

a regulating frame maintaining a rigidity, having a
guide track at an outer periphery thereof and arranged on

an inner side of the forming frame, said guide track being
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brought into contact with outer faces of the rotary guides
at the forming frame.

2. The apparatus for lining an inner face of a
tubular culvert according to Claim 1:

wherein the strip-like member is pro&ided with a
plastic deformation performance.

3. The apparatus for 1lining an inner face of a
tubular culvert according to Claim 1 or Claim 2:

wherein a peripheral length adjusting mechanism for
adjusting a peripheral length of the forming frame is
added to the forming frame.

4. An apparatus for 1lining an inner face of a
tubular culvert which is a lining apparatus for forming a
lining pipe in the culvert by forming a tubular body by
continuously supplying and spirally winding a long strip-
like member formed with joint portions at both side edge
portions thereof, bringing the joint portions into coﬁtact
with each other and jointing together the joint portioms,
said tubular body being left in the tubular culvert and
newly supplying the strip-like member at a front side of
the tubular body which has already been formed thereby
additionally forming portions of the lining pipe, said
apparatus comprising:

| a forming frame made flexible by a link mechanism

comprising a series ¢f links, each of said links prevented
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from being folded inwardly; S

guide rollers arranged side by side at inj:.ervals

therebetween and rotatably mounted to shafts axially
supported by the forming frame, said guide rollers being
brought into contact with inner faces of portions of the
lining pipe formed by spirally winding the strip-like
member;

ro’;ary guides rotatably mounted to the shafts
mounted with the guide rolls and arranged between the
guide rolls disposed side by side, each of said rotary
guides having an outer diameter smaller than an outer
diameter of the guide rolls and having a guide groove at
an outer periphery thereof;

a joint mechanism wunit attached to the forming
frame and comprising an outer face roller and an inner
face roller arranged at positions of the joint portion of
the already-formed portion of the lining pipe and the
joint portion of the newly-supplied strip-like member for
pinching the joint portions of the strip-like member; and

a requlating frame maintaining a rigidity, having a
guide trac.k at an outer periphery thereof and arranged on
an inner side of the forming frame, said guide track being
fitted to guide grooves of the rotary guides of the
forming frame.

5. The apparatus for -lining an inner face of a

J—
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tubular culvert according to Claim 4:

wherein the strip-like member is provided with a
plastic deformation performance and the regulating frame
is formed in a required sectional shape.

6. The apparatus for lining an inner face of a
tubular culvert according to Claim 5 or 6:

Qherein a peripheral length adjusting mechanism for
adjusting a peripheral length of the forming frame is
-added to the forming frame.

7. An apparatus for lining an inner face of a
tubular culvert which is a lining apparatus for forming a
lining pipe in the culvert by forming a tubular body by
continuously supplying and spirally winding a long strip-
like member formed with joint portions at both side edge
portions thereof, bringing the joint portions into contact
with each other and Jjointing together the joint portions,
said tubular body being left in the tubular culvert and
newly supplying the strip-like member at a front side of
the tubular body which has already been formed thefeby
additionally forming portions of the 1lining pipe, said
apparatus comprising:

a forming frame in a closed loop made flexible by a
link mechanism comprising a series of links;

guide rollers rotatably mounted around the forming

frame and brought into contact with inner faces of

I
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portions of the lining pipe formed by spirally winding the
strip-like member;

a first pinch mechanism unit -attached to the
forming frame and arranged at positions of the joint
portion of the already-formed portion of the lining pipe
and the joint portion of the newly-supplied strip-like
mgmber and comprising an outer face roller and an inner
face roller for pinching fhe joint portions of the strip-
like member;

a regulating frame arranged on an inner side of the
forming frame and having bent portions for regulating a
movement of the forming frame; and

wherein the forming frame is arranged with a second
pinch mechanism unit comprising an outer face roller and
an inner face roller .for pinching the joint portions of
the strip-like member on a rear side of the first pinch
mechanism unit at a predetermined interval therebetween
arranged with one of the bent portions.

8. The apparatus for lining an inner face of a
tubular culvert according to Claim 7:

wherein the regulating frame comprises a
quadrangular frame and the first pinch mechanism unit and
the second pinch mechanism unit are arranged at an angular
interval of 90° when the first ﬁinch mechanism unit and

the second pinch mechanism unit are disposed -at one of
S
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corner portions of the quadrangular frame as proximate as
possible.

9. An apparatus for lining an inner face of a
tubular culvert which is a lining apparatus for forming a
lining pipe in the culvert by forming a tubular body by
continuously supplying and spirally winding a long strip-
like member formed with joint portions at both side edge
portions thereof, bringing the joint portions into contact
with each other and jointing together the joint portions,
said tubular body being left in the tubﬁlar culvert and
newly supplying the strip-like member at a front side of
the tubular body which has already been formed thereby
additionally forming portions of the lining pipe, said
apparatus comprising:

a forming frame made flexible by a link mechanism
comprising a. series of links, each of said links prevented
from being folded inwardly;

guide rollers rotatably mountéd around the forming
fr&me and brought into contact with inner faces of
portions of the lining piée formed by spirally winding the
strip-like member;

a first pinch mechanism unit attached to the
forming frame and arranged at positions of the Jjoint
portion of the already-formed portion of the lining pipe

and the Jjoint portion of the newly-supplied strip—liké
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meﬁber and comprising an outer face roller and an inner
face roller for pinching the joint portions of the strip-
like member;

wherein the first pinch mechanism unit is arranged
with a first feed roller having an outer face projected to
an outermost side for exerting a feed.drive force in a
direction of spirally winding the strip-like member; and

wherein a second feed roller cooperatively moved by
a second pinch mechanism unit similarly comprising an
outer face roller and an inner face roller for pinching
the joint portions of the strip-like member is arranged at
a rear side of the first feed roller in a direction of
rotating the forming frame at a predetermined interval.

10. An apparatus for lining an inner face of a

tubular culvert which is a lining apparatus for forming a

lining pipe in the culvert by forming a tubular body by

continuously supplying and spirally winding a long strip-
like member formed with joint-portions at both side edge
portions thereof, bringing the joint portions into contact
with each other and jointing together the joint portions,
said tubular body being left in the tubular culvert and
newly supplying the strip-like member at a front side of
the tubular body which has already been formed thereby
additionally forming' portions of the lining pipe, said

apparatus comprising:
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a forming frame made flexible by a link mechanism
comprising a series of links, each of said links prevented
from being folded inwardly;

a peripheral length adjusting nmechanism
incorporated in the forming frame for freely adjusting a
peripheral length of the forming frame;

guide rollers rotatably mounted around the forming
frame and Dbrought into contact with inner faces of
portions of the lining pipe formed by spirally winding the
strip-like member; and

a Jjoint mechanism unit attached to the forming
frame and arranged at positions of the joint portion of
the already-formed portion of the lining pipe and the
joint portion of thé newly~supplied strip-like member and
comprising an outer face rollér and an inner face roller
' for pinching the joint portions of the strip-like member.

11. An apparatus for 1lining an inner face of a
tubular culvert which is a lining apparétus for forming a
lining pipe in the culvert by forming a tubular body by
continuously supplying and spirally winding a long strip-
like member formed with joint portions at both side edge
portions thereof, bringing the joint portions into contact
with each other and jointing together the joint portions,
said tubular body being left in the tubular culvert and

newly supplying the strip-like member at a front side of
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the tubular body which has already'been formed thereby

additionally forming portions of the lining pipe, said
apparatus comprising:

a forming frame in a closed loop shape;

a peripheral length adjusting mechanism
incorporated in the forming frame for freely adjusting a
peripheral length of the forming frame;

an interval maintaining mechanism incorporated in
the forming frame and installed to the peripheral length
adjusting mechanism;

guide rollers rotatably mounted around the forming
frame and brought into contact with inner faces of
portions of the lining pipe forméd by spirally winding the
strip-like member; and

a Jjoint mechanism unit attached to the forming
frame and arranged at positions of the Jjoint portion of
the already-formed portion of the lining pipe and the
joint portion of the newly-supplied strip-like member and
comprising an outer face roller and an inner face roller
for pinching the joint portions of the strip-like member.

12. The apparatus for lining an inner face of a
tubular culvert according to Claim 11:

wherein the forming frame comprises a rigid annular
body.

13. The apparatus for lining an inner face of a
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tubular culvert according to Claim 11:
wherein the forming frame is made flexible by a
link mechanism comprising a series of links and each of

‘the links is prevented from folding inwardly.
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