Title of the Invention
Flexible Jaint for a Culvert

Background of the Invention

This invenfion relates to a flexibié joint used for
joining constituent units of culverts or covered
conduits such as waterworks, gully dréins. suﬁwayé and ..
tunnelé.- -

Known in the art is a flexihlé joint for a culvert
as shown in Fig. 10. This prior art flexible joint
includes a pair of annular connecting members b, b’
which are fixed to opposed end surfaces of two adjacnet
culvert wunits a, a' to be cohnécted toéefher. These
connecting members b, b' have inner angular walls bl,
bl' and outer annular walls b2, b2' dnd space is defined
between these annular wélls,bl and b2, and bl' and b2°'.
A plurality of bearing bars ¢ disposed circumferentially
at a predetermined interval have their end portions
received in thg spaces in the conﬁecting members b, b’
in a manner to be slidable in the axial direction of the
culvert within a certain limited'range in the spaces of

the connecting members b, b' and yet to be prevented

from disengaging from the conhecting members b, b'.

There are provided a first outer flexible sealing member
d and a second outer flexible sealing member e of a
generally short cylindrical configuration ' with
undulating surfaces which are made of rubber or a

synthetic resin and are disposed radially.outwardly of




-)

the circumferentialiy arranged bearing bars ¢ and have
thier -end portions fixed to the inner annular walls bl,
bl’' of the connecting members b, b'. .. There 1is also

provided an inper flexible sealing member { of a

generally short _cylindrical configuration having

undulating surfaces which is disposed radially inwardly

of the beariﬁg bars ¢ and has thier end portions fixed

to the inner annular walls bl, bl' of ' the connecting
members b, h}. The inner‘annular'walls bl, bl' of the
connecting members b, b' thus are hermetically connected
to each other by the flexible sealing members d, e and
f.

In constructing a culvert by a shield driving
method, a primary lining is constructed by connecting
segments g, :g' one after anothér-and a secondry lining
is constructed by moving a slide form machine stepwisely
by a predetermined distance to deposit raw coﬁcrete
under a high prgésure to the peripheral surface of the
completed first covéring. For constructing a frame of
tﬁe. flexible joint which enables depositing of raw
concrete in the sécondary lining, annulaf frame plates
h, h' for the secondary lining are fixed to the radially
inner end portions of the annular inner walls bl, bl' of
the connecting members b, b'. Furthér, annular .anchor
receiving plates i, 1i' are fixed to the radially inner

end portions of these frame plates h, h'. Hook portions
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of a plurality of anchor members i, j' arranged
circumferentially are hooked in holes formed in the
anchor recei?ing plates i, 1' and the other end of the
anchor membérs-fj, .j' are spot-welded to the radially
inner end portiaﬁs of the outer annular walls b2, b2' of
. the connecting members b, b'. The annular frame plates
h, h' are. divided in plural ‘portions  in  the
circumferentia}j direction ‘and adjacent ones of these
portions are connected to each other bf means of bolts
screwed to joint plates k, k.

In thé above described process, raw concrete is
deposited by the slide form machine up to points blocked
by the frame plates h, h' to perform the second covering
work. In Fig. 10, reference character m designates a
inside cover made of rubber provided for providing an
inside peripheral portion of the flexible joint which is
flush with the inner peripheral surface of the other
portions of the culvert units a, a".anq also for ..
preventing intrusion of dusf into the épace between the
frame plates h, h'. Reference character n desigantes a
skin plate .provided for preventing intrusion of dust
into the space abvove the first flexible sealing member
d.

In this type of flexible joint for a culvert; if
there 1is a -relatively large gap between resﬁeétive
‘adjacent bearing membe;s ¢ which are arranged

circumferentially, there will arise. a case where, when



water is caused to leak into the space outside of the

second flexible sealing member ‘e, the second flexible

-sealing member e .is deformed by pressure applied by the -

leaking water to project radially inwardly into the gap

between the bearing bars c. This projecting portion of

the second flexible sealing member e which 1is located

between the adjacent bearing bars ¢ tends to be clamped
by these hearing_bars c and thereby damaged when the
culverts a, a' move toward each other due to a change in
the wunderground environment such as earthquaﬁe. For
preventing such damage, the bearing bars ¢ have been
arranged in such a manner that +the gap 'between
respective adjacnet bearing bars ¢ is made as small as
possible or even ‘nil. Such-arrangement of the Dbearing
bars ¢, however, requires a large number df the bearing
: bérs ¢ which results in excessive strength of the
bearing bars c¢ which is quite unnecessary for supporting
the second fleXihlé sealing member e and increase in the
total weight of the bearing bars c. Thus, difficulty
arises in assembling the flexible joint and the
manufacturiné cost of the flexible joint also increases.

Furfher, in this type of prior art flexible joint,
there may arise a case where, after use of the flexible
joint for many years, the sp#ce between the . inner
annular walls bl, bl'.of ‘the conngcting members b, b’

radially outwardly of the second flexible sealing member
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2e is filled with leaking water. In this case, the
flexible seafing member e is supported by the bearing
bars ¢ against pressure of the leaking water and  this
state will continue so long as the- joint maintains the
initial state of”installation. ~ When the culvert uniié
a, - a' move toward each other due ﬁo'an earthquake idi
this state, no problem will arise if water f{flows out
through the gap of the skin plate n which is spot-welded
at one end thereof only to either of the connecting
members b, b'. When, however, water does not flow out
of the inside space of the joint for the reason that the
earth outside of the joint has only a small coefficient-
df water permeability or that tﬁe_outside of the joint
is filled with concrete, water filled in the. space
between the connecting members b, b' is compréssed and
water pressure increases sharply. This causes the
bearing bars ¢ to be pressed through the flexible
sealing member e with the result +that the flexible
sealing member e and the bearing bérs ¢ Will be deformed
and ultimately damaged.

Furihermore, in the prior art flexible joint shown
in Fig. 10, the frame including the frame plates h, h*
is constructed for depositing concrete for the secondary
lining as described above. This frame projects from the
primary lining ( segments g, g') info the culvert‘space
by a large measure and this prevents an easy shift of

the slide form machine. Besides,  since the standard



distance of movement for a single- operation of the slide
form machine is 9m, in a case Qhere.the_flexible joint
is located in a middle positioh within this distagce of
movement, the operétion. for depositing concrete ig
- stopped halfway at the location of the frame hiate“
(e.g., frame plate h) before rga&hing the standard
distance and then the slide form machine is carried to
the other side of the flexible joint and the operation
"for depositing concrete is resumed-to.deposite concrete
to the location of the other frame plate (e.g., frame
plate h'). Thus, in this case, the oaperation “for
depositing concrete cannot be made in a single operation
but it must be performed in two séparate operations and
this decreases.the efficiency of the secondary lining.
Thg secondary - lining is performed by depositing
‘concrete by a predetermined thickness in the radial
direction measured from the wall surface of the culvert
formed by the shield driving. In the priro a;t flexible
Joint shown in Fig. 10, allowance of varjation in this
thickness in the radial direction.in the flexible joint
section caused by irregularity in the digging work is an
extremely small value of Dl. Therefore, when the
flexible joint has fallen inwardly beyond the value DI
due to irregularity caused during the digging work, - the
slide form machine abuts against the inner end portion

of the frame and thereby is prevented from further



executing the planned secondary lining. ACCOfﬁinle.-a
very high aécﬁracy in the shield driving work jg
required for m#intainjné this small allowance of
variation DI. -~ | - .

It is.. th;refore, a first object of the present.
invention to- provide a flexiblé.joint for a 'cuLvert“'
which is light in weight, eas} to handle and-of a low
manufacturing cast.

It is a sééond object of .the invention to provide a
flexible joint for a culvert which, when the joint is
subjected to an-abrupt deformation due to an earthquake
or other reason in a state where the space between the
connecting -members radially outside-.of the second
flexible sealing member is filled with leaking water, is
capable of preienting deformatioﬁ and damage of the
elements of the flexible joint due to increase in thé
water pressure.

It is a third object of the invention Fo-provide a
flexible joint for a culvert capable of improving the
effidiency of the secondary lining and reducing the
required accuracy of the shield driving..

Summary of the Invention

For achieving the first'objeét of the.inventioﬁ, a
flexible joint for a culvert according to the invention
comprises a pair of annplar connecting memberé. a
flexible sealing member of a  short cylindrical

configuration made of rubber or a synthetic resin with



end portions thereof being fixed to said connecting
. members, bearing means provided radially_ inwardly of
said flexible sealing member with end portions thereos
being fixed gé,said connecting members for supp;rting
said flexible ;-éealing memﬁer fo_ prevent inward
deformation of said flexible sealing mémber. said
beariﬁg means consisting of a plurality of bearing bars
arranged circumferentially with ; predétermined interval
with end portions thereof being connected to said
connecting members in a manner to be slidable 1in the
-axial direét{on within a predetermined range and to be
prevented from disengaging from said connecting members,
and cylinders fitted loosely on the outer periphery of
said bearing bars and having an axial length which is
smaller than a distance between the connecting members
in an initial stage of installation.

According to the invention, by fitting cylinders
having an axial length ~which is smaller- than the
distance between the connecting membérs in the initial
stage of inétallation loosely on the bearing bgrs. the
flexible sealing member will be supported by the
cylinders and will not be clamped]betweeh the bearing
bars and thereby daméged even if the flexiﬁle "sealing
membrer is deformed inwardly due to Qater pressure .and,

therefore, the number of the bearing bars can be held at

the minimum which 1is sufficient for maintaining the



minimum required strength for supporting the flexible
sealing member and heﬁce the flexible joint becomes
lighter in weight and eésier to hanle and assemble.
Since the number;of the bearing bars céﬁ be reduced, the
manufacturing c;st of the flexible joint will also be
reduced. |

For achieving the second object of the invention,
the flexible joint having the above descrihed structure
further comprises an annular joint filling member
provided between said connecting members for Preventing
flowing of concrete for a secondary lining into a space
between said connecting members in which said flexible
sealiﬁg member can stretch or contract and having a
thickness in the radial direction which enables
continuous deposﬁting, along the inner surface thereof,
of the concrete for the secondary lining from one
culvert unit to another culvert unit to be joined
together. . -

According to the invention, ' it becomes possible to
deposit concrete f&r ‘the éecond covering waork
confinuously from one culvert unit to the other culvert
unit along the inner surface of the joint filling
material and, by cutting off a portion of the deposited
concrete of a predetermined_width between .the connecting
members, a gap is formed betweed the culvert units io be
joined together and thus.a flexible joint joining the

two adjacnet culvert units is completed.
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Accordingly, there is no projecting frame which
will 1interfere with thé operation of the slide form
machine within Gthe sténdard range 0f movement of a
single operat{pn of the slide form hachine“ and,
therefore, the éperation of depositing concrete for the
secondary lining is performed for gach standard range of
movement of the slide form machine without break whereby
the secondary lining can be performed quite efficiently.

Moreover, allowance of variation in the radial
position of the flexible joint cﬁused by irregularity in
the digging operation can be made larger than the..value
in the prior art flexible joint and hence a very high
accuracy required in the prior art flexible joint is no
longer required - but a standard accuracy obtained in
normal digging work is sufficient. Thus, the efficiency
of the shield driving is improved.

Furthermore, since there is no interfering
projecing frame as in the prior art flexible " Jjoint,
movement of the slide form machine is facilitated.

For achieving the third object of the invention, a
flexible joint furthef comprises a buffer material
provided between the cylinders fitted on the bearing
bars and the f{flexible sealing member which buffer
material is compressed and deformed when it is subjected
to water pressure exceeding a predetermined value.

According to the invention, by setting this
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predetermined value at a value of water pressure which
is applied nbrmally to the flexible sealing member by
leaking water filled in‘tﬂe space hetweeﬁ the.conneéting
members, when an:earthquake has occurred and the gulvert
units move towafd each other and the water pressure. has
risen to exceed this predétermined value,. the buffer -
material is compressed and'defbrmed-to produce a space
which will_ réceive the compressed water and thereb&'
reduce the water pressure. Therefore, rise of the waéer
pressure which will deform and damage-tﬂe elements of
the fleéible' joints 1including the bearing  bars,
c¢ylinders and flexible sealing member can be effectively
prevented.

For achiev{ng the same object, ﬁhe flexible joint
further comprises cylindrical outer sleeves which have
an axial length smaller than the distance between the
connecting ‘members in the initial state of instaliation
and cover the cylinders loosely, said buffer material
being fiiled annularly in a épace between the outer
-peripheral surface of the cylinders and the inner
peripheral surface of the outer sleeves along the entire
circumference of the cylinders.

For achieving the same purpose, the flexible joint
may comprise cylindrical inner sleeves fitted loosely on
the outer periphery of the cylxnders and having an aX1a1
length which 1is smaller than the distance between the

connecting members in the initial stage of installation
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and cylindrical outer sleeves covering the outer
periphery of the inner sleeves loosely and having ap
axial length which is smaller. than the distance between
the connecting: members in the initial staée of
instaLlation, éaid buffer' material being filled in a
space ﬁetween the outer peripheral surface of the inner.
sleeves and " the inner peripheral surface of the outer
Qleeves along the entire circumference of the inner
sleeves. | -

For achieving ihe.same purpose, the flexib;e joint
may comprise a buffer material filling cylinders
cbvering the cylinders loosely and having a distance
between the inner sidé walls ?hereof which is slightly
larger than the diameter of the cylinders and wherein
said buffer material is filled in a space in the buffer
material filling cyiinders radially outside of the
cylinders.

According to this aspect of the invéhtion; the
buffer materiall filling cylihders can slide in the
radial direction along the outer peripheral surfaces of
the cylinders or the bearing bars following deformation
of the buffer material and restoration thereof to the
original shape and hence the buffer material .can be
prevented from falling to thg opposite space {n- the
buffer material filling cylinders.

In another aspect of the invention, for achieving
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the first object of the invention, a flexible joint for
a culvert cdmprises‘ a pair of annulaj connecting
members, a flexfble gealing member of .a shorf
cylihdrical conf}éuration made of fubbef'or a synthetic
_feSin with end. portions thereof being fixed to said
connecting members, bearing means provided radially
inwardly of said flexible 'sealihé' member with end
portions thereof being fixed to said connecting members
for supporting said fiexible sealfﬁg_mgmber to prevent
inward deformation of said flexible Eealiﬁg member, said
bearing means consisting of a pair of support membérs éf
a short cylindrical éonfiguration each having an annular
connecting section, a cylindrical outer peripheral
support _section_ extending normally from the outer end
portion of the connecting section for preventing inward
deformation of the flexible sealing member, and a side
wall section extending inwardly from the end portion of
the oauter peripheral support section opposite to the
connecting section side, the end -pdrtions of the
flexible sealing member being clamped between the
connecting section of the support members and the
connecting members by means of C-clamps. |
'According to this aspect of the invention, inward
deformation of the flexible sealing member due to water
pressure is sufficiently supported by the outer
peripheral support section.of the.suppdrt members while

the axial deformation of the flexible sealing member is
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supported by. the side wall section of the support
members whereby increase in excessive deformation and
damage of the fiexiblg sealing members can be prevented.

Besides, since -the bearing means is of a-#simple
structure consfsting of a pair of cylindrical support
members, the flexible joint becomes lighter in weight’
and easier to handle than the prior art flexible joint
which employs a lafge'number of bearing bars and so the.
. manufacturing cost of fhe flexible joint can be reduced.

Besides, - since the flexible sealing member is
clamped in 1its end portions between the connecting
members and the connecting section of the support
members by means of the C-clamps without forming holes
for inserting bolts, there is no problem of leakage of
water through such holes for the bolts so that the
seéling capacity of the joint is improved. In fixing
the flexible sealing member, the difficult and time
consuming work of aligning bolt holes in 'thé flexible
sealing member, connecting members and connecting
section of the support memberé'is not required and,
therefore, mounting of the flexible sealing member |is
facilitated and the manufacturing cost of the joint can
be reduced in this respect also. |

In anothér aspéct of the invention,  for achieving
. the second object of the invention, a flexible joint

further comprises an annular joint filling member
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provided between said connecting members for Dpreventing
flowing of concrete for a secondafy lining into a space
between . said connecting'mémbers in whiph said .flexible
sealing member JEan stretch or contraci'.and having a
thickness in "the radial direction -which enables
continuous dépqsiting. along the‘inner surface thereof,
of the concrete for the secondary lining from one
culvert unit to another culvéft unit to be joined
together.

According to the invention, it becomes possible to
deposit concrete for the secondary lining continuously
from one culvert unit to the othef culQert unit along
the inner surface of the joint filling material and, by
cutting off a gortion of the deposited concrete of a
predetermined width between the connecting mémbers, a
gap is formed between the cnlvert units to be joined
together ‘and thus a flexible joint Jjoining the two
adjacnet culvert units is completed. ' _

Accordingly, there is no projecting frame . which
will interferé with the operation of A the slide form
machine within the standard range of movement of a
single operation of the slide form méchine and;
therefdre, the operation of depositing concrete for the
.secondary lining is performed for each standard range of
movement of the slide form machine without break whereby
the secondary lining can Se performed quite efficiently.

Moreover, allowance of variation in ‘the radial
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position of the flexible joint caused by irregularity jp

-

the digging aperation can be made larger than the valuye
in the prior_gnt flgxible joint and hence a very high
accuracy required in the prior art flexible joint 3; no
longer required but a standar& accuracy obtaiqed in
normal digging work is-sufficient. Thus, the efficiency
of the shield driving is improved.

Furthérmore, since there is no inferfering
projecing frame as in the prior art flexible joinf,
movement of the slide form machine is facilitated.

Preferred embodiments of the invention will bpe
described belbw Qith reference to the accompanying
drawings. -

Brief Description of the Drawings

In the accompanying drawings;

Fig. 1 is a perspective view, partly in section,
showing a part of culvert units connected together by
using an embodiment of a flexible joint accord}ng to the
invention;

Fig. 2 is a-sectional view showing the embodiment
of the invention in its completed state;

Fig. 3 1is a sectional view showing the same
emﬁodiment in a state where depositing of concrete for a
secondary lining has been completed;

Fig. 4 is a sectional view showing an example of

the bearing bar:
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Fig. 5 is a sectional view showing -another
embodiment of the invention in its .completed state;

Fig. 6 is a sectf;nal view showing the same
embodiment in a‘gtate where depositing.df concreté for a-
sgcbnd covering Qork has been completed;

Fig; 7 is ‘a sectional view taken along arrows A;A“
in Fig. 8 showing an essential 'portion of another
embodiment of the inventibn; |

Fig. 8 is a sectional 'viey showing the same
embodiment in a normal state;

Fig. 9 'is a sectional view showing the s#me
embodiment in a state where two culyert‘uﬁits joined by
the flexible joint have ﬁo#ed toward each other due to
earthquake; and

Fig. 10 1is a sectional view showing a prior art

flexible joint for a culvert.
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Description of Preferred Embodiments

Referring first to Figs. 1 to 4, an embodiment of
the invention wi{l'be described. .

Culvert uﬁ{ts 1, 1' of a generally ,cyliﬁdricél
configuration ;re made of primary linings 15, 15° each
of which 1is constructed of segments such as steel”
segments, concrete segments or RC segment{ and secondary
linings 16, 16' each of which is construcfed by
.depositing concrete on the inner surface of the primary_
linings 18, 1&5°'. The culvert units 1, 1' are joined
together by a flexible joint A made according to the
invention.

The flexible joint A includes a pair of connecting
members 2, 2' fixed to opposing surfaces of the culvert
units 1, 1' as shown in Fig. 2. These connecting
members 2, -2' are formed annularly in conformity with
the end surfaces of the culverf units 1, 1°'. The
connecting members 2, 2' have box portfons‘ 2c, 2c¢'.
The box portions 2c, 2c¢' have inner side walls 2a, 2a'
opposing to gach other and outer side walls 2b, 2b°'
provided opposite to the inner side walls 2a, 2a’'.
Connecting plates 8, 8' which restfict the interval
between the inner side walls 2a, 2a’' and the outer side
walls 2b, 2b' have their end portions fixed to the inner
side walls 2a, 2a' and the outer side walls 2b, 2b' by
means of nuts 9 Qelded to the inner side walls 2a, 2a‘'

and the outer side walls 2b, 2b' and bolts 10 screwed to
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the nufs 9. | These connecting plates 8, 8' are provided

at a certain interval in -the circumferentiai direétion.-
Spaces 2d, 2d'_are Qefined bétweeﬁ thg_inner side wall

2a and the outer-'side wall 2b and also between thé inner

side wall 2a' and the outer side wall 2b'. Openings 2e,
.2e' are formed in the inner side walls 2a, 2a fdr”-
inserting bearing bars 3 into the spéges - 2d, 2d' and
allowing axial sliding movement of the bearing'bars 3
within a certain limifed range within the spaces 24, 24
after insertion. Ribs 2f, 2f' and 2g, 2g' extending in
the radial direction are provided at a Cerfain' interval
in the circumfgrential direction.

The bearing bars 3 proyided between the connecting
members 2, 2' are arranged, as shown in Fig. 1, with a
certain equal interval in the circumferential direction
along the connecting members 2, 2°'. Each o0of these
bearing bars 3 Hés. as shown in Fig. 4, a bar 50 which
is inserted in the spaces 2d, 2d' through the openings
2e, 2e' of the connecting members 2, 2°', .threads 50a,
50a' at end portions of the bar 50, bolts 51, 51' which
are in threaded engagement with the thfeads 50a, 50a’
and washers 52, 652', The washers 52, 52' are formed
with a diameter larger than the diameter of the openings
2e, 2e' to prevent disengagement of the bar 50 from the
openings 2e, 2e'. Thus, the bearing bars'3 are received

at their end portions in the spaces 2d, 2d' in a manner
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to be prevented from being disengaged frdm the
connecting membrers 2, 2'. By this structure, the
bearing bars 3'conhect éhe connecting mgmhers 2, 2
slidably relativg to ‘each other within & certain limited
.range. -

The bars 50 .of the_bearing_bars 3 are loosely“
covered by c?l;nders 7 having a largér_diameter than the
bars 50. The cylinders 7 have an axial length which is
smaller by a predetermined value than the distancg
lbetﬁeen'the inner side ﬁallg 2a, Za'.of the connecting
members 2, 2' in the initial stage of installation. lThe

P d

7 are arranged circumferentially with the

- .cylinders
bearing bars 3.
| Radially outwardly of these -cylinderg 7 and
coaxially with the cylinders 7 are arfanged first and
second outer flexible sealing members 4 and 5 having
different diameters frﬂm each other. Also, radially
inwardly of these cylinders 7 and coaxially with the
cylinders 7 is arranged an inner flexible sealing member
6. These f;exiblg sealing members 4, &5 and 6 have a
generally cylindrical configuration and undulating or
arcuaie surfaces and have their end portions secured
fixedly to the 1inner side walls 2a, 2a' of the
box portions 2c¢, 29' to connecﬁ the connecting memhers
2, 2' hermetically to each other. An annular skin plate

20 1is provided to cover an annular gap formed between

the outer peripheral surfaces of the connecting portions
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2, 2*. The skin plate 20 is welded at one end portionp
ihereof to the outer peripheral surface of either of the
connecting members 2, 2' and, at.the other end thereof,
is spot—welded.,to the outer peripheral surface of the .
~ other connecting member to disengage readily from the
other connecting member in case of a change in fhe”
underground environment such as an earthquake.

A pair of joint filling member mounting plates 11,
11* of 'a generally L-shaped section are provided for
holding a joint filling member 12. The joint filling
member mounting plates 11, 11' have annular peripheral
l'wall sections 1lla, lla' extending in the axial direction
of the flexible joint A and side wall séctions 11b, 11b’
exXtending perpendicularly from the peripheral wall
sections lla, 1la'. The side wall sections 1lb, 11b"
are fixed to the radially inner end portions of the
inner annular side walls 2a, Zaf of the connectiﬁg
members 2, 2 b& means of.bolts 13, 13'. -

The joint filling member 12 of a cylindrical
configuration is disposed in the space defined by the
pair of joint filling member mounting plates 11, 11' and
secured to the peripheral wall seclidns 1la, 1la' and
the side wall sections 11b, 11b' by a bonding agent.
This joint filling member 12 funqtions to prevent, in
carrying out the secondary.-lining, flowing of concrete

for the secondary lining into a space 14 between the
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connecting mémbers 2, 2' in which the flexibleléealing
members 5 and 6 can stretch and contract and also to
.prevent damage to the inne} flexible sealing member 6 by
operation of a c;tter (not shewn) for cutting off _a part
of deposited cﬁncfete for the secondary lihing as
will ©be descfihed later. The joint filling member 12
has a thickness in the radial.direcfion- which - enables
coﬁtinuous depositing, .along the inner surface of the
joint filling member 12, -of the concrete for the
secondéry lining from one culvert unit to the other
culvert unmit to be joined together. As the joint
£illing member 12, materials such as foamed rubber,
sponge and foamed polystyrol which are light in weight
and have .sufficient .softness and elasticity are
preferable.

The secondary linings 16, 16' which cover the
primary linings 15, 15' have a gép 17 formed
therebetween.. In this gap 17 is filled a joint filling
member is.such as a foamed rubbef and a fillig material
19 for providing a smooth inner peripheral surface which
is flush with the inner peripheral surfaces of the
culvert units 1, 1°'.

. For constructing the flexible joint A described
above, the connecting members'z, 2', bearing bars 3,
the first outer flexible sealing member 4, s;cond outer
flexible sealing member 5; inner flexible sealing member

6 and cylinders 7 are assembled together and the outer
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side walls 2b, 2b' of the connecting members 2,. 2" of
this assemblea structure are attached, by means of balts
21, to the end 5prfaces of the primary linings 15, 15°
consisting of the segﬁents of the culvgf} ﬁnits }r 1°.

Then, the jofnt filling member mounting plates 11,
11' are secured to the inner end po;tions of the inner.
side walls 2a, 2a' of the connecting memheré_z, 2' and
the joint filling- member 12 is fixed to the joint
"filling member mouhtihg plates 11, 11*'%; means of a
bonding agent.

Then, the slide form machine is used for depositing
concrete 22 for the secondary lining continuously as
shown in- Fig. 3 along the inner surface of the joint
filling member 12 from one of the culvert units 1, 1' to
the other. Since there is no framework projecting to
interfere with the progress of the slide form machine as
in the prior art flexible joint, the slide form machine
can deposit concrete sequentially by a stapdard distance
of movement without being interrupted by the framework,
so that depositing of conérete for the secondary lining
can be efficiently carried out. .

In thé embodiment of the invention, there is an
allowance of D2 (Fig. 2) for radial deviation of the
flexible joint caused by irregularity in the digging
work by the shield driving method. This allowance D2 is

much larger than the allowance DI in the prior art
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flexible joint.

After dépositing the concrete 22 for the secondary
lining along the entire_circcumfergnce of the inner
peripheral surf%be of the flexible joint portipn; a
central portion Bf the deposited concrete 22 between the
connecting members 2, 2' is cut off by a cutter (not
shown) to form the gap 17. This gap'17 is necessary for.
allowing relative displacement between the culvert units
1, 1' in case of a change in the underground environment
such as an earthquake.

Finally, the -joint filling ﬁember- 18 and the
filling material 19 are filled in the gap 17 to complete-
the flexible joint A.

Figs. 8 and 6 show another embodiment of the
invention.

This fléxible joint A includes a pair of annular
connecting'members.31, 31' fixed to the end surfaces of
culvert units 30, 30' to be joined together. _ Annular
sealing member holding plates 32, 32' are welded to
outer peripheral portions 3lc, 316' of the connecting
members 31, 31' and an annular-sealiné member 33 made of
rﬁbber or a synthetic resin is secured to the sealing
member holding plates 32, 32°'. A flexible sealing
member 34 made of rubber or a éynthetic resin is fixed
to inner end portions of annular inner side wﬁlls dla,
3la’' of the connecting members 31, 31°.

A pair of support members 35, 35' of a short
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cylindfical canfiguration are disposed so as to abut
against the inner surface of middle portion 34a of the
flexible sealing.:member 34. The support.members 35, 35°'
have annular cdnnecting sections 35a, 335a° us;a for
connecting the end portions of the flexible seaiing
member 34 to the connecting members 31, 31°', cylindricalﬂ
outer peripheral support sections 35b, 35b° exténding
normally £rom the ﬁuter end portions of the co@necting
sections 35a, 35a' for preventing inward deformation of
the flexible sealing member 34, and side wall sections
37, 37' extending inwardly from the end pdrtions of the
outer peripheral support sections 355, 35b' opposite to
the connecting section:- side for preienting axial
deformation of a“stretchable portion 34c of the flexible
sealing member 34 in a stretching direqtion due to
water pressure. |

The support members 35, 35' may be formed by
‘ infegral aﬁnular members but may preferably S; formed by
several units which.constitute an annular support member
when assembled together for the convenience of
assembling and transportation. |

The end portions 34b, 34b' of the flexible sealing
member 34 are held between the inner side walls 3la,
3la' of the connecting members 31; 31' and * the

connecting sections 35a, 35a' of the support members 33,

‘35" and clamped hermetically therebetween by means of c-
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clamps 36, 36°'.

The jofnt filling member 38 has groovés 38a, 38a‘
to receive the end portiéns of the side wall sections
37, 37' of thé support members 35, '35' and thé end
ﬁortions of thef;ide walllsections 37, 37' are received
"in the groovés 38a, 38a' and bonded tp the walls of the
groovés 38a, 38a' by means of a bonding agent. | |

_.Tﬁe joint £illing member 38 has--a structure and
function similar to the joint filling'member 12 of the
embodimen¥ of Figs. 1 to 4 and a part of 1its outer
peripheral surface is in contact with the inner side of
the C-clamps 36, 36°'.

Reference - characters 39, 39' designate primary
linings and 40, 40' secondary linings of the 'cuivert
units 30, 30°'. A gap 41 is formed between the secon@ary
" linings 40, 40' and a filling material 42 is filled in
this gap 41. A skin plate 44 having a structure similar
to the skin plate 20 is provided on thg outerperipheral
surfaces 31lc, 3lc’' of the connecting pbrtjons 31, 31'.. |

The above described flexiblé joint will  be
installed in the following manner:

First, the outer side walls 31b, 31b' of the
connecting members 31, 31' and the other elements
mounted on the connecting members 31, 31' except for the
joint filling member 38 and filling material 42' are
secured to the end surfaces of the primary linings 39,

"39' of the culvert units 30, 30' consisting odf the
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segments by means of bolts 43.
A bonding material is applied to the grooves  38a
of the joint filling member 38 and the side wall

' are

[+1 M

'sections 37, 37' of the support members 35, 3
inserted into the grooves 38a, 38a' to fix the joint
filling member 38 to the side wali sections 37, 37,

Then, the 'slide form machine is operated to
deposit the secondary lining concrete 46 along the innér
peripheral surface of the flexible joint A as shown in-
Fig. 6 from one of the culvert units 30, 30' to the
otﬁér. -

After deposifing the concrete 46, a portion of a
predetermined width of the concrete 46 between the
connectiné members 31, 31! is cut off by means of a
cutter (not shown) to form the gap 41 and the filling
material 42 is filled in the gap 41 to <complete the
flexible joint A. |

Since the flexible joint of this embodiment shown
in Figs. § 'and.6 has the above described structure,
this flexible joint has the following advantages:

Acbording .to this embodiment in which the support
zmembefs 35, 35' have outer peripheral support sections
35b, 35b' and the side wall sections 37, 37', inward
deformation of the flexihle.sealing member 34 due to
water pressure is sufficiently supported by the outer

peripheral support section 35b, 35b' of the support
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members 35, 35" while ‘the axial deformatipn of the
. flexible sealing member 34 is supported by the side wall
section 37,. 37' of thé suébort members 35, 35' whereby
increase in- exgessiQe Qeformatiqn and-damage 0f the

flexible sealing members 34 can be prevented.

Besides, ‘since the bearing means is of a simple-

structure consisting-of a pair of cylindrical support
members 35, 35', the flexibie-joint becomes lighter in
weight and easier to handle than the prior art flexible
joini which employs a iarge number of bearing bars ¢ and
s0 the manufacturing cost of the flexible joint can be
reﬁuced.

Besides, since the flexible sealing member 34 is
clamped in its end po;tions between the connecting
members 31, 31' and the connecting section 35a, 35a of
the support members 35, 35' by means of the C-clamps 36,
36' without forming holes for inserting-bolts, there is
no problem of leakage of water through such "holes for
'the bolts so that'the sealing capacity of the joint is
improved.  In fixing the flexible sealing member 34, the
difficult and time consuming work of aligning bolt holes
in the flexible sealing member 34, connecting memberg
31, 31' and connecting section 35%, 35af of the support
members 35, 35' is not required and, therefore, mounting
. 0f the flexible sealing member 34 is facilitated and the
manufacturing cost of the joint can be reduced in this

respect also.

-
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Referring now to Figs. 7 to 9, .another embodiment
of the invention will be described.

‘A flexible.. joint 100 has generally a structure
similar to the- fléxible joint A of Fig. 1 ha;ing a
cylindrical configuration connecting culvert units
having a primary lining of segments and a secondarii
lining of concrete deposited on the segments. Figs. 8
and 9 show only essential portions of the flexible joint
of this embodiment.

The fléﬁible joint 100 has a pair of connecting
members 102, 102'. These connecting members 102, 102°
are of a construction similar to the one shown in Fig. 1
and have a shorf_cylindrical configuration. The outer
side walls (not shown) of these connecting members 102,
102' are fixed. to the end surfaces of culverts (not
shown) to be joined together. Inner side walls 102a,
102a* of the connecting members 102, 102°' are formed
witl.1 openings 104, 104" fbr allowing axial ;isplacement
of bearing means 105 within a cértain limited range
after inserting the beéring means into spaces 106, 106°
of the connecting members 102, 102°'.

The bearing means 105 is provided between the iﬁner
side walls 102a, 102a' of the connecting_members 102,
102'. In Figs. 8 and 9, only one bearing means is shown

but actually a plurality of bearing means 105 are

circumferentially arranged at a certain equal interval
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along the inner side Qalls 102a, 102a’.

Each of the bearing means 105 has a bar 107 which
is received at its end poftions in the spaces 106, 106"
of the conhecting members 102, - 102' through the gpéning

104, 104°', thréa&s 107a,'107a' formed at end portions of

the bar 107, bolts 108, 108' threaded with the threads

107a, 107a' and washers 108a, 108a'.
The washers. 108a, 108a' have a. larger diameter

which is larger than the diameter of the openings 104,

104*  to prevent disengagement of ‘the bar 107 from. the

openings 104, 104'. In this manner, the bearing means 3
is received in its end portions in.the spaces 106, 106°
so. as to be axially slidable and to be prevented from
4isengaging from the spaces 106, 106' of the connecting
members 102, 102°'. |
In this manner, the bearing means 105 connects the
connecting members 102, 102' in a manner to allow
relative movement of the éonnecting members 102, 102" ..
“Radfally outwardly of these bearing means 105 and
cdaxially with the bearing means 105 are arranged first
and second outer flexible sealing members 110 and 111
having different diameters from each other. These
flexible ggaiing members 110 and 111 have a generally
cylindrical configuration and undulating or arcuate
surfaces and have their end.portions secured fixedly to

side walls 102b, 102b' ahd the inner side walls 102a,

102a' of the connécting members 102, 102' to connect the.
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cdﬁnecting members 102, 102' hermetically -to each other.
- a pair of annular flexibl sealing member support members
113, 113' are provided at radially insrde positioys near
the end portions of the flexible sealing member 111 ‘to.
hold the fiexible sealing member 111 in an initially .
installéd shape. An annulér skin piafe 112 is provided.
to cover an annular gap formea between 'the outer
peripheral surfaces ‘of the conﬁecting portions 102,
102°. The skin plate 112 is weldéd at one end portion
fhereof to the outer-peripheral surface of either of the
~connecting mémbers 102, 102' and, at the other énd
thereof, 1is spot-welded to the outer peripheral surface
of the other connecting member to disengage readily from
the other connecting member in case of a change in the
underground environment such as an ear thquake.

On each bar 107 of the bearing means 105 is
loosely fitted an inner sleeve 108 having an axial
lengﬁh smaller than the distance between the inner
surfaces of the inner side walls 102a, 102a' of the
connecting_'members 102, 102" ih the initial stage of
installation. On each inner sleeve 109 is loosely
fitted .an oufer sleeve 117 having an axial length
smaller than the distance between the inner surfaces of
the 1inner side walls 102a, 102a' of the connecting
members 102, 102' in the initial stage of installation.

A- buffer material 118 is filled in a space bhetween the
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outer peripheral surface of the inner sleeve 109 and the
‘inner periphéral surface of the outer sleeve 117 along
the entire circumference éf the inner sleeée 109;

As the bﬂffer' material 118. é"materialﬁ which
is compressed aﬁd deformed by a relatively small amount
under water .pfessure whigh is applied normally to. the"
flexible éealing member ill by watér filled in space
between .the._éonnecting meﬁbers 102, 102 and. is
cohpressed ‘and deformed by a reiativelv large amount
when the water pressure has exceeded the value of water
pressure at a normal time 1is desirable from the
standpoint of obtaining a large amount of deformation in
the event of.an earthuakef As such material, foamed
resin such as Jfoamed styrol exhibits the largest
amount of _compreSsion against increase in water
pressure. Foamed rubber and buffef rubber which have a
reiatiVely small reaction force exhibit a relatively
large amount of Eompression next to foamed  resin. The
foamed fesin however has the problem tﬁat once it has
been compressed and deforme¢ under pressure it hardly is
restored to the original shape so that it is not
suitable for a repeated operation. In contrast thereto,
rubber is restored to the original shape after being
compressed when the water preséure drops to a normal
value so that it can perform the compressing operation
repeatedly in the event of an earthquake. From this

standpoint, . rubber is the most advantageous material as
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the buffer material 118.

.In.the present embodiment, rubber or foamed rubber
is used as- the buffer material 118 and,. as shown in Fig.
7, voids 118a .'are formed in the buffer materi;1 118
along_the entire circumference to increase the amount of
deformatioh of the buffer material 118. The type of the
buffer material 118, -shape of the vaids 118a and the
amdunt of bﬁffef material 118 are"de£ermined having
regard to the volume of space necessary for intrdducing
water which space is formed by compression of the buffer
material 118 when water pressure rises in the event af
an earthquake.

In any case, it is necessary to determine a value
of water pressure vwhich exceeds a value of water
pressure applied normally by water filled in the space
between the connecting members 102, 102' and select a
material, as - the buffer material 118, which is
sﬂbstantiaily not deformed by this predeterﬁ}ned value
of water pressure but is largely compressed and deformed
when the water pressure has eXxceeded this' predetermined
value.

An annular sbacer 116 made of foamed styrol |is
inserted in a gap between the connecting members - 102,
102' for securing clearance and perform the function of
a buffer material.

The operation of the flexible joint of this
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embodiment.wijl ﬁow be described.

Normally,. water presssure of leaking water filled
in ' the space between the connecting members 102, 109’
and outside of" the flexible seallng member 111 1s below
the predetermlned value at Wthh suhstant1a1 deformatlon
due to compression of the flex1b1e sealing member 111
starts and, therefore, no substant1al deformatlon of the"
flexible sealing member 111 is produced and the flexible
sealing member 111 is supported on the outer sleeves 117
as shown in Fig. 8.

When an earthquake has occurred end' the culvert
units move toward each other, the space outside of thel
flexible sealing member 111 between the inner side walls
102a, 102a’ of the connecting members 102, 102' is
"reduced and, therefore, water_filled in this space is
compressed and the water pressure increases above the
predetermined value. In this.caée. the buffer material
118 filled between the sleeves.109 aﬁd llf is;Compressed
and deformed as shown in Fig. 9 and fhefeby provides
space ‘for introducing compressed water and thereby
prevents an excessive increase in the water pressure.
The inner sleeve 109.and the duter' sleeve 117 move
radially inwaral& as shown in Fig. 9. Air which was
contained in the buffer material 118 escapes from both
sides of the sleeves 109 and 117 into the flexible joint

100.

" When the earthquake has ceased and the culvert
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units are restored to their original positions, the
flexible seaiing member 111 is restored to the original
position shown id Fig. 8. Since rubber. or foamed rubber
is wused as theiﬁuffer material 118 in this emboéiment.
The Dbuffer material 118 which has been compressed and
deférmed is restored to its" ‘original state.
Accordingfy,- the sleeves 109 and 117 move radially
outwardly to the original positions shown in Fig. 8.

| Alternatively, the cylinders 7 of the bearing bar
3 as shown in.Fig.l'may be provided and the “inner
sleeves 109 an& outer sleeves 117 as shown in Fig. 8 may
be provided outside of the cylinders 7 and a buffer
-material-may be filled in a space between the inner and
outer sleeves 109 and 1;7.'

Alternatively, the outer sleeve may be formed in
the form of a fectangular cylinder having a distance
between the inner side walls thereof which is slightly
larger than fhe outer diameter of the innerléleeve 119
and a buffer material may be filled in a space in the
outer sleeve radially outsidé of the inner sleeve 109.
in this case, the outer sleevé-can slfde in the radial
direction along tﬁe outer peripheral surface of the
inner sleeve 109 following deformation of ~the ©buffer
material and restoration thereof to the original shape.

The present invention is applicable not only to the

culvert having- the primary linihg of segments and the
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secondary 1lining of deposited concrete as in the . above
described embodiments but to culverts using other
materials. The invention is appl@cable not only to a
culvert of a ci}culér cross section bu£ to culverts of
other <c¢ross wsections such as réqtangular, oval . and
polygonal cross ‘sections.- .The flexible sealing membefé"
may have other shapes than thoée iliustrated in

accampanying drawings.
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What is claimed is:
1. A flexible joint for a culvert-comprising:

a pair df-annular conneciing members;'

a flexible sééling member of a short cylindri‘cal
configuratiqn' madé.of rubber or a synthetic resin with
end portions thereof being fixed to _éaid .connecting
members;

bearing means provided radialli inwardly of said
flexible sﬁgling member Qith end portions thereof being
fiked to said conpécting members for supporting said
flexible sealing member to prevent inward deformation of
said flexible sealing member, said béaring means
consisting of a plurality of bearing  bars arranged
ciréumferentially with a predeterminéd interval with end
portions thereof ©being connected to said connecting
members in é_'manner to be slidable. in the axial
‘direction within a .predetermined range and to be
prevented from disengaging from said cbnnecting'membersg
and

cylinders fitted loosely on the outer periphery of
said bearing bars and having an axial length which |is
"smaller than a distance between the connecting members

in an initial stage of installation.

2. A flexible joint as defined in claim 1 wheréin said
flexible sealing member consists of {flexible sealiﬁg
members of two layers which are provided coaxially with

an annular train of the cylinders on the outside of said
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cylinders.

3. A flegible jdint as defined in claim 1 which further
comprises.an inner.ggaling member of a short cylindrical
configuration made-bf ruﬁber or synthetic resin provided
inside of said annular train of the cylinders and
coaxially with said cylinders, the end portion of said -
inner sealing member being fixéd to..said connecting
members. ,

4. A flexihlé'joint as defined in any of claims 1 - 3
-furEher comprising én annular joiﬁt filling ﬁember
provided between said connecting members for preventing
flowing of concrete for a secondary lining into a space
between said'connectihg membeérs in which said flexible
sealing member can étretch or contract énd having a
thiékness in the radial direction which en#bles
continuous depositing, along the:inner'surface thereof,
of the «concrete for the secondary 1lining from one
culvert unit to another culvert unit to be. joined
together.

5. A flexible joint as defined in any.of claims 1 - 3
vwherein said connecting members have inner ‘annular side
walls which oppose each other and said flexible joint
further comprises-a pair of annular joint filling member
moﬁnting plates of a substantially-L-éhaped section each
having an annular periphera{.wall section extending in

the axial direction and an annular side wall section
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extending perpendicularly from the annular peripheral
wall section, said joint filling member mounting plates
being -fixed at the side wall sections thereof ‘to the
radially inner end'@ortions of said inner annular dide
walls of the connecting .members.
6. A flexible.jofnt as defined in any of claims 1 - 3
further comprising cylindricai outer sleeves which have
an axial length smaller than the distance between thé
connecting members in the initial state of installation
and cover the cylinders ‘loosely, said buffer material
being _filled annularly’ in a space between the outer
peripheral surface of the cylinders and the inner
peripher#l surface of the outer sleeves along the entire
circumference of the cylinders.
7. A flexible joint as defined in claim 6 wherein said
buffer material is formed with voids along the entire
circumference.
8. 'A flexible joint as defined .in claim 6 ~ further
comprising a buffer material filling cylinders covering
the qylinderé loosely and having a distance between the
inner side walls thereof which is slightly larger than
the diameter of the cylinders and wheréin said buffer
material is 'filled in a space in the buffer material
filling cylinders radially outward of the cylinders.
9. A flexible joint for a culvert comprising:

a pair of annular connecting members;

a flexible sealing member of a short cylindrical -
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configuration made“of rTubber or a synthetic resin with
end portions thereof being fixed to said connecting
members; |

bearing means- provided radially inwardly of said
flexible sealing member with end portions thereof being
fixed to said connecting members for supporting said
'flexible sealing member to prévent inward deformation of
séid flexible sealing member, said Dbearing means
consisting of a pair of support members of a short.
cylindrical configuration each having an annular
connecting section, a cylindrical outer peripheral
support section exXtending normally from the outer end
portion of the connecting section fpr ﬁfeventing inward
deformation of the‘flexiblgﬁsealing member, and a side
wall section extending inwafdfy from the ehd.portion of
the outer peripheral support section'opposite to the
connecting section side, | -

the end portions of the flexible sealing member
being clamped bétween the conneéting secfion of the
support members and the connecting members by means of
C-clamps.
10. A flexible joint as defined in claim 9 further
comprising an annular joint filling member provided
between said connecting members for preventing. flowing
of concrete for a secondary lining into a space bétween

said connecting members in which said flexible sealing



ar )
. * c L M S *

member can stretch or contract and having a thickness in
the radial direction which enables continuous
depositing, along the inner surface thereof, of the
concrete for the secondary lininé from one culvert  unit
to another culvert un1t to be 301ned together.

11. A flexxble joint as defined in claim 10 whereln said
joint filling member has grooves to receive the end
portions of the side wall sections of the support
members and said end portions of the 51de wall sections
0of the support members .are recéived in said grooves and
bonded to the walls of the grooves by means of a bonding
agent. |

12. A method for installing a flexible joint fcr a
culvert comprising the steps of:

(a) mounting annnlar connecting members including
cylindrical flexible sealing member and bearing means
respectively fixed at ends thereof to the connecting
members to end surfaces of a primary lining of a pair of
culvert units to be joined together; |

(b)Y providing an annular joint filling member between
said connecting members for preventing flowing of
concrete for a secondary lining into a space between
said connecting members in which said flexible sealing
member can stretch or contract and having a thickness in
the radial direction which enables continuoﬁs
depositing, along the innef surface thereof, of the

concrete for the secondary lining from one culvert wunit
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_to another culvert unit to be joined together;

(c) depositing, along the inner surface of the joint
filling material._&ccn@rete for the secéndary lining
continuously from -said one culvert unit to the other;
and

(d) cutting off a portion of a predetermihed width of
the deposited congrete for the secondary lining Dbetween
the_counecting members thereby to form a gap between the

culvert units to be joined.



