1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON: COMPOSI TE STEEL SHEET PI LE
AND STEEL SHEET PILE WALL USI NG THE COWPCSI TE STEEL SHEET PI LE
TECHNI CAL FI ELD [ 0001] This invention relates to a conposite
steel sheet pile which conprises a steel sheet pile and a shape steel
material such as an H shaped steel nenber extending in the

| ongi tudi nal direction of the st EBECSEEERTHPNe, the shape steel

”aterialTQ?LEgogi%HES?EVﬁQTEBﬁ-Side of the steel sheet pile, and al so
C S [

to a structure of "a stee eet pile wall which is constructed using

the conposite sbrebssheedTiEl eumndrirt.Ei subiSefEdr, BAERRPPICALINRSUEENG
retaining walls, inperneable walls and the like (inclusive of walls
such as under gFBEndOUBAS L REoBSERA| FEFET BACKGROUND ARTS [ 0002]

that ant+ SHSEACEEeF TERBer or |1 Keahapeat el mat er  al i smount ed as a
rigidity[poeneasing steel material to one side of a steel sheet pile
such as a U shaped steel sheet pile, a straight-shaped steel sheet
pil e and a hat Thhapewesttdgin shdatepiticea cleaposditm steet ahretg e Whigh
inpernea%%%p%gggsog éégé iéﬁ%eé‘%%%@ and a shape steel material such as
an H-shaped steel member extending in the longitudinal direction
of the steel sheet pile, the shape steel material being disposed
on one side of the steel sheet pile, and also to a structure of
a steel sheet pile wall which is constructed using the composite
steel sheet pile, and it is useful in applications to retaining
walls, impermeable walls and the like (inclusive of walls such
as underground continuous walls).
BACKGROUND ARTS
[0002]

Heretofore, there is one known arrangement which is such
that anH-shaped steel memberor like shape steelmaterial ismounted
as a rigidity increasing steel material to one gside of a steel
sheet pile such as a U-shaped steel sheet pile, a straight-shaped
steel sheet pile and a hat-shaped steel sheet pile that form a
retaining wall, an impermeable wall or the like.

[0003]

Regarding this type of prior arts, the Patent document 1,
for instance, describes one arrangement which is such that a steel
sheet pile 52 is provided on one of both sides thereof with a worked
jig 54, into which a shape steel material 53 such as an H-shaped
steel member is adapted to be fitted as a rigidity increasing steel
material, as shown in FIGS. 17{a) and 17(b).

In this case, the steel sheet pile 52 and the rigidity

increasing steel material 53 are adapted to be separately driven



Regarding this type of prior arts, the Patent docunment 1, for

i nstance, describes one arrangenent whpch is such that a steel sheet
pile 52 is provided on one of both sides thereof with a worked jig
54, into which a shape steel material 53 such as an H shaped st eel
menber is adapted to be fitted as a rigidity increasing steel

mat er i al 1n59 EOWTrIWMAFLES cosrumid a7 ebre into the dntkigragaseforhne
st eel sh?85 Qﬁle 52 and the rigidity increasing steel nmaterial 53 are
adapted to Bé separately driven 2 into the ground in a construction

site into the irntegedl eghtopateh0088tument 2 EHEEDPEhest B8 FPAEERGround
docunent 2 describes an underground continuous wall steel matertal 61

whi ch i sceshpbuedsofalil sseetl ghlesr il 6 Xprdviidgedcatpaserdhoéndssteel
thereof wth _joints and an. h d .qr T-shaped steel. nber as a

(1 g1 di t yoPREFORSI RGP SURETY TR STRIDUS: ST ST TERS WbTsaBerbn Bt g
st eel ShﬁethFéé &2 TaRthatRe ELangensarsdt e 9f ridheii+PhaRedQling steel
T-shaped steel nenber as the rigidity increasing steel material 63

are | ongnebdinall §3 pwhdepipedhe wiebeaehtovtherf Om \stowdl ehdesf ptihe 62
over | apped._s [

1 .
e hel ongRE el e SeSRST 867 bBe Tt AeRet e f-sepstheresd LRBRAT
in FIGS 3348(13d ang di8(P)nchk@8Q%hg steellfhdddSaTaseqrkt lbﬁgﬂ:ﬁ@inally

stated that by reason of the structure that is to restrain only one
end of theeoleppagpediseathartliar.t helyang endiofathdiceatliappeadeeebion

by copi ng, | di ng 66,, balts 67 or drill rew threads, there are, the
advant aggl;l#ﬂvfe%ﬂto Q%et%ielé@%f%w%%ﬂe?n%ﬁs‘é?og' é“@é?ﬁraecﬁqlﬁ?ﬁ%r‘a%méﬂtr
in appligatkARsnOfnapycef fgskyakphngseans other than welding, or
nore suppressed deformation of the steel sheet pile can be provided

t han bef dpeteven in wel ding applications as the restraini ng nmeans,
and al so that the_underground conti nuous _wall steel material need not

be nanufanweanFHléq 0?93%?%ﬁ?SE%EEQFWQ%QNF?ﬁﬁoPﬁﬁqﬁﬁSFH%Cture
steel shegtpid e ARAsEPEihi Shd) bhd BEY g 5b@fhaggé&r§d@4ttoi%a+9&na§he

the H shaped steel nenber can be i ndividually transporte
construcliongisutienalt diseneighbdiestd® mndafiter wardsliasseshl Bdlts 67

t oget her thﬁreLﬁ. [ 0008] Mor eover, the Patent docunment 3
descri beST aft tihtlef GF BN CA T nUdtRF vdde dreuédypetegss tharbeheraeed

whi ch hagogi it apRA L ept JBRCY O YHOAG I ANGR SR511OL AhORE any

side thereof 1s secured to the inside of the web se on of a

hat - shapefl stee¢lraiheely pidetns other than welding, or more suppressed
deformation of the steel sheet pile can be provided than before
even in welding applications as the restraining means, and also
that the underground continuous wall steel material need not be
manufactured in a factory inall cases, resulting in that the steel
sheet pile and the rigidity increasing steel material such as the
H-shaped steel member can be individually transported to a
construction site or its neighbor site and afterwards assembled
together therein.
f[ooos]

Moreover, the Patent document 3 describes an underground

continuous wall-structure steel member 71 which has an H-shaped

steel member 73 whose flange gsection on one side thereof is secured

to the inside of the web section of a hat-shaped steel sheet pile



3 72 manufactured by hot rolling, wherein the width of the secured
one of the flange sections in the H shaped steel nmenber 73 is not
nore than the web section wdth of the hat-shaped steel sheet pile
72. [0007] In addition, it is also stated that the web section

of the hat-shapedsteel sheetpile 72 andthe flange sectionof
t heH shapeédnaiebschane@ oy7 Bogr o hlapy edvhar Hiar $deuvedthoyetther sasitngd

any of securi a sel ected. from.a, graqup .consisting of | di hg,
bond! no. 08 T RGE FLIBOP e eyt dRd R T ERATORES D orRet
PRI OR ARTSRATEN + BEGHAENES t[:0008] a PRicent hd 0pHRMapkd dapaneitet pile
Lai d- open Patent Publication No. 2008-267069 Patent docunent 2:

JapaneseEai d- open Patent Publication No. 2005-299202 Patent docunent
3: Japanﬁﬁﬁekﬁid-open Pat ent Publication No. 2008-175029 SUMVARY OF
THE | NVE

In addition, it is also stated that the web section of the
hat-shapedsteel sheet pile 72 andthe flange sectionof the H~shaped
steel member 73 are adapted to be secured together using any of
securingmeans selected froma group consisting of welding, bonding,
bolting, riveting, screwing and tacking.

LITERATURES ON THE PRIOR ARTS

PATENT DOCUMENTS

[0008]

Patent document 1: Japanese Laid-open Patent Publication No.
2008-267069

Patent document 2: Japanese Laid-open Patent Publication No.
2005-299202

Patent document 3: Japanese Laid-open Patent Publication No.
2008-1750289

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009]

In the invention described in the Patent document 1, the
steel sheet pile and the rigidity increasing steel material such
as the H-shaped steel member 53 need to be separately driven into
the ground, and in accordance with that, the problem of the reduced
efficiency in execution of construction works arises.

(00101

Further, by reason of the structure that is to fit the flange
of the H-shaped steel member or the like into the jig provided
on one side of the steel sheet pile, the deflection behaviors of

the steel sheet pile and the rigidity increasing steel material



PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0009] In the invention
described in the Patent docunent 1, the steel sheet pile and the
rigidity increasing steel material such as the H shaped steel nenber
53 need to be separately driven into the ground, and in accordance
with that, the problemof the reduced efficiency in execution of
const r ucEheh agoEks Farghamed FQ@@@)]member shculﬂmlncuﬁer easbreasth phber.

h f he f, d I nb
The i keTTHEo T J9 1M bd D OGS b b (R STatie SRBEE P Buck

the defl ephtophbedvvd Drehft 119 Skegk $B@§érpt<bec1@@dlﬁgl@r lHidiedibYFIG.
increasing steel material 4 such as the Hshaped steel member shoul d

coi nci deld t khexehforheeivFausn easthppresatiken is linmted to the
structurg w?h?h is such that the steel sheet pile side (refer to the
upper si U= Re) 17) thereof receives an earth pressure. [0011]

In the inventien €esclhPegh{dh tdesBativdy dpGuER: 2ntt H%c%ﬁ\%%lt sheghe
pile and the H shaped or T-shaped steel nmenber as the rigid

i ncreasi ﬁgesﬂ-e@aeeﬁap@rlman@rtéle;Heﬂhe-@EtiogJth@ﬁ@/stﬁe@nEw@tfs the
over | apped sg Eion in the | ongitudinal .diirection the eof %?d t hys,

it may welfPtbe ¥h3a?c¥%aesjd?%§&?ﬁ?e]cff‘ia6ﬁr&ﬁlt ABSSTREIE Shdadgined andvi e
H shapedeoge dné W%éb%@klgﬁﬁg@r sbEombrach fdhebnyi kbl agagur diPe&B?on

ground. In addition so stated in the Patent docunment 2 that
t he bott bheotofheanderthappad segt weh lwoel thde ey €l stcommercalicseolr the

- shapedoBP - SRR P Ll i thebel STFDEACH ot TR e 5% BETHoEngEon

fn; N he oxgehappRd: $££1 LeRurbld Be RN SRR 1Qfor, hﬁ& §also stated

gi tudi nal deformations, resulting in the danger of uckl 1 ng.

[0012] in the Patent document 2 that the bottom of the overlapped section
would be given temporal securing in the case of the firm ground.
However, the steel sheet pile and the H-shaped or T-shaped steel
member, if secured together inboth ends of the overlapped section,
bring about restraint of their longitudinal deformations,
resulting in the danger of buckling.

[0012]

In the invention described in the Patent document 3, the
width of the H-ghaped steel member needs to be smaller than the
web width of the steel sheet pile if the H-shaped steel member
is disposed inside the web section of the steel sheet pile, and
accordingly, the size limitation is imposed on the H-shaped steel
member. Or, there is a need to use a special-gsized H-shaped steel
member whose flanges at both ends thereof have different lengths
as shown in FIG. 19(b).

[0013]

In particular, various types of steel sheet piles and/or
H-shaped steel members or thelikeareavailable inthe standardized
forms in mogt cases. For that reason, special-sized steel sheet

piles and/or H-shaped steel members require additional processing



In the invention described in the Patent docunent 3, the width of the
H shaped steel nmenber needs to be smal Eer than the web width of the
steel sheet pile if the H shaped steel nenber is disposed inside the
web section of the steel sheet pile, and accordingly, the size
limtation is inposed on the Hshaped steel nenber. O, there is a
need to @¥ethesprles al ard Zdiis sHapledss Cadif impeofwWhibsérf RRAGESA AL ONS
bot h end%rgmegﬁgfvggveogiEfg%eggskengths as shown in FIG 19(b).

[ 0013] A par?PcuPar, various types of steel sheet piles
and/ or Hishaped steel nmenbers or the |ike are available in the
standardi zed forns innbst cases. For that reason, special-sized steel
sheet pil es anbponrattehapesitleedhaanisid teguoreagddiot e6sgl material
processin 5 or .the lLike, .and thus, wll be difficult, of,their

Dot oat PAREHT e aoUFBaAar Frs bl Lpobasmted ¥ nlfdfad or ene
whet her bheshigl 8 tohd Reeaskifont 88l cHRRHAl shdeh 814 he dhgRaredhe
steel nmenber is nounted to the inside or the outside of the web

secti on ebhmehesisseisegHaan ppeefornagteesn helthgre cpess- seBtion with

performance i.n either case. Thus, with consideration of a co ite
teel ShEGnopHPE LS OB er SSTE DR EoT | S BoL & a0r STt Thaeans
nmount i ngithe 1 8k Adptd NGRABEALL SRSl 17R! ehd 3l ghigithei dhsd dei of sthel
web section of the steel sheet pile rather thanthe outside thereof
is of adwabezgeltiotiie ansadenehtths webstadt ton el Ehehsckabsdheagt phle

| eads to space saving. However, .if an H-sh d steel nenher having a
wi dth gr GALEFT(HETP (HE WRbO UG TP the ST b BV EREEE Dt P & 1S =baATEE t
it may welkls BRathal Jde sheeknabgainid eedabArdBLLOB da¥isiLh Bowever,
direction that the steel sheet pile is forced open will occur at the

time of mfuatikgshfi@OdFteel membedn habjiagt aofidble prese tharembhieoweb
is to soly he_pr.obl ens _i n_t he ahove prior arts, nore specifical

Lo provi HeSEnOR RIS CESeleBPoth it &P G ats  He MRYEBEL 7T & T Fhe
whi ch coupki3eshest 681 18NeSo MG HA Akl 81 dYrdMCISATNE $h@Ckteel
material which are not fully integrated with each other but are

conbi nedsheth padk doshéprasdsovpenpeséd beans Bi shehtammapnfiemotithating.

t he deflﬁctioi behavi ors of the steel sheet pile and the rigidity
i ncreasi n%Peéel material al npst coincide with each other in order to

give the confi gyrgt{ on WH che §lidiat §5vEAPRERAN +C08h1 HEGU g%%)%?&ms

wel di ng, shape neasurenent, correction work, processing nmanag
and t he hinkehe abdval poimsr blre s¢aompos specsffeeblifeeto prbeidadc thapsteek

sheet pile wall to be_stored and transported with hjq? effigiency.
VEANS Faqtga}\ﬁkmgnglmeEl\@:%%nget plile wall which comprise a steel

sheet pile and a rigidity increasing steel material which are not
fully integrated with each other but are combined with each other
as superposed beams in such a manner that the deflection behaviorg
of the steel sheet pile and the rigidity increasing steel material
almost coincide with each other in order to give the configuration
which eliminates labor and cost required for welding, shape
measurement, correction work, processing management and the like,
and allows the composite steel sheet pile and the steel sheet pile
wall to be stored and transported with high efficiency.

MEANS FOR SOLVING THE PROBLEMS

[0016]

A composite steel sheet pile according to the present



6 invention conprises a steel sheet pile and a rigidity increasing
shape steel material extending in the kongitudinal direction of the
steel sheet pile, the shape steel naterial being disposed on one side
of the steel sheet pile, wherein the shape steel nmaterial is joined
to the steel sheet pile in nore than one joining point of the shape
st eel naidvearipn aderrivrg eudreal heskiide endraeoiigidisychnareaniey

t hat t | tt j.oi ni i nt..t her foi i truct ur.
that |5 FERREreoT e S R aR e A R T re e Bl P LRECEi R Of
to be | opgktaEhdrldnecdi pphaceehd ramrRach el hgs &A1 Q1 didati shh@ed on

defl ection behaviors of the steel sheet pile and the shape st eéel
mat er i al onayidaoittlwieterdesiethpédeh Widreein td@lFhape steelppaterihg

point to.join the shape siee terial. and the steel sheet pile .

o0t her It HATh AT SHE REFRE THRTUAIS ROt HOERSh e JCHBIETsPRERT
nmaterial ok rtﬂélehla?egé tduh pakediinecth omel NEhgOE b sndesinalol SreaHELedr
to bring the steel sheet pile and the shape steel nmaterial into close

cont act wht huehch mamesr whHolt \atasl easth tas opes §iobhné ngHpwener thetreb§ is

be understood that the present invention does not necessarily appl
{oi ni ng PEPALSR T TEINGHTS Hoth Ehd® FETHE SHieps tefdof PRRELPIAF #RC

the | ongihudiigle dibeeih Ot Nel €8fbe ARG JTRYANSA 1WNGL ¥PE2 L8385 IMELER
except for one of the joining points, the others involve no end, or

wher e angtbers itharrdme gheitnichg pefhect huonl vesanoendbuthet Beerildgdheet
of the shaEe sheet erial in_the Iong&tudin | direction fhereof.

[0018] Pii€ @ et}Z:G’omEl & §LEFLeMAERELT L P BIMAtHe GHECERE IAvENERGH

havi ng tpengbove configuration is accordingly such that the steel
sheet pile and the shape steel material are conbined with each ot her
as super posed] beans, and this pernmits the steel sheet pile and the
shape steel material to be |ongitudinally displaced_from

eachot her andavdF ds° stb3 (Rt al 13y kWS ShsariRger 6661t Fanskiiadi oRd Fhe
petieen Lhgeslamlesheet RJAIANG hhfeMaReoR %%iﬂ@&%??@&in%rbﬁﬁdgi Lhag

in that the deflection behaviors of the steel “sheet e an

shape st eéltimtbepeal stadebatrteaiindi te thet hopathudi hal di@@tdlon thereof
ig desirably required to bring the steel sheet pile and the shape
steel material into close contact with each other wholly as much
as possible. However, it is to be understood that the present
invention does not necessarily apply joining point limitation to
both ends of the shape steel material in the longitudinal direction
thereof, and may also include cases where except for one of the
joining points, the others involve no end, or where any more than
one joining point involves no end but the middle of the shape sheet
material in the longitudinal direction thereof.
[0018]

The composite steel sheet pile of the present invention
having the above configuration is accordingly such that the steel
sheet pile and the shape steel material are combined with each
other as superposed beams, and this permits the steel sheet pile
and the shape steel material to be longitudinally displaced from

eachotherandavoidg substantially the shearing force transmission



The steel sheet pile is not necessarily limted to a U shaped st eel
sheet pile, a straight-shaped steel sheet pile, a hat-shaped steel
sheet pile and the |ike. However, considering the relation to the
wal | thickness of a retaining wall and the |ike constructed by

connecting the conposite steel sheet piles together, the hat-shaped
st eel shbetwpenéhesstraksheet Dideand sheebppglsteadmprosethl [ gesolting
As for the rigidity dncreasing, shape stee terial, while an H
Chaped stBetRbris SEgneraarRueaaaniRE Gy T EPam SHR bt ol APFhe

the viewgabpt gtebhembebat honalfokheceiassdsestitANekdi dihygrand/ or
the cost is in general use, it need not be limted to the H shaped
steel nedB@i2ln all cases. [0021] It is noted that the

rigidity incregsing shape steel, material is not. necessaril ovj ded
sl ong”as t he AN SRanGERe b PotRer L FRb iRt eE FRE P cb PbOhagea
|OngltUdbEébﬂ%HégﬁF@meEQﬁé@@éigﬁﬂdshép@gwﬁéék%ﬁ@@ﬁpQH%,&iEattghaped
enpl oy a shape steel material having a length smaller than a steel

sheet pi béekeémftdrtapsbedintythe ltike .r eqidvevient soher dgedingrtlur rehation
i ke. Alternatively, it would be pgssihle al to range nore tha
one. shor FOSHIpEPTLEH G Qe R EraI GO Us ) A FRE TP ensF karCed
di rectiopyofcdrhR cstier] ©feetoRbb8itd08228k1 sheet ROM1dderb88608 1 hahe
the shape steel material is joined to the steel sheet pile in both
ends of thé&-shapedstsdelelnmtlegdtal pihet he |demgirtildichalathr etsi dasirably
thereof, it .wll. be appreciated that the shape steel material can be
driven i AfBLP¥EYround in such a manner that it is integrated with
the steeljpghbeet pile as the S conposite steel sheet pile. In a case
where only both ends of the shape steel material are adapted to be
joined to the 3tebdr sheerigitietyappineamiad shepet steebmaatend alhewbofe

a conbi nation of a joinin olt and,a bolt hole ving_a size greate
Chan & baFtTRIPIHIERD ARIR SOPFSFFanes SR LeRe o FLch Serarorha .
order 10 PR e W& GG SeEhe Rid1& @R tRe 8HaNS S CRl-TRILLE gl gt 0y
be | ongi tudi nal | ydi spl aced froneachot her canavoi d substantially~the

shear i ngahdyoce thanspstssisodnbgeneealthee stisemesidenttpbé el iamid-ddhéo the
shape steel material, _and thus all t he defl ection behaviors of the
steel sh8sfhgPed ghEethaew éﬁelgtég&SHQFG?ral to al nobst coincide with
each ot heggAgcordingly, no buckling will occur, unlike a case where
both ends of the shape steel material are fully secured to the steel
sheet pile. [0@023]snotedthat the rigidity increasing shape steelmaterial

is not necessarily provided as long as the full length of the steel
sheet pile in the longitudinal direction therecf, and it would
be possible also to employ a shape steel material having a length
smaller thanasteel sheetpile lengthaccording tothe requirements
for design or the like. Alternatively, it would be possible also
toarrange more than one short shape steelmaterial discontinuously
in the longitudinal direction of the steel sheet pile.

[0022]

For the reascon that the ghape steel material is joined to
the steel sheet pile in both ends of the shape steel material in
the longitudinal direction thereof, it will be appreciated that
the shape steel material can be driven into the ground in such

a manner that it is integrated with the steel sheet pile as the



In a case where the shape steel material is joined to the steel sheet
pile in both ends plus the m ddle of the shape steel material in the
| ongitudinal direction thereof, it would be possible also to secure
the joined part of the mddle thereof to the steel sheet pile in
order to apply both ends thereof to permt the displacenent.

Al t er nat FOEP9Site Gbaed %%6%658%%$e As@ cassertescopalangobh ends of

ot ner onil anaLTRE ArStt (T IEr b 1o RIS 16 BesnCACERonD. 002472

Furt her, shéewopl Ue beapespi il eal Seu 410 jPichet féeldsttgakfeaﬂeat cBhbenafdon
t he shape steel material together by tension-type bolted connection

usi ng noPé %hhﬁl@h%glb@%ﬁt%ﬁﬂwﬁnhqﬂﬁqhﬁkﬁjh&mung A 6ider grhaterhehan a
defl ecti ViQrs. of t he _steel sheet |Ie hape, st eel
BLE AR BE% 8. PRt e SR ol ie?. Bty SoRRRet R araer

mat eri al ~nay al Nci

st eel rraterpélicmﬂtetlaé|@t\i@e§ilté,h@éﬂﬂ;§£1é3@rm3lt¢1% \Q'hbbeEQQEth RgtetMal to
cases where the rigidity increasing shape steel material side of the

conp03|tbeé@@éﬂtgﬁé@ﬁlémdéﬂR&ﬁﬂaﬁﬁx%me@ghphhpm&ﬁnﬁYQldaubssaapedlly
st eel er_.a Ilcatlons s the.ri |d|t i ncreasin st eel

ot or i a1 CRE (T 10 ViR S B S5 24P St f enB o Rl it it eonied
row at prREGIRIJE Bedel MaRl¥aly i dng ﬁms@ﬂéweha%éﬂ&ecﬁn séﬁéav%rs
t he opposite sides of the flange with the web between. 26]

Even if Pﬁeth¢g$@¢¢¥ $M%¢@as¥hgE%hhﬁémsS@@penﬁteeﬂamaSEdeaéftbhelmost
conp05|te steel. sheet l.e receive arth pressure, the |

t ensi on- tYpe” bg?t% - 5%ﬁgb9t§ﬁ USI%@C?E 14941 &y DFLbdl PECEEn
avoi d i nghearknochhe WRHe BBEh A ot ERSpStRQle 1SREELr Pl @  MNEGy
is smaller in flexural rigidity than the r|g|d|ty i ncreasi ng shape

st eel naseriaed badthhustaklowbeehepdétl ecti on behaviors of the steel
sheet pik&P?EP the rigidity increasing shape steel material to
coi nci de each other. [0027] For joining the steel sheet

pile and the shape &ieehHBLeEhHal shgg@m@éepxné{@riaﬁwso oL YRS Qe' tged

connection using nore than one longitudinally spaced bol T in order
t hat t hestie¢l eghéen idisavinobetbfendwe rdiveeitheheeddpe | @f ale: thepshapeel

steel material gaﬁﬁﬁl St., coi nci WLta each othﬁg a tensile force X
Cesul t1 TSFPBRRLUT TP (UM b FAFEGEIOR RGRESPRan dndould be
| ongi t udppaki ) 8paced RoLbolLR2PRE 'jQ:?:Ltﬂé?ﬁiaagjt 59%@*&&&&1& ¥RE ROl FQ
connection to join the steel sheet pile and the shape steel materia
t oget her thaystsel eheettpihe inequieerenspgilyérotly ehe flodteowt meg pexrmit
expressioH (&l . . .
the splacement. Alternatively, it would be possible also to
secure one end of the shape steel material to the steel sheet pile
in order to apply the other end and the middle thereof to permit
the displacement.
[0024]

Further, it would be possible also to join the steel sheet
pile and the shape steel material together by tension-type bolted
connection using more than one longitudinally spaced bolt in order
that the deflection behaviors of the steel sheet pile and the shape
steel material may almost coincide with each other.

[0025]
The boltsmust be sufficient innumber tomeet the requirement

under which the deflection behaviors of the steel sheet pile and



X(1-a | 1-a | 212 p/ (I 1+1 2) (1) Were | represents the
wi dth of the steel sheet pile, a repregents the width of the shape
steel material, Il represents the nonent of inertia of area of the
steel sheet pile, 12 represents the nonent 10 of inertia of area of
the shape steel material, and p represents an earth pressure acting
on the stapeisieektaal aidiadrid Haref al hewednposiltmesstaesinshbetwiphl @ach
[0028] As described | ater, the above expression

s to |

i ndi cat ePEReT fgyapFefiteimhabe Wﬁ%ﬁﬂ?%énﬂféﬁﬁéémﬁ%%aﬂge I 2‘“%1?‘335?1%1

st eel Sthe_&e%f %%rrb_o%eﬁlsééagge ? fi%@clec%%.vte@eaﬁ'e@ﬂr@'ht ressure.
mat erl a Swed t

I ncreasi ng stee _ are a nost col ncide w t'h each
ot her byrhhe- diefsddBteypendabéedppdrnecticon ap0fidOrigidity Fuctbesing
in such a conposite steel sheet pile, the_structure applied to the

j oi ni ng PBRAE, Sepel Mataifeh utds RLEFsWEL bl Jo? M ahy ﬁrgé’ing?ﬁieéfl one
pil e and ;hrﬁoxsg%@s &ﬁs'r%tﬁ_{ b3k d%%e%lh QROLALOED L v fl8phaged L o

each ot h8r |nat|on of a joinihg bol
and an ehgntg@t};fé b_@l éadﬂl@lcef mvbppdsatelm% idf ahe Ppiahdee wittdeltheheeb
pile and the shape steel material or a bolt hole having a size
great er PRAWealbolt hol e having a size appropriate for the bolt

di amet er 100261

Even if the rigidity increasing shape steel material side
of the composite steel sheet pile receives an earth pressure, the
tension-type bolted connection using the required number of bolts
can avoid increasing the deformation of only the steel sheet pile
which is smaller in flexural rigidity than the rigidity increasing
shape steel material, and thus allows the deflection behaviors
of the steel sheet pile and the rigidity increasing shape steel
material to coincide with each other.

[0027]

For joining the steel sheet pile and the shape steel material
together by the tension-type bolted connection using more than
one longitudinally spaced bolt in order that the deflection
behaviors of the steel sheet pile and the shape steel material
may almost coincide with each other, a tensile force X resulting
from summing up the tensile forces of more than one longitudinally
spaced bolt in applications of the tension-type bolted connection
to join the steel sheet pile and the shape steel material together
may be to meet the requirement given by the following expression
(1).

Xz {(1—a) - Li—a-1I p/ (IutkI2) - (1)
Where I represents the width of the steel sheet pile, a represents
the width of the shape steel material, I, represents the moment

of inertia of area of the steel sheet pile, I, represents the moment



[ 0030] Appl ying the conbination of a joining bolt and a bolt
hol e having a size greater than a boltshole having a size appropriate
for the bolt dianmeter to permt the steel sheet pile and the shape
steel material to be longitudinally displaced fromeach other can
avoi d the excessive shearing force application to the bolts and at

t he sameot iifridld ofsatbe dffdlrckhapebebayl ot aafidlhe asilepl reghiestent s
pile and the shape steel material as the rigidity increasjing steel

mat er i al 2% G o PECEFUFE BECWREIPR AT sDABE. Stoplfaterial sgde pE the

in such abﬁgggféét§t§éfeé%%ggeéiI%Ie, the steel sheet pile may

i ncl ude ha aped steel eet“piTes which are connected together by
engagenengopet ween joints provided at both ends of each steel sheet
pile in the width direction thereof, the 11 connectionbei ngnade, in
suchamanner t ha% deseridsicohatard thecabevs s RPre syt (dects 6f 1ndicate
per pendi cul ar ta.the l.ongi.tudi.na Lrecti } t
o055 EHe Yedkd Qi REEH Wl Rl ChRaiet D RREEREIBPE 54 L8R 460
connect eght09¢Jiher 2 h¥ 2RUSHEPR ML LAl Meear| ol nisst pe avigder tat ihot daeims
of each hat-shaped steel sheet pile in the width direction thereof,

t he conneteebmanipnade phloweR o mEMPSt FRANCHAB VLG srcthpgher by
recesses ﬁn g cross;gecéignlgeépgggicg%a&nto t he | ongi tudi nal

di recti oh™fat&8 tha"s drYection ' Furthdl; the conposite steel sheet
pile of theopresent invention is originally such that the steel sheet
pile and the shape steel material are not fully integrated with each
ot her from t heFphyBéralimpoial agtonpesi tasgcehuthestheil éewdiidshrchere

much influence.on the craoss-section rigidity. b if in :
nnuntingagﬁi%ﬁget%ﬁz gﬁﬁpﬁggpgg%??oﬁﬂgﬁﬂfhétgﬁgggggt%@%@Q%fgpig%Pﬁét
the Stee{:héheseéeé’ﬂ%he@'ﬂerﬁipéeaﬂ@uﬂhéngsﬁaﬁ% shapelsteeterdiBrital be
the recess section of the hat-shaped steel sheet pile can provide a

conpact - $prgdtudapadilyvedsspbhceficarompidashwpitdiert fay hayhd dvgswaigen
steel sheet pile . wal] to_a snmal]er |__thickness, and i :

Sui L abl eDVG BT ete AF G TR YIS RAC AR LA E oTRar e i afloBrevided
mat eri al janddde:i tarl oshert spbbe ¥ d i tbaneorid sadpbaitae ] AQ88kial
Moreover, in the conposite steel sheet pile of the present invention,

it woul dobeapbsdtbhelal saving j»isiihasiatesr shwat apibod tahglehbaghagea

steel material together throu a steel..material as a spacer

interposé&ZSeFRBE%PFﬁ@t§t28F gﬁseP°B§|QlawagFﬁe shape steel nmaterial.
[0030]

Applying the combination of a joining bolt and a bolt hole
having a size greater than a bolt hole having a size appropriate
for the bolt diameter to permit the steel sheet pile and the shape
steel material to be longitudinally displaced from each other can
avoid the excessive shearing force application to the bolts and
at the same time, allows the deflection behaviors of the steel
sheet pile and the shape steel material as the rigidity increasing
steel material to almost coincide with each other.

[0031]

Furthex, in such a composite steel sheet pile, the steel
sheet pile may include hat-shaped steel sheet piles which are
connected together by engagement between joints provided at both

ends of each steel sheet pile in the width direction thereof, the



[ 00341 I n hat-shaped or U shaped steel sheet pile applications
as the steel sheet pile, the width of jttheH shapedst eel nenber needs to
be smaller than the web width of the steel sheet pile if the 12
shape steel nmaterial is disposed inside the recess section of the

hat - shaped or U shaped steel sheet pile, and accordingly, the size

| i mt ati eanhsct ifpaded ngmddei Meshapadasherkhaeprercrysdods]and recesJhe
recess section of the hat-shaped or U shaped steel sheet pile, has

usual | y af BUENRS I SLEoroR REFREIHE BisEnitey thedéPral BBALRg LsPaERRpLon

Thus, in aggstﬁgsga Lf gt he.stggl material as the spacer is interposed
bet ween & steel ~sheet plfe and the shape steel material, the size

limtati gpoen]the H shaped steel nenber is relaxed. [0036] The
steel material as the spacer may_be a steel sheet, or alternativel

iln cases of thEDAEF THRREWFERFL ShecéPRe ARG, 2dartRsiFe %Cﬁﬁggf—‘ééé
also to g%ﬁg%ggﬁtgﬁ%%g&s&%éﬁ%&l? ejgoijilr%;%%vi%e%fla% RdnSaHaLeo s

st eel s. ver, case, m ni mum spacer spacl ng

I s det er ghpadthAependbad sakdlhehskzepi bd dln ehebetdwEeditre tiiceet heheef
pile and the shape steel material. Alternatively, it would be,

possi bl ethPs@oRBeak i andes HiF dadeard lofECht 2draiietthat papérysigns and

spacer Sgggieg?eg‘dji S%”EQESStgrecEQ%%xaggg endicu akt tjj.stﬂgt ?gngtﬂﬁldinal

means of “mounting the spacer I's not partrcularly |imted to bolting,

wel di ng, ddikekkisareyed readsmanth tdecddke. Fu@@Bél, the composite steel
sheet pile of the present invention is originally such that the
steel sheet pile and the shape steel material are not fully
integrated with each other frxrom the physical point of view, and
thus, there would not be much influence on the cross-section
rigidity by a difference in the mounting surface or mounting
position of the shape steel material to the steel sheet pile.
Therefore, mounting the shape steel material to the recess section
of the hat-shaped steel sheet pile can provide a compact-sized
compogite steel sheet pile which thus may hold down a steel sheet
pile wall to a smaller wall thickness, and is also suitable to
be driven into the ground in state where the shape steel material
and the steel sheet pile are in the combined form.
[0033]

Moreover, in the composite steel sheet pile of the present
invention, it would be possible also to join the steel sheet pile
and the shape steel material together through a steel material
as a spacer interposed between the steel sheet pile and the shape
steel material.

[0034]

In hat-shaped or U-shaped steel sheet pile applications as
the steel sheet pile, the width of the H-shaped steel member needs
to be smaller than the web width of the steel sheet pile 1f the



A steel sheet pile wall of the present invention conprises nore than
one steel sheet pile , the steel sheet;ypiles being connected together
through joints provided at both ends of each steel sheet pile,
wherein the steel sheet piles enploy, at least in part, the conposite
steel sheet pile having any of the above configurations. [0038] 13
provi de, shapersliaw] tatehealeguidiepcstacengshdeftiheeskeel ssdiertn pifl ghe
wal |, the appropriately m xed arrangenent conposed of the conpqgsite
steel shBet BPRESAGH PAENBPRLIES VAT B LonPAhEcESRER Ay pe i S1ze

st eel Sh??ﬁiﬁhk?énmﬁ%h%ﬁgoégéPSns&g§|Hﬂgﬂgﬁéd”QHQEEdme£QQ§9]

Further, 1 n the stee et pile | of the present invention, it is
desired tfthassihe steel sheet piles that formthe conposite stee

sheet piles are arranged on the earth pressure receiving side ar fhe

hi gh earth pre388/eFEfFopFhgh Sitdelt hefreshapPpgp -shaped pleet
t he steel.. L] t j . 0l

ore eacPigoons SRy g ou iRty (B RAR:PLiL BRlert 263 A1) F2a8hens
mat eri al spathtsg, iTheasds: vhesecddre, difeche steetl phkesindces wheanpacer

earth pressure , the _conf iguration of the conpagsite steel sheet pile
of the piEséRECTROEAE] BALWEEN pilati Herr Y dihaste RS atshéde 5#9@%&???1
allows the dellectLad BehavhonieheiBe slaPReSLeChagBhELLAL1! AchBLLOW:
t hat of € sfteel' sheet pile. ﬁbwever, i'n the cont ary case, It my
wel | be tbhatxkthe flexural defornmation of the steel sheet pile will be
so increased that the deflection behaviors of the steel sheet pile
and the dR4BElsteel material fail to coincide with each other.

EFFECTS OF THE|WENILON 100411, o e oTHecSOMOShLe, Shesl, sheet or

pile of the presént Tnvention 1's suc sheet p

the rigi diltyrnaereasiyngishepee ste®lthmheedaboare winler nipegleat eganiihl,
each other but_are conmbined with each other as superposed beam and
thus, pré¥i deylehbeapoanibge 2he? tpagRfitdiay St ssehafterdads eneh as

steel shegLopllee0diLhe.yigldlly Joacneasing shape Bl efloyll 0o, 2ne

al I oned t0 al'most Coi nci eac er, resulting 1n

buckl i ng réiuli re@C i niAGmCopRaE edsphs ing Nes Pld i rmdiie WRicgleridirueh the

that the steel sheet pile and the rigidity increasing shape steel

mat eri al sage relation between the steel sheet pile and the shape steel
material. Alternatively, it would be possible also to arrange
more than one steel sheet in layers for spacer spacing adjustment,
for instance.

It is noted that means of mounting the spacer is not
particularly limited to bolting, welding, drill screw threads and
the like.

[0037]

A steel sheet pile wall of the present invention comprises
more thanone steel sheet pile, the steel sheet pilesbeing connected
together through joints provided at both ends of each steel sheet
pile, wherein the steel sheet piles employ, at least in part, the
composite steel sheet pile having any of the above configurations.
[0038]

All the steel sheet piles are not necessarily limited to

the composite steel sheet pile, and it would be possible also to



14 integrated with each other. [0042] Al t hough being inferior
in cross-section rigidity to the strugtjure which is such that the
rigidity increasing shape steel material is secured over the ful

| engt h thereof by wel ding, the conposite steel sheet pile of the
present invention permts |less |abor and | ess cost for welding, shape
measur enppbyider rectdodimgr ko arite pragpeissiche tremagdnerdt thp0e48l sheet

The steel sheet_pile and the rigidity incyreasing shape steel terjal
or the sphéer¥ahh behe r%?ﬁ%?’e%%]ébé?%eé# PG %Fﬁ@?&ﬁ%??et €

and combLpgioLogdelditle) Bnbbe rﬁsﬂfé% ob Al PROBY DI didry Shal HPu g1
ground intne integrate or and this | ows the steel sheet pile
and the tigedbfystbael.eaheng phape stedl noathapal soeelheesbaremotinotbé.
stored and transported with high efficiency. Mreover, the steel

sheet pilt8P&Ad the rigidity increasing shape steel material need not

be separat el yediiyen iialdd Bee0f aade LG FLY1 BleldHABL Soht BAVBRRBLAM

of the reduced I'¢i éncy 1 nexecution constructio unl i

the i nventi o8 desicrddethatnthbesRad Bnthadoc pittets thaf 04} the composita
hat - shaped or U-shaped steel sheet pile applications as the steel
sheet pi BEeelhehaplt Bidest Hee REFRPRA Fedbansirdh REEFSVES bece1ving

smal l er than the b,.w_dt t L LE sth sheet
naterialsﬁgedpgpgggdhﬁﬁsigggﬁﬁeB?ggggggsg%?%gﬁngstEgd%tggﬁggﬁgét

pile, andoaagordingly, the size [imtation is inposed on the H shaped
steel nenber. In contrast wth the above, the result of interposition
of the steel nHseplaly. dda Feespatwet Bilpatthatel erm &l GRHRET B §hecl

e nSFadsh e O B g1l ST, SRED AL S I o
steel sheek shape steel materials. Thus, in cases where the steel sheet
piles receive anearthpressure, the configurationof the composite
steel sheet pile of the present invention, if provided for the
steel sheet pile wall, allows the deflection behavior of the shape
steel material to follow that of the steel sheet pile. However,
in the contrary case, it may well be that the flexural deformation
of the steel sheet pile will be so increased that the deflection
behaviors of the steel sheet pile and the shape steel material
fail to coincide with each other.
EFFECTS OF THE INVENTION
[0041]

The composite steel sheet pile of the present invention is
such that the steel sheet pile and the rigidity increasing shape
steel material are not integrated with each other but are combined
with eachother as superposedbeam, and thus, provides the advantage
that the deflection behaviors of the steel sheet pile and the
rigidity increasing shape steel material are allowed to almost
coincide with eachother, resulting in that nobucklingwill occur,
as compared with the prior art which is such that the steel sheet

pile and the rigidity increasing shape steel material are



15 pile of the present invention, with FIGS. 1(a) and 1(b) being a
pl an view and an el evation view respegty vely showi ng the sanme. [FI G
2] FIG 2 gives an explanation on deflection behaviors, with FIGS.
2(a) and 2(b) being explanatory views respectively showi ng defl ection
behaviors in the case of a conposite steel sheet pile in the prior
art and inttheacadewdthacaohposhée.steel sheet pile of the present

i nvention FIG 3] FIGS. 3(a) and 3(b) are elevation views
respectl&gpgzéhownng nodi fications to the enbodi ment shown in FIG 1.

[FIG 4] FIG 4 8.aqR!80i) e shoulng one ceniodimih 9 g3asteeto the

sheet pile wal e pres invention. [FIG 5] FIG is a plan
Vi ew shomtﬂgcaﬂ@éhaﬁlﬂmﬁ(msﬂehttMt tthe stgélisheatcypdeivmishage Bheel
present invention, FIG.ég FI G 6 shows _anot her enbodinment of th
conposi t @a§ﬁ§éﬁlsh%@tecpsm gVernenp r%)sle]ntlem\?@n'ﬁ]ﬂ%ﬁeoﬁn R Wr-?—ll%nge( e

0(D) and.Bph DELND: & DIAR M BY18N0E AP LRUBLLRM MY ANt 159 PRAMINS Yess

showi ng thersiie an ion view show ng a nD |ca

t hereto. 1Ikbb&. adfl Rgﬁs c?osstlimmzss: avgleliatd om;hta@tevmeasaremealt,sheerepthen
wal | using a conposite steel sheet pile of the present invention and
an ear t hWpirks 3G PrAFERSENESTAPREFMERE - 7(b) being plan views
respectl%%bﬁ ihomﬁng the sanme in cases where an earth pressure acts
on the stee heet pile side of the steel sheet pile wall and in

cases where anrparddedlr eEayt ®idet sndnHehei ¢idl of iycireasdasi sipshapeel
steel material side of the steel sheet pile wall. [FIG 8] FIG 8 is
an_expl anateryali W appri ePASeFrle Henet FRBEPPEREN SERACAE SdAsRf &

Lo oD ebrs Rt RIoky B 80 160 SOMNGRe Moaddldd 4 PResitel s rB1PLARa

vi ew showi |nen sheet p

present b@'VBéiherir:L\féﬂ @ntEOEhE! rolfd sirowheonft egbadegefvrmf amd this
conposite steel sheet §I|e with a steel material interposed as a

spacer, wilflywelthe $oea) shnetipiby apditHie 81gLaAtYIIENTEIE 109 TWRAFLER!

vi ew res%e%telr\igllyor the spacer to be stored and transported with high

efficiency. Moreover, the steel sheet pile and the rigidity
increasing shape steel material need not be separately driven into
the ground, thereby eliminating the problem of the reduced
efficiencyinexecutionof constructionworks, unlike the invention
described in the Patent document 1.

[0044]

In hat-shaped or U-shaped steel sheet pile applications
as the steel sheet pile, the width of the H-shaped steel member
needs to be smaller than the web width of the steel sheet pile
if the shape sheet material is disposed inside the recess section
of the steel sheet pile, and accordingly, the size limitation is
imposed on the H-shaped steel member. Incontrast with the above,
the result of interposition of the steel material as the spacer
is that the size limitation on the H-shaped steel member is relaxed.
BRIEF DESCRIPTION OF THE DRAWINGS
[0045]

[FIG. 1] FIG. 1 shows one embodiment of a composite steel sheet



16 showing the same. [FIG 11] FIGS. 11(a) and 11(b) are planvi ews
respectively show ng nodifications of qtshe spacer to the enbodi nent
showmn in FIG 10. [FIG 12] FIG 12 shows a further enbodi nent of the
conposite steel sheet pile of the present invention, with FIGS. 12(a)
and 12(b) being a plan view and an el evation view respect ively

showi ng pheesabethe [dHe@ert3linFeG8ich3 (&) thndI@3( b) ea)r ergl éV&i baing a
vi ews respectively show n fgl nodi fi cations to the e nment shgwn I n

FIG 12.PLerE/igd]ant @t M §@E Pt AW ERSPRGNTHG é( § PFERELFPRePame -

enbodi e t
[FIG 15T%|T:?G 1§Iése§5ﬁ?§§%{\ﬂ givcvbgaig%%%aﬂa r{/é?fp%??ﬁég} thn%?&fdnﬁtwﬁ?h

t he steeFIsheel (i badnalb) deirhe eppésentoirpveitwdrespekitGveld] sEb@Lng
16 is a plan view showing a still further_ enbodi nent of thle onposi
steel shB88fLBFFECBIPeRRVHESdAt ELRRVERTT G 3 FPRPCTYEC HIGS L £7E5) Bﬁﬁj
17(b) are,p. p I yel t he. e i n
descri be i%ﬁ%#e% éa%t% ggguir{rlgn%lhﬁ I(:alngf %81&%%8{.%%{%6%%%@%%(%%%
are perspécth¥epveewatr eapeativel.y showing the outline of the

i nvention descrl bed in the Patent document _ 2. [FIG 19] FIGS. g

and 19(b)Fafe Bl aR¥FEns3adparei véby 2KBWPAEVRR&CBUYIFHE BFSPREELVELY

invent | %%hﬁgg%] RS&E%E@%E@ £at tﬁ%cg%eblﬁenﬁﬁoﬁmﬁwﬁg@“ NG THE

| NVENTI ecific e I ments o e present invention
will be newsdestrried4 it &Splan hedmndbostingdohbatmpddipaesent a steel
invention is not limted to the follow ng enbodi nents thereof. [0047]
sheet pile wall of the present invention.
[FIG. 5] FIG. 5 is a plan view showing another embodiment of the
steel sheet pile wall of the present invention.
[FIG. 6] FIG. 6 shows another embodiment of the composite steel
sheet pile of the present invention, with FIGS. 6(a), 6(b) and
6 (c) being a plan view and an elevation view respectively showing
the same and an elevation view showing a modification thereto.
[FIG. 71 FIG. 7 shows a relation between a steel sheet pile wall
using a composite steel sheet pile of the present invention and
an earth pressure, with FIGS. 7(a) and 7(b) being plan views
respectively showing the same in cases where an earth pressure
acts on the steel sheet pile side of the steel sheet pile wall
and in cases where an earth pressure acts on the rigidity increasing
shape steel material side of the steel sheet pile wall.
[FIG. 8] FIG. 8 is an explanatory view applied to derive the
requirement in the case of joining by tension-type bolted
connection.
[FIG. 9] FIG. 9 is a plan view showing a further embodiment of
the steel sheet pile wall of the present invention.
[FIG. 10] FIG. 10 shows one embodiment of a composite steel sheet

pile with a steel material interposed as a spacer, with FIG. 10{a)

and 10(b) being a plan view and an elevation view respectively



FIG 1 shows one enbodi ment of a conposite steel sheet pile 1 of the
present invention, with FIGS. 1(a) andl(b) being a plan view and an
el evation view respectively show ng the sane. [0048] 17 An

H shaped steel nenber 3 as a rigidity increasing steel nmaterial is

di sposed inside the web section of a hat-shaped steel sheet pile 2 as
a steel sheeingi tke sadethe upper end and the |ower end of the

H shaped steel nenber are joined to the web section of the hat-shaped

steel shéBICpiYyld BIG§ 0dadp) and 11 (phExsrahly V4 LUE| ¥ SHRESAC 139 865 BoY+BI
adapt ed . . ed-t ther. hy.en e ol angy5
providedkggggéggggﬁgé %?1%%%ﬁ&%§f9§ﬁ§pgggstee:dgﬁéggggF%g{P%§Fﬁg' o
wi dt h di [ggti o]t heceaf, shbes eohmetlie o ehpoddmede o taacrongnenines sthal
protrusions and recesses in a cross-section of the hat- shaped steel

sheet pi FBsetapble et $dife Paesedti SRVERBASNT With FIGRcdidigang thi's)
enbodi nept . _t he l.ower .end t H- d i :
t he hat-gﬁgﬁgdaéPéﬁ Vs gé%S%fpg%%ﬁxgﬁg?ﬁbvg%ﬁgﬁﬁﬂ$ e Jﬁ% r%ﬁ%ﬁﬁ%%tehe
t her eof ksmp0oi Nned to the hat-shaped steel sheet pile by bolted
connection. The bolted connection of the upper end thereof is made in
such a maBEAEr T1hhtFIEs | 23de) ern®hdd @)bare et O VS Vit r§ﬁ3§§8we1§’

teel sheet pile 2.or.that of the H-shaped.steel . 3qis giyen |
The 1 or nPBPYBRHORERGE A K 5 E) SACRPSPEr FRER a Bo foholE.

havi ng a [girge pppropriaf esfop1hherhol khdwangteetinlofgerhdwepbodinent
the H-shaped steel nenber and the hat-shaped steel sheet Elle to be
di spl ace@ff tbm eaerlocheeti pilkevedp- bt Com BFEEERFOATWRTIFLE!-1(b).

[ 0051] i ot ed, t hat .t he hat - shape t éhﬁ i :

t he H-shéﬁé&'si%%ﬂé%%nggrl§E%g%agévf%v 25)}58%?ﬁg$£in a%%gﬁékﬁaéfﬁ%ﬂt
site, angsft hihg akkaws shhethatishaped skeeheshbeekepi! enavdrtibea.

H shaped steel nenber having been transported separately to the site

to be joil¥86 .t bgeFAcr 1 iche pdianeyidwishowdagny Slﬁéilﬁgf@fﬁh@ﬁefﬂﬁpéiﬁ‘ﬁ@t
ground igftggei%%% %%E%% % T L%%%%]pile of the present invention.
[FIG. 17] FIGS. 17(a) and 17 (b) are plan views respectively showing
the outline of the invention described in the Patent document 1.
[FIG. 18] FIGS. 18(a) and 18 (b} are perspective views respectively
showing the outline of the invention described in the Patent
document 2.
[FIG. 19] FIGS. 19(a) and 19 (b) are plan views respectively showing
the outline of the invention described in the Patent document 3.
MODE FOR EMBODYING THE INVENTION
[0046]

Specific embodiments of the present invention will be now
described. It is to be understood that the present invention is
not limited to the following embodiments thereof.

[0047]

FIG. 1 shows one embodiment of a composite steel sheet pile

1 of the present invention, with FIGS. 1(a) and 1(b) being a plan

view and an elevation view respectively showing the same.

[0048]



18 FIG 2 gives an explanation on deflection behaviors in a
conparison between deflection behaviors, in the case of a conposite
steel sheet pile in the prior art (see FIG 2(a)) and in the case of
a conposite steel sheet pile of the present invention (see FIG

2(b)). [0053] In the case of a conposite steel sheet pile 41
in the prior amt mssishowh stecll Gembea) 3 as s edlgishiest iptlead2ngnstael
rigidity increasing steel materjal 43 are secured together over the

ful'l | engehebyaheiirAgrerenen Tk Hhet 6oP Re Ty Pat B EorRPPEALSTee !
the difTehenes, i1l deld aciiom heha gi18! 186 RelYGRL, LhE M@Ehesiohlr
e rigidi I 43,

pile 42 an ty 1ncreasing steel materi resulting In

t hat t heehackti tige i dhasedirstas:1 heentase arey jhaned0@bdthe web séation
contrast with the above, a conposite steel sheet pile 31 of the
present PhAvEREi BAtashaReAnStACE &e9EpPLis Adapted to permit a steel
sheet pikﬁogﬁ anda rigidity increasing steel material 33 to be

| ongi t udi-na 9 di spl aced from each other, so that the deflection
behavi ors of thgtstrebedhastiepishecangilbe 7 agiedatiyptadreadiengosteeted
material are allowed to al nbst coincide with each other as against an
earth prEegaEbesy by henyagement | PREWRER HEO K4 ekt prrEidedsplePath

t he conposite steel et_.Jil h%?i g&g)h%p%.éﬁg) :

! < (o az n
respecti \?Ielﬂsl ?T%cﬁaﬁ%agﬁzonss_ oeeq F?é:egr]f‘_oga'iaeng shown in Il 1. g%%é?
Accor di nghk@e8Re tettdriaid Ovh 58 oMY madeRlzudf amarteshapedpsbeehisions
menbers 3 as the rigidity increasing steel material are arranged |,

di scont | audusiaedses He al &iRF ¢ RE HlaloriPEddig bat ofhaped sérpedrdtehpl ées
in which case Ehgalom§nrgggigf each H shaped steel nmenber 3 is
secured S? ﬁeFalng t'6 fhe“Steel sheet pile, and the upper end thereof
i s joineqdobgohe steel sheet pile using a conbination of a joining
bolt and an elongate bolt hole 7 in order 19
According to this embodiment, the lower end of the H-shaped
steel member is securedto thehat-shapedsteel sheetpilebywelding
6, and the upper end thereof is joined to the hat-shaped steel
sheet pile by bolted connection. The bolted connection of the
upper end thereof is made in such a manner that at least either
a bolt hole of the hat-shaped steel sheet pile 2 or that of the
H-shaped steel member 3 is given in the form of a bolt hole 7 having
a size greater than a bolt hole having a size appropriate for the
bolt diameter in order to permit the H-shaped steel member and
the hat-shaped steel sheet pile to be displaced from each other
in the top-bottom direction in FIG. 1(b}.
[0051]
It is noted that the hat-shaped steel sheet pile 2 and the
H-shaped steel member 3 can be joined together in a construction
site, and this allows the hat-shaped steel sheet pile and the
H-shaped steel member having been transported separately to the
site to be joined together in the site, followed by being driven

into the ground in the integrated form.

[0052]



to permt the steel sheet pile 2 to be longitudinally displaced in
the occurrence of flexural deformation £aused by an earth pressure or
the like. [0056] According to the other nodification shown in
FIG 3(b), an H shaped steel nenber 3 as the rigidity increasing
steel material is joined to a steel sheet pile 2 in both the upper
end and the | o®eC.endgples drnesxpldiset iodn tdre ddfSapacrs tetbviienisein a
in which case, the joined part of the mddle thereof is secured to,
the st eeFOBRa&H SpRIRetGeTy9at berE 1B SoFishER tEeCRBFRE R sPPRgsite
bolt hol a J.Ql ned r h t u I ye e
over ondPRb aare T Y, AR ARG e S BIE (B PR RGPS bcace
great er blian campeolsti tlkod eedneihrg tap 51 @ e faphe qrdsairer Lavehbeoholdee FIG.
dianeter in order to permt the H shaped steel nenber and the steel
sheet pi PdPPd -be displaced fromeach other in the top-bottom
directioqookg?57] FIG 4 shows one enbodi nent of a steel sheet
pile wall" 0 he present invention, in which case, a steel sheet pile
wal | A is consthauciedadye bliea rnersite whkeel $hectcqifesuteistes prior
sheet piles 1 of the enbodi ment shown in FIG 1, for instance, are.
successi @&ty agonpet eth tBiget R )t-hPoa§Rej oPRESt pp b detl Y BofRIeAdsY
of each hat-shap - pi | in Mol i ti r ;
Whi o belB5 aPdeH DhEEMRaorshhd > PusoarCimth Ll RALE Gt WIR B
enbodi nenkenefht Bg gkealingheet thél tival ined die pitasertdd Vit onThus,
whi ch case, there is shown a steel sheet pile wall which is

const ructde Paf§espngenannésfinatliendoeksudl oF iekieratadivgsaysthecpteel

heetpile,2 itself i t mbined.wi th. ' t :
oi Tes | BRPEEd Har b hg rCTt URTSH T niber s ThS  Ehesheleettes) 42

sheet pi kesulitkedt e sheel tabeeuchilliggnalil1Acskown asn theGeade Ay be.
ei ther case of the enbodinents shown in FIGS. 4 and 5, 20 the steel
sheet pill@ok#ll is constructed on condition that a high earth

prossure acts oy LAg aLESIERRY. AL oBhothee Rl 1R dAPLRer piie
31 of the present invention as shown in FIG. 2 (b} is adapted to
permitasteel sheetpile32andarigidity increasingsteelmaterial
33 to be longitudinally displaced from each other, so that the
deflection behaviors of the steel sheet pile and the rigidity
increasing steel material are allowed to almost coincide with each
other as against an earth pressure or the like acting on the steel
gsheet pile 32-side of the composite steel sheet pile.

FIGS. 3{a) and 3 (b) show resgspectively modifications to the
embodiment shown in FIG. 1.

[0055]

According to one modification shown in FIG. 3{(a), H-shaped
steel members 3 as the rigidity increasing steel material are
arranged discontinuously in the longitudinal direction of a steel
sheet pile, in which case, the lower end of each H-shaped steel
member 3 is secured by welding to the steel sheet pile, and the
upper end thereof is joined to the steel sheet pile using a

combination of a joining bolt and an elongate bolt hole 7 in order



FIG 6 shows anot her enbodi nent of the conposite steel sheet pile 1
of the present invention, with FIGS. g(a), 6(b) and 6(c) being a plan
view and an el evation view respectively show ng the sane and an

el evation view of a nodification thereto. [0060]

AnH shapedst eel nenber 3 as the rigidity increasing steel material is
di sposedtonsételt thavehr esdcthertopide hatecs hepédngticetiishédy gisplacead
the steel sheet pile, and the flange _section on one side of the

H shapediBt EBE REFHEXeRCEs Gloifded et meimmaddn irwied ey an earth

hat - shap e pilke_2 by tension-type bolted connection using
Iongitudgggﬁ%gg%ré e?%?n?%g [y spaced bolts 9. [0061]

Hat - shapgedosteel sheet piles 2 are adapted to be connected together
by engagenent between joints 4 and 5 provjded at both ends of each
hat - shaped st eBFCREERI TP EhEnCE RBT iRYEH: 3 ekdl SR MRet BOTLC t REP) , an

T g AR b e i S i

directi ong j80R2H to a stehsl tsheldtephokt 2hohebdi drensippext wpel babit eHe
connection, at least either a bolt hole of the hat-shaped steel sheet

pil e 2 otowmratend rhe Bhehmpddlstekithrelpehanedss ieeh g ®Pahe oWhich
bolt haole 7 i ' . 1ql - i
Sooropr | SeBer oY HESRERDATS BEAIC T SR il 1R Bl £

steel sheakepipElanditkea bshapedrskpehdingbes at eoteon sptad e ify hole
each other in the top-bottomdirection in FIGS. 6 (b) and 6 (c) .
[0063] 21 #éHdpedosned pathtef sqcdaribehs sianray #Rérthe lgwer end

and e rronspbost Behdin ePen Sifn S Bl PRI S h T LR S aze By bfser

and the I “having been transpor eparate

the sitetgan Redni nedd BEOLAGraidi ddepphrbpribell oved-tby Yagingidmnkeven
into the ground in the integrated form [0064] Wiile in the
enbodi mean shden to PErGlte iR, Ht pleaped ilined geabemeRBcing sdealheheet

igidity i i ng.steel i al tends . ' i ) .
| ongi t UPRAE G FECEE BRIBPeRre &t BarTapanes it s, Ltk St Pdersion
shown in [ghG716(b) is such that nore than one H shaped steel nenber 3

is arranged discontinuously in the |ongitudinal direction of the
steel sheet piF&G2, 4asltbwheorie amodiasrtonion ehedl Hhkerpad ls aglll of

reber 3,43, BSERLAR LRgbScLgAToth B 1R KPgcBeL S LA,
is constructed by the manner in which the composite steel sheet
piles 1 of the embodiment shown in FIG. 1, for instance, are
successively connected together through joints provided at both
ends of each hat-shaped steel sheet pile 2 in the width direction
thereof, while being driven into the ground.
[0058]

FIG. 5 shows another embodiment of the steel sheet pile wall
of the present invention, in which case, there is shown a steel
sheet pile wall which is constructed in such a manner that the
usual type of hat-shapedsteel sheetpile2itselfispartlycombined
with the composite steel sheet piles, instead of being constructed
using only the composite steel sheet piles like the steel sheet

pile wall A shown in FIG. 4.

In either case of the embodiments shown in FIGS. 4 and 5,



FIG 7 shows a relation between the steel sheet pile wall using the
conposite steel sheet pile of the presgnt invention and an earth
pressure. [0065] In cases where the steel sheet pile 2-side of
the steel sheet pile wall receives an earth pressure as shown in FIG
7(a), the deflection behaviors of the steel sheet pile 2 and the
rigiditythacsesesl rideshppedsi=kl tenbensSraceedldroveddt oiahmisdit a high
coincide with each other without the need to_nmake tension-type bolted
connect i BAYFR BFEEFUFS aFF6WORhEN8LBRE-8BRPEEL PERShefROFbrBILE 2-sSide
coi nci de ﬂﬁ%gogach ot her. However, if the H shaped steel nenber
3-side OF the steel sheet pile wall receives an earth pressure as
shown i n[Bb&o]17(b), the deformation of the steel sheet pile 2 will be

so increased in applications of joining in the usual manner that the
above def| ect i BRGhéhabpur ancdien emeed Heede ofi tire €9BROSERESLSH RAFER

case, no_gonside i on _as p e i e gj.wen. 2 0

I n contrgégem}t%fﬁﬁgaéﬁgﬁggHjg%&%ﬁgqgg’?gﬁgﬁgaﬁ?gbéggthéﬁkéoﬁ%gbsﬁg%
al | ows t heidef4 ectdrorikehamil ais cafeviltd oot eebwshegie ¢t 1€ BAGHAE ng the
H-shaped steel nenber to coincide with each other even if the

H shaped ssieebndeaberlsvaitdenoiiene 0§t aeModphéacapiiPe WlPIFeEGecei ves an
earth pr&gggr?. [ 0067] How to derive the above expression (1)
i ndi cati Pline requi renent under which the defl ection behaviors of

the H-shaped shaeh-gmihes saedithensé el asher! rpylhaiaye midaueihd ateel
coincide with each other by tension-type bolted connection wll be
next desoritlbadal i dieboasadcensddsithe geb)gectiqn aof g)hatrghapeyl steel
(11+ 12) sh-ee(:]'%)iﬁgogﬂs the steel sheet pile, and the flange section on
one side of the H-shaped steel member 3 is joined to the web section
of the hat-shaped steel sheet pile 2 by tension-type bolted
connection using longitudinally predeterminedly spaced bolts 2.
[0061]

Hat-shaped steel sheet piles 2 are adapted to be connected
together by engagement between joints 4 and 5 provided at both
ends of each hat-shaped steel sheet pile in the width direction
thereof, the connectionbeingmade in such amanner that protrusions
and recesses ina cross-gsection of the hat-shaped steel sheet piles
face the same direction.

[0062]

As to the bolt hole for tension-type bolted connection, at
least either a bolt hole of the hat-shaped steel sheet pile 2 or
that of the H-shaped steel member 3 is given in the form of a bolt
hole 7 having a size greater than a bolt hole having a size
appropriate for the bolt diameter in order to permit the hat-shaped
steel sheet pile and the H-shaped steel member to be displaced
from each other in the top-bottom direction in FIGS. 6 (b) and 6 (c) .
[0063]

It is noted that the hat-shaped steel sheet pile 2 and the



The conposite steel sheet pile can be expressed as shown in FIG 8(b)
by assuming that it is divided into anupper section and a | ower
section when the H shaped steel nmenber 3 side thereof receives an
earth pressure as shown in FIG 8(a). [0069] In FIG 8, let
represent the width of the steel sheet pile, a represent the wi dth of

t he ShapE—§h§péd@iél€I mea@r 3rept erehbihbe pogethenlid necdhacphicaien
of the steel sheet gﬁ 12 represent the nonent of inertia of area
of the sﬁéﬁ@:s@@@lt ﬁbéllﬁﬁﬁ Eh?ebﬁés%h@P@ﬁ sbeeh %h@%%u@élﬁcﬁm%gtﬁﬁ

the Shapﬁ %Bgsled@tr@gi Selmcki) ekgggfﬁggsﬁééﬂ%&?é@% r%_te%.’y to the

respectlve OSE e sum tensil

forces i §1€@Q€&I€@>ebj’oi<neahﬁ39&§tﬂﬂir shegtie piilte dEspl anedant bles_n@eamean
by 51, and the H shaped steel nenber dlsplacenent is denoted by 5 2.
Were: [0070] théthghenndi éal tERpietsgbatef £93me oc ap + X- 6,2 cc- X

B2 [0064]

While in the embodiment shown in FIG. 6(a), the H-shaped
steel member 3 as the rigidity increasing steel material extends
continuously in the longitudinal direction of the steel sheet pile
2, the modification shown in FIG. 6{(b) is such that more than one
H-shaped steel member 3 is arranged discontinuously in the
longitudinal direction of the steel sheet pile 2, and the flange
section of each H-shaped steel member 3 is adapted to be joined
by tension-type bolted connectionusing the predeterminedly spaced
bolts 9.

FIG. 7 shows a relation between the steel sheet pile wall
using the composite steel sheet pile of the present invention and
an earth pressure.

[0085]

In cases where the steel sheet pile 2-side of the steel sheet
pile wall receives an earth pressure as shown in FIG. 7(a}), the
deflection behaviors of the steel sheet pile 2 and the rigidity
increasing H-shaped steel member 3 are allowed to almost coincide
with each other without the need to make tension-type bolted
connection in order to allow the above deflection behaviors to
coincide with each other. However, if the H-shaped steel member
3-side of the gteel sheet pile wall receives an earth pressure
as shown in FIG. 7 (b}, the deformation of the steel sheet pile
2 will be so increased in applications of joining in the usual
manner that the above deflection behaviors fail to coincide with
each other, in which case, no congideration as superposed beams

will be given.



[ 0071] I nt hi scase, forreasont hatt heH shapedst eel menber havi ng
high rigidity is subjected to tension. by the steel sheet pile, their
deformati ons need to becone equal. Thus, suppose 81 82, this gives:
[0072] [Mathematical Expression 2] ap + X >(I - a)p - X EE 2

[ 0073] Accordi ngly, the requirenment under which the steel

sheet pilgoapd the Hshaped steel nmenber are allowed to coincide with
each other by tension-type bolted connection in cases where the

H shaped st eel Inmwhdrrasitdeish e adensosi Penspadly SKast opi-taredhel ved

B o ol GAnEREHE Sn M RS B30 130 S ORLPHEr bR L HRL NS G2l
and the H-shaped steel member to coincide with each other even
if the H-ghaped steel member 3-side of the steel sheet pile wall
receives an earth pressure.

[0067]

How to derive the above expression (1) indicative of the
requirement under which the deflection behaviors of the H-shaped
steel member and the steel gsheet pile are allowed to coincide with
each other by tension-type bolted connectionwill be next described
with reference to FIG. 8.

Xz {(1l—a) «Ti—a T2 ~p  (I1+120 - (L)
[0068]

The composite steel sheet pile can be expressed as shown
in FIG. 8(b) by assuming that it is divided into an upper section
and a lower section when the H-shaped steel member 3-side thereof
receives an earth pressure as shown in FIG. B8(a).

[0069]

In FIG. 8, let 1 represent the width of the steel sheet pile,
a represent the width of the shape steel member, and I; represent
the moment of inertia of area of the steel sheet pile, I, represent
the moment of inertia of area of the shape steel member and p
represent an earth pressure acting on the shape steel member side
of the composite steel sheet pile, respectively.

Suppose that the sum total of bolt tensile forces is denoted
by X, the steel sheet pile displacement is denoted by §,, and

the H-shaped steel member displacement is denoted by 0 ,.

Where:
[0070]

[Mathematical Expression 1]



| + 12 [0075] One instance of a nunerical sinulation will be
now gi ven as follows, provided that a.connection force a is used for
the right-hand side of the expression (1). [0076] As for the
subj ect of the numerical simulation, consideration will be given to
a conposite steel sheet pile which conprises a hat-shaped steel sheet
pile 900 (see Internet < URL: http://

www. / mit. go, | p/deh $ha/ ki sha06/ 3[&%&0@§;.htn1 24 [ G rcunstances of
Enforcenentdbﬁi" uraﬁ)%ﬁ lic Undertaking Cost" by

M nistry of Land, mfrastructure,fﬁbansport and Tourismin 2005] ,
[referenced on March 17 , 2009] , for instance) which is of a |arge
cross-seghpomjand smal | thickness structure wthan. effectivew dt hof
900 mmandpr ovi deshi gher executability of construction works and H 600
X 200 whi ch i sIahikaise aforHrshapadstteidhie HeABapsdeit esdanrgnhg ghaving

shndy or BEAb B FAARY NEDaTUE BICHE. S RO Il SR SF Sadt FstBapihe:
pressure Wbkl BEr8SMALLLAYSHeed to become equal. Thus, suppose 8: =

6., this gives:

[0072]

[Mathematical Expression 2]
qp+nkf>_0-—ah9—;¥
El, El,
[0073]

Accordingly, the requirement under which the steel sheet
pile and the H-shaped steel member are allowed to coincide with
each other by tension-type bolted connection in cases where the
H-shaped steel member side of the composite steel sheet pile
receives an earth pressure will be expressed as follows.
[0074]

[Mathematical Expression 3]

X)(l—a)],—alz
I+,

[0075]

One instance of a numerical simulation will be now given
as follows, provided that a connection force o is used for the
right-hand side of the expression (1).
fo076]

As for the subject of thenumerical simulation, consideration
will be given to a composite steel sheet pile which comprises a
hat-shaped steel sheet pile 900 {see Internet < URL: http://
www. /mlit. go.jp/kisha/kisha06/13/131016 .html >



Kacos 6= 0.2911 If taking the case of a wall height of 5.0 m
(a residual water level is assumed to fpe one half as high as the wall
hei ght), the sumof a residual water pressure and an active earth

pressure at the frontal ground side will be as follows. p = pa + pw
=(w + yhi + y'h2) X kacos6 + ywh = (10+18X2. 5+9X2. 5) X0. 2911+10X2. 5

= 47.56 kdMimRukBtbhecgeas€e Bhrbr66RXA00ona®frbuctThusa]l RBESrgi ¥€SPublic
X=0.6X47.56 = 28.536 kNNmIn the case of M22 bolt, A = 380.13 m®
In the cHedestakpegfovabyeshsREEY ot basdt I IHrar{ONTIRYLe t REaREPeEt

i givaen EaSoas Aag0s] (R dudite AR S IRI1 PPAOTSET 08 plfAnce)

that thewhesul i sodf callewgat tebskssébaionnendddaleeds ckocke atraachre
interval of 1.8m [0078] FIG 9 shows a further enbodi nent of
t he steeWishestepiee it videh PEQO 07 (B andPgi ke tlabgher REpeuiabdhohi

a steel sheet pile Mall Ahich S SPR3G e L SHSN A1 ADE! JhhaLy
steel members of small width type.
L10077]

Considering an active earth pressure of the sandy ground
with an N-value of 15, the coefficient of active earth pressure
will be as follows.

Kacos 0= 0.2911

If taking the case of a wall height of 5.0 m {(a residual
water level is assumed to be one half as high as the wall height),
the sum of a regidual water pressure and an active earth pressure
at the frontal ground side will be as follows.

Pp=pa+pw=(w+ yhy + v'hs}) X kacosd + ywh

= (10+418X2.5+9X2.5) X0.2911+10X2.5 = 47.56 kN/m?

In the case of H-600X200, a=0.6. Thus, this gives:

X=0.6X47.56 = 28.536 kN/m

In the case of M-22 bolt,

A = 380.13 mm’

In the case of the allowable stress intensity of 140N/mm?,
the force adaptable to be assigned per bolt is assumed to be 53.22
kN. Thus, this gives:

53.22/28.536=1.86 m

That is, it will be found that the result of calculation
is that one bolt needs to be at each interval of 1.8m.

[0078]

FIG. 9 shows a further embodiment of the steel sheet pile

wall of FIG. 7{(b), in which case, there is shown a steel sheet

pile wall A which is constructed in such a manner that the usual



25 type of hat-shaped steel sheet pile 2 itself is partly conbi ned
with the conposite steel sheet piles,ﬂ stead of being constructed
using only the conposite steel sheet piles 1 like the steel sheet

pile wall A as shown in FIG 7(b). The steel sheet pile wall
in the enbodi mrent shown in FIG 9 is also constructed on condition

that a higheedf tHatrassid® A3 ehekiiepth shapeadsifals parber dosbidged
t her eof . 079] FIG 10 shows one enbodi nent of a conposite

st eel sheethpileecomphsatsedele lnshest oi leay ekpiseal a§ heigpngenstyucted

with FIGS. .10(a),.and 10(b) bejng .a plan view and.an.el evation vi

respect i ‘\}EWgsCF%W rtrg‘etﬁ " %ﬁ%’?e%ﬁéﬁ] et pllﬁ%? -1525%8 185 88 eeéh%%%et
piles 2 pgs1thgastegl ashepbwhi Easrand/ ot shaped steel nenbers 3 are
mass- produced in the standardi zed forns. Thus, if an attenpt is nade

to adapt such FThanseeel Aedaridicaped lsinethe rhodginay shgrer 18- FIG.
shaped steel nbers to neet the requirenents_far_desi of the ste

Sheot pi Po AILFC SHE TGRS 6F G FHLRAPaT LU RERbom S St Tacan
appropri ghetREORS=R8HLHOBLER1VEMLEE degign whblkesenetines fail to be

seated into the web section of the hat-shaped steel sheet pile 2 from
t he di ren8P@A&al point of view [0081] The enbodi ment shown in
FIG 10 is such_that a hat-shape teel sheet pile 900 (see lnterne
CURL: http:l) BAb D FRORGE PREeRAP RN SR CONPER O R REm Shost BEle
[ G reunsapges (eANhQEESTRAL b rplddit bl &l s I A of yw Rubldtes . 10 (a)
Undertaking Cost" by Mnistry of Land, Infrastructure, transport and
Touri sm End2005b) , béieden gpbmed wiewkrrch at7 e 12003])i orf grieWwnsespeefively
which is of a large cross-sectionand small thickness structure

wi t hanef FEEIHYE WGt A2BF -900 nm and provi des hi gher executability of
constructipggopor ks and H 700X300 which is available as H shaped steel

menber s of
Hat-shaped steel sheet piles 2 as the steel sheet pilesand/or

H-shaped steel members 3 are mass-produced in the standardized
formg. Thus, 1f an attempt is made to adapt such standardized
hat-shaped steel sheet piles and/or H-shaped steel members to meet
the requirements foxr designof the steel sheet pilewall, the flange
of each H-shaped steel member 3 having an appropriate cross-section
in view of design will sometimes fail to be seated into the web
section of the hat-shaped steel sheet pile 2 from the dimensional
point of view.

foosl]

The embodiment shown in FIG. 10 is such that a hat-shaped
steel sheet pile 900 (see Internet <URL: http:// www. mlit.
go.jp/kisha/kisha06/13/131016 .html>, [Circumstances of
Enforcement on “Structural Reform of Public Undertaking Cost” by
Ministry of Land, Infrastructure, transport and Tourism in 2005],
[referenced on March 17, 2009], for instance) which is of a large
cross-sectionandsmall thickness structurewithaneffectivewidth
of 900 mm and provides higher executability of construction works

and H-700X300 which is available as H-shaped steel members of



26 mddle width type are joined together through a spacer 11 nade of
a steel sheet having a thickness of 2 In this enbodi nent, the
result of interposition of the spacer “I1 is that the flange of the
H shaped steel nenber 3 can be seated into the web section of the
hat - shaped steel sheet pile 2. [0082] Hat - shaped steel sheet

piles 2 gigqadapigeht Lanngoted RN Rhengagenephcbet neeRade
joints 4 and 5 provided at both ends of each steel sheet pile in the

wi dt h di péct Borefhelrest haviagcaridakinemsePAg hiide | Fn Sl amaadéepent,
that protrusions. and_r.ecesses .in a cross- sectio f. th t eel

pi |l es faEéetﬁ%S%%EEQ%ﬂ R R ?ﬁetﬁP%c%ﬁs fzv%éﬁﬁ%tﬁgﬁa%gggge
steel shgetiph e haddiestRat aeride ARdchRendhorraredift 66t harREdeE e 3t MBH

be al so secured together by bolted connection, welding or the I|ike.
Al t er nat bfekize hpplphagetiheteeiushars Phae Rs to pernit the steel
sheet pile 2 and the H shaped steel nenber 3 or the spacer 11 to be
Iongitudﬁﬁﬁﬁ? di spl aced from each other may result in that the

deflection behgyiorgaplatdieest e8lecthpelicBi2 @rd aRdptha th TRABetnsteeh
menber 3 will al nbst coincide with each other, |ike an enbodi ment

shown i ntByE&tht? hy desagebedt|leeveehD8ihts 4 and B @rovidskows both
nmodi fications of the spacer. to the enbodi nent, shown in. FIG.. 10, with
FIGS | 1EPEF Gh@eEh PEpohar e PtaE 1BaptEsry LTERY R dier =0t the
modi fi cat,aRWRSHLE 1 i$EREadRhehIA o HSBHet @ha' HRAGAIs (bh1a8d 2eeaUaES
cross-section, and anot’her nodification where tw channel - shaped

cross- sedhiaorstgeteatienicdl shaseead etheas spheefsct3heg @85 Hirection.

FIG 12 shows_ a still further enbodi ment of the conposite steel sheet
pile 1 ofl®CRélpresent invention, with FIGS. 12(a) and 12(b) being a

plan view and ap gl evalion vhewdeshegidyekLe3hoMedgpile 2, the spacer

11 and the H-shaped steel member 3 may be also secured together
by bolted connection, welding or the like. Alternatively,
applying the structure that is to permit the steel sheet pile 2
and the H-shaped steel member 3 or the spacer 11 tobe longitudinally
displaced from each other may result in that the deflection
behaviors of the steel sheet pile 2 and the H-shaped steel member
3 will almost coincide with each other, like an embodiment shown
in FIG. 12 asg described later.

[0084]

FIG. 11 shows modifications of the spacer to the embodiment
shown inFIG. 10, with FIGS. 11 (a) and 11 (b) beingviews respectively
showing one modification where a steel material used for a spacer
12 has a square cross-section, and another modification where two
channel-shaped cross-section steel materials are used as spacers
13.

{o08E]

FIG. 12 shows a still further embodiment of the composite

steel sheet pile 1 of the present invention, with FIGS. 12(a) and

12 (b) being a plan view and an elevation view respectively showing



27 the sane. [0086] An H shaped steel nenber 3 as the rigidity
increasing steel material is disposed.i.,nside the web section of a
hat - shaped steel sheet pile 2 as the Steel sheet pile through a
spacer 11 nade of a steel sheet, and the upper end and the | ower end
of the H shaped steel nenber are joined to the steel sheet pile.
[0087] +the safecording to this enbodinent, the | ower end of the

H shaped steel nenber is secured to the steel sheet pile by welding
6, and tbeO&pper end thereof is joined to the steel sheet pile by

bol ted connectjo he oI ed. connect the up er en reof, i
made in such aiﬂgﬁfﬁgﬁa 3?1I NS e taﬁc’e?{l% Jf)logfjt mc’% %ﬂ gngsees
hat - shapggdcstegl ishaek Bsba Zn®1ad hak @ébté&dioshaﬁ%dhate@hageab@tﬁeél
is given in the f orn1o? a bolt hole 7 having a size greater than a

bol t hol ehbavimpiglea %azethpmml athedtopileethobuglli amaasey ﬁloma@ia 23}
permt the hat-s ed st sheet pil dth sha nber
to be di3ptd P‘?g %%&@h‘éﬁ:’??ﬁ ?%‘iaflgipt%%%tog rd?ggccffﬁ):n SR Hraed
12(b). [9P88] member éfe' ofRL&dcE hahet BecbBt spbapediséeel sheet pile
2, the H shaped steel nenber 3 and the spacer 11 can be joined

t oget her [DA8&] construction site, and this allows the hat-shaped steel
sheet pile, the Hs ed st d acer _hav bee
separatel y tra%%‘b%?& @t éssﬁ%cﬁﬂneﬁ'gt %P‘ﬁ Yoy &tife H %‘et 'eglé‘f‘?%c}
f ol | onedspyeDehdigh '1\éeBebﬂ£thﬂ‘t? tgﬂéogﬂgel e Pn%%@tm&lcﬁgns and
Alternatively, it would be possible also to mount the spacer 11 to

ei ther theehatpeshapedtherebistedipicdete e siteeh shapedstebly hehbed

3in advggﬁgéc gggg] The bolted connection of the upper end thereof is
made in such a manner that at least either a bolt hole of the
hat-shaped steel sheet pile 2 or that of the H-shaped steel member
3 ig given in the form of a belt hole 7 having a size greater than
a bolt hole having a size appropriate for the bolt diameter in
order to permit the hat-shaped steel sheet pile and the H-shaped
steel member to be displaced from each other in the top-bottom
direction in FIG. 12(b).
[0088]

It is noted that the hat-shaped steel sheet pile 2, the
H-shaped steel member 3 and the spacer 11 can be joined together
in a construction site, and this allows the hat-shaped steel sheet
pile, the H-shaped steel member and the spacer having been
separately transported to the site to be joined together in the
site, followed by being driven into the ground in the integrated
form. Alternatively, it wouldbe possible alsotomount the spacer
11 to either the hat-shaped steel sheet pile 2 or the H-shaped
steel member 3 in advance.

[o089]
FIGS. 13 (a) and 13 (b) show respectively modifications to

the embodiment shown in FIG. 12.



28 According to one nodification shown in FIG 13(a), the
spacers 11 are arranged discontinuousg% in the | ongitudinal direction
of a steel sheet pile, in which case, “the | ower end of each spacer 11
is secured to the steel sheet pile by welding, and the upper end
thereof is joined to the steel sheet pile using a conbination of a
joining bolt and-3A3eh@ngat enkokbaigkeatibh MHiRm iy perai t13 he) steek
sheet pile 2 to be longitudinally displaced in the occurrence of

f | exur al sgetersafilommausedahyedndasacphtpnossaly ¢n tiee | 1RegiTedinel
spacers 11, an. Hshaped steel nepber. 3 as the rigidity .increasin
steel nmatefFaFige < 5Mﬁt8$ﬁcﬁ5?ﬁ d%ﬂﬁ?eﬂﬂbgﬁégkl?ﬁ%eTQjﬁ%uﬁpgﬁ:egd ot
[0090]  each spdcds 1R0E 8ddddted toVPHE e PRIRIR! £1 8L 38, 1R 1BEAY, d8nd
an H shaped steel nmenber 3 whose flange has a bolt hole 7 having a

si ze greaheruppen endditterrsife ilkaypnged spzehappropy isdteet g leheshobt a

di t i f hout .th d to. i.d | t | f
o spagebaatiooG & Tol R RE Bttt At e naenEe Ttk fiSuk: T o Rrdsn
in FIG 13(0dymfr SRACrekh %ﬁ@ej%%obl@@‘@ rd @%bﬁ%?ﬁﬁ@ha@l?sdlgﬁlaced

rigidity increasing steel material as shown by c n doubl e- dashed
| i ne ar eipoithed ccouarsieel chedtexpitad Adfrhutiahecapped endaandarhb

| ower end plus the mdd] e of eachPof t he §$acer and ﬁge H shaped b
steel neRBEPSULR PLER tHER, (R 1oiThesFar t1or1 Hes HEf S 6 LUERPET
t he Spac§ra§”gh%h?i§1§9§ eiskeehsTREPEEcLS seeuLed1t st BRoGhEBY shaeh

pile using a bolt corresponding to a conmon-sized bolt hole 8, and

t he j oi nédupaetdathedchiot tthemoppéedend and the | ower end thereof is
given in the formof a bolt hole 7 having a size greater than a bolt
hol e havilA§°&!si ze appropriate for the bolt dianeter in order to

permt the steel Fgeﬁtgt &! EnPd; £ et hapedsligdle AR 2B HBe an

spacer to be displaced fromeach other in the top-bottomdirection.
29 [0092%i-shaped sEkEl ddmiséiovs whcstd IHlafgret hes enbodi rerte of elveng a
steel sheet pile wall of the present jnvention, in which case,

steel sh&fepBreahar| thomns &t FrdfeloBy ond ?&ﬁﬁuﬂPRﬁPﬂﬂﬁ%ﬁ?Iﬁag the
composi t §o5-e81 1 R0EEL P ifSd cofe hBEaDRIENe SHOWEL byl Enchl Bb1e

12, for inStance, are successively conne toget her through joints
provi ded 7att choebcendpaekreach hat-shaped steel sheet pile 2 in the
wi dth direction thereof, while being driven into the ground. [00931
FIG 15 JR8Rla yet further enbodi ment of the steel sheet pile wall

of the present JeRlLaN:ol BnuBhED £a3P1LOCIS,  Suohowh T2 e @heet
pile wall which i's constructed i n such a nmanner that the usual type
of hat - shapeérsi pahdsheat shhbedkiidelehémbar @ast Ithecoivi dedy Winthreblsé ng
conposite steel sheet piles, instead of being constructed using.only
the conpédieed wpserisheas phPEs PYKedHe %Ctlé%#e-s#f"e?éﬁ%ilﬂélwne Aciged

shown | nt'él g‘ stl_'éel sheet pile 2 in both the upper end and the lower end
plus the middle of each of the spacer and the H-shaped steel member,
in which case, the joined part of the middle of each of the spacer
and the H-shape steel member is secured to the steel sheet pile
using a bolt corresponding to a common-sized bolt hole 8, and the
joined part of each of the upper end and the lower end thereof
is given in the form of a bolt hole 7 having a size greater than
a bolt hole having a size appropriate for the bolt diameter in
order to permit the steel sheet pile and the H-shaped steel member

and the spacer to be displaced from each other in the top-bottom

directicn.



In either case of the enmbodi nents shown in FIGS. 14 and 15, the steel

sheet pile wall is constructed on condition that a high earth
pressure acts on the hat-shaped steel "Sheet pile 2-side thereof.
[ 0094] FIG 16 shows one enbodi nent of a conposite steel

sheet pile with a steel material interposed as a spacer in the case
where a steebjsheet pile and a shape steel material are joined

toget her by tension-type bolted connection using nore than one

| ongi t udi nal | yFEpadddsbere, a wtif LFesthas Empaskidners( BY e siegilaphect

view and_an el evat | vi ew respectively show ng.the nme. ]

Hat - shape es"fagefogﬁgg? PTFes"2 de'The Steer” § Jé}é}f] PiTes aa%g)g%? gpeet
shaped speel pEDPE S ALONFRTUS LR BHUERE mdhiidie 151 amdamdiredcémpssbte
Thus, if an attenpt is nade to adapt such standardi zed hat - shaped

st eel sheeeepishecapdles M chayedenbedingaibeliews dmEEE -t he o332, for
requi renents for design of the steel sheet pjle .1, . the flange of

{ hebt shapBHCERET reABEr FURERNG Bl Tas O e ettt crirned o lirs
of desi gpr¥i/ihegonethboes dahd 40 haisentedridd dieaiebnseet poneod in
t he hat-shaped steel sheet pile 2 fromthe dinensional point of view
[0096] the width ddmecdstormihbrend, abolks belieg dsiyvencinigtdepsspundn
of a steil sh?et or the like as the spacer 11 as shown in FIG 16,

for instaRB&2'is that the fl ange of the H shaped steel nenmber 3 can

be joined to thegl ned da,Qfs tthechaknshapedembe nShealr RiHe s2ekn shake
where it is seated thereto. The enbodiment in this case is the sane

as the apove wahkewpfehbedimesrst iinvehat onheigtvdulclshase, pihere isnghene
H shaped st eel nber 3. are j.oi

Fshaped oL el TRIber, ) 212 oL sd ogeL et B Lol S VES BO eae

that thecgefl,eciianhehavi gus-ohabbe steel Hhest phhkes 2 i £ AQ partly

H shaped steel nenber 3 nay al nbst coincide mﬁtﬁ each ot her

| NDUSTRI AbmBPBEHGABEL|tThe composite steel sheet piles, instead of being
constructed using only the composite steel sheet piles like the
steel sheet pile wall A as shown in FIG. 14.

In either case of the embodimentg shown in FIGS. 14 and 15,
the steel sheet pile wall is constructed on condition that a high
earth pressure actse on the hat-shaped steel sheet pile 2-gide
thereof.

[0094]

FIG. 16 shows one embodiment of a composite steel sheet pile
with a steel material interposed as a spacer in the case where
a steel sheet pile and a shape steel material are joined together
by tension-type bolted connection using more than one
longitudinally spaced bolt, with FIGS. 16{(a) and 16(b) are a plan
view and an elevation view respectively showing the same.
[0095]

Hat-shaped steel sheet piles 2 as the steel sheetpilesand/or
H-shaped steelmembers aremass-producedinthe standardized forms.

Thus, if an attempt is made to adapt such standardized hat-shaped

steel sheet piles and/or H-shaped steel members to meet the



[ 0097] The conposite steel sheet pile and the steel sheet pile
wal | of the present invention are chagﬁpterized in that the conposite
steel sheet pile is such that the steel sheet pile and the rigidity

i ncreasing steel material are conbined with each other as superposed
beans. Thus, in applications to a retaining wall or the like, this

confi gur abionrahkavws tdhe dsfigrcbifothdedlosneet bheesiLrl, sheetlahye
and the rigidity increasing steel material to al nbst coincide with,
each ot hef thy HefhapadtStes | apppeadd & 051d ABRRREP TRt WEFaFfigseshape

measurement, . correction v mor %E%% Egg ngmaggqﬁgt gﬁ:quhkbk%heanb

i
al so al | ows" tHe conp05| e an feet

wal | to Becstenesk amé ﬁé‘an&@@ﬁé@%ﬁ@élhshégh ©ffd ¢ £A6H .the dimensional
REPRESENTATI ONS OF REFERENCE NUVMERALS 31 [0098] ASteel sheet pile

wal | [00p9jint of viewconposite steel sheet pile, 2 Hat-shaped steel
sheet pl%ﬁ 9§ H shaped steel nmenber, 4 Joint, 5 _. Joint,
. Vel di 8 % El ongate bolt hole, 8 Bolt hole, 9 Bolt, 11 Spacer, 12

Spacer 13Spaceh contrast with the above, the result of interposition of
a steel sheet or the like as the spacer 11 as shown in FIG. 16,
for instance, is that the fliange of the H-shaped steel member 3
can be joined to the inside of the hat-shaped steel sheet pile
2 in state where it is seated thereto. The embodiment in this
case is the same as the above other embodiments in that the steel
sheet pile 2 and the H-shaped steel member 3 are joined together
by tension-type bolted connection wusing more than one
longitudinally spacedbolt 9 inorder that thedeflectionbehaviors
of the steel sheet pile 2 and the H-shaped steel member 3 may almost
coincide with each other.

INDUSTRTIAL APPLICABILITY
[0097]

The compogite steel sheet pile and the steel sheet pile wall
of the present invention are characterized in that the composite
steel sheet pile is such that the steel sheet pile and the rigidity
increasing steel material are combined with each other as
superposed beams. Thus, in applications to a retaining wall or
the like, this configuration allows the deflection behaviors of
the steel sheet pile and the rigidity increasing steel material
to almost coincide with each other for eliminating labor and cost
required £for welding, shape measurement, correction work,
processing management or the like, and also allows the composite
steel sheet pile and the steel sheet pile wall to be stored and
transported with high efficiency.

REPRESENTATIONS OF REFERENCE NUMERALS



32 CLAIMS [C ai m 1] A conposite steel sheet pile conprising a
steel sheet pile and a rigidity increasing shape steel naterial
extending in the longitudinal direction of the steel sheet pile, said
shape steel nmaterial being disposed on one side of said steel sheet
pile , wherein said shape steel material is joined to said steel

sheet pil[eobs] nore than one joining point of said shape steel

material in the |ongitudinal direction thereof in such a manner that
at least to on® jobheny Porat Pheeed®lls applied a structure that is
to perni&ogﬁFg steel sheet pile and said shape steel material to be

| ongi t udi'na di spl aced fromeach other in order that the deflection
behavi ors of saidcshgelsisheetepl| shadg sdied shapatsielparaterkal shayt
al nost coincide with each other. [Claim2] The conposite .
steel sheétepil e BcdviRihgteslonanpe,; 4wheldint shi-dImdné than"eheing,
j oi ni ng poi of sai ha t egl terial, inglu bot.h en f _sai
shape st 2(—:-1' rgnlacfne% al %ioﬁ'tt ﬁglf%éngi't'{%lﬁcalhodier’egt T'g%g]t%’erzglof". g?é}gl};m i{?
The conpgsgpgcgggeh3sheg%a@gke according to claim1l1, wherein said
shape steel material includes H shaped steel nenbers. [C aim 4]

The conposite steel sheet pile according to claim1l, wherein one of
said joining points is secured in position. [Caimb5] The
conposite steel sheet pile according to claim1, wherein said stee
sheet pile and said shape steel nmaterial are joined together by

tensi on-type bol ted connection using nore than one longitudinally
spaced bolt in order that the deflection behaviors of said steel

sheet pile and said shape steel material may al nbst coincide with
each ot her.



33 [C ai m 6] The conposite steel sheet pile according to
claim5, wherein a tensile force X resyting fromsummng up the
tensile forces of nore than one longitudinally spaced bolt in
applications of tension-type bolted connection to join said steel
sheet pile and said shape steel material together neets the

requi rement given by the follow ng expy®mssion (1) . X( I - a) I1- a
121 pl/ % 1+ 1 2)(1) where | represents the width of said stee
sheet pillglaamr épresents the width of said shape steel material, II

represents the inerti f i:d I e
represents theArrrng n S:'g{e isn%retll §h§%t§€% %fo@gzl%lgﬁg%es%%g}sh%a Plig
mat eri al anang Pidepiesaic-«atiedf thapeessued motenth Dredtemdihapéen the
steel material side of the conposite steel sheet pile. [ aim7]

The conpéshgétydéaplshiteecipior dcEbeFrRet #haeh mite  wrtdishars gheel

all or par f. re _than b QL Ni Rl t.a.4.qini -
Fensi on: [958 LBt g harint fosh Sh Sgth R4 5} g AEARLERT ot pLIG, Bergin
st eel shegtapkhgpangt&al dnphapies stieeh ofmkeer tal shsdigtddie dtefem gfile in
bolt hole having a size greater than a bolt hole having a size

appr opr i apaef bhanhendal einingmwmadmt odi gap6| $hape SRehFadrerial in the
structure that i.s_t ermi.the.bolt p t.o_j_Qi 1d.s I e

o1 1 6 and L9808 BHARE LR EEC RhPB A o arhen o pEtte Phds g€ Moot
| ongi t udicpal § ¢4 % Bed e nef t e dostigchpsheet Psteuvotusaithahapecspeehit
mat eri al . [Caain18 The conposite steel sheet pile accordin%
to cl ai msgidwrteth shedtstddle steet spike shanaidesendt SrgIed st el Pe

bot h endd COP SAGH Ead CHUCT T o F AT REC drraf r 2Bt (BkRheriar, the
the conneggetreR theinNge N o cFUSAH @ strekneshddabipediddishonssiaisk steel
recesses in a cross-section perpendicular to the |ongitudinal
directi omaterial may almost coincide with each other.

[Claim 2]

The composite steel sheet pile according to claiml, wherein
said more than one joining point of said shape steel material
includes both ends of said shape steel material in the longitudinal
direction thereof.

[Claim 3]

The composite steel sheet pile according to claim 1, wherein
said shape steel material includes H-shaped steel members.
[Claim 4]

The composite steel sheet pile according to claim 1, wherein
one of saild joining points is secured in position.

[Claim 5]

The composite steel sheet pile according to claiml, wherein
salid steel sheet pile and said shape steel material are joined
together by tension-type bolted connection using more than one
longitudinally spaced bolt in order that the deflection behaviors

of said steel sheet pile and said shape steel material may almost

coincide with each other.



34 face the sane direction. [C aim 9] The conposite steel

sheet pile according to claim1, wheregi;n said steel sheet pile and
sai d shape steel material are joined together through a steel

material as a spacer interposed between said steel sheet pile and
sai d shape steel material. [C aim 10] A steel sheet pile wall
conpri si mglabmesl han one steel sheet pile, the steel sheet piles
bei ng connected together through joints provided at both ends of each
steel sheet piTee Wilﬁes%}f'%e%fs%@?t AFFPELLIBAPIDGL2AR J e ¥RET AL

The stect CRAGthi1E el | SesarabRg PR S Mt rden ey PhrE g 4t
sheet pibesméhat o Mrsai broprpogit=al 1St eglacdieeolpi iasappeiaataogedof
on the earth pressure receiving side or the high earth_pressure
deve|Opiﬁgng;g@—pﬁggé@?lted.connectlon.to join said steel sheet pile and
said shape steel material together meets the requirement given
by the following expression (1).
Xz {(1l—a) rIi—a-12 -p/ (Ii+12 - (1)
where I represents the width of said steel sheet pile, a represents
the width of said shape steel material, I, represents the moment
of inertia of area of gaid steel sheet pile, I, represents the
moment of inertia of area of said shape steel material, and p
represents an earth pressure acting on the shape steel material
gide of the composite steel sheet pile.
[Claim 7]

The compogite steel sheet pile according to claim5, wherein
as to all or part of more than one joining point adapted to joining
by tension-type bolted connection, a bolt hole of at least omne
of said steel sheet pile and said shape steel material is in the
form of a bolt hole having a gize greater than a bolt hole having
a size appropriate for the bolt diameter, said bolt hole being
of a structure that is to permit the bolt adapted to join said
steel sheet pile and said shape steel material together to be
displaced in the longitudinal direction of said steel sheet pile
or said shape steel material.

[Claim 8]

The composite steel sheet pile according to claim 1, wherein
said steel sheet pile includes hat-shaped steel sheet piles
connected together by engagement of joints provided at both ends
of each steel sheet pile in the width direction thereof, the

connectionbeingmaidinsuchamanner that protrusions andrecesses

in a cross-section perpendicular to the longitudinal direction



34

face the same direction.
[Claim 9]

The composite steel sheet pile according to claiml, wherein
said steel sheet pile and said shape steel material are joined
together through a steel material as a spacer interposed between
sald steel sheet pile and said shape steel material.

[Claim 10]

A steel sheet pile wall comprising more than one steel sheet
pile, the steel sheet piles being connected together through joints
provided at both ends of each steel sheet pile, wherein said steel
sheet piles employ, at least in part, the composite steel sheet
pile according to claim 1.

[Claim 11]

The steel sheet pile wall according to claim 1, wherein said
steel sheet piles that form said composite steel sheet piles are
arranged on the earth pressure receiving side or the high earth

pressure developing side thereof.



