1 -SPECI FI CATI ON COMVBI NED STEEL SHEET PI LE, CONTI NUOUS WALL USI NG COMVBI NED
'STEEL SHEET PILE, AND PRESS-IN METHOD OF COMVBI NED STEEL SHEET PILE

TECHNI CAL FI ELD [ 0001] The present invention relates to a conbined
steel sheet pile, a continuous wall using the conbined steel sheet pile,
and a press-in nethod of the conbined steel sheet pile. The conbi ned steel

sheet pile of the invention is rth-retaining wall in the
fields of civil engineering andgg}gﬁgﬁ?uﬁoﬁa a fundanental structure, and

a structural nenber used as bank protection, a quay wall, and a water stop
wal | of a port and a river. In particular, the invention relates to a

conbi nedofBRIELS B?EELFSHI?ET bﬁiE [EhNRN Y OSWRAILILSUSING gIDMBINEDETHREAr | ng

force and is suited for inplanting a versatile press-in machine, a

cont i nuousspE T P, RN PR BSSbi RERTEOPDF SOAEBINED S TRRIASHEPT@SEEI n net hod
of the conbined steel sheet pile. BACKGROUND ART [0002] In a stee
sheet pile used as an earth-retaining wall in the fields of civil

engi neering and construction, a fundanmental structure, and a structural
menber TEEHNIEABAAKLPr ot ection, a quay wall, and a water stop wall of a
port and a river, joints are provided at both ends thereof in the width

di rect i BROLA wal I surface is forned by inplanting a plurality of steel

il es hre ri(HEPESTLARRI SﬁatesQggagg%laea's{ae?ﬁh%a%ggnggﬁt&%%ng wiee! sheet

piles are fit ears
For  oxalfane e chBRh S OB A, pha B prct o R AR Qi ki SEARhect MO Dol
sheet pir},, &5, A%inbELOW sheet pile of the invention is used as an earth-retaining wall in the

fields of civil engineering and construction, a fundamental structure, and a structural

member used as bank protection, a quay wall, and a water stop wall of a port and a river.

In particular, the invention relates to a combined steel sheet pile that reliably exhibits a

high vertical bearing force and is suited for implanting a versatile press-in machine, a

continuous wall using the combined steel sheet pile, and a press-in method of the

combined steel sheet pile.

BACKGROUND ART
[0002]

In a steel sheet pile used as an earth-retaining wall in the fields of civil
engineering and construction, a fundamental structure, and a étructural member used as
bank protection, a quay wall, and a water stop wall of a port and a river, joints are
provided at both ends thereof in the width direction. A wall surface is formed by
implanting a plurality of steel sheet piles into the ground so that the joints of the adjacent
steel sheet piles are fitted to each other.

[0003]

In recent years, as a tcchniciue for improving the vertical bearing force of the steel

sheet pile, for example, the Patent Document 1 and the Patent Document 2 propose steel

sheet piles as below.



2 [ 0004] In the technique disclosed in the Patent Docunment 1, for
exanpl e, as shown in FIG 12, a closing cross-section is forned by a steel
sheet pile 102 and a closing steel sheet 103 by bonding the closing steel
sheet 103 to the front end of the steel sheet pile 102. For this reason,
when the conbi ned steel sheet pile 101 is inplanted into the ground, clods
inserted into the closing cross-section are conpacted, so that the front
end of [PA@tlsteel sheet pile 101 is bl ocked. Therefore, a high vertical

bearing forc a high en eari.ng forc j A beari ng

force may be%P%%?%Qgﬂwﬁﬁﬂf %wéwbgFéﬁ&%fﬁgggﬁggﬁrgﬁ%§%§§%%§3?§?§g?_ [ 0005]
| nci de , en th . ' B&iecBsh

i br o et 2 0T SR G ORS¢ SoAINGk pAL 752 hitha BIoRME S ccRshect
enetrafd 108 €bf hidGleel skt pilevidar at | i

p ﬂpgg}t %a&l}?&%ﬁﬁi&ﬁ%ﬁ%e& 108 th FheArsRRA e gilevidcation is

appl i ed ough the steel sheet pile and a fluidizing
phenomeRgnLRieos SMRintthd 8hBiRcdiesiGhEn oile 161 ganplatedninthe geowgdoted. | n the

techni que disclosed in the Patent Document 1, the steel sheet pile 101 may
be nmadejnk&idaanetthatiesing ergs-semionlaye ¢dngpaviels - thalrthe fropeandod thg Ferd6]

However, when the conbined steel sheet pile 101 is inpl.a tgﬂ into the
ground $heetapifr B ss blocket hdthetefonvea high vefticgh bagpnaforen i IES}?(BF Bef@Eeel sheet
pile 101 to be pressed-in by a chuck (jaws), of the press-in machine and
appl yi nfpree) seastbecobtainedl. usihegnd begrnenfgiae e '?Wpé%maﬁg% UPUBE sheet pile
101 to be pressed into the ground), the conbined steel sheet pile 101
cannot BEsyFscHpR equﬁgg%rhuck if the closing steel sheet 103 increases in
si ze. TP@rS{ ore, in order to grip the conbined steel sheet pile 101, a
speci al Qi cat ed press-in nmachi ne needs to be provided. [0007] Further,

according to {e L eabnLand LR BEG Dilt Pehdifitd3ahe Houhd GUHTBId hatamer

method has been frequently used which facilitates the penetration of the steel sheet pile in

2 manner such that a vibration is applied to the ground through the steel sheet pile and a
fluidizing phenomenon or a sensitization phenomenon is generated in the ground. Inthe
technique disclosed in the Patent Document 1, the steel sheet pile 101 may be made to
penetrate the ground by the vibro-hammer method.
[0006]

However, when the combined steel sheet pile 101 is implanted into the ground by
a press-in method (a method of gripping the combined steel sheet pile 101 to be pressed-in
by a chuck (jaws) of the press-in machine and applying a static load using a cylinder on
the combined steel sheet pile 101 to be pressed into the ground), the combined steel sheet
pile 101 cannot be gripped by the chuck if the closing steel sheet 103 increases in size.
Therefore, in order to gtip the combined steel sheet pile 101, a special dedicated press-in
machine needs to be provided.
[0007]

Further, according to the technique disclosed in the Patent Document 2, a
hat-shaped steel sheet pile attached with H-shaped steel may be gripped by the chuck of
the versatile press-in machine used in the construction of the hat-shaped steel sheet pile.

Specifically, the steel sheet pile of the technique disclosed in the Patent Document 2 has a



hat - shaped steel sheet pile attached with H shaped steel nay be gripped by
~the chuck of the versatile press-in nmachine used in the construction of the
hat - shaped steel sheet pile. Specifigally, the steel sheet pile of the
techni que disclosed in the Patent Docunment 2 has a 3 cross-section
included in a circle having a center set to the mddle point of the line

(the fitting axis) copnecti joints provid at,the .fr nds, of the pair
of  ar mETRHRON HHBHE NFR TG A |58"ntf’%€eoml © BH &gﬁ%ﬁ% {2t ¢ he
hat - shaped st.eel sheet .pile. [.0008] - [dWatQelhe
techniaﬁgnﬂﬁ§§1%gﬁﬁﬁFWJ&ﬁglﬁg%g% 4 %Eﬁ%ﬁ?ﬂggyﬁﬁgﬁgfge s éggd%??e may be
reliably, ] npl i nt : dphdiRBaRaStS] Hect iR, Press-in nmethod, but
t he cl o%fﬁg%ce%gé‘gﬁgg{éﬁﬂgﬁgﬁg%l%{}gbﬁorn%%.é As aerGeIgult, a high verti cal
bearin Ob@gpe, obt ai ned by conpacting clods inserted into the closing
cross-section, may not be ensured. RELATED ART DOCUMENTS PATENT DOCUMENTS

[ 0009] HEPaR te a8 e tddhnippatietsedlirethe ParetDRatest 2Abpl i cat i on,

First Publication No. 2008-248503 ] )
stee] sheet pile may be reliably implanted into the ground on the basis of the press-in
method, but the closing cross-section may not be formed. Asa result, a high vertical
bearing force, obtained by compacting clods inserted into the closing cross-section, may

not be ensured.

RELATED ART DOCUMENTS
PATENT DOCUMENTS
[0009]
[Patent Document 1]  Japanese Unexamined Patent Application, First
Publication No. 2008-248503
[Patent Document 2] Japanese Unexamined Patent Application, First

Publication No. 2008-175029

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{0010}

The invention is made in view of the above-described problems. An object of
the invention is to provide a combined steel sheet pile that reliably exhibits a high vertical
bearing force and may be gripped by a chuck of a press-in machine used in a versatile
press-in method used in a construction of a hat-shaped steel sheet pile, a continuous wall
using the combined steel sheet pile, and a method of pressing-in the combined steel sheet

pile.

MEANS FOR SOLVING THE PROBLEMS



[ Patent Docunent 2] Japanese Unexam ned Patent Application, First
Publ i cati on No. 2008-175029 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE
SOLVED BY THE | NVENTI ON [ 0010] 4 The invention is made in view of the
above-descri bed problens. An object of the invention is to provide a

conbi ned steel sheet pile that reliably exhibits a high vertical bearing
force and may be gripped by a chuck of a press-in nachine used in a
versatﬂpglﬂress-in nmet hod used in a construction of a hat-shaped steel

sheet pile, cant i nuous_wal,l .hg t ' t pile, and a
net hod of pr Fﬂﬂ?%ﬂn?%gﬁ%gﬁﬁgﬁﬁ ggfgﬁﬁég é%?ﬁgP%%?§£%§{§§11] The
i nventi L : | om ng configuration in order to solve the

above- Cég@g?ﬂg%gﬁgégﬁlbfee%ﬂ. (1) Afirst aspect of the invention

provi des a cqifbined a36Rebs HReBlenBb Srolviel HdbMBinea sfebl Sketipile-indlapiad: st eel
sheet pile which includes a web, a pair of flanges provided at both ends of

the web; fifst RAighagdd SdelBhdeepilewhick @hdtudes awiabed pair of fengen gsovadedtd@othai r - of
flanges, and a pair of joints respectively provided at the ends of the pair
of ar me¢ndandite vedbosipaiy ofremirerespetivdly providedat Hecengde ofthe peigof flangssy andof t he
first hat-shaped steel sheet pile along the |ongitudinal directiopn of the
first hapaisbbjpeds sspwstivellieseviged 4 thernds ehdsaairor grps: 38 a§lasiesaeEbYt i on

| el udewhich Taatehed © Mispiighan. o Bt Peter b ! AL PRSARBERNG t ho pai r of
L i AR BR S  BEL PSR A [ 3
5 10 L TR LR L ot i o 5Dkl et o oo
hat - shapef] 5§ Ge 30ERAviRE b Biameter set to a line connecting the pair of joints.
(2) In the combined steel sheet pile according to (1), a side portion of the closing
member may be attached to the arm or the flange of the first hat-shaped steel sheet pile.
(3) In the combined steel sheet pile according to (1) or (2), the closing member
may be a second hat-shaped steel sheet pile.
(4) In the combined steel sheet pile according to (1) or (2), the closing member
may be a U-shaped steel sheet pile.
(5) In the combined steel sheet pile according to (1) or (2), the closing member
may be a joint cut steel sheet pile. |
(6) In the combined steel sheet pile according to (1) or (2). the closing member
may be a steel sheet.
(7) In the combined steel sheet pile according to (1) or (2), the closing member
may be a folded steel sheet which is bent at one or more positions.
(8) In the combined steel sheet pile according to (1) or (2), the closing member
may be a curved steel sheet which is bent in a curve shape.
(9) In the combined steel sheet pile according to (8), the curved steel sheet may
be curved along the circle.
(10) In the combined steel sheet pile according to (1) or (2), the side portion of

the closing member may be attached to the first combined steel sheet pile by any one of



(4) I'n the conmbi ned steel sheet pile according to (1) or (2), the closing
menber may be a U shaped steel sheet pile. (5) I'n the conbi ned steel
sheet pile according to (1) or (2), tshe closing nmenber may be a joint cut
steel sheet pile. (6) I'n the combi ned steel sheet pile according to
(1) or (2), the closing nmenber may be a steel sheet. (7) I'n the

conbi ned steel sheet pile.according. tq . i#ags. menber nay
be a fo‘V%lg’ﬂ‘gsi‘dé’@fm%’Wé’gtfn%F%ngP gt'taggﬁg%g%}} %Cﬁ%%%g%r%trt%ﬂgl Sl tﬂ?oa ns. (8)
In the @@gﬂined steel sheet pile according to (1) or (2), the closing
menber be a curved steel sheet which is bent in a curve shape.

(9) In the Cctﬁf%p' Redost §8cAUaRs inbhifrAR6 Mae Agortioue ) wall helwiingred st eel
sheet may be curved along the circle. (10) In the conbi ned steel

sheet  Dich& 1R CORBIBE stk shddt piles 4prdingre @) de(2por Thajoind$ of dtdeast 08I ng menber
may be attached to the first conbined steel sheet pile by any one of 5
wel di ngeonssther ited shdzopilésnge conneetedl tygachtotizetand gharfortsr et efige and att achi ng
with tacks. [0012] (11) A second aspect of the invention provides a

cont i nuouginuald wilhpdngttataga senportda¥®. t wo conbi ned steel sheet piles

according to (1) or (2). The joints of at |east two conbi ned steel sheet
pi | es al®18bnnected to each other, and the |ower end of the continuous wall

penetrates a (SI%)R%J}d las%ggcrdf the invention provides the combined steel sheet pile

according to (1) or (2). The joint of the first hat-shaped steel sheet pile is connected to a
joint of a third hat-shaped stec! sheet pile, and at least the lower end of the combined steel
sheet pile penetrates a support layer.
[0014}

(13) A fourth aspect of the invention provides a press-in method of the combined
steel sheet pile according to (1) or (2), the method including: gripping the pair of arms by
a chuck of a press-in machine; and pressing-in the lower end of the combined steel sheet

pile to a support layer of the ground.

EFFECTS OF THE INVENTION
[0015]

In the invention with the above-described configuration, the size of the closing
member is adjusted so that the cross-section of the combined steel sheet pile is included in
the circle.  As a result, the combined steel sheet pile may be gripped by the chuck of the
press-in machine that is frequently used in the press-in method.  That is, in the present
invention, the combined stec sheet pile having a closing cross-section may be pressed-in
based on the press-in method by using the existing press-in machine. Therefore, since
the existing equipment and device may be directly used and no special investment in
facilities is needed, an increase in construction costs may be suppressed.

[0016]

Further, in the combined steel sheet pile according to the invention, the closing



[0013] (12) A third aspect of the invention provides the conbined steel
sheet pile according to (1) or (2). The joint of the first hat-shaped steel
~sheet pile is connected to a joint ofs a third hat-shaped steel sheet pile,
and at |l east the |lower end of the conbined steel sheet pile penetrates a
support layer. [0014] (13) A fourth aspect of the invention provides a

-1 thod of t ' t eel | | : 2),

A e e e e A S i AN

et g ™ s by s n
R e L C T S

i nvent i Qo oui LR fif1e . APRURNARS GEitD8d cq@RAILAI alid @fire tiveh 8F @  firkt the cl osi ng
menber 1s”adj ujsted so that the cross-section of the conbined steel sheet

pi | e i ShdrRRApedeete] shebttifleCi Al aresids when @stdombindiestadslirichpide treessedineet pil e
may be gripped by the chuck of the press-in machine that is frequently used
in the jpteds gioundpdlbddnaiTbainserssd inte thteloping seass-sedtigant Ferhermeee, s8I ned

steel sheet pile havi n&ga cl osing cross-section y .be prgﬁlsed;@ibn gased on
the pr eths clads meetiediinbythe slosingrdressegetian aig cypBacded: Heintife AEthe PREPEES, e,

vest el et pie 1o P GUOOKS UG R 508 OGS PUBCPBN Cdet o oy
P g f lﬁgpg@g&%ﬁq iy h%%% S(Lp%%ﬁtgﬁg%é suipgo}t rl‘a?ye? gwés@ﬁgedsatb%%, IR 1R Ju‘f)p@& cording

layer may be inserted into the closing cross-section especially located at the lower end of

the combined steel sheet pile. As a result, since the lower end of the combined steel

sheet pile 1 may be compacted by the clods of the support layer inserted thereinto, a high

vertical bearing force may be obtained.

{0017]

In this manner, the combined steel sheet pile according to the invention may
reliably exhibit a high vertical bearing force and be gripped by the chuck of the press-in
machine used in the versatile press-in method used in the construction of the hat-shaped

steel sheet pile.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG 1 is a cross-sectional view illustrating a combined steel sheet pile according
to a first embodiment of the invention.

FIG. 2 is a perspective view illustrating the combined steel sheet pile.

FIG. 3 is a plan view illustrating a continuous wall according to a second
embodiment of the invention.

FIG. 4 is a perspective view illustrating a continuous wall.

FIG. 5 is a perspective view illustrating a continuous wall according to a third
embodiment of the invention.

FIG. 6A is a diagram illustrating a press-in machine which is an example used in a



6 cross-section fornmed by the first hat-shaped steel sheet pile and the
closing nenber is included in the circle having a center set to the mddle
point of the fitting axis connecting #he pair of joints and a di aneter set
to be equivalent to the entire width of the first hat-shaped steel sheet
pile. As a result, when the conbined steel sheet pile is pressed in into

t he ground,. cloﬂs may be inserted into the closing cross-section.

Fur t herfBPaR WAL the clods inserted into the cl osing cross-section are

conpact ed, thgdl APyl IAFIGORRIASH, 5e8eh SASS pil ¢ may be bi ocked.

Particul arly,” "when ower en conbi ned steel sheet pile is nmade

to penetrate {7 & WPGhErah PG Ag GaH6di i ek AR 6f the lcosidinet stebestseppor t
| ayer may be inserted into the cl osing cross-section especially |ocated at

the | ovgle RB6kdafg b BRIBLBEIImsSHEd thehweitiopl, bied is Aslizgriesiisiratisg acaset he

| ower end of the conmbined steel sheet pile 1 may be conpacted by the cl ods
of the whgparU-shapedstetisbeeityélt it hedeks ntebysing thégberver ti cal bearing force may
be obtai ned. [0017] In this manner, the conbined steel r}te?et pile
accordi ng t o ¥ke7Bnvediagmm ﬂhlytratmgiadnp%aﬁé& pxasple gf @Hn\‘i’éﬂe@isﬁe&f Sh5elar i ng

force and be gripped by the chuck Oth theﬁtgqress-i (r%rf{mchi ng sed in the

ver sat i pite geesting i@ the firb ambedmentolihe VaRQ ard IS liggramy NER&PEd st eel
sheet pile. BRI EF DESCRIPTI .OF THE W 018] FIG1lis a

cr oss- sBOEy @3&155%68\%%}%&%1? Hipdas %ﬂnr?el\l%%%%él sheet pile according to
a first enbodj t. of.the | i j I i §

illustrati ngdﬁﬁgc}%ﬁgﬁaﬁ% ls}‘]{&\égéml ﬁag’él?‘ﬁg‘% ggmhﬁe afﬁl%lg?%ﬁﬁ%éd;égeeg&%#an Vi ew

|11 USUT Bl BoR A0 O HAW Sm¥Blibnc A GO EinEndich, 8né RGOMEaMIULITRIG aChsd he

i nventi I's a perspective view illustrating a continuous wall.
FI G 5 i g@reREN8RRGHH “ReVitRY fild ivatsdalsiantosingamanbaious wal | according to a

third enbodi nent of the invention. FIG 6Ais a diagramillustrating a
press-in machFrg 9wk aldidgsam illuewating @modiftdieramaple of the combined steel sheet
pile according to the first embodiment of the invention, and is a diagram illustrating a case
where a folded steel sheet with four folded portions are used as the closing member.

FIG. 9B is a diagram illustrating a modified example of the combined steel sheet
pile according to the first embodiment of the invention, and is a diagram illustrating a case
where a folded steel sheet with two folded portions are used as the closing member.

FIG. 10A is a diagram illustrating a modified example of the combined steel sheet
pile according to the first embodiment of the invention, and is a diagram illustrating a case
where a curved steel sheet bent in a curve shape is used as the closing member.

FIG. 10B is a diagram illustrating a modified example of the combined steel sheet
pile according to the first embodiment of the invention, and is a diagram illustrating a case
where a curved steel sheet bent in a curve shape is used as the closing member.

FIG. 11 is a diagram illustrating a modified example of the combined steel sheet
pile according to the first embodiment of the invention, and is a diagram illustrating a case

where one steel sheet is used as the closing member.

FIG. 12 is a diagram illustrating a related art.

EMBODIMENTS OF THE INVENTION



7 press-in nmethod. FIG6B is a plan viewillustrating the press-in machine.
FIG7Ais a diagramillustrating a nodified exanple of the conbi ned steel
sheet pile according to the first emgodinent of the invention, and is a
diagramillustrating a case where a U shaped steel sheet pile is used as a

cl osi ng nenber. : FIG7B is a diagramillustrating a nodified exanpl

. . e
of the-{@ﬁl@t}l ned steel sheet pile according to the first enbodinent of '[rﬁe
i nventiton,”land is a diagramillustrating a case where a U shaped st eel

sheet Pl e | JpiInRSs ! O3 WalEOBRAs member nedl @ & fifedtodiAGLRPed

illustrating a nodi exanpl e ne” conbi ned steel sheet pile according
to the ddof lee ITBOLro-sdchiBn HRY@FhE@R, to 88 Gorhried do Hiraegr shiapé kddistizat i ng a
case where a hat-shaped steel sheet pile is used as a closing nenber.

FI G 9A i}, 8udedinddsilb dbrdited batd 6gashapedifhichdcleafmpess-iofmadhincdomidanéd st eel
sheet pile according to the first enbodinent of the invention, and is a

di agr arelidbiysklibit bhiptavertsd badimgdome fod ddetv shesutel shrstpilaahy riwed Py ded
portions are used as the closing nenber.. . FIG 9B.is a diagram

|t | ;J?]t rt?e clmg:ka::bmmd rE$seit reachinsivsehin & TEsabhBicHol ethed o é?nsgwgo%ccor di ng
o] e first enbodi ment of the_invention, and is a diagram.i/| rati

ciase. whadithe batfshpprslchtes] gheet Bilfeet! et%i’Fet 1‘?‘@[‘1%)(5%%?3‘7&0{)?%%? grcgn\lﬂ)sﬂi (Saeg asI '? gea
cl osi ng er., . .. FIG 10A is, a.dj [ t IQ: ified exanpl e
of he %%ﬁ%’ﬁmagfne@z{c@ el i RRRAT s A RoiReRe P T
invention, and is.a rami b -6t el sheet
3§ant i ncrazscﬁfg%n %%"aﬁfélf ﬁs NS Jztaelsé %}E]%Hé: os?lrllé%%ng?%(g% ross %{IMII%IQI&;@{{%B is a

| agrafilhs; bk RGondDdiaf dngsk @XRAR Rckiled he: abhaesk standr ssheet pil e
accor di ng_lb%ﬁieh@#l ret e 51 [ ﬁ%ﬂt of tlhg i%venti on, and is ardi agramIO

i 11 ust r abiRiadR FoRtf WMagTiEn@aas toredctiigb paie€oifie ntspeativalyquovided tape i s
used as the cl 0sing nenber. FIG11 is a diagramillustrating a

modi f i eghequaNBhd offthd imseaihidimbtatsetto tefreivajsnt b the eatitgivigthte st i r st
enbodi ment of the invention, and is a diagramillustrating a case where one
st eel shaehapsl disbcheaspiihe cl osing nenber. FIG 12 is a diagramillustrating

arelated art.
[0020]

Hereinafter, a combined steel sheet pile according to preferred embodiments of
the invention, used as an earth-retaining wall in the civil engineering and construction
field, a fundamental structure, and a structural member used as bank protection, a quay
wall, and a water stop wall of a port and a river, and a continuous wall using the combined
steel sheet pile will be described in detail by referring to the drawings.

[0021]

First, a first embodiment of the invention will be described by referring to FIGS.
1and?2. FIG. 1 is a cross-sectional view illustrating a combined steel sheet pile 1
according to the embodiment, and FIG. 2 is a perspective view thereof. In the drawings,
“o» indicates the longitudinal direction (the press-in direction of the combined steel sheet
pile 1) of the combined steel sheet pile 1, “b” indicates the width direction of the

combined steel sheet pile 1, and “c” indicates the thickness direction of the combined steel
sheet pile 1. Further, in the invention, as shown in the drawings, the side with a concave
cross-section of the hat-shaped steel sheet pile or the closing member is referred to as the

inside (1) and the side with a convex cross-section thereof is referred to as the outside (O).



8-10019] The inventors have found that a cl osing nenber needs to be fixed
to a hat-shaped steel sheet pile and the cross-section thereof needs to be
~fornmed to have a shape and a size in®uded in a circle obtained based on a
shape of a chuck of a press-in machine in order to reliably exhibit a high
vertical bearing force and allow the steel sheet pile to be gripped by the
chuck 3@ %@e press-in machine used in a versatile press-in nmethod of the
constr P n of the hat-shaped steel sheet pile. Therefore, the inventors
have contriv | i | 4 Brdt Ratdhafdll Aect kBsek PUe MBEREr 1S
attached theﬁgFgw?gﬂg#gggl?ﬁ%ﬁkﬁﬁggﬁ%gg%%ﬁgkcross§section OP a first

hat - shapggsiat geinteheet pile with a hat-shaped cross-section and the closing
menber 1s forned in a shape which is included in a circle having a center
set to fpbg3jm ddl e point of the fitting axis connecting the pair of joints
respectively provided at the front ends of the arns and a dianeter set to
be equi val entThedistiet-ehdgied stenl dhett e 10HecHidesst weint L stpaped flopgesi 12speet pil e.
[0020] Hereinafter, a conbined steel sheet pi|e according.t referred
enbodi nesit of asms fl B eandrmrain efgaints e trhgee theFecqpfiiusndt 3P mtﬁ@al,\&?quieﬁ Yite civil
engi neering and construction field, a fundapental., structure d a

st ruct ugash Oﬁﬁﬁ‘be?helﬁaé‘ootﬁgnﬁ%sn (ﬁ?r‘w&‘é(ﬁx??ﬁ'gs ggﬁ'mh HaFS ?fttgﬁﬂfegﬁl ter stop
wal | of__a _pori and river,. and.a c ' I i i ned steel
Sheet _pridiepiths BEofutt Brutrtin 68t HoBt AT pl el nciieth R BAIRLACT P o02n)
First, first e Ls . er | ' i sk i Hedmby erring
to F GS&leiV ez]a:'ﬁl ’ Zﬁggég‘ag}qngg %.& (lizgff 8?2‘}!‘5%%%1‘?%82‘% én\Ic/liS gg\}hiéﬁhﬁig ?at i nge iziﬁf:onbi ned
steel shehPid @nd jRRCOTN Hlate bled Bt @Ak HBBEsechfith] Khdpes Hhich ae per spect i ve
V|em1there5} In the draw ngs, "a"™ indicates the |ongitudinal direction (the
press- i foidi-seshieR t©EadhhghaonPhaiRthtdudal a shaetfitableso bpoiber johe 14 amiliened

steel sheet pile 1, "b" indicates the width direction of the conbined steel
sheet phdjgceht amultbr cohbimdistat deetifile I, hnd kasdugh Hitingoticogthep thatgedeimts ned
steel sheet pile 1. Further, in the invention, as_shown in {he draw ngs,
the si dé4 wietriot seperstohiiemcadsetherespedtl owhemibey, ate-itpdie gady ¥BST sheet pile or
t he closing menber is referred to as the inside (1) and the side with a
convex §-section thereof is referred to as the outside (0).

Further, the first hat-shaped steel sheet pile 10 used in the embodiment is rolled

steel manufactured by hot-rolling, where the joint 14 is formed to have a complicated
shape and the strength of the joint 14 is improved. As for the first hat-shaped steel sheet
pile 10, the bending rigidity of the entire steel sheet pile including the joint is improved as-
a whole compared to an existing steel sheet pile manufactured by cold-bending one steel
sheet.
[0025]

The closing member 20 of the embodiment includes a web 21, a pair of flanges
22 which obliquely extends from both sides of the web toward the inside (I) in the
drawing, and arms 23 which respectively extend from the front ends of the pair of {langes
22 to be paralle! to the web 21.  The closing member 20 may be formed by cutting the
front end of an arm of a second hat-shaped steel sheet pile (not shown) (a joint cut steel
sheet pile). The closing member 20 is attached to the first hat-shaped steel sheet pile 10
to close the inner opening cross-section. The closing member 20 is attached to the first

hat-shaped stecl sheet pile 10 so that the inner surface of the closing member faces the



9 [0022] The conbi ned steel sheet pile 1 includes a first hat-shaped
steel sheet pile 10 and a cl osi ng nenber 20. [0023] The first

hat - shaped steel sheet pile 10 includes a web 11, a pair of flanges 12, a
pair of arms 13, and a pair of joints 14, where these constituents are
integrally fornmed with each other. The pair of flanges 12 obliquely extends

e i S B S o s v A

%1?139 par a to the web 11. The pair of

joints 3114W}51§IE fsmﬁg% %IE Renty 908 mRRdS FRfihdr@e aAD 3 EarrbdpohlivgRite afi j oi nts

14, on€e join e other joint 14 have cross-sectional shapes which

are poi FrSHUHIRE MembkO2@RGKaeHIAeH thebh@ [30knke figt hatshapesirape sidenpid e t o
another joint 14 in the adjacent another conbined steel sheet pile 1, and

has hi giy ¥hild theGosbmenghde thercdhmtnds fsto jplinatcontadt therewiibt  Fepheraroee! from each
ot her especially when they are fitted to each other. [0024] Furt her,
the firiaé amap3 shagpdndingal the e of thiclclosing meyaberi2 mawebeinsbtdieiie i s rol | ed
steel manufactured by hot-rolling, where the jojnt .3[4 is formed to have a
conpl i clingd 13 rgteadnfthe dvet Qméhfgg%tbfﬁ“sﬂl%edj Biche efﬂpﬁ%_l(#ﬁpé%@‘éﬁ.onis for the
Steol Sweet A v BRTUERE) THEPF aier 1o oy daruind ol Al beiedh cd 1o an
exi sting steel sheet. pile ufac cql ' : sheet .
[o02s) ey be daghat 8 Mated B diros. o s RIS QekiREeaieri0 S0 a
pair of_ flanges,?2 ' g [TeeN t e @BEre0k: e web

t owar d ]E“ﬁ%g? %%c ggtqv\g%:ﬁgﬁ?lﬁ{eggpgdwﬁﬁcg@ﬁ ﬁgfrl?rs 23 whi ch respertlzétdiﬂvel y extend

fromt hﬁaife()ﬁ%%gﬂhg%f%&a&m 19 8hty dfarf draRgBE B2-shapddestqaeiadet pile 10t the web 21.
e

The cl osing ne may be formed by cutting the front end of an armof a
second pabimshaneestigel sheet pile (not shown) (a joint cut steel sheet
pile). The closing nenber 20 is attached to the first hat-shaped steel

sheet pjdoe6LO to close the inner opening cross-section. The closing nenber
20 is attached to the first hat-shaped steel sheet pile 10 tﬁo t hat the

i nner sur f acelngidditive, Gl sommgtipe abde closinggnember 2Pgvith respect to the first

hat-shaped steel sheet pile 10 may be performed by, for example, any one of welding,
adhering, bolting, riveting, attaching with screws, attaching with tacks, and the like.
Further, the connection between the first hat-shaped steel sheet pile 10 and the closing
member 20 may be performed at a factory or a construction site before or during
implanting.

[0027]

As for the cross-sectional shape of the closing member 20, it is essential that the
shape is included in a circle 47 having a center set to a middle point 52 of a fitting axis
connecting the pair of joints 14 respectively provided at the front ends of the arms 13 and
having a diameter equivalent to the entire width T of the first hat-shaped steel sheet pile
10.

[0028]

Furthermore, the closing member 20 may be formed as a folded steel sheet which
is bent to have the web 21, the flange 22, and the arm 23 described above.

[0029]

Next, a second embodiment of the invention will be described by referring to



i nner surface of the first hat-shaped steel sheet pile. As a result, a
closing cross-section 31 which is swllen at the center is forned. Further,
the arm 23 corresponding to the end of the closing menber 20 is attached to
the arm 13 in the first hat-shaped steel sheet pile 10 while the bottom
surface thereof comes into plane-contact therewith. Furthernore, the arm 23

{1 ange o pdrbd BT cerdt il Mo BEE R s T el et il e

10. Furth Lorin O &%&R{%&E&? sff‘féeﬁgflékgl PRARRY a0 aBseribed adimshednt® the arm

13, and™® other en ereo y be attached to the flange 12. Further, as
shown iR Fhfer: hig ShisiinentBrReAABUIRKIIEES &ihrdhe te beesiddenfintosh

hat - shaped steel sheet pile 10 throughout the entire |l ength thereof, and
may be jafd@edie@ 14@r 05 anddory dneofall becdrnestingthe cshbiped ststisbbetghlesl pile 10
in the longitudinal direction. [0026] I n addition, the connection of
the cl opicach omabibrou2h thd joints &4 fesioft oFwHerfthe emtinaeusstalp i formeed bsheet pi | e
10 may be performed by, for exanple, any one of weldin adherin bol ti ng,
rivet i nepntianeustyhdisgpsinigithe srEneopmbined sed) ishept wileht -t athes; g‘é’r?d”eF ﬁ%‘!‘ﬁ ‘%’ke.
Further, the_ connection hetween the first hat-.sh d steel .sheet pile 10
and t hethe combingd gispbbectniemh Popsitaiod FHPREJoEF 7§ V\‘ahg‘g’[ 1§ PLFSgt bgpo% truction

site before or duri i apl. antjn 0027 -secti onal
shape omtemsgmegw@gne e BopmBaichtor 20 mey Wy deibied 1 B30 % el uded
inacipcle 47 hayi RIS I AEHBRLs BRwfin #1614 kha'g axi s
connectﬁ%’&ﬁ?’%eg Sgeg}/?h%g%ﬁjlem n sgufﬁgéte&sl%gg%r??/%ﬁ y provi dsed at 1étlhe front ends of
the ar aRsnbayd AR IRIB-sIogul ViabieRteti@etiDen eRtlbAgm@@ h T of the
first ﬂg?%gﬁapeg'stegﬁygheet pile]%%. [ 0028] pﬂ Furthernore, the closing
menber gP-ciy. be fornmed as a fol ded steel sheet which is bent to have the
web 21, the flange 22, and the arm 23 descri bed above. [0029] Next, a
second polofi nent of the invention will be described by referring to

Next, a third embodiment of the invention will be described by referring to FIG. 5.

FIG. 5 illustrates a continuous wall 6 which is formed by the combined steel sheet pile 1
with the above-deséribed configuration in the above-described first embodiment and a
third hat-shaped steel sheet pile 143. In the embodiment, the continuous wall 6 is formed
to be pressed-in into the intermediate layer 75 of the ground.  Further, the combined steel
sheet pile 1 and the hat-shaped steel sheet pile 143 are alternately connected to each other
through the joints 14 to form one wall. In the continuous wall 6, only the combined steel
sheet pile 1 penetrates the support layer 76 of the ground, and the third hat-shaped steel
sheet pile 143 is formed to not reach the support layer 76. Further, the closing member
20 may be attached to the first hat-shaped steel sheet pile 10 throughout the entire length
thereof as shown in FIG. 5, and may be attached to only part (only a portion implanted into
the support layer 76) thereof in the longitudinal direction of the steel sheet pile.

(0031}

Next, a press-in method of the combined steel sheet pile 1 with the

above-described configuration into the ground will be described.

[0032]

FIGS. 6A and 6B illustrate an example of a press-in machine which is used to



11 FIGS. 3 arid 4. FIGS. 3 and 4 illustrate a continuous wall 5 which is
formed by connecting the conbined steel sheet piles 1 with the

- above-described configuration to each2other. In the enbodi nent, the
continuous wall 5 is fornmed to be pressed-in into an internediate |ayer 75,
and fornms one wall by connecting the conbined steel sheet piles 1 to each
ot her throu t he .0l er, the continuous wall 5 is

f ormed %Vség%elCr?t%%ﬁ%@%ﬁ%%&%&ﬁ%ﬁ%%%omi ned steel sheet piles 1.
Then, g {)ﬁ ower ends of the conbined steel sheet piles 1 penetrate a
support- I'ayer 76 which is present below the internedi ate |ayer 75. Further,
the closing e Lindfadie PRichidtag blashpt4l, hbaddi¢ 45 ta rhaih cgliafred3 st medt sheet
pile 10 throughout the entire length thereof as shown in FIG 4, and may be
at t achepl hed @ohyckpit t Thk cldne 4lais-ashaedissit fertlampimgtthphtad ofthd n t he

| ongi tudi nal direction. [0030] Next, a third enbodi nent of the

i nvent i mbindd stéxd sires pilé bedidhyis fraplepted ijo tlee Fpends andhas sfpetlioneh at es a

continuous wall 6 which js fornmed by th Cﬁgbi %Egs@:.eel S %ret. ile 1 with
t he aboWvesldamemmgrvthe spmbingd steplohestipiiehd ahpt 13 BEY 994 4 Bnbodi ment

d a third hat:shaped steel sh il 43...1n.th j ath
Cont | nugeenin o meviesnaa B d s ettt el FRERME AR, oy e s
f th d. Further. .the. ' | bhige 4 5 t - shaped
St ool sHeg Spies 3SR BT E b AR pROET) mRlEy 4 Pl BT The

joints Sﬁ@ee {n E‘T QA walleout e FRRt drRHAYS hedlektidl diedthibn o thecObi ned

st eel pénetrates the support |layer 76 of the ground, and the

third haboshapecsdaslhehaalind di&] #edt pite 1 @fippell tyohe ohudketscintd the suppor t
| ayer 76. Furtherr, St he cl osi ng nenber 50 may be attached to the first

hat - shagedné! €Bhat $d)&tet chtk 45 kndvudaloghonrt the besieof the powenefithe nhagr eof as
shown in FIG 5, and may be attached to only part (only a portion inplanted
i nto t heylidppes, tso It ére CoB)bintddestasbhechpilehbiy mypsgrd-ininfaibe @rowW@et i on of t he
steel sheet pile. [0031] Next, a press-in nmethod of the conbined
steel sH®8#]pile 1 with the above-described configuration into the ground
wi || be descrjbed. [0032] FIGS, 6A.and illustr ae % %i)aqgl &, of a
press-in machi HePHRATEHLR Ayith suchpeqnpiiguration ProTeSHB AR HOFEELel sheet
pile of ccgrpl inleé] \s/tee&t shger:}'pﬂ[eqqgt%]the ground by using a hydraulic pressure and a drawing

resistance of the combined steel sheet pile 1 which is implanted into the ground.

[0035]

FIG. 6B is a diagram illustrating the press-in machine 4 when seen from above.

The chuck 45 grips the combined steel sheet pile 1 in a manner of pressing the pair of

arms 13 of the first hat-shaped steel sheet pile 10 in the direction depicted by the arrow D3.

Then, an opening 46 is provided inside the chuck 45.  Generally, the opening 46 is set to

have an allowance that prevents contact with the web or the flange of the general steel

sheet pile. However, the opening 46 is set assuming a general steel sheet pile.

Regarding the size of the opening 46, it is desirable to consider, for example, the circle 47

shown in FIG. 6B. The circle 47 is obtained based on the shape of the chuck 45 in the

press-in machine 1. Specifically, the circle 47 is obtained in consideration of the position

of the arm 13 gripped in the direction depicted by the arrow D3, the position of the joint

14, and the position of the peripheral side wall 48 forming the opening 46.

[0036]



A press-in machine 4 includes a clanp 41, a saddle 42, a main cylinder 43,
a mast 44, and a chuck 45. The clanp 41 is a nmechanismfor clanping the
head of the conbined steel sheet pila31 which is inplanted into the ground,
and has a function of freely running on the conbined steel sheet piles 1.
The saddle 42 is provided with a nmechanismfor noving the mast 44 in the -
| ongi t udi nal !tﬁeeﬁl%fdbnh&%%oin%n%ﬂ‘ételapﬁ-%efr"bﬂéh ﬁa?BW'pﬁéﬁﬁyq?sir%ﬂle executing
various operations of thé press-in machine 4 in many cases. e main

cyl i ndefy 48 4k $2619PhisPeL8chriR g R tHelcpRleya T ITY hrtichlat, g a@ibih@pdtedlish@gt i on of
the draw ng and press-in the conbined steel sheet pile 1 gripped by the
chuck 4§1d NisGotdie] @raOMmagk inMidth bl thetdoastithertkihdfeot srerimutededdowe drel¢ he basi s
of the power of the main cylinder 43, so that the conbined steel sheet pile
1 is prassadesiibddnibové. heAgshowmdn FIGOB4le circle 47 iFHernmdemich ithat theatgitgeis4 wit h
such a configuration presses-in the subsequent conbined steel sheet pile 1
i nto thet tr temidile podit 4§ of theyfittagetis 5 b pernsghies hedais ofioins g reddedasince of

t he conbi ned steel sheet pile 1 ich is imlanted i,nto the. und. [0035]
FI'G 68 s Teonipadyatita Armsderaa ihighng pisaeLio b ChUHp HE OBt e B om
above. The_ chuck 4 rips. the cgnbined steel.sheet pile [ nner of

pr essi n]@attshép%’aqtff‘d g‘?e%E\P‘EFsléme[BP%}eﬁg‘f OF(?Sr’ gle qhete shlgﬁg?flﬂ ] Hel%rff cg} ﬁgeetﬁﬁpi le 10 in
the dirgction i t . : j i i ded
nei de Pt GROEIT 36 1€ s e SP Ry Rhg egl oTa0 AAREM MR KR BN Srance
that preyents contact with the web or the flange of the general steel sheet
pile. However, the opening 46 is set assum ng a general steel sheet pile.
Regardiﬂm3¢pe size of the opening 46, it is desirable to consider, for
exanple, the circle 47 showmn in FIG 6B. The circle 47 is obtained based on
the shape of Ihie ebmbined Stetlshtdteilpriesseidingrtadls ingertionShe cldsingahémbert he
circle 47 is obtained in consideration of the position of the arm 13

gri ppedisi attathel tditheltisbaped sfsicbshect mile t0e thatrtbounper surigec pbibie hposhaged t he

joint 14, and the position of the peripheral side 11..48 form ng the
openi ngs#el sheerasle] 10 faces the inner supfage@f the Glosing gem eﬁ\é\@copb‘?%g%f steel sheet

01 L IRLDAELPREE B0 5ol 15 SOHS R DR IRSHAGRRL GG 10
h in which all,the ti A i : j ejrcle 47

Shape B, Ao AT F0eh o B ARG LRI 1€

B T R e R

di anet ey i $,:968 Qs PREAURS cdrbihfBsteslishé® itk dtoflayheairigpbe b dlie dhapes st eel
sheet pi?e 10. In other words, the circle 47 is an inmaginary circle that

has a dio@fRiResssiaimdchink AahiiinGeqantipabédin A presspaimetiafd. j dihat 5, iofth¢ he
hat - shaped steel sheet pile 10.
invention, the combined steel sheet pile 1 may be pressed-in based on the press-in method
by using the existing press-in machine 4. Therefore, since the existing equipment and
device may be directly used and no special investment in facilities is needed, an increase
in construction costs may be suppressed.
[0038]}
Further, the closing cross-section 31 formed by the first hat-shaped steel sheet
pile 10 and the closing member 20 is formed inside the combined stee! sheet pile 1
according to the present invention.  As a result, when the combined steel sheet pile 1 is
pressed-in into the ground, clods may be inserted into the closing cross-section 31.

Further, since the clods inserted into the closing cross-section 31 are compacted, the inside

of the combined steel sheet pile 1 may be blocked. Particularly, when the lower end of



[ 0037] In the conbined steel sheet pile 1 according to the

i nvention, the closing nenber is attached to the hat-shaped steel sheet
pile 10 so that the inner surface ofi4 he hat-shaped steel sheet pile 10
faces the inner surface of the closing nenber 20. Then, the cross-sectional
shape of the attached cl osing nenber 20 is designed to be included in the
circle 47. Eurther, in the i ti Lt ] | t 14.pe conbi ned
steel MR S%iél iSiéee’lt {(T: llj(l‘lpe%g%nﬂot Ielettaft? cle ﬁ@j@gﬁ% %garstdiégtgllgglﬁl y, the size

of the | ' ' ind ardsesettion 3he combi ned
S?%!é\ge? 'c%ig g?gﬁgr%rg@ﬁ)gteﬂagm% rﬂﬁsﬁ Bk 'sé}te@CiM@rtﬁ@eloﬁﬁ% rds& st [

st eel ripped by the chuck 45 of the press-in nmachine 4
that i %séercﬁmstqaéétéﬁ SRRy BndsaES chnbiied feel. shdhaileils, Aismrthdt, smvent i on,

t he conbl ned steel sheet pile 1 nay be pressed-in based on the press-in

met hod 1hyioser Bed bile exinBinkd gtepl shea-file ImaghbaneompacEddyshoclods gf thee t he

exi sting equi pment and device may be directly used and no speci al

i nvest nmpport layéelt insdrted shérsintre dubddgh wertical beaianglorge reanbe pRlaedn costs may
be suppressed. [0038] Further, the closing cross-section 31 forned
by the [P0¥Ht hat - shaped steel sheet pile 10 and the closing nenber 20 is

formed inside the conbi ned steel, sheet pi.le 1 according. to the esent

i nvention. Adn#hif BEHnSt, ﬂlﬁ/ﬁ%‘ﬁ‘%’c"lﬁié S?g]nsgﬁﬁéﬁlegtaé&‘f’rﬁgfgetgtth%inlv%nt?ni% pressed-in
into the,.ground, . clods e i [ i =segction 31.
Fur ¢ nereti i gapit & HEo R Ber ol bR g e S IR R BeeR *h e
conpacted, .t he jRns] (e ol i £BX-4pgnddl ocked.
Parti cUfa 1’31/6, %%ﬁh%ﬁzg&%%l\%\;&?es&%ﬁﬁlgﬁ% qﬁé?ﬁ!ethggﬁr%ihﬁg%éﬁ%gl shee]g pile 1is
made tq“%§§ﬁ££ & the support |ayer 76 as described above, clods of the
support Tayer 76 may be inserted into the closing cross-section 31

especi ajopyo] ocated at the [ower end of the conbined steel sheet pile 1. As
a result, since the |ower end of the conbined steel sheet pile 1 may be
conpact ed by Ruithenhadsthetomhined stoplosheet palpdracperdingde theigverings aelo, t he hi gh
vertical bearing force may be obtained. [0039] dn this manner, the
conbi nelimitdtl the ewte-deistribed eahodimatnd §ot gra@mpit, & e bsd sxFuplERIN 3 exhi bi t
a high vertical bearing force and be gripped by the chuck of the press-in
machi nedessdbed helow araalsosipeluded iy %gl-vieﬁ%l thod used in the construction of

t he hat-sg ed steel sheet pile. [0040] Furt hernore, the conbined
steel sH¥ pile 1 according to the inventionis not limted to the

bove- d i bed enbadi gk ! b
above- doscr | bec SABI FERLwARt(R!7REAIPA She LiRYARSEUSAC R AR Ry 0 be

descri bed bel oW AFe SO I n i hventi on. For

exanpl e ' Soped AtetNGhedBilet d0aGRiEh DeHasddeebsssbein Rithe 1 may
be forn%%ﬁ%§é§g&ﬁgh‘aﬁégﬁgﬁegestegﬁ§gﬁeet pil'e 80 Agging a U shaped

Cr 0SS- SeRkingMddshet DG, CTRSUnGap@idied sBt pild180 lochidapedvebBécllamgosd? pile 80
i ncludes a web 81, flanges 82 which are integrally formed with both sides

of the wakchSite imedrilhefbrmadaiibl Hoth tidhes aftlzavwely$ 1 tnstined jnwiard ingBe dravang,i s
formed at the front end of the flange 82. FIG 7A illustrates an exanple in
whi ch t ard j piimtt 8388hich is foemedhat the fronteend o thaidangs 8el FKRdé llpstratesgy i s

ttached to the fl 12 of the hat-sh d st h ile 1Q, d FIG
75 111 uskarmpledh shiceHnisia St @M Qe | ORI R Bl RS AR T shaped
t eel heet pil Qi ttach tn t. hat - sh _ | heet
oi o 10 sl of e e s Ser e Do st S8 A Eude 3 AR b e
by the first,hat.- t i i 20, d
y (e SRSl 0A0S: 8PSt DEGLoRI Lt 0. RBM: 50 @hoRlng EmRPrs 20, an

the higfi¥ rce may* be obtain y conpacting the clods of

the SuPRPke Haf¥fled SroofHEL it 108V Bllch In hB® XARRSAfic Blosing Gross-Léutivd 76,

since the Cross-sec e conbi ned steel sheet pile 1l is adjusted to

be incl udeg, i Hh& 6 e Rsthhs-sHabed GesBhaRgilstioahd seattsin memberniy ahxe
gri pped by the press-in machine 4 having the chuck 45 with a

the high vertical bearing force may be obtained by compacting the clods of the support

layer 76. Further, even in the examples of FIGS. 7A and 7B, since the cross-section of
the combined steel sheet pile 1 is adjusted to be included in the circle 47, the combined

steel sheet pile 1 may be gripped by the press-in machine 4 having the chuck 45 with a



15 size according to the circle 47 and be pressed-in into the ground.

[0042] Furthernore, the side end of the closing nenber 20 may be attached
to either the arm 13 or the flange 1250of the first hat-shaped steel sheet
pile 10, one end may be attached to the arm and the other end may be
attached to the flange. [0043] Further, for exanple, as shown in FIG
8, the g I : i rdeehdy using a second
hat-shaspé%gégﬁg}ﬁéﬁge%&g?ﬁm@éi%&%éﬁgx%Igg%iﬁ%g menber 20. In FIG 8,

regar dipgqjhe same constituents as those of FIG 1, the description thereof
will be omtted by referring to the description of FIG 1. In the second

hat - shaped streihegh&e}thpkide efd obthetchaing rosmbey 20endgebe AGchediie citheniges 22 are
integrally formed with both sides of the web 21 inclined inward in the

dr awi ngarmt Heomthen(28zd K2 piithe vkt Hatisheped tieel shashpile K oge cagmay bgmgfached t o be
parallel to the web 21, and a joint 24 is provided at the front end of the
arm Thierthe e ape itheother endmaydisatiarked 10 e #028nd of the cl osi ng member 20
is attached to the arm 13 in the first hat-shaped steel sheet pile 10. Even
in the E¥A3Wi nent, the cross-sectional shape of the conbined steel sheet
pile 1 is designed to be included i i 4 r en the
curved steel S%‘%@@f’ f?)re % % &fqr%n lgiq:rlg:}lhg tﬁééﬁﬁﬂ%%%egg B%%g gﬂté:nl? ggc}yn%g] menber ,

cur ved : rel & 7SS e 9
conbi nel P B 2B e e B T T he i o

verticagyd %?félg%%%g%e SariBYoREtR¥RIBRE of FIIQ44ihe descriptibil thdhet wiflde exanpl e,

as showmn in F A, a folded steel sheet 86 may be used as the cl osing
menber 2RittefbySBRWInG 1 tht GesdBptich §HIdetl shaht sabedhat@hapal/site shesegilas t he
cl osi ng nmenber 20. e folded steel sheet 86 has a shape which is bent at

four posH i theslosimy méaberAl fradlez&)2 @2 inte@zllpformad avithidosh sdessaffbet i vel y
formed. Then, the side end of the fol ded steel sheet 86 is attafched to the
arm 13 wieb2héndlined invrad irsthg seaning.he agm 2 is pypyided fomythe fogt dpidhel sheet

BT TS Beanhe S DL B PO O BRI A R £
? L? ]} §| B‘L‘ﬁi gﬁ%f@:ﬁ{tétﬁ é:g?rtgs:pgggi%%% ﬁ;[e%%ld of %eélos[i)ﬁgl SethBer 0 is GRYIRG to 2 ends of

arm 13 in the first hat-shaped steel sheet pile 10. Even in the embodiment, the

cross-sectional shape of the combined steel sheet pile 1 is designed to be included in the

circle 47. Furthermore, when the curved steel sheet bent along the circle 47 is used as

the closing member, the maximum closing area may be obtained within the range where

the combined steel sheet may be gripped by the chuck 45, so that the high vertical bearing

force may be exhibited.

[0044]
Further, for example, as shown in FIG. 9A, a folded steel sheet 86 may be used as

the closing member 20.  As shown in FIG: 9B, a folded steel sheet 87 may be used as the
closing member 20. The folded steel sheet 86 has a shape which is bent at four positions,
so that surfaces 91, 92, 93, 97, and 98 are respectively formed. Then, the side end of the
folded steel sheet 86 is attached to the arm 13 of the first hat-shaped steel sheet pile 10.
The folded steel sheet 87 has a shape which is bent at two positions, so that surfaces 94
and 95 are formed. Then, the end of the folded steel sheet 87 is attached to the arm 13 of

the first hat-shaped steel sheet pile 10.  Of course, the ends of the folded steel sheets 86



16 and 87 may be attached to the flange 12. Even in the enbodi nent, the
cross-sectional shape of the conbined steel sheet pile 1 is included in the
circle 47. [0045] Furt hernore, 1&s shown in FIGS. 10A and 10B, curved
steel sheets 131 and 132 each having a curved cross-section nay be used as
t he cl osing nenber 20. In the exanple of FIG 10A, the end of the curved

steel sheel énagflb zﬁta@irlédatgqgéjﬂ&% clihe LM 1 3ne BMbbNElent ik &B&-QxaGRIe of FIG

10B, t K&“&h e curve Sheet 131 i's attached to the flange 12.

Even '@h%é‘j%ﬁﬁ@@&lhﬂﬁ@& steélh;ﬁeéi Qe 3§ pehudem irdfhe heleagnbi ned steel sheet pile
1 is incl'uded inthe circle 4? To conpare FIG 9A with FIG 9B, the fol ded

steel ghegd) 86 is formed to be nore simlar to the shape of the circle 47
than the fol ded steel sheet 87. For this reason, since the shape of the
conbi ned st edurtbhesire pislskowhawblG$h IHA@ndQI&Bth‘V@m@efﬂahw 1% oyl g
cross-section, the conbined steel sheet pile shown in FIG 9A can exhi bit
excel | enth having & alirvbé arasmrgection geay eoBadys the closinguperpkst 78y o In ﬁ@ shown in

oF the Ssegle @érégl 16/5ghe el e Humred Sotitbog dot sratear BT ARE 13 o m 13, elnd
E ,

Ce e SR g oG 0% SRSl A SRR %%gazégr@z%e;t e
sheet 1 m,rg@%f °§g§{9 o %g@&g%mskﬂg érags-geglém&tﬁgé&ﬁbl%d LBer kst 1% 147 as

shown i l'arger closing cross-section

obtai neg il d¥in KEifAE Vﬂ%%%ﬁam &R IRIAALFRE B! thelrekakd Eﬂeél%h@@e)%be

gri ppe by t chuc 45. 'For thi's reason, the hi gh vertical bearing force

may be i‘é‘%&'n%dtt@%e md204ifdilar to the smgjd ot @f i 4 Bthas tiRoRidedntes] sfect 8% pr esent
i nventi on have been described and illustrated above, it should be

under st pgdhishedsohese the shapx afithk esmbinetl bieel sieetrtilechowndn EHG Sdohastte be

consi dered as Ilnltlng and the invention includes various nodifications of
t he aboleper elosinglsewsseadsivdi thewpmbified steehsheetmlespewnin E1@ Gtk saguatiton or the
like in the above-descri bed enbodi nent is nerely an exanple, and may be
appr opr ¢xsebent vaoigak hearng forpe.

{0046]

Furthermore, as shown in FIG. 11, one steel sheet 136 may be used as the closing
member 20. The end of the steel sheet 136 is attached to the bottom surface of the arm
13. Even in the embodiment, the cross-section of the combined steel sheet pile 1 is
included in the circle 47.

Furthermore, since the curved steel sheet 131 is formed in a shape similar to the
shape of the circle 47 as shown in FIGS. 10A and 10B, the larger closing cross-section
may be obtained within the range where the combined steel sheet pile may be gripped by
the chuck 45. For this reason, the high vertical bearing force may be exhibited.

[0047]

While preferred embodiments of the present invention have been described and
illustrated above, it should be understood that these are examples of the invention and are
not to be considered as limiting, and the invention includes various modifications of the
above-described embodiment. That is, the specific configuration or the like in the

above-described embodiment is merely an example, and may be appropriately modified.



| NDUSTRI AL APPLI CABI LI TY [ 0048] According to the conbi ned steel

sheet pile, the continuous wall using the conbined steel sheet pile, and
" the press-in nethod of the conbined $7Teel sheet pile, since the high
vertical bearing force may be reliably exhibited and the conbi ned steel
sheet pile may be gripped by the chuck of the press-in machine used in the
versath$ﬁﬂgg i, ApPEidedggd in the construction of the hat-shaped steel
sheet pile, the industrial applicability of the invention is high.
EXPLANﬁEb OF REFERENCE NUMERALS [0049] 1: COwBI NED STEEL SHEET PI LE 4:
PRESS- | CHI NE 5, 6: CONTI NUOUS WALL 10: FI RST HAT- SHAPED STEEL SHEET PI LE
11: VEB 12: FAANGENG ® thdBMnhided §@kINTReet pile, the continuous wall using the

combined steel sheet pile, and the press-in method of the combined steel sheet pile, since
the high vertical bearing force may be reliably exhibited and the combined steel sheet pile
may be gripped by the chuck of the press-in machine used in the versatile press-in method
used in the construction of the hat-shaped steel sheet pile, the industrial applicability of the

invention is high.

EXPLANATION OF REFERENCE NUMERALS
[0049]
1: COMBINED STEEL SHEET PILE
4: PRESS-IN MACHINE
5,6: CONTINUOUS WALL
10: FIRST HAT-SHAPED STEEL SHEET PILE
11: WEB
12: FLANGE
13: ARM
14: JOINT
20: CLOSING MEMBER

21: WEB

22: FLANGE

23: ARM

31: CLOSING CROSS-SECTION
41: CLAMP

42: SADDLE

43: MAIN CYLINDER
44: MAST
45: CHUCK



20: CLOSI NG MEMBER 21: WEB 22: FLANGE 23: ARM 31: CLOSI NG CROSS- SECTI ON 41:
CLAMP 42: SADDLE 43: MAIN CYLI NDER 44: MAST 45: CHUCK 46: OPEN NG 47:

- Cl RCLE 18

46: OPENING

47: CIRCLE

52: MIDDLE POINT

75: INTERMEDIATE LAYER
76: SUPPORT LAYER



52: M DDLE PO NT 75: | NTERMEDI ATE LAYER 76: SUPPORT LAYER 19 CLAIMS 1. A
conbi ned steel sheet pile conprising: a first hat-shaped steel sheet
" pile which includes a web, a pair of 1?l anges provided at both ends of the
web, a pair of arns respectively provided at ends of the pair of flanges,
and a pair of joints respectively provided at ends of the pair of arnms; and
a closing nenber which is attachedctiaiefs | east a part of the first
hat - shaped steel sheet pile along the |ongitudinal direction of the first
hat - shaped steel sheet pile, wherein a shape of a closing
cross-section fornmed by the first hat-shaped steel sheet pile and the
cl osi ngl.nenbet comsbinad kigdledicétipila compobieghavi ng a di aneter set to a line
connecting the pair of joints. 2. The conbi ned steel sheet pile according
to claimi1, afirsthatyhapedisteehsheptrileshich siclusdes areben Bair ahflanass erovidedat t ached
to the armor the flange of the first hat-shaped steel. sheet pile. 3. The
corbi ne# b§f}b"é}d5§%g@tw%= Féa‘éé’éélﬁ’%ﬁrﬁﬁ’eﬂiv‘g}’ QFW‘%%@F e%fsqm Téa}lﬁoﬂl?élg%osi ng
member zlmsd A paslre gtojggltsh%gﬁe%ﬁgg% %rosvgcﬁe?ilat fszrrl]c%egf 1 ;laaﬁ"r of arms; and
a closing member which is attached to at least a part of the first hat-shaped steel
sheet pile along the longitudinal direction of the first hat-shaped steel sheet pile,
wherein a shape of a closing cross-section formed by the first hat-shaped steel
sheet pile and the closing member is included in a circle having a diameter set to a line

connecting the pair of joints.
2. The combined steel sheet pile according to claim 1,
wherein a side portion of the closing member is attached to the arm or the flange

of the first hat-shaped steel sheet pile.

3. The combined steel sheet pile according to claim 1 or 2,

wherein the closing member is a second hat-shaped steel sheet pile.

4. The combined steel sheet pile according to claim 1 or 2,

wherein the closing member is a U-shaped steel sheet pile.

5. The combined steel sheet pile according to claim 1 or 2,

wherein the closing member is a joint cut steel sheet pile.

6. The combined steel sheet pile according to claim 1 or 2,

wherein the closing member is a steel sheet.

7. The combined steel sheet pile according to claim 1 or 2,



4. The conbined steel sheet pile according to claiml or 2, wherein the
closing nenber is a U shaped steel sheet pile. 5. The conbined steel sheet
pile according to claim1 or 2, wheré®n the closing nember is a joint cut
steel sheet pile. 6. The conbined steel sheet pile according to claim1 or
2, wherein the closing nenber is a steel sheet. 7. The conbi ned steel sheet
pi | e accor di Rghekéin Eleadltide MemBer is 2olded steclwhedieiliich 3denl avhagr merder is a
fol ded steel sheet which is bent at one or nore positions. 8. The conbi ned
steel glwegionpi |l e according to claim1 or 2, wherein the closing nmenber is a
curved steel sheet which is bent in a curved shape 9. The conbi ned st eel
sheet pile according to claim8, wherein the curved steel sheet is curved
along the circle. 10. The conbiped steel sheet pile according to claim1l or
2, 8. wherdierrombgiedateshsherioplegiceoinedp & is attached to the

er
first nbi t.eel sheet pi b f dj dheri bol ti ng,
st combined, ol SAesl oot B4 ARKRl SEorsheksth, pobecing, ool ne

shape.

9. The combined steel sheet pile according to claim 8,
wherein the curved sieel sheet is curved along the circle.

10. The combined steel sheet pile according to claim 1 or 2,

wherein a side portion of the closing member is attached to the first combined
steel sheet pile by any one of welding, adhering, bolting, riveting, attaching with screws,

and aitaching with tacks.

11. A continuous wall which uses at least two of the combined steel sheet piles
according to claim 1 or 2, wherein

the joints of the at least two of the combined steel sheet piles are connected to
each other, and

a lower end of the continuous wall penetrates a support layer.

12, A continuous wall which uses the combined steel sheet pile according to claim 1
or 2, wherein

the joint of the first hat-shaped steel sheet pile is connected to a joint of a third
hat-shaped steel sheet pile, and

at least a lJower end of the combined steel sheet pile penetrates a support layer.

13. A press-in method of the combined steel sheet pile according to claim 1 or 2, the

method comprising:



11. A continuous wall which uses at |east two of the conbi ned steel sheet
piles according to claiml or 2, wherein the joints of the at |east
two of the conbined steel sheet pile3lare connected to each other, and a

| ower end of the continuous wall penetrates a support layer. 12. A
continuous wall which uses the conbi ned steel sheet pile according to claim
1 or 2, wher @irfpping the pdin6f drdtisHy aadhutlef 4 pfesé-iakcisiaped steel sheet pile is
connected to a joint of a third hat-shaped steel sheet pile, and at |east a
| ower end of prbwinganthaledestrebdf thheahbined stegehedt pdt 6sa suppeppaydr of ayer.  13.
A press-in nethod of the conbined steel sheet pile according to claim1l or
2, the gretthbd conprising: 21 gripping the pair of arns by a chuck of a
press-in nmachi ne; and pressing-in the | ower end of the combi ned steel sheet
pile to a support |ayer of a ground.



