REI NFORCEMENT STRUCTURE AND REI NFORCEMENT METHOD FOR UNDERWATER STRUCTURE
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
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REINFORCEMENT STRUCTURE AND REINFORCEMENT METHOD FOR

UNDERWATER STRUCTURE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a reinforcement
structure and a reinforcement method that reinforce an
underwater structure such as an offshore scaffold for cil

drilling, a sea berth, or a quay.

2. Description of the Related Art

In general, in an underwater structure such as an
cffshore scaffold for oil drilling, a sea berth, or a quay,
an embedment type rigid-frame structure having a plurality
of steel pipe piles positioned at the bottom of a body of
water and a superstructure work connecting the head
portions of the steel pipe piles is used.

The underwater structure having the embedment type
rigid-frame structure may be more firmly constructed
through reinforcement between the steel pipe piles with
inclined or horizontal brace members. If member jeints
(lattice points) can be bonded under water, there are many
advantages in terms of structure and construction. However,
there are many limitations on operations under water

compared to operations on land, and thus costs and



In general, in an underwater structure such as an offshore scaffold for oil
drilling, a sea berth, or a quay, an enbednent type rigid-frane Structure
having a plurality of steel pipe piles positioned at the bottom of a body of
wat er and a superstructure work connecting the head portions of the steel pipe

piles is used. The underwater Structure having the enbednent type
rigid-frame structure ma e fir nstructedthrough rei nf or cenent
bet ween the st&&° 5518¥I€lsmev\n il |lﬁ(<::n}‘%se ‘or horizontal brace nenbers. I|f

menber joints (I|at |ce oi nts)_ can_ be n r. t.here are many
advantages in ter ?Jr'n%? % @egndeEIE%? ﬁ %is%%hc \é/\gv%erthctch are many
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g er Wl % ogeg t| ons._on | and t hus
costs and const L&y GR ?er"r%tearres rH(?F%ﬁgéda JeCketAs¥a loorncer%%f] net hod
(construction rret %ﬁ%’ 801:%]%20 “uﬁ%%nde& ter tt[ Lé%h EgﬁC&.+xﬁ%n(kf%th %onst ruction

met hod has be€i h use IEohs ruc on
construction g o LD WL SRS A 5 ageneled o 'a;‘e?@t“dsf*gsngf. 5
|'s positioned éﬂllaﬂ% h%cg %aé%%i?% Eowe gnStJéﬁ% EnggrSl =] and is
temporarily placed and a steel pipe pile is positioned in
the jacket so as to be constructed under water.

Howevex, the jacket construction method has the
following defects. (1) In general, many structures in this
field are large, and thus there is a tendency of
manufacturing costs for manufacture on land to increase.

(2) There are many difficulties in transporting structures
having massive tares to a construction site, resulting in
an increase in cost. (3) In general, the scil at the sea
is soft, and thus a structure (jacket) manufactured on land
in advance has poor stability during installation. (4)
Therefore, in the jacket construction method, piles have to
be positioned again. However, a steel pipe in this part
has a double structure, and thus unnecessary members are
required, resulting in an unnecessary increase in member
weight. (5) For the above reasons, the jacket construction
method in which manufacture is performed on land in advance
requires a huge amount of cost, and a construction time is

lengthened.



However, the jacket construction nethod has the follow ng defects. (1) In
general, many structures in this field are large, and thus there is a tendency
of manufacturing costs for nanufacture on land to increase. (2) There are
many difficulties in transporting structures having nmassive tares to a
construction site, resulting in an increase in cost. (3) In general, the soi

at the sea is soft, and thus a structure (jacket) manufactured on land in
advance has poor stability during installation. (4) Therefore, in the jacket

construction nmethod, piles have_t It in. However, a steel pipe
in this part has a double strugpﬁﬁﬁgyéﬁgﬁﬁhugﬁﬁﬂﬂgggtsary menbers are
required, resulting.,in_an unnecessary_ increase in_.ne r_wei.ght. (5) For the
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having an embedment type rigid-frame structure including a

plurality of steel pipe piles and a superstructure work

that connects head portions of the steel pipe piles,

wherein a casing pipe having an inside diameter greater

than an outside diameter of the steel pipe pile is provided

at an end portion of the brace member, and the brace member

is joined to the steel pipe pile by filling a gap between

the steel pipe pile and the casing pipe with a grout

material in a state where the steel pipe pile is inserted

through the casing pipe-

According to the present invention, there is provided
a reinforcement method for an underwater structgre, which

reinfeorces, with a brace member, an underwater structure

having an embedment type rigid-frame structure including a



According to the present invention, there is provided a reinforcenent nethod
for an underwater structure, which reinforces, with a brace nenber, an
underwat er structure having an enbednent type rigid-frame structure including
a plurality of steel pipe piles and a superstructure work that connects head
portions of the steel pipe piles, the nethod including: by using the brace
menber provided with. a casin ipe that has an inside diameter greater than an
out si de di amet urt?fllttﬁ’e"gt %%?egil:ﬁfep??‘éeﬁta cﬁaer?a‘pﬁﬁff%%t‘ﬁeerwé’ ' inserting
the steel pipe pile into the casing.pipe d thereafter filling.a gap between
the steel pipet$%q<?QEﬁ8°Fﬁeh% i j%ﬁgﬁg & t %1%5%8§tpﬁ%?e$% 3er %ﬁ@reby j oi ni ng
the brace nmenber _to the steel pipe pile According to the structure and
the method.  byRFTIT Gt RESTRD Db GeIaEN IR AETBEBoREBFAAALEd T 2t he end
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and thereafter filling a gap between the steel pipe pile
and the casing pipe with a grout material, thereby joining
the brace member t¢o the steel pipe pile.

According to the structure and the method, by filling
the gaps between the casing pipes provided at the end
portions of the brace members and the steel pipe piles with
the grout material to join the two, unlike in the related
art, the reinforcement structure may be easily constructed
at a site without the need to manufacture the reinforcement
structure con land in advance. Moreover, an operation of a
diver may be eliminated or significantly reduced, and thus
the underwater structure may be reinforced at low cost in a
short pericd of time.

In the reinforcement structure, in the casing pipes,
the rubber tubes that block the openings of the gaps formed
at the end portions in the insertion direction of the steel
pipe piles and the casing pipes by expanding as a fluid is
injected into the rubber tubes may be provided. In

addition, the brace member may be a tie rod of which the



In the reinforcenent structure, in the casing pipes, the rubber tubes that

bl ock the openings of the gaps forned at the end portions in the insertion
direction of the steel pipe piles and the casing pipes by expanding as a fluid
is injected into the rubber tubes may be provided. In addition, the brace
menber may be a tie rod of which the end portion is connected to be rotatable
wWith respect to the casing pipe. Mreover, the casing, pipe nay have a
structure divi PPAEHOP d?gﬁﬁWEEHaF?gb?rFQfaﬁégiﬁhg+§h THRPECT SR surroundi ng
the steel pipe pile. . .In the reinfor emant,msthodé rubher tubes may be
provi ded at end'$GREIBASPIRE an MOFEAVET on™Rft IS PENPHPE tHYY SYAY& 2pipe pile into
the casing pipe, and after inserting the steel pipe pile into the_casing pipe,
a fluid may bé?’iﬁcéé‘lrédd?'?]’c‘%ecfﬁé‘tPugﬁgqu%? P@rgﬁpgﬂoatl?‘?e“ﬁ?ﬁﬁéﬂ' t ubes
before the filling with the grout nmaterjal, Lhereb¥ bl ocki ng openi ngs of the
gap forned at HESHICpBREF 09 the ekt (R%8% &ir8ction of the steel pipe
pile and the casing pipe_ Atje rod of which an_end portion is connected to be
rotatable with resgﬁngFor +ﬂ£QE£§Fﬁﬁtp?fﬁp?ﬂn/q&€%8§eguEEFtWﬂ¥ B¥ace menber .
Furthernore, as the casin %i e, .one that has a strugture divided into two or
more parts in REYeAeHnar afndi Nl %ﬁr?%nﬁﬂﬂ%ﬁ&lPﬁe_%f%ﬁﬁlﬂﬂ[? pPRe may be
provi ded at. boUIFndarsr PiHe BrAEoehBery Pitbunted FEreho UG8 pe pi | .

t he one casing pi pe may be noved downward al ong the Ste | pe pile, and

t her eaf t er thetiérﬁﬁee&aEFﬂﬁ Ril5e P&y bee ntRAHHEd 6%t h i?ég Jp%ﬁ pi pe pile.
According to the present invention, by filling the gaps between the casing

pi pes provi dedn}j&éjcttﬁél éﬁaop‘f}?‘%i er %ubes to gexpand %Be rubber tubes

before the filling with the grout matexial, thereby
blocking openings of the gap formed at the end portions in
the insertion direction of the steel pipe pile and the
casing pipe. A tie rod of which an end portion is
connected to be rotatable with respect to the casing pipe
may be used as the brace member. Furthermore, as the
casing pipe, one that has a structure divided into two ox
more parts in a peripheral direction surrounding the steel
pipe pile may be used. In this case, after one casing pipe
of the casing pipes respectively provided at both ends of
the brace member is mounted to the steel pipe pile, the one
casing pipe may be moved downward along the steel pipe pile,
and thereafter the other c¢asing pipe may be mounted to the
other steel pipe pile.

According to the present invention, by filling the

gaps between the casing pipes provided at the end pertions



of the brace nenber and the steel pipe piles with the grout material to join
the two, unlike in the related art, there is no need to nanufacture the

rei nforcenent structure on |and in advance, and noreover, an operation of a
diver may be elimnated or significantly reduced, thereby reinforcing the
underwat er structure at |l ow cost in a short period of tine. BRI EFDESCRI PTI ON
OF THE DRAW NGS FIG 1 is a configuration diagramof, a reinforcenent
structure of aﬂfUHH%FWEFErmET?%RxﬂﬂHEté%cﬁFﬁ?%mP%ﬂ? ALEfDbBHFREM® GTo%he present
i nventi on; FIG 2 is.,an explanatory_ vjew illustrating an exanple of the
construction oPHeFCIF & dPhR otk rieier Hé?‘%%i ‘flbrthtenéegﬁﬁﬁgv\%?*e'r hEtgct ur e
according to the enbodinent, FIG 2(A) is an, explanatory viewillustrating a
state where st®®2if5EhiFPeBaR LR it CBReHe R HIREGEt %HFB‘FW‘H-’E Pea, FIG

2(B) is an explanatory viewillustrati ngﬁa state where a_horizontal brace

menber is instafPEEHENEBASt WS TEHCOBRPe BT IMETASIAPL AE &t RYEPT MAYstrated in

FIG 2(A), and FIG, . e . .
be eliminated or significantly reduced, thereby reinforcing

the underwater structure at low cost in a short period of

time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of a reinforcement
structure of an underwater structure according to an
embodiment of the present invention:

FIG. 2 is an explanatory view illustrating an example
of the construction order of a reinforcement method for the
underwater structure according to the embodiment, FIG. 2(A)
is an explanatory view illustrating a state where steel
pPipe piles are positioned at the bottom of the sea, FIG.
2(B) is an explanatory view illustrating a state where a
horizental brace member is installed between two steel pipe
piles from the state illustrated in FIG. 2(A), and FIG.
2(C) is an explanatory wview illustrating a state where
inclined brace members are installed between the two steel
pipe piles from the state illustrated in FIG. 2(B):

FIG. 3 is a plan view of the underwater structure

illustrated in FIG. 1;



2(C) is an explanatory viewillustrating a state where inclined brace nenbers

are installed between the two steel pipe piles fromthe state illustrated in
FIG 2(3); FIG 3 is a plan view of the underwater structure illustrated
in FIG 1, FIG 4 is a partial cutaway perspective view illustrating a
state where casing pipes are bonded to the Steel pipe pile; FIG .5 is an

expl anatory view il trating an .ex le_of the construction order of a

bondi ng et hod for THe. & 81 Lo I BUSAUeY RESEEe TR B BES R G 5(A) is an
explanatory view illustratin state where the steel pipe.pile i.s inserted
 nto the chsi ntLBIPEETEoE PHALITER AP a BT didicsr AT ROACPATGHC 08 (1 on, FIG
5(3) is an expgﬁngoG'evieT/LIIustrating a state where rubber tubes attached
to the casing %esp’ paﬁé ffomthe state illustrated in FIG 5(A), and FIG

S(0) 1, an explanatory, W e LSS AL, B MIBLE SRS Belyisen (e Stcel
P De P19 NN Ca00 LS, Al L DEUIRG, KR8RE"CALEL, gt e stace
lustrating the bonding, st LHe' M pABELCFIAY Pie1sA0d L Slselypipe pile
view illustrating a state where the steel pipe pile is
inserted into the casing pipes to be installed at a
predetermined height position, FIG. 5(B) is an explanatory
view illustrating a state where rubber tubes attached to
the casing pipes expand from the state illustrated in FIG.
5(A), and FIG. 5(C) is an explanatory view illustrating a
state where gaps between the steel pipe piles and the
casing pipes are filled with a grout material and the steel
Pipe piles and the casing pipes are firmly joined to each
other from the state illustrated in FIG. 5(B):
FIG. 6 is an exXplanatory view exaggeratedly
illustrating the bonding structure of the casing pipes and
the steel pipe pile using the grout material;
FIG. 7 is a configuration diagram of a reinforcement
structure according to a modification of the reinforcement
structure of the underwater structure illustrated in FIG.
1;
FIG. 8 is a configuration diagram of a reinforcement

structure according to another modification of the



FIG 7 is a configuration diagramof a reinforcenent structure according to a
nodi fi cation of the reinforcenent structure of the underwater structure
illustrated in F.70. 1, FIG e is a configuration diagramof a

rei nforcenent structure according to another nodification of the

rei nforcenent structure of the underwater structure illustrated in FIG 1;

FIG 9 is aplan viewillustrating a casin | pe _having_a_divided structure
Used i n the relTOESTBRPS STTARTURE PEI BOT RO RO BP9 S FIG 10 i's
a configuration diaggram.llu ating an exanple of the construction order of
t he reinforcent u%%a%sa f%rﬁ‘%‘e Nnderwat er structure illustrated in FIG 8,

FIG 10(A) i | t ' il.lustrati tate_wh / ' '
of the 1 nbl i ned br 406 manbEr | Rl L B ol 1§ TISRE0t 8 CAE L GAPDI po pi e and

FIG 10(8) is ﬁgvien)galaagg%gcﬁgd Vsltervﬁ/lcltlulrgszlggélfrg t%esgrggrezfg@gerrr?enqy | overing

structure illustrated in FIG. 8:; and

FIG. 10 is a configuration diagram illustrating an
example of the construction order of the reinforcement
method for the underwater structure illustrated in FIG. 8,
FIG. 10(A) is an explanatory view illustrating a state
where one casing pipe of the inclined brace member is
temporarily fixed to the steel pipe pile, and FIG. 10(B) is
an explanatory view illustrating a state where by lowering
the inclined brace member from the state illustrated in FIG.
10(A) and fixing the one casing pipe to the steel pipe pile,

the other casing pipe is fixed to the steel pipe pile.

DETAILED DESCRIPTION COF THE PREFERRED EMBODIMENTS

Hereinafter, an embodiment of a reinforcement method
for an underwater structure according to the present
invention suitable for a reinforcement structure
constructed using the method will be described in detail
with reference to the accompanying drawings.

First, before describing the reinforcement method for
the underwater structure, a reinforcement structure D of

the underwater structure constructed using the



the inclined brace nenber fromthe state illustrated in FIG 10(A) and fi xing
the one casing pipe to the steel pipe pile, the other casing pipe is fixed to
the steel pipe pile. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Herei nafter, an enbodi nent of a reinforcenment nethod for an underwater
structure according to the present invention suitable for a reinforcement

structure constr ed usi d wi he.d scr n detail with
reference to tﬂee" @Egﬁﬂﬁﬂgg%egt%%ﬂa be éesc""':"ll—;‘e ge;f% eered"ézchFbl ng the

r ei nf or cenent hqod for the undermater structure, a rei nforcenent structure D
of the underwat®t” structure constructed using the

FIG. 1 is a configuration diagram ¢of the reinforcement
structure D of the underwater structure according to an
embodiment of the present invention.

As illustrated in FIG. 1, the underwater structure
(water area structure) A is a pier having an embedment type
rigid-£frame structure including a plurality of steel‘pipe
piles (supports) 1 positioned by being embedded into the
bottom of the sea (the bottom of a body of water) B and a
superstructure work (upper structure) 6 that cecnnects the
head portions of the steel pipe piles 1, and the steel pipe
piles 1 are firmly connected using the reinforcement
structure D. The superstructure work 6 is installed above
the surface of the water C, that is, in the air.

The reinforcement structure D according to this
embodiment includes horizontal brace members (brace
members) 2 that connect two steel pipe piles 1 and 1 in the
horizontal direction for reinforcement, and a pair of
inclined brace members (brace members) 3 and 3 that connect
the two steel pipe piles 1 and 1 in a diagonal manner (X-
shape) above the horizontal brace members 2 for
reinforcement. The horizontal brace membexs 2 are firmly
joined (rigidly joined) by respectively inserting the steel

pipe piles 1 into casing pipes (outer inserxtion pipes) 4



rei nforcenent nethod will be described wth reference to FIG 1. FIG 1
is a configuration diagramof the reinforcenent structure D of the underwater
structure according to an enbodi nent of the present invention. As
illustrated in FIG 1, the underwater structure (water area structure) Ais a
pi er having an enbednent type rigid-frame structure including a plurality of

t eel pi il , t I iti d_b nbedded. i nt.o the bott f
The Sen (the BOATOMEE o5 BOHY SRAErsoR Al 10a08r SETRCIUTE AR k (upper
t t 6 that t he head ti th t | i il 1, d
The ot ool pi pebTIREeIogrS §1T7R o Bt PRIt LCAE. TRIHIBE Ghent st uet ur e
D. Thga superstructure rk.6 is | nsgﬁl | %g a{)ov.e t he suB{ace of the wat er C,

that is, in theeHECEIvely PRertding 5RgeRbht MG Pires D it fidtd ™ this

enbodi ment i ncludes horizontal brace.nmenpers (br.ac ers) 2 that connect
two steel pi pep’pﬁsfsesmftﬁﬁd"’is?’ﬁ’t%PﬁB???o%t%ﬁ(wd%’%cg?om%"? 2er}désl nf or cenent ,
and a pair of inclined brace nenber br ac er 3_and 3 that connect the
two steel pipei¥E-1 Afid 1 ?I?Paared‘i%agﬁlﬁl gﬁﬁ%r t?’é SRAPYY RIS 4 he

hori zontal brace rﬁoers 2 for rei.nforcene The i zontal ,brace nenbers 2

are firmy joi M Y HJRALGFBT rfélﬁldﬁydﬁﬁjgﬁg‘%:‘?ﬁ \}:E\aﬁ?hi%hge?‘ﬁsﬁgd% he steel pipe

il 1 int ' ' t [ ti ' 4 id t both d
Phereof . S i |SHYPEEhBE, RRFI AP ARER. Ronbers. $1r BOFH RIS TR (11 gi di y
joined) b tively i ti t.h [ pi il 1 int [ [
Louter i nber I BRAES) 260pF b0 H e hOER IR doP=Y A= | s apparent 17 om

FIG 1, the casin ilp S and. 5 have |arger jnside.dianeters_ than the outside
i ameter of {HETUSEIToR BE BTTE- TR HGr T SohtA  FPA0e TErberS DM ¢ he
i nclined bracel{ﬁgﬂggéieg,n?ysggkion steel, tie rods (see FIG. 8), or
cables.
Next, the reinforcement method for the underwater
structure will be described.
FIG. 2 is an explanatory view illustrating an example
of the construction order of the reinforcement method for
the underwater structure according to this embediment, FIG.
2(A) is an explanatory wview illustrating a state where the
steel pipe piles 1 are positioned at the bottom ¢f the sea
B, FIG. 2(B) is an explanatory view illustrating a state
where the horizontal brace member 2 is installed between
the two steel pipe piles 1 and 1 from the state illustrated
in FIG. 2(A), and FIG. 2(C) is an explanatory view
illustrating a state where the inclined brace members 3 are
installed between the two steel pipe piles 1 and 1 from the

state illustrated in FIG. 2(B).
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configured of arbitrary structural materials such as pipe-Ilike bodies,

| -section steel, tie rods (see FIG 8), or cables. Next, the

rei nforcenent nethod for the underwater structure will be described_ FI G
2 is an explanatory viewillustrating an exanple of the construction order of
t he reinforcenent met hod for the underwater structure according to this

enbodi nent, FI G 2 is, an nator view illustratin astate where the
steel pipe piles 1 %?19& BB%IJE?HE&Tc&EneP S HHTGHR P tReCTEERCeLs 2(5) is an

explanatory viewillustrating a state W{.Jer t.he h0|zo ce rrerrber 21is
instal | ed bet Yhé@sSt &iig?‘g@teﬁ pe 5 ESfﬁ.A)an& 4 PF%ﬂ"l’E%é’é Si |1 ustrated
in FIG 2(A), and FIG _2(C anatory view illuystrating a.state where
the inclined b? g%nﬁergﬁ% H th?g’éi"?’%oo%ett"(ﬁegﬁpﬁﬁeg?%l%q &eP¥pe piles 1
and 1 fromthe state illustrated. in FGiL % % e r.ei nforcenent
structure D .sl%&ww&&?éad) foF dtne 5&@% | BT RDESi h BF Ry ng Blurality of
lines (in FIG 2, &gnfl uration \A@egqpesf% air
exenpl i fi ed) o?aJtIHe & ﬁ‘??)%“d‘ﬁee§ § AReedv 6“5 ﬁ?r R ch constitute
t he underwat er str cl? re R are inst g ggép se eac ot her J;Iext as
illustrated i ' EHEERFC PRROS] &&1° %p e’ﬁil *raftd i kit ir are
i nserted and m)unttég into thet C%LSJIB’?% |ﬁﬂe.s 41 and 4}_ EI’OVI. ded at_.both ends of
the horizont al F¥fac BlenhBf Ste Guent £y, £89 4 GSFPAPRP iRFH @F%2(0), the
steel pipe plles 1 and 1 form air. _are inserted and ted i t he
casing pipes 5 W@%Fﬁgl la%‘an%ﬁ(tgd Hﬂ’tl%ﬁ ERBsCRTHhE PRSI | nﬁggb{]é’cré’vﬁ‘%ﬁ%e
t hereby install rlg he i.ncl| e% t}l n?elgs 3 abagye the horizontal brace
menber 2. Last?y, ERFgs Pt at oﬁllgP < PFutture work 6

Subsequently, as illustrated in FIG. 2(C), the steel pipe

piles 1 and 1 forming a pair are inserted and mounted into

the casing pipes 5 and 5 provided at both ends of the

inclined brace member 3, thereby installing the inclined

brace members 3 above the horizontal brace member 2.

Lastly, as illustrated in FIG. 1, a superstructure work 6

is installed at the head portions (upper ends) of the steel

pipe piles 1 and 1 forxming a pair.

The steel pipe pile 1 is a support that is vertically

positioned at the bottom of the sea B by a pile driving

machine using an offshore pile driving boat in orxder teo

construct the underwater structure A. The horizontal brace

members 2 and the inclined brace members 3 that constitute

the reinforcement structure D are assembled between the

steel pipe piles 1.

As the oxder of assembly of the horizontal brace

11



is installed at the head portions (upper ends) of the steel pipe piles 1 and 1
formng a pair. The steel pipe pile 1 is a support that is vertically
positioned at the bottom of the sea B by a pile driving machi ne using an

of fshore pile driving boat in order to construct the underwater structure A
The horizontal brace nenbers 2 and the inclined brace nenbers 3 that

constitute the r |nforce nt. stru tur are assenbl bet ween .t he steel pipe
piles 1. As tr'f%eng’red:ér angsElé?rﬁl 6PeSh]8r?ﬁﬁ |mﬁ5’% gd% %we‘?f’er'fﬁ’ﬁrs 2 and the
inclined brace neg?ens 3 b tmeen teel first, as

illustrated i % P2P§) P %R Jsta&& pi P~ T fqéﬁagifa%ﬁ‘g Ji%sFé'ﬁ ed from the

ds the f to th d 4 ded bot d t
oF Pthe hor i 2ok B ‘bt aesHERbAES BITE8 T %rb%?ﬂu S LREEE R st a s T es 1 and
1. In addition, the harizontal IS nDu ted . tp the steel pipe
piles 1 and 1 4RPSF ﬁgdegﬁ?ﬁ?%dr%«?ﬁ f)%%’frﬁ SHPEY | o\arr\‘i‘1 n‘g RYRYIEESi ng pi pes 4

d 4toth t | 1 din bondi h d d bed
Fater- O ' haf Gt PRabRO PRI G B & %‘Cﬁé’%a‘g%b-cyraf%@ Sk fe pi les 1

d | i ted f h ds ther t he 5 d>5
Br ovi L et ied Lo Lhe. pher. andeLier %reigeﬁﬁm ﬁ?sad‘q%ot"eﬁﬁfespﬁﬂd Lo
t he steel plpe iles .1 and 1? In add tlog t he cI| ed br ace 31is
mounted to the* et&"‘lrlﬁl"BEa ’éascel“? °% tl%’?ﬂ ﬁlﬁlé%i ?1%7%?158& tion by

joining the Cﬁ% %egmain%eg ?‘g?aerpredetcggmfrgec?lhﬁg%% glolsae.élon aby :JC::LaCCOr ding to

a bondi ng net
the casing pipes 4 and 4 tc the steel pipe piles 1 and 1

according to a bonding method described later.

Thereafter, as illustrated in FIG. 2(C), the steel
pipe piles 1 and 1 are inserted from the upper ends thereof
into the casing pipes 5 and 5 preovided at both end porticns
of the inclined brace member 3 to correspond to the steel
pipe piles 1 and 1. In addition, the inclined brace member
3 is mounted teo the steel pipe piles 1 and 1 at a
predetermined height position by joining the casing pipes 5
and 5 to the steel pipe piles 1 and 1 according to a
bonding method described later.

Finally, as illustrated in FIG. 1, the superstructure
work 6 such as concrete is installed at the upper surface
portion of the underwater structure A using the upper end
portions of the steel pipe piles 1 and 1 as an aggregate,
thereby constructing the underwater structure A having the

reinforcement structure D.
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Finally, as illustrated in FIG 1, the superstructure work 6 such as concrete
is installed at the upper surface portion of the underwater structure A using
t he upper end portions of the steel pipe piles 1 and 1 as an aggregate,

t hereby constructing the underwater structure A having the reinforcenent

structure D. In addition, in this enbodinment, as illustrated in FIG 3,
a case where four groups of the steel pipe piles 1 formn air, that
is, four steel pipé ﬁiigé’%l‘?n'cdﬁsf#‘f'ﬁt%‘&? er fat gﬁj%stltﬁ?%e{ﬁqr é%A%ixg'

exenplified. However, as a matter of course, the nunber of,.steel pipe piles 1
may be appr oprirafelCfSEndhyEy. four grRB&?Péﬂ:h&ﬁﬁﬁFg RP% R 156h iﬁgdnit hod for

the steel pipe piles 1 and the casing_pipes 4. and 5 wiJl he described.

FIG 4 is a part¥afdcat By ﬁg’ﬁaézpééti ggu’gisé?ﬁqll P&E?r%}Jr?nga c&‘é‘gét%ﬁre t he
casing pipes 4 and 5 are bonded to the steel pip .giledi. FIG 5.is an

expl anat ory vieW UPOGEYREET rf ST EXEnPI £ oFE ﬁ&lgb 4t r i1 %or @&r 20f the

bondi ng net hod for the steel ipe pile 1 and the casi ng. pi s 4 and 5, FIG
5( A) ig an exrﬂ%trof’ g?we,p t%e gumber oP stee‘i pipe J.PeéJ%. may ge

appropriately changed.

Next, an example of the bonding method for the steel
pipe piles 1 and the casing pipes 4 and 5 will be described.

FIG. 4 is a partial cutaway perspective view
illustrating a state where the casing pipes 4 and 5 are
bonded to the steel pipe pile 1. FIG. 5 is an explanatory
view illustrating an example of the construction order of
the bonding method for the steel pipe pile 1 and the casing
pipes 4 and 5, FIG. 5(A) is an explanatory view
illustrating a state whexe the steel pipe pile 1 is
inserted into the casing pipes 4 and 5 to be installed at a
predetermined height position, FIG. 5(B) is an explanatory
view illustrating a state where rubber tubes 10 attached to
the casing pipes 4 and 5 expand frem the state illustrated
in FIG. 5(A), and FIG. 5(C) is an explanatory view
illustrating a state where gaps 7 between the steel pipe
pile 1 and the casing pipes 4 and 5 are filled with a grout
material 8 and the steel pipe pile 1 and the casing pipes 4
and 5 are firmly joined to each other from the state

illustrated in FIG. 5(B).
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illustrating a state where the steel pipe pile 1 is inserted into the casing
pipes 4 and 5 to be installed at a predeterm ned height position, FIG 5(5) is
an explanatory viewillustrating a state where rubber tubes 10 attached to the
casing pipes 4 and 5 expand fromthe state illustrated in FIG 5(A), and FIG
5(C) is an explanatory view illustrating a state where gaps 7 between the

steel pipe pile 1 and the casjing pipe and 5 are fi]led with a grout
material 8 and the 18t EBF PPREAA I“@tg°9(n&3?:1’fﬁ'n@a§teﬁ5°ﬁl peP F¢ 5 are firmy
joined to each other fromthe state |IIustrated in FI%21 S%Q In the
bondi ng met hoocis'jlé’ignipl’rgenﬁt F\%‘ﬂ) ) Wﬁ‘tlﬁ the Vi ﬁFpet 7 RiEFch i s one

menber, the steel pipe, pi is the other nber 1S|nserted|nastate

where t he gapspylearlewb‘ﬁﬁbl H%d:hear?&hﬁﬁemﬁ%%r ?'Sarlé‘sFFF?%dl%ac %% grout

mat eri al (expansive joining materi al uch as _an ex sive (see FIG
5(0)) in the SIS WhEr 82Phe’ AR PRI ﬂag %1’ |3 Ghe Fﬁgga?e%l’?‘?régg ﬁe casi ng

pipes 4 and 5 (see FIG 5(A)), thereby bonding the steel Dpi pile 1 and the
casi ng pi pes 4"¥%) Shiet ﬁrgﬁbd%fretﬁaﬁ'r é§§8?%s’a‘fﬁj 3§&ﬁé§90 at0$ f &r&B‘F mat eri al
8 (see FIG 4). As illustrated in FLG at gper end portions of
the casing pi &% 3 &F82551% Fea5tak (FFﬁnE;EGposrtq’dnéngtﬁ ds@a%l“e"ﬁrﬁr ot rude
inward in the radial direction and thus blo %é; the u %enl ngpﬁsf the gap 7
with the steel i e BllieaP’elebrloﬁsdéBsFﬁt Ve © the | ower

end portions of the casin es 4 and 5, r of flan e portions 9 and 9
whi ch pr ot r ude®ihwar &eieanﬁ g?ﬂi’al t&FF@EX’%‘ﬁ"W Fﬁﬁssbg?ﬂ:kp’tﬂf‘eﬂ r opening

of the gap 7 th the steel pipe pile are provided-in_advance. Bet ween
R
the flange por CaRBSEN AP RECh %ofl 21 h&t ?}gp@é?paé’ﬁdc’BoPF?%?t‘éredr‘?d‘dt he | ower
end portions, the rubber tube 10 is dis o be along the entire
periphery. For3@&&iiRe °fatpe Bt nﬁ‘ltFrgﬁfs)pg Fggo(ggt illustrated) such as

a conpressor is connect ed to each, of__the _rubber, tubes ia an air tube 11.
I n tg fl ange Porti‘onslevgh Hateg in FIG. 5, at the upper 10nd poratlons of

the casing pipes 4 and 5, & pair of flange portions 8 and 9
which protrude inward in the radial direction and thus
block the upper opening of the gap 7 with the steel pipe
pile 1 are provided in advance. Similarly, at the lowex
end portions of the casing pipes 4 and 5, a pair of flange
portions 9 and 2 which protrude inward in the radial
direction and thus block the lowexr opening of the gap 7
with the steel pipe pile 1 are provided in advance.

Between the flange portions 9 and 9 at each of the
upper end portions and the lower end portions, the rubber
tube 10 is disposed to be wound along the entire periphery.
For example, a pressure air supply source (not illustrated)
such as a compressor is connected to each of the rubber

tubes 10 via an air tube 11. In the flange portions 9 and
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9 at the upper end portions, an air ventilation hole 14 for facilitating air
ventilation in the gaps 7 is forned. A bonding material injection tube 12
for injecting the grout material 8 to fill the gap 7 and a bondi ng nateri al
checking tube 13 for checking whether or not the gap 7 is filled with the
grout material 8 are connected to the casing pipes 4 and 5. The bondi ng

mat eri al checki ng tuhe .the inject) f. t-he.grut materia
8 on the wat elr<é vﬁ%er?%%eluéée%x neér:&g%%tl ongheﬂéuar a%ngﬁﬁ%ﬁeoﬁ/a}%oelr% &Q gﬁﬁ t he
i njection statuys_.af. . th rou Lial y..he cke ter using an
underwater TV %%c rléc,atgngrra# "%%F?%%& %@cﬁh\?&eggggrktﬁ%%%emﬁ When t he
steel pipe pile 1 i,s,bonded tq the.casin i d irst,. the casing
pipe 4 (or 5) is s@sggﬁgéﬁgvfﬁ era;l"avj\'/i ?‘83?%%£°r€§:,%hfés§ oa/‘g?e%uteoc%él_ sgh?he st eel

giset to a

u

D Db er o men HET AREELER (OIS0 I L AN MR BPBEn&INY, A g1o0t (10 2

predeterm ned fieiy poSition (see _ sequent S8

or ti ons 6 andotr A SRS HETLSHar FuRt Bar N B t nET i Tedd port on of

th i i pe; . t I tube 10

beeeggz:ﬁgdplbsﬁaﬂfel(dgi}"&%gaﬁlge a%)rcfe%gg@fqﬁ%%aefoérz aeg\xepg:%sﬁl}‘%ﬁf:g%gt%%%egs gr gssur ga d
ir, f lLe,. t he, | . i

of the rubber TUBES FOPSPne Siba nao Bast e e ke B0 "and the

| ower end po”ihe“r%ag}‘e é:ﬁqg‘ékgé‘x?e 7sinejte%%g;ﬁhs§ﬁ£’9&£ oefqgh%i()gébgefxg%%a%igﬁ lgnser tion

direction of t pi pé pi e casi'n € closed by the
di 0 I ' t
11 Ustrated | roFI e SRERE pReh ARG seebedt B e BrEee SR Enn the bondi ng
terial iniecti be 12 . . S . o "
11 ust rat ed) | AT 388 B horimsan o P i o, 9506E RGBT 100 ondi ng

the casing pi prg?%;%earl}%eékgﬁ ﬁ%e:sr\»%eclerpiaggngizérgr%nd Ir@ia%%gi &60%56{?&%? gi r tube

11 and the bon material injectiontu etached af e grout
material 8 har§§%§& submarine, a diver, or the like.

When the steel pipe pile 1 is bonded te the casing
pipes 4 and 5, first, the casing pipe 4 (or 5) is suspended
with a wire rope 15, is lowered to cause the steel pipe
pile 1 to be inserted therethrough from the upper end, and
is set to a predetermined height position (see FIG. 5(R)).
Subsequently, pressure air is sent from the aixr tube 11 to
the rubber tube 10 installed between the flange portions 9
and 9 at each of the upper end portion and the lower end
portioen of the casing pipe 4 (5) so as to expand (see FIG.
5(B)). The rubber tube 10 may be expanded by a fluid, and
as the fluid for expansion, as well as pressure air, for
example, pressure water or the like may be used.

Due to the expansion ¢f the rubber tubes 10, the
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The grout material 8 is made by, for exanple, incorporating a comrercially
avai |l abl e expansive material that is used for chem cal prestressing concrete,
concrete cracking prevention, or concrete inconpressibility, into cement
nmortar in order to exhibit expansibility during nortar hardening, and firmy
bonds the casing pipes 4 and 5 to the steel pipe pile 1 with expansion

pressune end adieslon (400 M e s corriof S B IE BT,
o 5, and e sLeclpupe Bl Sl oLag. UIE S (L GILAGR o S |
deforred Lo begiguet,do favg B LAY, SN E0 8 A phggt | o
(1,251 1Pl begd 200,521 & SULEEL 0oL & 30 G0 - a0 g Cahor o
(e grout TRt oLl Ouk 0 okEel PR Lok, e dRcsensl prqu gt er 61 B
o, 5, 2re, T JALryondsd g Lheaoh ol atpe. il el df ARG

order to further_increase the adhesi o the.steel pipe pile 1, a projection
(not iIIustreuQﬁfFrﬁﬁé BBIBTFHAH &S 8n9?h PP ona nﬁhﬁ$éﬁ§%&%| surface of the

_ _ ( _ out'er pe%I _ : _
bonct 19 pOr o3 S48 Sheele RUBR BALSsdegcagy, EShaTab el POMMERL 00
reinforcement StriGuuEgeDol 4 1% rddRiVel Sl ot hl | 40000 @l FIG 1.
4 and 5 to the steel pipe pile 1. 1In addition, the air
tube 11 and the bonding material injection tube 12 are
detached after the grout material B8 haxdens.
The grout material 8 i1s made by, for example,
incorporating a commercially available expansive material
that is used for chemical prestressing concrete, concrete
cracking prevention, or concrete incompressibility, into
cement mortar in order to exhibit expansibility during
mortar hardening, and firmly bonds the casing pipes 4 and 5
to the steel pipe pile 1 with expansion pressure and
adhesion during the hardening.
FIG. 6 is an explanatory view exaggeratedly
illustrating the bonding structure of the casing pipes 4
and 5 and the steel pipe pile 1 using the grout material 8.

As illustrated in FIG. 6, the peripheral wall of the

steel pipe pile 1 is deformed to be narrowed to have a
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The reinforcenent structure Dillustrated in FIG 1 has a configuration in
which the steel pipe piles | are vertically positioned at the bottom of the
sea 3 and the steel pipe piles 1 and | are parallel. However, the

rei nforcenent structure D1 illustrated in FIG 7, for exanple, constructs an
underwat er structure Al having a configuration in which the steel pipe piles |

o D03 A0 PSR RP S el sl 50,8 0

to cause the df et ween pt pe piles 17an

hor i zont al  or S SRNBOPE 2614 A BRFSE-TD HavBen o W Ho AL ncl u ng.

. Q & . .
hori zontal brdté onfi gu =10 S ct'@re®i ncl udi ng

an i nner inserc;[f' %ﬁggg%gériﬁgln%ltzp%saqdagg Ig)ugleer Siu%ﬁgéftggﬂt tr?.rﬁicg%og;,bo hr ough

whi ch the inner eri al s i nser si'm he inclined
ofi g

brace nmenber 3 j ed t.q haye ivid cture incl.uding_an inner
insertion mat eer’élpgaln%ga an#%‘%“ac}:uo r¥Pn§aé‘? i%nﬁﬁ'ﬁ?’tg??a%y%%t%’nr &Tﬁﬁt%ﬁl‘ch t he
t he fixi

i nner insertiqp g%%%rial . i nser chanai s&tions in

the axial direction of J‘Fh%élﬁi%seo i ﬁs%ggi-%%ﬁo& ?gr‘g&% ?Ffa"}t énn%egﬁé out er
neli ned brace MBS SHoRhPHE FAL0st a1 1 ERPEna Bt e. FNRE PAngr i nser ] on
o cach of her THR ot ARt AGULEd Ph Bro Ty, PTRe BoWu Ho Ty SBE%perf or med
uting the g oot mrerra Pibed €3NS RiPiRode YindxPBonde S &ent Struct ure D
st T2 e0 I byt BRSO G REAGE, TR AL Tl R0 Prace
action by the grout material 8 as described above, in order
to further increase the adhesion to the steel pipe pile 1,
a projection (not illustrated) may be provided on the outer
peripheral wall surface of the bonding portion of the steel
pipe pile 1.
FIG. 7 is a configuration diagram of a reinforcement
structure D1 according to a modification of the
reinforcement structure D of the underwater structure
illustrated in FIG. 1.
The reinforcement structure D illustrated in FIG. 1
has a configuration in which the steel pipe piles 1 are
vertically positioned at the bottom of the sea B and the
steel pipe piles 1 and 1 are parallel. Heowever, the
reinforcement structure D1 illustrated in FIG. 7, for

example, constructs an underwater structure Al having a

configuration in which the steel pipe piles 1 are
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a divided structure (extensible structure) as that of the reinforcenent

structure D1 illustrated in FIG 7 so as to be able to absorb the error of the
i nterval between the steel pipe piles 1. FIG 8 is a configuration

di agram of a reinforcenent structure D2 according to another nodification of
the reinforcenent structure D of the underwater structure illustrated in FIG
1. The rei nfor.cenen tructyr.e illustrated in FI G has

confi gur ati on R WHICEH bé"a?ﬁ'ldi 1 ﬁg L n@esﬁeﬁgs{"ﬁ é?ﬁi ]%ojl'ttr?&’t o4r EPRi xed to

the end portions of the horizontal and_t he inclined brace

brace nenber 2
nmember 3 bet wedi? thé°sféef® p‘ﬁi’ésepitlhﬁsgisraﬁfbcel, SERER| &Y F R LaRdPEonpr essi on
force that occur. betwee he steel npi iles 1 and 1 are received hy the
hori zontal br &S EPQZ a?ﬁﬁi%@riaﬁl%gﬁrgdr uged ﬁﬁ%’é& t}‘e FR¥e ®8fher hand,
in the reinforcepent structure D2 illustrated in FIG 8, a tie rod of which

the length is % to be adjusted by a turnbuckle 16 is used as the inclined

brace nenber 3, and thg i nclined brace nenber 3 i s l(%nn}(ict,ed to.the casing
pipe 5 to be rotatab & By Pt CSTHESE | Bﬁr‘ﬁ?urﬁ@ﬂ'ebg TONSt TR tg an

under wat er structure having a cognfigyration in which only tensile force is
recei ved by tHFaS% er 2 lsgl\ﬁ?F‘é&\QBF,ggiW RS & m&%‘?@ TG Y Eture 02, as
illustrated in FIGS,. 8 and,9, a structure (in F.G. 8 hal ved structure
vl ded | nto LEFIREIFS) Sh1 ViR SEaCiiD el 2ar padi o RESTor | phor ol

direction Surrf%gg¥€y%ntggtg£f§ﬂ ég @%r@h&ﬁ &ﬁiéﬁseﬁ%egnagé {£§%é¥¥%nng Pipe 5.

material 2a is inserted, and similarly, the inclined brace
membex 3 is configured to have a divided structure
including an inner insertion material 3a and an outer
insertion material 3b through which the inner insertion
material 3a is inserted. By changing the fixing positions
in the axial direction of the inner insertion material 2a
(3a) and the outer insertion material 2b (3b), the length
of the horizontal brace member 2 (the inclined brace member
3) may be adjusted to be extensible. The inner insertion
material 2a (3a) and the outer insertion material 2b (3b)
are finally bonded to each other so as to be configured in
one body. The bonding may be performed by the bonding
method for the casing pipes 4 and 5 and the steel pipe pile
1 using the grout material 8.

In additien, in the reinforcement structure D
illustrated in FIG. 1, the horizontal brace member 2 and

the inclined brace member 3 may be configured fo have such

18



As illustrated in FIGS. 8 and 9, the casing pipe 5 is configured of a first
casing pipe portion 5a that is one nenber and a second casi ng pi pe portion 5b
that is the other nmenber, by halving the casing pipe 5 that is a holl ow
cylinder along the axial direction. The first casing pipe portion 5a and the
second casing pipe portion 5b are joined by joining ribs 18 protruding from

the end surface side portions in the outsjde dianeter direction through bolts
19, wel di ng, of iﬁﬂiqengEFHCEPEﬁzﬁﬁg%ﬁﬂa%%i?rﬁ?%&ﬁ&“gﬁﬁf%%eﬁhﬁﬁuﬁ}é ®cone into
cl ose contact with each ofher nd thus,. are connected._i e body _and becone a
cylindrical ne CTEREFR ySEiﬁéiﬁfﬁd5ﬁglfiﬁﬁﬁﬁ§ﬁﬁ§héPyF%?-?ﬂé“%t ei*%pi pe pile
1. Even in a case ere the casing pipe 5 having.,the | ved strycture i s used,
Eﬂe gongi ng of t?ﬁé’%agf’na?ﬁ?’g% %‘iaﬁ&rfﬁe?git%gﬁ ;%itﬁé:_vEPZ%e%W?ﬁ% t@@ per]l‘or nmed by
e bondi ng nmet hod using e grout materia escri bed above. n
addi tion, as a?ﬁﬁ%t@?pSfpégﬁ§s " atie rod as the brace nmenber may be
connected to the casing.pLpe 5 by..the pin connection 17_other than by the
di vided structure. 7l 'agdf i dns° ggrﬁgf?%réaﬁgﬁﬁgupge? F?ﬁ? & 5 f-or cenent
Structure (111TEHARES B) HOUB Sl SHaEREH AT PR ErE S8 oy be used.
order of the rETHTSFCERERE AETTGRHOP Phetindulerar et PLRHCI¥ o ||l ust rated
order of the r o] e t A2 illustrated
in FIG 8, FIG,10(A)..is an lanatory viewillustrating a state where the
one casing mlﬁgéyéﬁ%?ﬁé %ﬂc?ﬁ%ﬁg”brace menber 3 is temporarily fixed to the

sheel BRSPS L A b OBy St el WAt et [ sty agi g o state
L 1008 a0 B0 SET LR AG G SISCLaBLS SIS & e
and 5 that are fixed to the end portions of the horizontal
brace member 2 and the inclined brace member 3 between the
steel pipe piles 1 and 1, tensile force and compression
force that occur between the steel pipe piles 1 and 1 are
received by the horizontal brace member 2 and the inclined
brace member 3. On the other hand, in the reinforcement
structure D2 illustrated in FIG. 8, a tie rod ¢of which the
length is able to beé adjusted by a turnbuckle 16 is used as
the inclined brace member 3, and the inclined brace member
3 is connected to the casing pipe 5 to be rotatable by pin
connection 17, thereby constructing an underwater structure
A2 having a configuratien in which only tensile force is
received by the tie rod.

Moreover, in the reinforcement structure D2, as

illustrated in FIGS. 8 and 9, a structure (in FIG. 8, a
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The reinforcenment structure D2 illustrated in FIG 8 is configured so that the
casing pipe 5 has the halved structure, and thus is easily constructed for an
underwat er structure installed in advance, in which the superstructure work 6
is installed at the head portions of the steel pipe piles 1. That is, when the
rei nforcenment structure D2 is constructed for an underwater structure that is

installed i d f t II trated F t, th
bort Lon of ondiEs SHFEETHT Sirigrt: HET m PAFEE FTEAd dRGo1 EEBer (1 oned at
t he bott f th B t b dto th
Surtace of Chendedr Barbhe b ddiong %#%%e%a%ﬁar%%hﬁ%h%‘ & Lﬁﬁ@% FoRber 3 is
t ly fixed.. S { t h divid t t into th
(ror casing RSB PROR- S Jéﬁ%‘s{‘ﬂaggpﬁw%zﬁs NG BAPOT  on Bb. bel ow t ho
t t k 6 h dt but t th

Cpper portion of (18 SHLTCRAGR Hrl EGS { AAche s i Sn RS Saifo he

| ted ddi t he t | f t the first
Casi Ny pipe. TS SSRYaRG § e rese o %ise#gex'a%%alaﬁi‘% 0% not 1o be
separated from each ot Iqer and fj xi ng t he, caa%%lgl prS SO as t be novabl e
al ong t he steé?e"&eﬁeaﬁ | 8 S.LQCD%P &6 Hpnlg]ll?ﬁ]g 18P &S oo come away.

He th I db 3 to b I db '
connect i on L7, UG BFBPES | TV SALAPE GRBrEATHY SRRSr c§g$m¢%-ap§%%9bﬁat s ot
t ily f t th t 0(A d t

b ext ondi hg 191G ST AREVEI TP GAR FOFS énsc?rgvaﬁﬁsfﬁég%‘% Fo eRBR Rt o
not mterferedl?&{}:the su erstructure work, e%gg‘gora:?flxm t.he one

casing pipe 5 §8 3fo ?ﬂIV‘ ésiel’:(?Pﬁ‘eaasmg p’ﬁ@x Rt g’@&neﬂ FI G
L e SR A TRt HECE P o on
Lporstiroudhy 20 Ll 9%, 2 %%“%eggcﬁaﬁaegerp:eareetcgfiaan S dnathot0 the
permanent fi lepeqlﬁ.aréc/;,bgrpgﬂé Ofirfceed i?\ya slcg{:ggwhere %%SI 884P @efaS::easnd

thereof come into close contact with each other, and thus

are connected in one body and become a cylindrical member,

thereby surrounding the periphery of the steel pipe pile 1.

Even in a case where the casing pipe 5 having the halved

structure is used, the bonding of the casing pipe 5 and the

steel pipe pile 1 may be performed by the bonding method

using the grout material 8 described abcve.

In addition, as a matter of course, a tie rod as the

brace member may be connected to the casing pipe 5 by the

pin connection 17 other than by the divided structure. 1In

addition, as a matter of course, in the reinforcement

structure D1 illustrated in FIG. 7, the casing pipe 5

having the divided structure (illustrated by double-dot-
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the steel pipe pile 1 as in the bonding nethod using the grout material 8
after fastening the bolts 19 with a predeterm ned fastening strength through
an underwat er operation. Subsequently, the other casing pipe 5 of the inclined
brace nmenber 3 is fixed (permanently fixed) to the steel pipe pile 1, thereby
constructing the underwater structure A2 having the reinforcenent structure
D2. Therefore, i i er or e Like that is installed in advance, there is no
need to tenpordﬁsi?"leg Eé%vje“ t#é'shhe’?@i’r {1 work 6 or the like, and the

construction tine and costs may be.significantly su essed.. _Moreover, an
under wat er oper at i %ﬁGrra@&b’es EEFPB%ﬁﬁHg%?ﬂ%P g\éﬁ@ g]g#%%:rf B8 Png of the
casing pipe 5 that .is tenporarily fixed, and the g eraIi%n of b%ndi ng the

casi ng pi pe 5 ¥GPHE Sf cbfe FIPEHRFEL arfeOEeF rHed oS5y "a renot e
operation such as the injection operation qf th tout materjal S

i PI ustrated i ﬁ“ﬁ%@\d %E’rt § SBPSSVGREF i STV e g?‘ggu%tnratﬁ?éerl\ﬂagég‘mr kl oad.
In addition, in Fl ,_the case ere the single.inclined brace menber 3 is
mount ed bet weétr tFﬁg'tig(:%)ce’Eﬁ 35 ﬁé\é’SFP%Emiy é’ﬂﬁw%ﬁ%%%tﬁnq T g%éﬁge where the
two inclined brace rrgrrbers 3 and 3 .are rr?ll)\#qé%d A n.a diagonal mapner, for
exanpl e, after"14FE CHEi ARE FIEEI5PARE & UhiCH BREOHRSTE HE FTWEETERded of both

the inclined brace nenbers 3_and, 3 are te rarily fixed, bo he inclined
brace menbers'S3 Te’iﬁ‘?%aﬁ?'iyl%xm&? Eﬁﬁ ?'fr%%' ;?é‘lpﬁaﬁé%? f’l ﬁ%}}&?’t he |ike may
be perforned. ] ddition, as illustrated.jn Fl.G .8, even when a plurality of
lines of incl i}é@%bﬁgcann‘a Iy E1HD BECABENT t Fr e OF ShSr %yst eel pi pe
piles 1, constructi.on be perforned in substantial t anme order.
Moreover, as a &P gggc%?ls’éfede:]?éﬁc?ﬁge@esﬁ r‘?gr%ﬁf’lﬁejc%e h‘l'e]l'%ftfleg the divi ded
structure illustrated_in FI e installed in th ne order as in FIG
2 at a pier th’ajtl‘is'}rﬁ«gﬁlay"’l" %{él mp‘gra?ﬂe HRE thd En%sgagsejs@ FHEF gbove,
according to the reinforcengnt structu D (D1 and.D2)_of_ the underwater
structure accordim§ F&eﬁﬁi%l%?ﬂ?ddiengm }['g?h%él't NG PP B2 gz:mlc? %ch Vi ng inside
di aneters greﬁ%ie)r@ﬂtjhan Elhe outsi de di aneter of the steel pipe pile 1 are

provi ded at t RoFtFofteot R4E Rérfzontal brace nmenber 2 and the inclined

D e b S S 15, SR A L BLBE RLLE e od |
casi 10 P1PeS & AL ALE,N! Lh oGl U e GLuL Aoty o8, AUREPY 1ot ning the
Do L D eyl o Rat Sl el e B Bl Bk B, L0 g,9%50 7
hor Zon el brece, Denbe 2eg0th 05 Beuteg, DLACEIRUSL SuA0A R ALee! Pl pe

work 6 is installed at the head portions ¢f the steel pipe

piles 1. That is, when the reinforcement structure D2 is

constructed for an underwater structure that is installed

in advance, first, as illustrated in FIG. 10(A), to the

upper portion of one steel pipe pile 1 of the steel pipe

piles 1 and 1 positioned at the bottom of the sea B to form

2 pair, the upper portion being exposed to the surface of

the water C, one casing pipe 5 of the inclined brace member

3 is temporarily fixed. Since the casing pipe 5 has the
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the two, the underwater structure A (Al and A2) may be reinforced and
constructed at low cost, in a short period of tinme, and with high

rei nforcenent strength. That is, according to the reinforcenment method of
constructing the reinforcenent structure D (D1 and 02), unlike the rel ated
art, the reinforcenment structure D (01 and D2) nmay be easily constructed at a
site without the need to nmanufacture a structure japke%%ﬁpn the like in
advance on | arf:ViA%cadBreFioiEe & CopBF at 0T SPSHBRIP TR tHYF C&E %6 piPes 4 and
5 to the steel pipe pile 1 may aonly be a renot eration such as the

i nj ection operdtd GFe8Rdt FRSHtDRLPRRPRFFEID S5y %Fﬁgwl %T{% HPSIIFICFYFRdD in FIG
5, the pernanent fixing of the casing ﬁipe 5 that is t;&gorarLly fi xed as

i |lustrated i PGS, 1602023 HE IFLRE, © IRPYiMfeSRACER 7B r kP bad 9fdy 3he “BRi ni nat ed
or be significantly reduced, _and thus_the und_ir\/\@t %r structure A (Al and A2)
may be rei nf orRREARATE SRR t PG SEEF M ROA 1o LaTEMBr P petid® of tine. In
addi tion, according to the reinforcenent nethod, _.a relatjve pgsitional

rel ati onshi p bHEASESE FRNBEI ' RE HE-Y BPYNSRS- aEBoFﬁ?+Eﬁ?Qité%§ ci rcumst ances
of a construction site without the limtations on.the depfh of, water or size,
and thus the r‘%‘?%ﬁ&eﬁéﬁ%n%tr?ﬁfé‘tsuFé’nBe%ﬁn%rﬂ‘eD%)lrﬁﬁyc ROFECuct ed whil e
arbitrarily sel ecting _bonding positiaons. Mreover, the horizontal brace nenber
2 and the incl®edBr ééeaﬂ’én%éﬁ SECRRG FRSERG IRAPSBAREER" t P t3e 35t 88F pipe pile
1, and thus the construction tinme may further be .reduced, thereby further
reduci ng const¥udts GFPagaFed from eaghy AENRL AN irhBE BN HENS REPFubber
tubes 10 that bl ock the openings of the gaps 7 forned at.the end portions in
the insertion diFeAS &R Pﬁx‘?‘%‘fﬁ&ier é&f’FGn?hngtt% BEBEI Pptpel fif es 1 and the
casing pipes 4 and 5 by expanding as a fluid is injected into the rubber tubes
10 are provi detRSTRAGEIERG §OL1% Hg) GPo8f Bt er? aﬁ°"§] P¥28r event ed from | eaki ng

fromthe gaps 7, and thus_ the bondi hg operation qf .the casjn ipes 4 and 5
and the steel pipe §F9% IPRedPBEHRSY gréﬁﬁo‘f“fﬂ‘lgfarpgar -&r ﬁgg.e tobd

oscillated by the pin connection 17. Therefore, in a state
where the other casing pipe 5 that is not temporarily fixed
at this time (in FIG. 10(A), the second casing pipe portion
Sb extending in the transverse direction) is evacuated to a
position that is not interfered by the superstructure work
6, the temporal fixing of the cone casing pipe 5 may be
smoothly performed.

Next, as illustrated in FIG. 10(B), the one casing
pipe 5 that is temporarily fixed is moved downward along
the steel pipe pile 1 while having the steel pipe pile 1
inserted therethrough, and the one casing pipe 5 is fixed
(permanently fixed) to the steel pipe pile 1 in a state of
reaching a predetermined height position. The permanent

fixing may be performed by joining the casing pipe 5 and
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As the inclined brace menber 3, the tie rod of which the end portion is
connected so as to be rotatable with respect to the casing pipe 5 may be used.
Here, when the casing pipe 5 provided in the tie rod is constructed to have
the structure divided into two or nore parts in the peripheral direction
Surrounding the steel pipe pile 1, it is possible to nore easily nmount the

casing pipe 5 to the periphery of the steel pipe pile 1, and thus this
confi guration iy %@egaﬂ Lﬁja@rq v BFf E’Et?%l%r@é“ég ﬁtléé%a‘%sé'%éf"ﬁ a pier or

the like that is installed.in advance is relnforﬁeg t '%ﬁe menbers. That
is, when the cHQYg"BEpeisl ALTGL RESHFRREdRS PRLERr &7 i i Udi ng the first

casi ng pipe portion 5a and the second CaSIQ?éﬁug ortion 5b is used, the
i nclined bracePTRIRFEFTANGAYEIRFTHTY| §LIRRI 49 h%nsT%ﬂﬁrWﬂﬁﬁ§ pile 1 bel ow

the superstructure work 6_w thout the renoval of the su S%hﬂ? gre work 6 at
the pier |nstaﬁ?%ﬁquQHadv§%€%ﬁqQQQ§ﬁ¥byt?%r??ﬂﬁl'§ﬁﬁb?8$g &Gfist ructi on
period and costs. I n addi ti on, mat t er of cou;g t he pres

invention is notchingcd Bga¢s Tﬁ?@%é\/ésd §%%9 bRETBRBGRF n%’sxe n&°r’rﬁ§ebe freely
nodi fied in a ra e w thout departing fromithe concept of .the present

i nventi on. pdpgnplee 1m Hhes e BHpBAR HEHCER9c 6 ?.5%?%&W 5n which the
hori zont al brace menber 2 and, the i nclined brac%bnﬁnbeg used as brace
menbers is exeWpiiFi%Ead. A?bﬁ%%&ﬂg B¢ FeHREPETCH C SGrEE uﬁﬁl@fone of the

hori zontal brace nenber and the inclin br ace er. 3 be used.
Therefore, %n a p%er or tke fgke atly%ngnstal g'ln

advance, there is no need to temporarily remove the
superstructure work 6 or the like, and the construction
time and costs may be significantly suppressed. Moreover,
an underwater operation may be performed only f£or the
permanent fixing of the casing pipe 5 that is temporarily
fixed, and the operation of bonding the casing pipe 5 to
the steel pipe pile 1 may be performed only by a remote
operation such as the injection operation of the grout
material 8 as illustrated in FIG. 5, thereby significantly
reducing an underwater workload.

In addition, in FIG. 10, the case where the single
inclined brace member 3 is mounted between the two steel
pipe piles 1 and 1. However, in a case where the two
inclined brace members 3 and 3 are mounted in a diagonal
manner, for example, after the casing pipes 5 and 5 which
become the lower sides of both the inclined brace members 3

and 3 are temporarily fixed, koth the inclined brace

23



What is clainmed is: 1. Areinforcenent structure of an underwater structure,
which reinforces, with a brace nenber, an underwater structure having an
enbednent type rigid-frame structure including a plurality of steel pipe piles
and a superstructure work that connects head portions of the steel pipe piles,
wherein a casing pipe having an inside di aneter greater than an outside

di aneter of the steel _pi iIe is |ded an_end ortl of the brace
nenber, and ﬁhﬁﬁ? Br 38% fﬁ?&i gephger? é%?ﬁﬁ 1 8%by filling

a gap betmeen

t h t |
a state where E QeFag %Eaé% rns i?#ﬁi?gﬂgﬁsrié}%éﬁéﬁifgpﬁna eréa TLQ
f t t di - Wh b t hat bl ock
bpeni ngs of 't Hdap -1 6YRBdSR 'n% P?%@%s ’?1 LS RECH P LR FEBERon of the
e R e g tgfasszfa%ﬂn%dfﬁg%ew it b g oL

truct t whe th t d of which
angﬁd“éir?fﬁ‘r’ﬁﬁf LmneEPaHPtarnd Fovar b?%%w%régpa\e sty 88 o e

same order. Moreover, as a matter of course, even the
casing pipe 5 having the divided structure illustrated in
FIG. 9 may be installed in the same order as in FIG. 2 at a
pier that is newly installed or the like.

As described above, according to the reinforcement
structure D (D1 and D2) of the underwater structure
according to this embodiment, the casing pipes 4 and 5
having inside diameters greater than the outside diameter
of the steel pipe pile 1 are provided at the end portions
of the heorizontal brace member 2 and the inclined brace
member 3, and in the state where the steel pipe pile 1 is
inserted into the casing pipes 4 and 5, the gaps 7 between
the steel pipe piles 1 and the casing pipes 4 and 5 are
filled with the grout material 8, thereby Jjoining the
horizontal brace member 2 and the inclined brace member 3
to the steel pipe pile 1. In the reinforcement structure D
(D1 and D2), by £filling the gaps 7 between the casing pipes
4 and 5 provided at the end portions of the horizontal
brace member 2 and the inclined brace memver 3 and the

steel pipe piles 1 with the grout material 8 so as toc Join
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casing pipe. 4. The reinforcenent structure according to any one of clains 1
to 3, wherein the casing pipe has a structure divided into two or nore parts

in a peripheral direction surrounding the steel pipe pile. 5. A reinforcenent
met hod for an underwater structure, which reinforces, with a brace nenber, an
underwat er structure having an enbednent type rigid-frame structure including

a plurality of steel pipe piles and a superstru re t hat connects head
portions of tH@%%é’@l’ ptﬁﬁe‘g)’b‘gqré@,%elrhﬁtﬁé‘gw (,AO;’BEI 3?%5 MaY B¢ using t he
brace nenber pravided with a casin iipe that has ap inside dianeter greater
than an out si deihfareed, and q%t&gégdpﬁ)é% Icgsit' 3 2P PEEA°Eher eof

inserting the steel pipe_ pile into the casing pipe, and thereafter filling a
gap between tH’etlé:tlé'@I' gpﬁe"”p‘?erl &g r?ﬁ%’?%"sﬁ"%éltpgﬁﬁeﬂ\ﬂ "a grout material,
thereby joining the brace nenber to the steel. pipe pile. 6-The reinforcenent
met hod accor di ng tgh@FaFﬁTEEcﬂﬁﬁﬁﬁﬁgn ©® the reldyo@cegent methoéaof

constructing the reinforcement structure D (Dl and D2),
unlike the related art, the reinforcement structure D (D1
and D2) may be easily constructed at a site without the
need to manufacture a structure (jacket) or the like in
advance on land. In addition, the operation of bonding the
casing pipes ¢ and 5 to the steel pipe pile 1 may only be a
remote operation such as the injection operation of the
grout material 8 or the like as illustrated in FIG. 5, the
permanent fixing of the casing pipe 5 that is temporarily
fixed as illustrated in FIG. 10, or the like, an underwater
workload may be eliminated or be significantly reduced, and
thus the underwater st?ucture A (Al and A2) may be
reinforced and constructed at low cost in a short period of
time. In addition, according to the reinforcement method,
a relative positional relationship between members may be
freely set according to the circumstances of a construction
site without the limitations on the depth of water or size,
and thus the reinforcement structure D (D1 and D2) may be
constructed while arbitrarily selecting bonding positions.
Moreover, the horizontal brace member 2 and the inclined

brace member 3 may be easily mounted to the steel pipe pile
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rubber tubas are provided at end portions in an insertion direction of the
steel pipe pile into the casing pipe, and after inserting the steel pipe pile
into the casing pipe, a fluid is injected into the rubber tubes to expand the
rubber tubes before the filling with the grout material, thereby bl ocking
openi ngs of the gap forned at the end portions in the insertion direction of

the steel pipe pile apnd the casing pipe. 7, The reinforcenent t hod accordi ng
to claimb5, wherénd 521’Fet}?%oc%'fs CEEméntJé?ﬁj m5ar FFS#‘?E %rﬁ?@[@&l't o be

rotatable with respect to the casgg% piﬁe is used as the brace nenber. 8-The
rei nforcenent PRAMSY ZLEEREF MEdUSiRky CoRatpiction costs.

In the casing pipes 4 and 5, the rubber tubes 10 that
block the openings of the gaps 7 formed at the end portions
in the insertion direction (axial direction) of the steel
pipe piles 1 and the casing pipes 4 and 5 by expanding as a
fluid is injected into the rubber tubes 10 are provided.
Accordingly, the grout material 8 is prevented from leaking
from the gaps 7, and thus the bonding operation of the
‘casing pipes 4 and 5 and the steel pipe pile 1 may be more
smoothly performed.

As the inclined brace member 3, the tie rod of which
the end portion is connected so as te be rotatable with
respect to the casing pipe 5 may be used. IHere, when the
casing pipe 5 provided in the tie rod is constructed to
have the structure divided into two or more parts in the
peripheral direction surrounding the steel pipe pile 1, it
is possible to more easily mount the casing pipe 5 to the
periphery of the steel pipe pile 1, and thus this
configuration may be particularly effectively used in a
case where a pier or the like that is installed in advance
is reinforced with brace members. That is, when the casing
pipe 5 having the divided structure including the first
casing pipe portion 5a and the second casing pipe portion

5b is used, the inclined brace member 3 may be easily
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claims 5 to 7, wherein, as the casing pipe, one that has a structure divided

into two or

nore parts in a peripheral direction surrounding the steel

pi pe

pile is used. 9. The reinforcenent nmethod according to claim8, wherein, after
one casing pipe of the casing pipes respectively provided at both ends of the
is nounted to the steel pipe pile, the one casing pipe is noved
downward al ong the steeléfgpe pi.l e, and therﬁgfter t he ot her casing pipe is

brace nenber

mount ed to t hé"BER §Pe

Fﬁﬁﬁ;lpppgg Pile 1 below the superstructur
work 6 without the removal of the superstructure work é at
the pier installed in advance, thereby further suppressing
the construction period and costs.

In addition, as a matter of course, the present
invention is not limited to the above-described embodiments,
and may be freely modified in a range without departing
from the concept of the present invention.

For example, in the embodiment, a configuration in
which the horizontal brace member 2 and the inclined brace
member 3 are used as brace members is exemplified. However,

as a matter of course, only one of the horizontal brace

member 2 and the inclined brace member 3 may be used.
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What is claimed is:
1. A reinforcement structure of an underwater structure,
which reinforces, with a brace member, an underwater
structure having an embedment type rigid-frame structure
including a plurality of steel pipe piles and a
superstructure work that connects head porticns of the
steel pipe piles,

wherein a casing pipe having an inside diameter
greater than an outside diameter of the steel pipe pile is
provided at an end portion of the brace member, and

the brace member is joined to the steel pipe plle by
filling a gap between the steel pipe pile and the casing
pipe with a grout material in a state where the steel pipe

pile is inserted through the casing pipe.

2. The reinforcement structure according to c¢laim 1,
wherein rubber tubes that block openings of the gap formed
at end portions in an insertion direction of the steel pipe
pile and the casing pipe by expanding as a fluid is

injected into the rubber tubes are provided in the casing

pipe.

3. The reinforcement structure according to claim 1,
wherein the brace member is a tie rod of which an end

portion is connected to be rotatable with respect to the
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casing pipe.

4. The reinforcement structure according to any one of
claims 1 to 3, wherein the casing pipe has a structure
divided into two or more parts in a peripheral direction

surrounding the steel pipe pile.

5. A reinforcement method for an underwater structure,
which reinforces, with a brace member, an underwater
structure having an embedment type rigid-frame structure
including a plurality of steel pipe piles and a
superstructure work that connects head portions of the
steel pipe piles, the method comprising:

by using the brace member provided with a casing pipe
that has an inside diameter greater than an outside
diameter of the steel pipe pile at an end portion thereof,
inserting the steel pipe pile intc the casing pipe, and
thereafter £filling a2 gap between the steel pipe pile and
the casing pipe with a grout material, thereby joining the

brace member to the steel pipe pile.

6. The reinforcement method according to claim 5, wherxein
rubber tubes are provided at end portions in an insertion
direction of the steel pipe pile into the casing pipe, and

after inserting the steel pipe pile into the casing pipe, a
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fluid is injected into the rubber tubes to expand the
rubber tubes before the filling with the grout material,
thereby blocking openings of the gap formed at the end
portions in the insertion direction of the steel pipe pile

and the casing pipe.

7. The reinforcement method according to c¢laim 5, wherein
a tie rod of which an end portion is connected to be
rotatable with respect to the casing pipe is used as the

brace member.

8. The reinforcement method according te any one of
claims 5 to 7, wherein, as the casing pipe, one that has a
structure divided into two or more parts in a peripheral

direction surrounding the steel pipe pile is used.

9. The reinforcement method according to c¢laim 8, wherein,
after one casing pipe of the casing pipes respectively
provided at both ends of the brace member is mounted to the
steel pipe pile, the one casing pipe is moved downward
along the steel pipe pile, and theéreafter the other casing

pipe is mounted to the other steel pipe pile.
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