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Title of the Invention - Fl exi bl e Joint for a Culvert Background of
the I nvention This invention relates to a flexible joint used for
" joining constituent wunits of culverts or covered conduits such as
wat erwor ks, gully drains, subways and tunnels. Known in the art is
a flexible joint for a culvert as shown in Fig. 10. This prior art
flexible joint includes a pair of annWl ar connecting nmenbers b, b' which
are fixed to opposed end surfaces of two adjacnet culvert units a, a' to
be'connected,together These connecting nenbers b, b' have inner. annul ar
wakl's bl, bl" gidieuicy e Ulded@ldp b2, b2' and space i.s defined
bet ween these annur ar_wal + 5 tot—amd—1b2Z; and bl' and b2'. A plurality of
bearing bars c di spo&ﬁch;cntrmlm‘cﬁrremtﬂcﬁ’r ly calverpredeterm ned interval have
their end portions received in the spaces in the connecting nenbers b, b’
in a manner to BecXargabide af tHee laxiemitihmection of the culvert wthin a

certain limted range range in the spaces of
This invention relates to a flex1b1e 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 annular 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 c¢ 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 preﬁented
‘from disengaging from the connecting 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
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the conngcting nmenbers b, b' and yet to be prevented from disengaging
fromthe connecting nenbers b, b'. There are provided a first outer
flexi ble sealing nenber d and-a second outer flexible sealing nenber e of
a generally short cylindrical configuration ~ with wundulating
surfaces which are made of rubber or a synthetic resin and are di sposed
radially outwardly of 2 2 t he
circunferentially arranged bearing bars ¢ and have thier end portions
fixed to the inner annular walls bl, bl' of the connecting nenbers b, b'.
, There is also provided an inner. flexible sealing nenber f of a
general |y  shothe cyliifedmianentiaiiit arranged beauing barduFaffdg have

surfaces which Iﬁ dlsposed rad|aII i nwar dl of  the bearlgg bari and
has thier end péPidns e Rt HQPstﬂﬁﬁ?qwa Eﬁﬁu}%PeﬁaFPE“ r 185p1,¢ he

connecti ng nengﬁrs b, ' The |nner ular wal |
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the flexible segliQq JTm0gs qnné?5”¥ﬁe§lble sealing member f of a
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generally short _cyllndrxcal cqnfiguration having

undulating surfaces which is diéposed rédially invardly
of the bearing bars c and has thier end portions fixed
to the inner annulaf w#lls-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 aﬁd

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



IFn constructing a culvert by a shield driving nethod, a primary lining is
constructed by connecting segnents g, ¢ one after another and a secondry
lining is constructed by noving a slide form nachine stepwisely by a
predet erm ned di stance to deposit raw concrete- under a high pressure to

t he peripheral surface of the conpleted first covering. For constructing
a frame of the flexible joint which enhbles depositing of raw concrete
in the secondary lining, annular frame plates h, h'" for the secondary
lining are fixed to the radially inner end portions of the annpular inner

wal I's bl, bl ofoft hé calvg@liidy madberanghor p' mem‘i’c‘aﬁ hef: anhul aFraﬁBﬁsﬁ

receiving plates i, i' are-fixed to the radial ly e n I on
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inner end portlans 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 maée of rubber provided for providing an
inside peripheral portion of the flexible joint which is
flush with the inner.ﬁeripheral 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
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to joint plates k, k. In the above described process,

deposited by the slide form machine up to points bl ocked
ates h, h' to performthe second covering work. . In Fig.
character m designates a inside cover made of rubber

oviding an inside peripheral portion of the flexible joint
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Iy, art case re,
between the bearing bars c. This projecting portion of

the second flexible sealing member e which is 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 underground environment such as earthquaﬁe. For
preventing such damage, the bearing bars ¢ have been
arranged in such a manner that +the gap 'betweén
respective adjacnet bearing bars ¢ is made as small as
possible or even ‘nil. Such-arrangement of the Dbearing

bars ¢, however, requires a large number of the bearing

bars ¢ 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

n
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4 water is caused to leak into the space outside of the second

fl exi ble sealing nenber e, the second flexible sealing nenber e is

def ormed by pressure applied by the |[|eaking water to project radially
inwardly into the gap between the bearing bars c. This projecting portion
of the second flexible sealing nenber e which is |ocated between the
adj acent bearing bars c tends to be clafped by these bearing bars c and

t her eby danaged when the culverts a, a' nove toward each other due to'a
change in the wunderground environnment such as earthquake. For
preventing such2danmdge.f itilledeadring dxiting waver beenlnar thhgedcasen sheh
a mnner that the gap between respective adjacnet bearing bars c is
made as snal|l adlegdddiehl seRl iguen-manber Ruchs asurpgehedt bf thRe bpeninagg
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art flexible jopnt, 5. move toward each other due to an earthquake in
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 fle%ible
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



there may arise a case where, after use of the flexible joint for many
years, the space between the inner annular walls bl, bl' of the
connecting nmenbers b, b' radially outwardly of the second flexible sealing

menber 2e is filled with | eaking water. 1In this. case, the.
. flexible sealing nenber e is supported by.the bearing bars c against

pressure of the |eaking water and this éstate wll continue so |ong as

the-joint maintains the initial state of installation. When the cul vert

units a, a nove toward each other due to an earthquake in this
state, no problemw || arise-if water flows out - through the gap of the
skin plate n whiddfs isnceod £ wid it n Bt f ONea egifing her eperanlivnt @ feithel q? the
connecting nenbers b, b'. Wen, however, water does not flow out

i nsi de space of foor@ | glanthifroy ishedmeasian 4 hadsé heherar theosl 2ikde | ef jbhgt
joint has only a small coefficient of water perneability or that the
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bet ween t he connectlng menbers b, b' is conpressed and
movement, the operation or depositing concrete jg

- stopped halfway at the locatioﬁ of the frame hiate“
(e.g., frame plate h) before rga&hing the standard
distance and then the slide form_méchine is carried to
the other side of the flexible joint ahd 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 variation 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



water pressure increases sharply. This causes the bearing bars c to
be pressed through the flexible sealing nmenber e with the result that the
flexible sealing nmenber e and.-the bearing bars ¢ will be deforned and

ultimately damaged. Furthernmore, in the prior art flexible joint
shown in Fig. 10, the franme including the frane plates h, h' is
-.constructed for depositing concrete for7the secondary |ining as described

above. This frame projects fromthe primary lining ( segnments g, g') into
the culvert space by a large neasure and this prevents an easy shift of -

the slide fornerechitisg t#esifi@mnedSisicbidery sianiegd Accordingly, a
6 di stance of novenent for -a single operation of the slide =~ form
machine is 9m Vvear# caiehwherceurheyf | @ bltthg oistiield s dotaing i Roskmi ggl e
position within this distance of novement, the operation for
depositing conEeatiéreds fowroppad ntiedinfivgy thtis t emabtatabhowhnckhe of

frame plate &gfgé%igaagﬁ.plqte hy before reachlng_the st andard

It is, thérefore, 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 j;in£ 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 the
water pressure.

It is a third object of the invention to-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



di stance and then the slide formmachine is carried to the other side
of the flexible joint and the operation for depositing concrete is
resuned to deposite concrete -to the location of the other frane plate
(e.g., frame plate h'). Thus, in this case, the operation for
depositing concrete cannot be made in a single operation but it nust be
performed in two separate operations and this decreases the efficiency of
t he secondary |ining. The secondary lining is perforned by depositing
concrete by a predetermned thickness. in the radial direction
measured fromthe wall surface of the culvert forned by the shield
driving. In thendriporaibnkl exhkkeot] Obel ngh@wkedn thi g.salid addmyedicin Of
variation in this thickness in the radial direction in the flexible jolnt
section caused namberegul bearyngn mbendi ggomddedr kads adiy eXtnwarelly sl |
value of Dl. Therefore, when the flexible joint has fallen inwardly
beyond the val faiBl €lLexibler seglliagi mpmbaus¥d thueindg Poird idinggi rith emedes
the slide form nmachine abuts  against the inner end portion of* the
frame and theRHNEs fpredentedsaidonpnpaethpg members for supporting

7 .
said flexible -sealing member to  prevent inward

deformation of said flexible sealiﬁg mémber. said
beariﬁg means consisting of a plurality of bearing bars
arranged circumferentially with ; predétermined interval
with end portions thereof being connected- fo 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 bars, 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, tﬁe number of the bearing bars can be held at

the minimum which 1is sufficient for maintaining the



executing the planned secondary lining. Accordingly, a very high
accuracy in the shield driving work is required for maintaining this

smal | al |l owance of variation D1. - It is, therefore, a first

obj ect of the present invention to provide a flexible joint. for a
. culvert which is light in weight, easy to handle and of a |ow

manuf acturing cost. It is a secord object of.the invention to

provide a flexible joint for a culvert which, when the joint is
subj ected to an abrupt deformation due to an earthquake or other reason

in a state wher enifiEmamaceefelweans tirh g tHoMACddifbor MEAPEr sher agi @kl y e
outside of the second flexible sealing nenber is filled with |eaking

water, is capaldeabingremembeng dabior wehicen el fdamda of jdint el peethes
of the flexible joint due to increase in .the water pressure. It is
a third object ofighternvénti weightpandi e@asier fiexilidAnl ¢ oiand f cassembl yert
capabl e'of inmproving the efficiency of the secondary |ining and reducing
the required actit@tytiae puBbeh| effd thei bieaq i naShans \CT hehd edueed i othe
For achieving the first object of the.invention, - a flexible joint for a
cul vert accordi MATRERAELFRD8Nt FBAL cOfprtiheed lexihdg oigyt %&ﬁdﬂ%&so be

connecting menmpers. 4

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 preventiné
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
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 possibfe 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.



fl exi bl e sealing nenber of a short cylindrical configuration
made of rubber or a synthetic resin wth end portions

t hereof being fixed to said connecting nenbers, bearing neans provided
radially inwardly of said flexible sealing nenber with end portions '
thereof being fixed to said connecting nenbers for supporting said
flexible sealing nenber to prevent 10 inward deformation of said
flexible sealing nenber, said bearing nmeans consisting of a plurality
of bearing bars arranged circunferentially with a predeterm ned interval
with end portions thereof being connected to said connecting
nenbers in a manner tBCBRrdingiBre therethds agi &rodiecddmorf iaAMei il ch

pr edet er m ned ran & angd prevented from di senga g fron1sa|d
he

connecting membet’s 8289??ﬁaerglfht558 P88§éﬁ9°8n 86t er mﬂﬁrﬂﬂﬂﬁmof
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installation. gijngle operation of the slide form machine 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



According to the invention, by fitting cylinders having an axial Iength
which is snmaller than the distance between the connecting nenbers in
the initial stage of installation |oosely on the bearing bars, the
flexible sealing menber wll be supported by ‘the cylinders and

wi |l not be clanped between the bearing bars and thereby damaged even if
the flexible sealing menbrer is defornBd inwardly due to water pressure
and, therefore, the nunber of the bearing bars can be held at the m ni num

which is sufficient fgr mai nt ai ni ng the m ni mum r equi r ed
strength for supPbfREA§TPABer] exphlie adedl vied usewfevady IIRSSUIR fYhigH| e
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structure furthfdmp&PEPr LAGR afNeaPPAfhdke h3s"bechirred"@ng Wﬁﬂpimjvert
units move towafd each other and the water pressure. has
risen to exceed this predétermined value,. the buffer -
material is compressed and'defbrmed;té 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_cylindérs aﬁd having an ;xial

length which 1is smaller than the distance between the

connecting members in the initial stage of installation



provi ded between sai d connecting nmenbers for preventing flow ng of
concrete for a secondary lining into a space "between said connecting
menbers in which said flexible- sealing nmenber can stretch or contract and
having a thickness in the radial direction which enables ' :
conti nuous depositing, along.the inner surface thereof, of the concrete
for the secondary lining fromone culvéft unit to another culvert unit to
be joined together. According to the invention, it becones possible,
to deposit concrete for the second covering wor k conti nuously
fromone culvert unit to the other culvert wunit along the inner surface of
the joint fillifd nat@¥lhndaheal byosteri nglekives peoteaying tihe depmsided
cohcrete of a predeterm ned wi dth between the connecting nenbers, a gap is

formed between (A tRRYEYt ©hitsheolpaer) silgeyest dgasiedy add thaking  an
oo ool o™ O LR LRI PRt hat b AR e
the connecting: members in the initial staée of
instaLlation, éaid buffer' material being filled in a
space between the1outer peripheral surface of the inner
sleeves and " the inner peripheral surface of the outer
Qleeves along the entire circumferenée of the inner

sleeves. | -
For achieving ihe.same purpose, the flexible 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 material 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 1in the
buffer material filling cyiinders. |

In another aspect of the invention, for achieving



wll interfere with the operation of the slide form nmachine wthin the
standard range of novenent of a single ‘operation of the slide
form nmachine and, therefore, the operation of depositing concrete for
the secondary lining is perforned for each standard range of mnovenent of
the slide form machi ne without break whereby the secondary |lining can be
performed quite efficiently. Mor déver, all owance of variation in the
radial position of the flexible joint caused by |rregular|ty in the

di ggi ng operation can be made |arger than the value .inp t art
flexible joint 4h& HdxEe Rbiseat mng-heac‘dW%S/“’r'bquﬁeﬁl?’ﬁletfﬁ% b?}’bF £PF
flexible joint is no longer required but a sta gard qu%#acyc t ai ed I n
normal digging for €Y é'eé'lffflctﬂ"@rﬁlseﬁﬁusa R Bf 9% eeHUi/ t hé ﬂ?%

dr|V|ng is inpr si nc 0f N0,

interfering prﬂf@geﬁﬁ 'frafe atstjl rrtheé pr iso?'alglr'fgf I'ex "?%efe joint’ rr%&l/%ﬁwtent
of ‘the-slide f%g‘lr{%@x%eal Scf éoqxlaatlx% %forrul?&é"i eyt Ng t%‘?ﬁﬂé{gc

obj ect of the invention e jolnt urt conprises a

material . provi degd; het%Q%t%dcylddmro%J'iﬂ&de@P Bdndepi%éd  bar Ssapd

the flexible seallng menber which buffer material is conpressed and
defornmed when ibohniedthingCt efbmbers)at e X AR U iPe HXE CESlr a1 de@r eflad pa M ped

val ue. According to the inventi.on, by setting this

~ inwardly of said flexible sealing 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 of
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



predeterm ned value at a value of water pressure which is applied
normally to the flexible sealing nenber by |eaking water filled in the-
space between the connecting nenbers, when an earthquake has occurred and
the culvert units nove toward each other and the water pressure has risen:
to exceed this predetermned value., _the buffer material 1is
conpressed and deforned to produce a sb%ce which wll receive the
conpressed water and thereby reduce the water pressure. Therefore, rise of
the water pressure which will deformand damage the elenments of the
flexible joints including the bearjn i

seal i ng menber E'&Hpﬁé‘t&dfe Y veie ride ?ﬁ%’dbarssé tcé%lrndgcm@g?n%l“g?@?lé:ne'

o S8 have an EhEeReL Ly?l% saf#.!ﬁ?ﬁ{ RHRRE (e AeAShEee o8 EEhEREn oY

oyl nder 51 coseranigs FiHd Sl E flﬁ%ﬁ#%‘?iﬁiﬂ%ﬁf‘ﬁﬁﬁf’%‘ﬁéa‘“g

between the outer p@eisihesal YHACE. e WYL TWeads angl é be hNfgimple
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 -fiexible 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



peri pheral surface of the outer sleeves along the entire circunference of

the cylinders. For achieving the sanme purpose, the flexible joint
may conprise cylindrical inner sleeves fitted | oosely on the outer

peri phery of the cylinders and having an axial Iength which is smaller
than the di stance between the connect&gg menbers.in the initial stage of

I nstall ation 12 and cylindrical - outer
sl eeves covering the out er periphery of the inner sleeves |oosely and
having an axial length which is.s n_the

| b th
connecting. n@ffided nbefRgen; fpq aanngfiégg mgwgh?%§?§?|a§ﬁgﬁ%mt #

buffer materi al

surface of theq¥ﬂé3£?sl% Vggnéﬁat?hggPaﬁesQQBHﬁﬁ erg?n?H%eﬁnR%er@%gﬂe

nner “perirp surface .of the outer

I I t.h t
eheving tho SRR oafl AT HIRFPEDERpCheRRILIE whaltouBLd, tlen Y

ejoint my coprise
material - Tilling, ;&Y 1 ReRbEr CQXﬁrb'BQettEﬁ 6¥l codaraclkoosedy aulitaying a

di st ance
' thickness in the radial direction - which enables
continuous dépqsiting. along the.inner surface thereof,
of the concreée for the secondary lining f{rom one
culveri 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 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 mémbers, a
éap 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_%the slide form
machine within the standard range of movement of a
single operation of the slide form machine and;
therefdre, the operation of depositing concrete for the
.secondary iining is performed for each 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



bet ween the inner side walls thereof which is slightly larger than the

di aneter of the cylinders and wherein said buffer material is filled in a
space in the buffer material filling cylinders radially outside of the
cylinders. According to this aspect of the invention, the . buffer
material filling cylinders can slide in the radial direction along the
outer peripheral surfaces of the cylintilérs or the bearing bars follow ng
deformation of the buffer material and restoration thereof to the

original shape and hence the buffer material can be prevented from
ace in the buffer material filling cylinders.

falling to the gggosti.te S . :

In anot her aspelt -df tHe ThvEht i bexfble aimivti ngused by irreswharfityst

y | Y ¥Slin

‘obj ect of the i ntj.on, . flexible joint for a culvert conprises a

j RN 10 ¢ ng

pair of annular  coftiecty niPeibhidt scan he madexiprgerséhrnnghenevagie of

a short cylingpi caleconi; jon made of rupber or a synthetic resin

with end portions therggﬂqﬁgﬁﬁg1ﬁgﬁﬁf%&% IgLal and hence a very high
accuracy required in the prior art flexible joint ﬁs na
longer required but a standar& accuracy obtained ip
normal digging work is sufficient. Thus, the efficiency
of the shield driving is improved.

Furthermore, 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 be
described below with 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:



connecting nmenbers, bearing neans provided radially inwardly of said
flexible sealing nenber with end portions thereof being fixed to said
connecting- menbers for supporting said flexible sealing nmenber to prevent

i nward deformation of said flexible sealing nmenber, said bearing neans.
consisting of a pair of support nenbers of a short cylindrical .
configuration each having an annul ar cbhnecting section, a cylindrical
outer peripheral support section extending normally fromthe outer end
portion of the connecting section for preventing inward deformation of
the flexible sealingRefwer, 5 andis sa deseatl bnaect voawexskoding i anarfbky
fromthe end portion of the outer peripheral support section opposite to
the connectingembodiimant 9fiethe imeenthen poritensompietedes taitexibl e
sealing nenmber being clanped between ‘the connecting section of the
support nenbers and theé- cdhned iy riddbianal ngha¥ ofhevéngnpshe same
According to this aspect of the‘invention, inward  deforpation of the '
flexible seal i n§™RAMAEHu 1 A \ibdte hesedeposiLingspfrrenerety for a
supported by he. quter eri pheral, support sectjo f the support
menbers while gﬁﬁgn%aﬁQ¥e€iQQN#ﬂﬁﬁ(ﬂ#%ﬁg%%% ??@QIBPEQSeaIing menber is

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 1is a sectional view showing the same
embodiment in a normal state;

Fig. 9 'is a sectional view showing the same
embodiment in a state where two culvert‘uﬁits joined oy
the flexible joint have moved toward each other due to
earthquake; and

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

flexible joint for a culvert.



1 4 supported by the side wall section of the support menber s- wher eby
I ncrease-in excessive deformation and damage of the flexible sealing
menbers can be. prevent ed. : Besi des, since the bearing neans is of

a sinple structure consisting of a pair of cylindrical support
menbers, the flexible joint becones lighter in weight and easier to
handl e than the prior art flexible joi #8  which enploys a | arge nunber of
beari ng bars and so the manuf acturi ng cost of the flexible joint can be
reduced. Besides, since the flexible sealing nmenber - is

clanped in its z?é‘QcPEéEE ensowgggsgr;@sl ERBYE tields Menbers and the
connecting sect . - s of the C-clanps
wi t hout form ng holﬁéferﬁpﬁglﬁ§ﬁgg|@g pgkgg, HhQ5e4KS Qﬁ%ﬁg (gymégt of

| eakage of wat er through stc oles for."the bolts so t Sseal’i'ng

capacity of thed®ipivéstisR' @VeH-be dbBeribsang the flexible sealing
menber, the difficult and tinme : consum ng work of aligning bolt holes in

the flexible sealioglvepebednitscoppeciiings REN@eheraANd GONNGRTHING]
section .of the support nenbers .is not required and, t herefore, nounting

of the flexibl ecesd guga teoberaré madacofi patiadrgnd inhageansf,actigri RgHOSt
of the joint can . o
of which is 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 tﬁe 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



be reduced in this respect also. I n anot her aspect of the invention
for achieving the second object of the invention, a flexible joint
further conprises an annular joint filling nenber

15 provi ded between said connecting nmenbers for préventing flow ng of
concrete for a secondary lining into a space between said connecting
menbers in which said flexible ‘sealingl?menber can stretch or contract

and having a thickness in the radial direction which enabl es .
cont i nuous depositing, al ong the inner surface thereof of the concrete
for the second ping frogm one culvert unit an%the culvert uni t
to be joined iiﬁ& s Eﬁ%?d?ﬂ@“?stfﬁé Pﬁﬁéﬁflgn Alife AP ded

e cul vert uﬁ.eé'a‘*flf% FESELELE LB ok SRR CTARK s FollnddrER a@ﬂ‘%“?c%ct&?ornfﬂ‘
Loncrete of 2  prd eét%'r%a”‘ﬂgazﬁyd%ﬁg 4F£8n0k 1 p2eREh BRe0 nhle, danel Ay
is forimed betvween tdif Cthyesdt&#R§ fab OwRE1] bN8Ad 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 provided 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



together and thus a flexible joint joining the two adjacnet culvert units
I s conpl et ed. Accordingly, there is no projecting frame which wll
interfere wth the operation of the slide form machine wthin the
standard range of novenent of a single operation of the slide
form machine and, therefore, the operation of depositing concrete for
the secondary I|n|ng i.s perforned for ®ch standard range of noverent of
the slide form machi ne without break whereby the secondary lining can be

performed quite efficiently. Mor eover, allowance of variation in the
radi al to  be prevented from jgeing ALFENEAEER t hd TPMexi Khe

joint caused by irregylarity i t he d| ing operation ¢
| ar ger. than the°93pﬁg%1“511mqmﬂieﬁﬁl art flex %Igh}ﬁinfgﬁﬁaQHEﬁce dheery

hi gh flexibl |
equi red but a SPARANA Rtk ach, SE G Ectne, SARSFLREG BEPRERR0r 2 00T
suffi ci ent.  Thug, ;48 15/ Wi10e to Oéaémeoﬁ?éleh@'l&simgcmmrmnted

Furt her nore, Sl nce nte
range. :

The bars 50 .of the_bearing_bars 3 are loosely
cavered 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 distance
lbetﬁeen'the inner side ﬁallg 2a, Za'.of the connecting
members 2, 2' in the initial stage of installation. lThe

P d

.cylinders 7 are arranged circumferentially with the
bearing bars 3.

Radially outwardly of these -cylinders 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 members
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



projecing frame as in the prior art flexible joint, novenent of the slide

formmachine is facilitated. Preferred enbodi nents of the invention
will be descri bed below with-reference to the acconpanying dr awi ngs.
Brief Description of the Draw ngs In the acconpanyi ng draw ngs,

Fig. 1 is a perspective view, partly in_section, showing a part of culvert
units connected together by using an e%%odlnent of a flexible joint
according to the invention; Fig. 2 is a sectional view show ng the

enbodi nent of the invention in its conpleted state; Fig. 3 is a
enbaodi ment in a state wher e depositing

ti | h
zﬁccl)g(r:]?et ev:‘ g\rN > eCondgﬁ‘f |S|k§?'nn§1ﬁé§ t?e?en‘L"cdﬁ"‘plide‘it"ed"1 one enpd gpontigng
act i | th b
igc ona VI ew §§8%Bg Q'& Ei)ﬁgctolugﬁé'l Pefitdh e ear| \r/]ﬁq'}fgtaacaeno(i%e‘?l thebodf nie of
the |nvent|on '@ohﬁéc@?ﬂ@'ﬁ%ﬁﬂe?%aﬁe 2' and, at the other end thereos,

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”
undgrground environment such as an earihquake.
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
"wall sections 1la, 1la' extending in the a#ial 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, 2a' 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



Fig. .6 is a sectional view show ng the same enbodinent in a state where
deposi-ting of concrete for a second covering work has been conpl et ed;

Fig. 7 is a sectional view taken along arrows A-A in Fig. 8 showing an
essential portion of another enbodinent of the invention; Fig. 8-
Is a sectional view show ng the sane enbodinent in a normal state;

Fig. 9 is a sectional. view shomﬁﬁ@ the sanme enbodinent in a state
where two culvert units joined by the flexible joint have noved t oward

each ot-her due to eart hqguake; . and ) S ecti.onal -vi ew
showi ng a priorCCRPECHip X|BFQbF6Fnr’for aqdhﬂéb# tnd FEEISNE sealing

18 Descrlptlﬁgmggrgre%erreg H@%ﬁi ﬂﬂ ﬁ?di?%ﬁ¥g JAJStafO FI%?

1'to 4 an enbodi men escm

units L L rfvefnabibid 16Yhhady n?l%[ f%@e‘hﬂ%tém@é%ﬁ%’eeroé by
primary linings 15," 15

operation of a Cutter (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 18.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 auter
flexible sealing member 5; inner flexible sealing member

6 and cylinders 7 are assembled together and the outer



of which is constructed of segnents such as steel segnents,

concrete segnents or RC segnents and secondary linings 16, 16' each of
which- is constructed by depositing concrete on the inner surface of the
primary linings 15, 15 . The culvert units 1, '1' are joined together :
by a flexible joint A nmade according to the invention. The flexible

joint A includes a pair of connecting 2% nbers 2, 2' fixed to opposing

surfaces of the culvert wunits 1, 1' as shown in Fig. 2. These

connecting nenbers 2, 2' are formed annularly in conformty wwth the end
surfaces of thesidel veatlsudbis 24’ of' the EbenecdﬁmGCMﬁm}qmmﬁhrsza oX

have box portions 2c, 2c'. The box portions 2c, 2c¢c' have inner side walls
2a, 2a' opposﬁf‘nlgst@%%hlmh%ﬂ&ﬁélubat arespddaghefs 2y MEEns wrfohoddd
opposite to the inner side walls 2a, 2a' Connectin | ates.8, 8 which

restrict the i mlervaf® baguead SRELRARSr 04i dBenRIida 12&“% ke didi'er

si de mal[s 2b, 2b' ,hgve t heir.'end portions fhged tg 3 i nn S|de wal | s
2a, 2a' and thEPRLF L8 hathe SeEMORts 0L hBE, UV R t§"9 Ilted 't0 t he

nner side vall's 28,22 - apd.t 0o 0Ut #0103 Wakber2Roudl S A0S 110

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 the 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



the nuts 9. These connecting plates 8, 8 are provided at a certain
interval in-the circunferential direction. Spaces 2d, 2d' are defined
between the inner side wall -2a and the outer side wall 2b and al so
between the inner side wall 2a' and the outer side wall 2b'. Openings Z2g,
2¢' are formed in the inner side walls 2a, 2a for inserting bearing
bars 3 into the spaces 2d, 2d' and al 2dwi ng axi al sliding novenent of the
bearing bars 3 wthin a certain limted range within the spaces 2d; 2d
after insertion 2f' and 2g, 2g' extending in the radia
direction are;ﬁkﬁ*ﬂ%ge ai Oknkertain interval in the circunferential

di rection. gﬁarlng bars 3 grov i ded betmeeﬁ the cqnnecting

nmenbers .2, 2' arezﬂﬁ eROShbhnE; hh e GONEref; A2a t0fe ML 1§ aspdary
interval in th I nf direction the con ectln nenber s
2, 2. EachqolgH f%esgfggéarlﬂﬁ bﬁ?g‘§eh§§r°§gm§ﬁ5ﬁﬁce 0 nf d T 50
which 1is |nserpteqﬁ S d, t he ; ni 2e 2e' of
t he connecting ne Qﬁ%ﬁ%ﬁ gﬁp?%r%ad%nghe ?ggHQQlE ggrt%%ﬁg Mot hé bar

50, bolts 51, %Jenm::hpoawoﬁnoihfﬁ@dgdpsgg@esggphcwe% 29€ JIURATS 30°

50a' and washers 52 washers are forne
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. _ Annuiar
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 .31a.
3la’' of the connecting members 31, 31°.

A pair of support members 35, 35' of a short



W th a diameter larger than the dianeter of the openings 2e, 2e' to
prevent disengagenent of the bar 50 fromthe openings 2e, 2e'. Thus, the
bearing bars 3 are received at their end portions in the spaces 2d, 2d
to be prevented from being disengaged from
t he connecting nenbrers 2, 2'. By this structure, the

a nmanner

bearing bars
relative to

3 connect the connectingd nenbers 2, 2 slidably

each other within a certain limted range. The bars

of the bearing bars 3 are |oosely covered by cylinders 7 having a
| arger diameter than the bars 50. The cylinders 7 have an axi al
| ength which i gylindndder cdyfigurpt et eanendtsyased sthas ttle abut

di st ance
nmenbers 2, 2'

between the inner side walls 2a, 2a' of the connecting

jagaims § nithal isnegeseffacstaf| middhe pPyRdion 3¢y iofderther

are arranged circunferentially with the beari ng bars 3.

Radi al |y out wrl@®iblef senkiws. Remberic 4.

cyllnders 7 are arranged first and

have annular cdnnectxng sections 35a, 35a‘ used for

connecting the end portions of the flexible sealing

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 be 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-

7The gggppor tcBaRpgrsy 3@i.t B5t'he

in

50



second outer flexible sealing nenbers 4 and 5 having - different

di aneters fromeach other. Also, radially I nwardly of these
cylinders 7 and coaxially with-the cylinders 7 is arranged an inner

fl exi bl e sealing nenber 6. These flexible sealing nenbers 4, 5 and 6
have a . generally «cylindrical configuration and undulating or
arcuate surfaces and have their end por2%éons secured fixedly to the
inner side walls 2a, 2a "~of the box portions 2c, 2c' to connect

t he connecting nenbers 2, 2" hernetically to each other. An annul ar
skin plate 20l 4mpprobidéd'to cover an annular gap fornmed between

the outer peripheral surfaces of the connecting '

ortions -
21. 2, 2'. The skt piaist26ilding Ae@bET 3%eh€ﬁd%&ﬂQﬁ?ﬁ138?*mn%§ﬁ'to

the outer peripheral surface of either of +the nnecti ng ers 2,.2
and, at the ot het? enfiefRéVEothe epd EBB?-‘\%‘ISdQJ tctg'et %e‘dc?ut é'}r?lggris;?'n%h ns

surface of the _ﬁéﬂgéﬂcog ec%Lg?sgggﬁg%g‘engﬁg’ie?%gg%qen-gig’?'dién\a ftrlpén érﬂf

ot her connectingi3 f in%as u ground
environment such,as, P, £aLENIHAKE1de wall sections 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. | |
_.Tr{e joint £illing member 38 has--a structure and
function similar to the joint filling'member 12 of the
embodiﬁen¥ 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



A pair of joint filling nenber nounting plates 11, 11' of a generally

L- shaped section are provided for holding a joint filling nmenber 12. The
joint filling menber nounting-plates 11, 11' have annul ar peripheral wall
sections 1lla, 1lla' extending in the axial direction "of the flexible joint
A and side wall sections 1l b, 11b' extending perpendicularly from the
peripheral wall sections 1la, 1la'. 2The side wall sections 11b, 11b’
are fixed to the radially inner end portions of the _.inner annular side

wal |'s 2a, 2a' of the connecting nenbers 2, 2' by neans of bolts 13, 13'...
The joint filling menber 12 of a cylindrical configuration is disposed in
the space defin&fF&NFTHe PHaneany %%ih?lf?lﬁ?ng menber nounting plates 11, -

L) o0 pocured €O, e RESAPIEE S VRLLAPSFL' 381 hd 1l e BRooeE, Sute,

concrete. for 1 oa seshaal ST { vifE! PHe WeREEE SR Y ablic, ey o 5T 0wl

22 connecti ngg @A %7,2?3#{1yyn@mhtg@p£$g¥imgﬁbgggligg,' 38 are
inserted into the grooves 38a, 38a' to fix the joint
filling memﬁer 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
othér. -

After deposifing the concrete 46, a portion of a
predetermined width of the concrete 46 between the
connectiné membeérs 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 secfion 35b, 35b' of the support



menbers 5 and 6 can stretch and contract and also to prevent damage to
the inner flexible sealing nmenber 6 by operation of a cutter (not shown)
for cutting off. a part of deposited concrete for the secondary lining as
will be described |later. The joint filling nenber 12 has a.thickness -
in the radial direction which enables continuous depositing, along the
inner surface of the joint filling me@Ber 12, of the concrete for the

secondary lining fromone culvert unit to the other <culvert wuniit. to be
j oi ned taogether. As the joint filling menber 12, materials such as

f oamed rubber, pep®RGs angs f oayed ystynol whi a l.ght .in weight and
have  sufficient softngg%’ gﬁ% Bﬁggf%c{Q? a%}%p p?gfékggﬁé9n °of" the

secondary liningsekGbilkd' sty G\ erd i kN DY 1 15
have a gap 17  formed .tﬁgg%betmé%nhﬁ{ ﬂ{n %réé% &2 ?gengﬁgdwéll
joint filling pseehenonl@msuchlzes o fuaBdidpdPenéptess fikligggmtgrial , 19
for providing a snooth inner. pertpheral SJ{face %Mich i.s flugﬁ?mﬁbﬁ%FHé

i nner peripheral nevebaees iof teéxeesaulwer defiimatlion and damake' ¢f tp
constructing the flexible joint.A described above, the connecting menBer s

2, 2, bearin§lp®idl® sead nig membartserd £ |t e moedémpedenber 4, secand
outer flexible sealing nenber 5, inner flexible sealing nenber
_ 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
joint 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 ‘hoies for

"the Dbolts so that'the sealing capacity of the joint is
imprgved.' In fixing the flexible_séaling 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%, 35a' of the support
members 35, 35' is not required and, therefore, mounting

~0f the flexible sealing member 34 is facilitated ana the

manufacturing cost of the joint can be reduced in this

respect also.



-6 and cylinders 7 are assenbl ed together and the outer

23 . side walls 2b, 2b' of the connecting nenbers 2, 2' of this assenbled
structure are attached, by neans of bolts 21, to the end surfaces of the
primary linings 15, 15 consisting of the segnments of the culvert units

I, 1'. Then, the joint filling nmenber nounting plates 11, 11' are
secured to the inner end portions of tB¥ inner side walls 2a, 2a' of the
connecting nmenbers 2, 2' and the joint filling nenber 12 is fixed to
the joint filling nenber nounting plates 11, 11' by means of a
bondi ng agent. Then, the slide formmachine is used for depositing
concrete 22 for the ﬁ@@@pggﬁg thIQg ¢QRki.NnUGUloy 93s anvctirer renbai i merd ONg
the inner surface of the joint filling nmenber 12 from one of the cul vert

units 1, 1' togfhgheothoentiSnnae 11hekee diescord bledanewor k projecting to
|nterfere with the progress of the slide formmachine as in the prior art
flexible joint, the &li ﬁeeicﬁ)bnrerraqbune man haspogiener@ldriet e seﬁ]ti@milbnéy
by a standard di st ance _
similar to the: fleXible 301nt A of Fig. 1 hav1ng 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 inner
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



of novenent w thout being interrupted by the framework, so that

depositing of concrete for the secondary lining can be efficiently carried
out . I n-the enbodi nrent 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 nethod. This allowance D2 is
much | arger than the allowance DI in th&0prior art '

24  flexible joint. After depositing the concrete 22 for the -

secondary linin ng, the entire circcuynference .qf the inner peripheral
surface of the $1€§$b?23 i BRAE sbSFtV&ﬁ?S iogéénﬂggﬁ portion of the
deposited concrete 22 ween: nect i |ﬁ¢¥ AN of f. a
cutter (not shown) tgggérmsghténgasg%g.lﬁ%h?ns%gﬂ% 1 i%sa%neagebsa{srgrlg(y;]E orwmcw

allowing relativgs 0F 806 2684ERt PeLVBRA bBE tG4n¥eMith Uhiel %-pajéeks '10¢", Cagy ©f

a change in the underground envir.onment suchhas an "ear t hquake.
Finally, the joig thélcognBBRPRE A8mBREst 92,11 102Ny vl thld Aéning
filled in the gap'17 to conplete _ _ *
104, 104', threads 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 opeﬁings 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
conpecting 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.



the flexible joint A Figs. 5 and 6 show another enbodinent of

the invention. This flexible joint Aincludes a pair of annular
connecting nmenbers 31, 31' fixed to the end surfaces of culvert units 30,
30" to be joined together. Annul ar seal i ng nenber hol ding plates 32, 32' .

are welded to outer -peripheral portions 31c, 31c' of the connecting
menbers 31, -:31' and an annul ar seal i ng 3®nber 33 made of rubber or a
synthetic resin is secured to the sealing nenber holding plates 32,

32". A flexible sealing nmenber 34 made of rubber or a synthetic resin
is fixed to inner end portions of annular inner side walls 3la, 3la' of

the connecting MRYMAIS: Hle mdmbers 102 A pge Rfer HRRGAY 1TPITRClSclE o iy Of

a short rrca conflguratlon are
di sposed SO ds t0 FDUE o AORKAELat NE) & RDET §H£i§‘ﬁ§ Btem%@dls% it Qlamiad Of

the flexible sealing. nmenber 34. The support nenbers 35 have annul ar
connecting sectilqrss, 35’ dee peddidéd at radially 1n51de posltxoys near
the end portions of the flexible sealing member 111 ‘to.
hold the flexlble sealing member 111 in an initially .
installéd shape._ An annular skin plate 112 is provided.
to cover an annular gap formed between 'the outer
peripheral surfaces ‘of the conﬁecting portions 102,
102’ The skin plate 112 is weldéd at one end portion
thereof to the outer peripheral surface of either of the
~connecting members 102, 102' and, at the other end
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’ ﬁf 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



-connecting the end portions of the flexible sealing nenber 34 to the
connecting nenbers 31, 31', cylindrical outer peripheral support sections
35b, 35b' extending nornally fromthe outer end portions of the connectlng
sections 35a, 35a' for preventing inward deformation of the flexible
sealing nenber 34, and side wall sections 37, 37" extending inwardly from
the end portions of the outer periph¥al support sections 35b, 35b
opposite to the connecting section side for preventing axial
deformati on of a stretchable portion 34c of the flexible sealing nenber
-34in a stretdmhﬁfcbeecmhenaﬂusutbacmamértbﬂe$§ﬂﬁ§ sleeve Tﬁ@ §@Spdhﬁ
menbers 35, 35 may be formed by integral annul ar q

preferably be figynsd byer keheral %%Tiécﬂhpéhtﬁﬁngpﬁﬁﬁté éﬁv§nﬁ&lara§Gﬁ§brt
menber when assenbl ed together for conveni assenbl i ng

and transport atigh. entire qh§°%%ﬁﬁﬁ%???oﬂ§ gﬁﬁ 18867 3 ﬁgeﬁg ﬁogXIble'

sealing nenber 34 are hgld betyeen.the |nne S malis la',, .
the connecting ~me ?hgl bugier mater ﬁi égﬁhectlng%éggfﬁgﬁswgé%%

35a’ of .the S“Q%Oréorﬁrﬁpgfsédg’?nd £t 0 Fda ChPMRCH 81 T 72sma 11N eTaaRGReen

by neans of C
under water .pressure whigh is applied normally to. the"

flexible éealing member ill by water 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 that 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



.26 clanps 36, 36'. The joint filling nmenber 38. has grooves 38a,
38a" to receive the end portions of the side wall sections 37, 37" of
t he support nmenbers 35, 35 and the end portions of the.side wall
sections 37, 37' are received in the grooves 38a, 38a' and bonded to the

wal I s of the grooves 38a, 38a' by neans of a bondi ng agent. The
joint filling nenber 38 has a. structdBe and function simlar to the
joint filling menber 12 of the enbodinent of Figs. 1 to 4 and a part of
its outer peripheral surface is in contact with the inner side of the
C-cl anps 36, 36'. Ref erence characters 39, 39' designate primary
linings and 4he Wffeecomatlaryali blAgs of 'the culvert wunits 30, 30'. A
gap 41 is formed between the secondary Ilinings 40, 40" and a fillin

material 42 is fillebnitbhethiesgap ambodimrhh,pl 5uEbLT KA iIRFMEds rukhan e
simlar to the skin plate 20 is provided on the outerperipheral . surfaces
31c, 31c' of tHe# césnghpobRfSRE mategial 118 andyh@s shoffe 1mduid bed
flexible joint, will . be _installed in the f?Llowqu menner: .. " First,
the outer side wal I@kd$ BiBa prepformed in the bufier material 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
aﬁdunt 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



connecting nenbers 31, 31' and the other elements nounted on the

connecting nenbers 31, 31' except for the joint filling nenber 38 and
filling material- 42 are secured to the end surfaces of the primry
linings 39, 39" of the culvert units 30, 30" consisting of the

27 segnents by neans of bolts 43. . A bonding material is applied
to the grooves 38a of the joint filli3g nenber 38 and the side wall
sections 37, 37" of the support. menber s 35" ‘are inserted into

t he grooves 38a,emggalﬂgagl P] i tg g nenber 38 to the side
wal | sections 37, 37 %0 (q#] 7S{Ee %?n1nach|ne S operated to

d t th d
eposi e secon aFYNbrﬁhﬂngonQ@Q@%‘y}égéyu}éty¥lfgggﬁ"¢: ? %th19%rt

surface of the flexible joint A as shown in Fig. 6 fro
units 30,. 30" toihhethet Blace betwelnt &hedlaifidd tithd %M}Céetfoém ?09’

portion of a predetermned wdth of the concrete 46 between the

connecting nenberd GUtside. of|3heuﬁlemhbhm m&anSngﬁmemher 111 is 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 énd' 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 thig 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 dgforﬁed as shown in Fig. 9 and fhefeb; provides
space for introducing compressed water and thereby
prevents an excessive increase in the water pressure.
The inner sleeve 109.and the duter' sleéve 117 move
radially inwaral& as shown in Fig. 9. Air which was
contained in the buffer material 118 escapes from lboth
sides of the sleeves 109 gnd 117 into the-flexible soint

100.

" When the earthquake has ceased and the culvert



v

cutter (not shown) to formthe gap 41 and the filling material 42 is
filled in the gap 41 to conplete the flexible joint A Since the
flexible joint of this enbodinment shown in Figs. 5 and 6 has the above
described structure, this flexible joint has the foll ow ng advant ages:
According to this enbodinent in which the support nenbers 35, 35 have
out er peripheral support sections . 35b,3535b' and the side wall sections

37, 37", inward deformation of the flexible sealing nenber 34 due to
wat er pressure is sufficiently supported by the outer peripheral- support
section 35b, 35b' of the support menbers 35, 35 while the

axi al defor mat B84 tSof anehe ragqtodey etxeth¢hy nenbginadl i Bosiupponsed hyiet he

si'de wall section 37, 37 of the support menbers 35, 35 whereby
i ncrease in excéd&§Fi&igef Hafdtingn maRpbefankbe b% Femtorfedxio| theeariggnal

eI L Y TS N L IR T - R
is used as the buffer 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 117. -

Alternatively, the outer sleeve may be formed in
the form of a fectangular cylinder having a distance
between the innef_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



menbers 35, 35, the flexible joint becones lighter in wei ght and easi er

to handle than the prior art flexible joint which enploys a | arge nunber
of bearing bars c-and so the manufacturing cost of the flexible joint can
be reduced. Besi des, since the flexible sealing menber 34 is

clanped in its end portions between the connecting nenbers 31, 31' and the
connecting section 35a, 35a' of the suggort nenbers 35, 35 by nmeans of
the C-clanps 36, 36' without formng holes for inserting bolts, there is
no probl em of | eakage of water through such holes for the bolts.so that
the sealing capagetyndfariyne 1jiqiiflg o¥ deP¥sdVied ddhdri&id0asd henf tREI bAG,y
sealing nenber 34, the difficult and tinme consum ng work of aligning bolt
holes in the fdesichli®desealdmapdmaens 3but copectunger tenbes ng 31, o Bler
and connecting section 35a, 35a" of the support nenbers 35, 35 is not
required and, theaéeoielsnountlineg imfvenid ol ebd bHpp lsiecdb hey metben 1 B4to s a

facilitated and the manufacturing cost of the joint can-be reduced in this
respect al so. culvert of a circular cross Zection but to culverts of

other cross sections 'such as réqtangular, oval . and
polygonal cross 'sections.: The flexible sealing members.
may have other shapes than those iliustrated in

accampanying drawings.



Referring nowto Figs. 7 to 9, another enbodinent of the invention will be
descri bed. A flexible joint 100 has "generally a structure
simlar to the flexible joint Aof Fig. 1 haV|ng a cvllndrlcal
configuration connecting culvert wunits having a ptimary lining
segnents and a secondary |lining of concrete. deposi tedeﬂnm ﬂl
Figs. 8 and 9 show only essential port37ons of the fl H ,mﬂnﬂmﬁmhl S
enbodi nment . The flexible joint 100 has a pair of %orneltifig *
menbers 102, 102'. These connecting nenbers 102, 102' are of a.
construction iy ;& &Paih&sopg, shown in Fig. 1 and have a short
cylindrical g%n |dUrat?%n Tﬂg' outer side walls (not shown) of these
connecting mgnbers ¢ 10iv1d070iRErét XgdchiOvkbe @BHF§W%ﬁ%@QS of culverts
(not shown) to be joined together. Inner side wa 102a, 102a' of the
connecti ng nmenber sa 192i r 182" apnel 40T 88Anediti Agopembegs ;104, 104" for :
al l ow ng axi al displacenent of bearing neans 105 mﬁthln a certainlimted
range after inserdinfléxcbbearseagl hegnsenbeo epaaeshh@ﬁ t04'i ndafi'dalle

connecting nenbers 102, 102 = The bearing neans 105 is provided
bet ween the|awnﬁ1gmﬂdblmmllma462af toRberobrt Besyshhedticng esdmbend th02,
102'. In Figs. 8 and 9, onlg one bearing neans is shown

: end portxons hereof being fixed to said 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



but actually a plurality of bearing nmeans 105 are cichnferentiaIIy
arranged at a certain equal interval 30

al ong the inner -side walls 102a; 102a'. Each oL_Lhe~beaLLng~neans-105

has a bar 107 which 1is received at |ts end portions in the Sﬁﬁces
H04'

106" of the connecting nenbers 102, % through th “mﬂg
threads 107a, 107a' forned at end porti.o % o t he ba

108" threaded with the threads 107a, 107a' and washers 1 8a 108a :

The washers. 108a, _108a’ have a larger dianeter which is |arger than
the di ameter of EW&&E%Bnlngs 104, 104' to prevent disengagenent of the

.birrlé:é’é. fvlreSm.%h.et%"Pﬁ%*b@f?.lgﬁ;n nagndedsndes o8 My f i
106 of ihe COMRELTG ok RREL"Rp50: g Hentl et W Whd ORIIGAPREEE 100
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inside of said annular train of the cyllnders 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 iﬁ 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 connectlng membeéers in which saxd flexible
sealing member can stretch or contract and 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



Radially outwardly of these bearing neans 105 and coaxially with the
bearing neans 105 are arranged first and second outer flexible sealing
menbers 110 and 111 having different diameters from each other.
These flexible sealing nenbers 110 and 111 have a generally cylindrical
configuration and undul ating or arcuate surfaces and II "“ E
portions secured fixedly to side walls3902b, 102b% L nmm‘ Mﬁr l“]e
wal | s 102a, 102a' of the connecting menbers 102, 102' *t o®cohnett 5 hé.

31 connecting menbers 102, 102' hernetically to each other. a pair
of annular flex er. su midr 1 ovi ded
at radially |‘?‘f§+%l'éd gl t?gﬁ n‘g F‘ﬁ a%ﬁ{a poretsl ons of I:thtlap%‘ I i(aaéfeb 4

seal ing menbegy, 111 %8 ionn0! 9aj; &hSOIEke4hﬁhqﬁgﬁﬂédﬂbﬂnﬁﬂﬁﬂtﬂﬂé-ﬂfhtéw
a T&d" 8hape” AR

initially e ape. nnul ar skin plate 112 is provi.ded to
cover an arﬁ‘%iﬁé $3Redl OuEdheb gl ¥REMAIING e QUlANs thdi®dd Phet@l the
surfaces connecting portions 102, 102'. The skin plate 112

is wel ded at 5€i £ndypoi hhep endt Bere@bniso olthe ai\d amnear igmariadr s Wigee of
either of. the
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 the
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 cylinderé 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-'



:conﬁecting menbers 102, 102' and, at the other end thereof, is

spot-wel ded to the outer peripheral surface of the—other connecting
menber to disengage readily from .the ot her connectln menber in case

a change in the under ground envi ronment such as”“llli ﬁl:'l: IIIL
On each bar 107 of the bearlng means 105 s an
I nner sleeve 108 having an axial’ Ieﬁch smal lier than t

e i St ance

between the inner surfaces of the inner side walls 102a, 102a' of the
connecting nenbers 102, 102' in-the initial stage of installation. Oh each

i nner sleeve 109 is | oosely

the initial

surface of the inner sleeve 109 and the inner peripheral surface of the
outer sleevénemlyeg$ong the entire circunference of the inner sleeve 109.

fitted an outer sleeve 117 having an axi al
| ength smal | er than the distance between the inner surfaces of t he
i nner si de cowd i sut@2apn 1@3de of rubdercomectivmghetigemesriq 104, thi 02’

in

stage of installation. A buffer material 118 is filled in a
space betweesnd heportions thereof being fixed 13 sajg ercod\!’rq%’ﬁéf%l

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 periphe;al 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 jqint filling member _provided
between said connecting members for preventing. flowing
of concfete for a secondary lining into a space between

said connecting members in which said flexible sealing



As the buffer material 118, a material, which is conpressed and

deforned by a relatively small anount wunder’ water pressure which is :
applied normally to the flexible sealing nenber-11l-bywater—fited in
space between the connecting nenbers 102,- 102" and is conpressed -

and deformed by a relatively large ampunt. when tf‘(ﬂmmunﬂﬂﬂﬂmuas
exceeded the value of water pressure &' a' nornal bl e
from the standpoint of obtaining a |arge amount of deformation in  the
event of an earthquake. As such material, foamed resin such as foaned
styrol exhibits the |argest anount of conpressi on agai nst

i ncrease " i n mamber cpmesdured.ch offoawnd rHasiberndnthwiufd ea trhibdienesdi o have
a relatively small reaction force exhibit a relatively 1|arge anmount of
conpr essi on ntixe torpdisdd ddgiectiofhe whdated rersitrl dsowevetohbisnudies
problemthat once it has been conpressed and deformed under pressure it
hardly is redeBPEdtid&t-he 20N ndheshdpaedo sturfade thenpnf, slfabthefor a

repeat ed operation. In contrast thereto, rubber is restored to the
origi nal shapROBFTetepéPRg theosgcaadad yuwhd R inige (M0 ng Clifar r disit o a

" "the event tor SBACBET: RIMAREE UAmtO; s JoSRERIINAR RS ubber | & (he -

st advantagFPPSAn?ESQE%heaﬁdint as defined in claimllo wherein said "
joint filling member has grooves to receive the end
portions of thc 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



33 ‘ the buffer material 118. In the present enbodi ment, rubber or
foanmed rubber is used as the buffer material 118 and, as shown in Fig.

7, voids 118a are formed in the buffer mterial—%1i8—atongthe—entire

circunference to increase the anount of deformation ffer materi al
118. The type of the buffer material 4 8, shape OUMHWBJEHMHEHI and
the anount of buffer material 118 are ‘deternined ha S st oyt he
vol ume of space necessary for introducing water which space is forned by
conpression of the buffer” nmaterial 118 when water pressure rises in the

event of an earthquake. In any case, it is necessary to determ ne a
val ue of water pressure which exceeds a value of water pressure applied

normal |y by ygt ghoftiHdredtd ivd e &birEeto beé wpennedietcgahBeting menbers 102,
102' and select a material, as the buffer nmateri al 118, which is

substanti al | Yoot q@fod iMEichdy tdingredet eamenesiuvpoe oéf hhfer ipi8dsure
“but is largely conpressed and deforned when the water pressure _has
exceeded thi gipnadet ermiverial, .concrete for the secondary lining
| continuously from -_'said one culvert unit to the other;
and
(d) cutting off a portion of a predetermined width of
the deposited concrete for the secondary lining between

the connecting members thereby to form a gap between the

culvert units to be joined.



val ue. An annul ar- spacer 116 made of foaned st

gap between the connecting nenbers 102, 102' for secf?ﬁhgsﬁﬁﬁi
performthe function of a buffer material. The opeREPHA he
flexible joint of this 37 enbodi nent -

wi |l now be descri bed. Normal |y, water presssure of |eaking water
filled In the space between the conneai ng nenbers 102, 102 and
outside of the flexible sealing nenber 111 is below the predeterm ned
val ue at which substantial defornmation due "to conpression of the

flexible_sealiﬁgiI neggﬁg éﬁé gisFts and, therefore, no substanti al
?Fforg?tlon o] I g nmenber 111 is produced and the
exible sea ingfﬁ% elljoi'ﬁtsb%oo&t@kghp&éhe outer sleeves 117  as
shown in Fig. 8 en an ear guake has occurred and the cul vert
units nove tqw % ase outside of the flexible.sealing

menber 111 between the | nner S|de wal | s 102a, 102a' of the connecting
menbers 102, 102' is

A flexible joint for a culvert includes a pair of
annular connecting members, a flexible sealing member
fixed to the connecting members, bearing means provided
radially inwardly of the flexible sealing member and
fixed to the connecting members for supporting the
flexible sealing member to prevent inward deformation of
the flexible sealing member. The bearing means may
coﬁsist of bearing bars arranged circumferentially or may
consist of a pa-ir of annular support members. The
flexible joint further includes cylinders fitted loosely
on the bearing bars. The flexible joint may further
include an annular joint filling member provided between
the connecting members for preventing flowing of
secondary 1lining concrete into space between the
connecting members and having'a thickness in the radial
direction which enables continuous depositing of the
concrete from one culvert unit to another culvert unit to

be joined together.

This Sheet Has Been Replaced




reduced and, therefore, water filled in this space is conpressed and
the-water pressure increases above the predeterm ned val ue. In this
case, the buffer material 118 filled between the sleeves 109 and 117 is
conpressed and deformed as shown in Fig. 9 and thereby provides space -
for introducing conpressed water and thereby prevents an excessive
increase in the water pressure. The inner sleeve 109 and the outer
sleeve 117 nove radially inwardly as showmn in Fig. 9. Ar which was
contained in the buffer material 118 e¥¢8pes from both sides of the

sl eeves 109 and 117 into the flexible joint 100. When t he earthquake
has ceased and the cul vert 35 units are
restored to their original positions, the erX|bIe seal ing nenber 111 is
restored to the original position shown in Fig. 8 Since rubber or foaned
rubber is used as the buffer materi al in,this enbodi nent, The buffer
material 118 whi ch has been conpressed ng d&forned IS restored to
its ori gi nal state. '




.Accordingly, the sleeves 109 and 117 nove radially outwardly to the
original positions shown in Fig. 8. Al ternatively, the cylinders 7
- of the bearing bar 3 as shown in Fig.1 may be provided and the inner

sl eeves 109 and 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 117. Alternatively, the
outer sleeve may be forned in the fordd®f a rectangul ar cylinder having a
di stance between the inner side walls thereof which is slightly larger
than the outer dianeter of the inner sleeve 119 and a buffer material may
be filled in a space in the outer sleeve radially outside of the inner
sleeve 109. In this case, the outer sleeve can slide in the radial

direction along the outer peripheral surface of tihe ithner | slegye 109
foll ow ng deformation of the buffegk material gnd restordtion*thereof to
the original shape. The presgqt TonveRtion i g applicablfe not ,only to
the culvert having the primary \in“ g pf segnmgnts and tlhe
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secondary |lining of deposited concrete as in the above described

enboedi nents but to culverts wusing other nmaterials. The invention is
applicable not only to a «culvert of a circular cross section but to

cul verts of other cross sections such as rectangular, oval and polygonal
cross sections. The flexible sealing nenbers may have other shapes.
than those illustrated in acconpanying draw ngs.

37 What is claimed is: 1. Aflexible3{®int for a culvert conprising:

a pair of annul ar connecting nenbers; a flexible sealing nenber of a
short cylindrical configuration nade of rubber or a synthetic resin with
end portions thereof being fixed to said connecting nenbers; beari ng
means provided radially inwardly of said flexible sealing nmenber eth end
portions thereof being fixed to said connecting nenbers for supporting said
flexi bl e sealing nenber to prevenm_lnmahd dedormation of said fleyible
sealing nenber, said bearing Rearf¥ &nsf¥ting of a plurality beari ng

bars arranged circunferentially wifth ja pkedkternined i nterval w tfeend
L n
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.portions thereof being connected to said connecting nmenbers in a nmanner
to be slidable. in the axial direction wthin a predetermned range
-and to be prevented from disengaging from said connecting nenbers;
cylinders fitted |l oosely on the outer periphery of said bearing bars and’
havi ng an axial |ength which is smaller than a distance between the
connecting nenbers in an initial stage of installation. 2. A flexible
joint as defined in claim!| wherein s&/® flexible sealing menber consists
of flexible sealing nenbers of two | ayers which are provided coaxially with
an annular train of the cylinders on the outside of said

38 cylinders. 3. Aflexible joint as defined in claim1l which further
conprises an inner.sealing menber of a short cylindrical configuration
made of rubber or synthetic resin provided inside of said. annular train
of the cylinders and coaxially with said cylinders, the end portion of
said inner sealing nenber being fixed to said connectin genbers. 4. A
flexible joint as definedS0a@any of clains 1 - 33 furthégoaconp;ising an
annular joint filbR2ng penber gn said copne2ng nenbers
for preventing flow LQipatinto a space
bet ween said coqgf




sealing mnmenber 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 lining fromone
culvert wunit to another culvert unit to be joined together. 5. A"

flexible joint as defined in any of clains 1 - 3 wherein said connecting
menbers have inner annular side walls which oppose each other and said
flexible joint further conprises a pai?/®f annular joint filling menmber
nmounting plates of a substantially L-shaped section each having an annul ar

peri pheral wall section extending in the axial direction and an annul ar
side wall section 39 ext endi ng
perpendi cularly fromthe annul ar peripheral wall section, said joint

filling nmenber nounting plates
thereof to the radially
wal | s of the connecting nenbers.
of claims 1 - 3

bei ng

6. A fl

*fixed at the side wal
i nner end portions of said inner annul ar
eXible joint as defined in any
further conprising cyIindr?Eal-outer sl eeves whi ch have

31¢

secti ons
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.an axial length smaller than the di stance between the connecting nmenbers
in.the initial state of installation and cover the cylinders |oosely, said
-buffer material being filled annularly in a space between the outer
peri pheral surface of the cylinders and the inner peripheral surface of °
the outer sleeves along the entire circunference of the cylinders. 7. A
flexible joint as defined in claim6 wherein said buffer material is
formed with voids along the entire ciet8nference. 8. A flexible joint
as defined in claim 6 - further conprising a buffer material filling
cylinders covering the cylinders |oosely and having a di stance between

the inner side walls thereof which is slightly larger than the dianeter

of the cylinders and wherein said buffer nmaterial is filled in a space in

the buffer material filling cylinders radially outward of the cylinders.
9. Aflexible joint for a culvert conprising: a pair of annul ar
connecti ng nenbers; a flexible seaIiEQ menber of a short cylindrical
40 _ = '
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configuration made of rubber or a synthetic resin with end portions
thereof being fixed to said connecting nenbers; bearing neans
provided radially inwardly of said flexible sealing nenber with end-
portions thereof being fixed to said connecting nenbers for supporting
said flexible sealing nmenber to prevent inward deformation of said
flexible sealing nenber, said bearin means consisting of a pair
of support nmenbers of a short cyli 8 cal configuration each having
an annular connecting section, a cylindrical outer eri pheral
support section extending nornally fromthe outer B €} tion of the
connecting section for prev@zt1@@bi ﬁ\?\ﬂrdﬂﬁeﬂ@@rmlozmﬁ f 1je’flexible
sealing nenber, and a side {wall \se§tion [extegding inwardlgy fromthe end

portion of the outer per THEE - t he
connecting section side, he Or t the/}lexible seal i ng
menber bei ng clanpeﬂ?zﬁgtme th ti I on éﬁf gae, support
menbers and the connec brs b a f clanr/z"i a p -
flexible joint as defspyged i np tl g further riding an annyl ar
joint filling menber provided 111 /1 :
%:]
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bet ween 8ai d eonnecting menbers for preventing flowing of concrete for a
secondary lining into a space between said connecting nenbers in which

said flexible sealing 41 menber can
stretch or contract and having a thickness in the radial direction

whi ch enabl es continuous depositing, along the inner surface thereof,
of the concrete for the secondary lining fromone culvert wunit to-

anot her culvert unit to be joined toget . 11. Aflexible joint as
defined in claim10 wherein said joint filling nmenber has grooves to

receive the end portions of the side wall sections of the support nenbers
and said end portions o.f the side wall sections of the support nenbers
are received in said grooves and bonded to the walls of the grooves by

nmeans of a bonding agent. 12. A method for instalédng a flexible
joint for a culvert conprising the steps of: (a) nting annul ar
connecting nenbers i ncluding cylindrical flexible*s I ng nmenber and

beari ng neans
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xespectlvely fixed at ends thereof to the conne01|H§PUM¥ﬂ%ENESHEEEq_
Surfaces of a primary lining of a pair of culvert uffits tﬂgetweeﬂ %'

_tpgether (b) __providing-an—-anndlar joint filling i Bt

or a secondary

nnectin nenbers for ev gting flowing of ¢ eT et e

:"fC’IOnI ng i ntgo a ﬁﬁﬁ& gl d connecting nenbers-in which. s = :X| bl e
ealin menber cont ract and havi ngf BERRAS BEE
fadlalg directio | bles %ontlnuous &éfg lKhEﬁﬂong cgﬁe
' f the concrete for the ‘seftondary—tipi oA
|nrerrfuLL?ce thereof. © 4 2 to anot her cul vert
nit Bie ve al ong the inner surface of the
joint filling material, ' concrete for the secondary lining continuously

from- said one cdl\R¢ibimiJoint tfrx otPelvertand (d) cutting off a portion

wi dth of the deposited concrete for the secondary
of n?ngfggtet,gggg{-%dgt of the Disclosure

A flexible_joint for a culvert includes a pair of
annular connecting members, a flexible sealing member
fixed to the connecting members, bearing means provided
radially inwardly of the flexible sealing member and
fixed to the connecting members for supporting the
flexible sealing member to prevent inward deformation of
the flexible sealing membef. The bearing means. may
consist of bearing bars arranged circumferentially or may
consist of a pair of annular support members. The
flexible joint further includes cylinders fitted loosely
on the bearing bars. The flexible joint may further
include an annular joint filling member provided between
the connecting members for preventing flowing of
'secondary lining eqncrete into space between the
connecting members and having a thickness in the radial
direction which enables continuous depositing of the
concrete from one culvert unit to another culvert unit to

be joined together. j_iﬁgmrelj
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'the eonnecting menbers thereby to forma gap bet
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Title of the Invention

Flexible Joint for a Culvert

_Ahst;gct of the Disclosure

A flexible joint for a culvert includes a pair of annular connectjng members (2,2_’), a ﬂe;fible
sealing member (5) fixed to the connecting members (2,2”), bearing means provided rac}1a11y
inwardly of the flexible sealing member (5) and fixed to the connecting {nembers (2,2 )'for
supporting the flexible- sealing member (5) to prevent .1nwa_rd defo-nnatlon of the flexible
sealing member (5). The bearing means may consist of bearing bars (3) arranged
 circumferentially or may consist of a pair of annular support members (3_5,35 ’): ’I'he ﬂex1ble
joint further includes cylinders (7) fitted loosely on the bearing bars (3). The flexible joint may -
further include an annular joint filling member (12) provided between the connecting
members (2,2°) for preventing flowing of secondary lining concrete ?r_lto .space l?etween the
connecting_members (2,2°) and having a thickness in the radial direction -vs-/hmh er-la'bles
- continuous depositing of the concrete from one culvert unit to another culvert unit to be joined

together. - - - )

. Fig. 1.



