1 SPECI FI CATION TI TLE OF THE | NVENTI ON: COWPOSI TE STEEL SHEET PI LE
AND STEEL SHEET PILE WALL USI NG THE COWPCOSI TE STEEL SHEET PI LE
TECHNI CAL FI ELD [ 0001] This invéntion 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 steel sheet pile, the shape steel
mat eri al bei ng di sposed on one ssgéciﬁ%%RE%EPée| sheet pile, and al so

to a strugiryee oaf Tarsteeknshest pile wall which is constructed using
the conposite steel sheet pile, and it is useful in applications to

retaini ng wal | SOMPRBETEeaDERL HBET &ACEt ARD | STKREL SHEETSPYRE GfAMAKING
such as underground conti nuous mallsé. BACKGROUND ARTS [ 0002]
Heretofore, théfe FEMBRETkEoRATEFr SHEEReREMRhi ch is such that

anH shapegcsieehiemherpor |ike shape steel material is nounted as a
rigidity increasing steel material to one side of a steel sheet pile
such as d00038haped steel sheet pile, a straight-shaped steel sheet

pile and a hat-shaped steel sheet pile that forma retaining wall, an
i nper meabl e mapﬁlﬁﬂqyﬁpqy%%;eE@éggrx>acomp051testeelsheetpllewhlch

comprises a steel sheet pile 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 continuousg walls).

BACKGROUND ARTS

fcoo2]

Heretofore, there is one known arrangement which is such
that anH-shaped steel member or like shape steelmaterial ismounted
as a rigidity increasing steel material to one side 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 (k).

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 which is such that a steel sheet
pile 52 is provided on one of both sidés 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
material , _as shown in FILGS. 17 and 17(h). . In this case, the
Sreel  oniBESoTE B it St I S Feks ABte M REASEC ok
adapt ed fgobgjseparately driven 2 into the ground in a construction
site into the integrated form [0004] Further, the Patent
docunent 2 desEnirbbsranthadBagenbondocomeinhududeraklibsteeh matlergabubd

whi ch i s _copposed of steel_sheet pile 62 praovided at both ends
t her eof ﬁPFEEPBPHFSWﬁﬂa %Be?&§ﬁﬁﬁ%ﬁg%i e 1§ SamRngRseriag gteel

rigidi tysh@@&??§l896§t}_§§$vﬂ§é@ré@|b@§1 A &Il \eﬁl%hsggfih% 9hat BR
steel sheet piTe 62 and the flange section of the H shapéd or

T- shapedHstbebererh dr- sdmptete st egil diengbenereast hgl d1 eelinmatearstialg 68eel
are Iongit%dina I% ovgélqgfed with each qther,_ only one end of the
over | appBatEELRLoR3 i MRHE D AgIR FFthSFCELPECPT ol HifrsRf sheet pile 62
bei nop! agadunders 1484d Adilnidis (ENewa u0skhiEa J8A)aNtd chly LOREal

In this case, it is also stated that by reason of the structure t

is to restri@ie whidione iendeafsitgesoeeill mppedi sE@3 arel hohhetudinally
| ongi tudi nal _direction thereof by coping, welding 66, bolts 67 or
drill scPERFLAPBEHY L thERENHhe ORIV FAERS AhRhe e HARP I oS E bR

sheet pilig QTS ﬂﬁﬁdﬁ@@fiaﬂtﬂe%b%@i Y cWn®br restraint,
restrai ni ng neans ot her than welding, or nore ppressé% def or mati on
of the steekhshaetinpFlescanslie)pandi dedb) han before even in wel di ng

applications _as the restraining neans, and al so that the underground
continuo&goﬁéﬁl steel material need not be manufactured in a factory

inall cases iRaulildg.dnithalaidieseheeh Rty PLLE.ARE LlesELakdily
i ncreasing steel material such as t he shape %t edr-henmber can be
i ndi vi duahby ig amspestedihoorl¢onst eddtodnrls beelapbsdnedghbet is tBe
and afterwards assenbl ed together therein. [0008] . Mor eover,
t he Pat ehPRgstufentl3ddEset iR sthpremtidryratmicneomalstiows 66, bolts 67

wal | - strygt 4r.eq st §8}_~eﬂe€@1€éag§‘, "\4}&% reég?e %eHa%%Eg@tse%har{e ggggn%%d

whose flange section on one side t IS secure 0 the insi
the web $eetdtoneDbihachap: sdaped «itdeln sbeetoidd® in applications of any

of restraining means 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-ghaped steel member can be individually transported to a
construction site or its neighbor site and afterwards assembled
together therein.
[0008]

Moreover, the Patent document 3 describes an underground
continuous wall-structure steel member 71 which has an H-shaped
steel member 73 whose flange section 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 menber 73 is not
nore than the web section wi dth of the3hat-shaped steel sheet pile
72. [0007] In addition, it is also stated that the web section
of the hat-shapedsteel sheetpile 72 andthe flange secti onof

e R O A

any of securi ng neans se rom

bondi ng, dbel bF Nthe FlvekyeNgecCHAY 1Y tRBIHL 36KHOY .- s tld MERATHRES, N T HE+
PRI OR ARTS PATENT DOCUVMENTS [ 0008] Patent docunent 1: Japanese .
Lai d- opefiopgt epan sl veltsest i w280B- X6 rbehFatsmpatbetreitsiet pile
Japanese75aid-open Pat ent Publication No. 2005-299202 Patent docunent
3: Japane$Sé Lai d-open Patent Publication No. 2008-175029 SUWARY OF

THE | NVENBlGM]

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

LITERATURES ON THE PRIOR ARTS

PATENT DOCUMENTS

[o008]

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.
2008-175029

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.

[0010]

Further, by reason of the structure that is to £fit the f£lange
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

constructj ri.ses. 10] Furt.her, by.reason of t
structur éh? ﬁa%@:i:gat}g ‘Jfll%afep?%%gfg gnﬁbeem}% tE ngél-ds%oafﬁbcd’yds‘? gé?gm%Pgﬁpr.
the |ikeThk0 ibe dp@l HDVisledHNienNeed d6 ohetdersd@ele Shekth Rid Guch
t he defl ection behaviors of the steel sheet pile and the rigidity

i ncr easi hjast Ebe weeel iHleet rsideh saslet HeeBerhbpeths tume meniver ish&UGd
coincide:L 'tgheach ot her._Thus ication is limted to the

. i |
structur& whi€RtrStshERSLRSE ?HegéﬁggfggﬁggPrﬁrle side (refer to the

upper sideonm]FIG 17) thereof receives an earth pressure. [0011]
In the invention described in the Patent docunent 2, the steel sheet
pi l e and t he HIBhbpediwyeTt shapées st Betd nantidre & tieme diogutietnz 2, the

i i | terial dt t ly i d of th
over | appBlcEbct T E L en R P AR o F AP BEB61. MM T Rifs Ehe
it may V\@Hbiaﬁtghﬁﬁcfe’@&s%@%Ha‘%%ﬁfalt Q@e%&@@tﬁré@ﬁ%g@éﬂ& %’?ﬁﬁéﬁﬁ

H shaped or T-shaped steel nenber fromeach other wll occur 1nt
ground. fneagdiitdbirhe pvieslappedssatedonnin HhePdegt tdddwsBnti2ethabn

the.bott oo EheSerlapPad. secton voul dbe g Letporal secu Lng
H shapedsgee]- shapedh Sie@indeMRe - shbpa@CyL efl L10gat el ddt RRIBENES om
of the overl apped section, bring abou? restraint of therr

| ongi t udéaah atéfear wal 1 ogsurriss theigngpuml .t h@ndaiyericof, budklalap stated
[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-shaped 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-sized 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 membersor the likeareavailable inthe standardized

forms in most 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 document 3, the width of the
H shaped steel nmenber needs to be smaller than the web width of the
steel sheet pile if the Hshaped steel Snenber is disposed inside the
web section of the steel sheet pile, and accordingly, the size
limtation is inposed on the H shaped steel nenber. O, there is a
need to e S Lal -shz H sh st gel . memher se _flanges _at
bot h endgéiﬁgsegﬁﬁﬁav%ﬁgi??%%éﬁ?ffgﬂﬁ?ﬁ%ﬁggighowﬁﬁMq G 2P8 6fa%lons
[0013] from the Raekiedhar ofvabiseus types of steel sheet piles
and/ or H shaped steel nenbers or the like are available in the

st andar dil28d4forms i nnpst cases. For that reason, special-sized steel

sheet pil es angd/or shaped, steel. nenmbers, requi re additional ,
processing 5 g? ?ﬁetFFkg?e%%%rt$R%,rﬁﬁ*$3§%;iﬂQQ%%ﬁﬁqg FHeftprerial

appl i cat isok$ A& AR Be shapepokPbe DimdRsdr ik0RAddhted to thNOi ABL8&Tor the
whet her the rigidity increasing steel material such as the H shaped

steel nepbEpids aburhedaly sekgipnstletior stireloghsieterdlet hist welyes the
section of the steel sqggt pile, it ﬁives t he, sane cross-section . h
per f or maRERST PR Thet casd PROSOTIATRCC s GhFAFT of 25F a cONpDsi Mt
steel sheehsRigk@als ohUPELRASRSbDEAELebl Mddr BE1 8RR SCHMEI:d Bl ams,
nmounting the rigidity increasing steel material to the inside of the
web sect itbrwiokl bhernisstiafimbthpt I yurdtingy théan gtilds tout 8d¢ dea s ey etkel
is of advantage.to the attainnmept_of a._snal]er | .t hickness which

| eads t o"Ep5Ed3dat? e H@\ﬁé\%’r? iR §ﬁ‘éﬁéﬂn\s’\1@6§eépe@%%} Eﬁ‘rﬁﬁ%é’l%e
wi dth greatek ! fighn e ¥ERsYhdlthdied N8 sSEEGlahRGlgPLLE IS ATRUALGEENE
it my well be that the steel sheet pile deformation in such a

di recti opfthamaflherstekl tihebhepslwhich flendedc@ppaceiddviogrur Hatvetee ,

time of unting.. [0015 An object of the present invention is
to sol veq{%hanp?bﬁ%ﬂ%&i%t?% %‘8{?& %F’iv&rngaf"t ‘é’}dﬁjﬁr%’:%‘éﬁ fGhaft (fpe web
provi de gicREPosidife steeh §H@@£|;mi@ j@nflofngLae! iéfaﬁy wBihepdaldar the

whi ch conprise a steel sheet pile and a rigidify increasing stee

mat er i al swkedhsheet not 14 uld formm teigrratied swichhaedthe ot hen thit ate steel
conbi ned with each ot her as superposed beans in such a manner that
the defl &FFonPbeRavfo ?rﬁﬁdtﬁgegt&%Rlsﬁégyrp?FetQﬁdtﬂﬁé PEgm@rRying .
i ncreasingestgel material alnost coincide with each other in order to
gi ve the configuration which elimnates |abor and cost required for
wel di ng, shapeAnezssiremeft the @recntodnwenk iopr b ess ol vaasiag etebl ems
and the like, and all ows the conposite steel sheet pile and the steel

sheet pi M8 WRf PPOYeRF Qor&E a1 SREFILLER LAy EPPYRVERE 2 FORRpPsite
MEANS FOBtéQMﬁ&JBElB%E'\@céQP%ﬁLet pile 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 behaviors
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 woxrk, 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 longitudinal direction of the
steel sheet pile, the shape steel matefial being di sposed on one side
of the steel sheet pile, wherein the shape steel nmaterial is joined
to the steeI sheet pile in nore than one joining point of the shape
st eel k qu (tchne %lo |tud% i recti.on thereof. 1%‘3% manner
t hat at east-1 t8"one fing pornt T %?%&1 i%288pT idd yrﬂlE‘Fﬁ?%Slng
that is kpapergiéel ht%_tﬁatle_l.%ll sheehfidse ianghd %ﬁmﬁiﬁtaeteldl%fc%&loat of

to be longitudinally displaced fromeach other in order that the

def | ect i 6hebehesl clhadf pihe. sthelshsmestgiellenahdring lshipe dSsgeised on
mat eri al _may coincide with ch other. [0Q017 to th
ot nt 1 0o B S B Hi S T et Bl URGTEHB SteahaRRekesh Tateridl
t oget her j snpsenddart e pekBY ineLlediing bt hosrdsnoh d:he ;,%H%ﬁ?lﬁ)e%t
material in the longitudinal direction thereof is desirably redurred

to bringofhehssbebestieetl p\alt@raﬁd théhshapegstedinahidiieltian bheresé

tact with h oth h hle. Ho r
be under SoBHCRTAL T NGB BEni2t TGS O GBS JROE oG GO FpesphRy o

j oi ni ng a?pmtehl g sekhepute h@&t\ f@% edie: Sét@%t%teqelsh%%tt%a% 5Ra

the longitudinal direction thereof, and may al so i nclude cases where
except foheoriewt Sttlaeljmmngabmonbs ,Ldrid totdigresl iynddbpdanedeiim each

where an re than 0i ni oi i nvolves np end but the m.dd| e
of the sR5pEXshBet” éht 5% B FSH@PPUB?R%YlﬁF? i Shérdofieet

[0018] ﬁlle a8 KO IR %t%%‘?t%a%@%%lprha Dimd to%%}]@e w\e%]nteaeﬂ

havi ng the above configuration is accordlng suc e stee
sheet pibéhand the shape steel material are conblned wi th each ot her
as superzosed beans, and this permts the steel sheet pile and the
shape st apt ﬁaterlal to be Iongitudinally displaced from each other

and avoi ds SUbﬁtsaEE'@ilté 5%@ dlr}gtf ARSI AR £ JReLWReR} o
the a

the steel sheet pile an pe stee rital, resulting in that

t he defl eteedrelzstapidestafetthwer steek tﬁtaaebnplpc&mdnthadmg;m:tﬁ eels

mat eri al al nost _coi ncide with each other, [0019] . i )
of the shape steel material in the longitudinal direction thereof
is desirably required to bring the steel sheet pile and the shape
steel material into close contact with each other wholly as much
ag 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

eachotherandavoids substantiallythe 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, consi’dering the relation to the
wal I thickness of a retaining wal | and the Iike constructed by
connecting the conposite steel sheet piles together, the hat-shaped
st eel [ er i_rabl [

as for T RECEE P T Ret BhaRh st B R S P B T L8t eing
H-shaped st ﬁleét NEHED e £FO @RS 1 Ger Béhaslarbl cgblah£tsftb@lle§he€at;ei1@|aﬂd LS
the viewpoint of the relation to the cross-section rlgldlty and/ or

t he cost Sh§-PF‘—nS§§ﬁér mptgzaali plresy petnpadei wiltbdeneht REhBErshaped
steel ne gn all cases. [0021] It is noted that the
rigidity |ncr asi ng shape steel material is not necessarily provided
as long as thethuldtdeangbbe ohitikei sheelnsdaniamile1ifit88 to a U-shaped
| ongi tudinal direction thereof, and it would be possible also to

enpl oy a%ﬁ@écﬂme&apl Wat & Fhrahakt n@hapﬁériﬁtetﬁlsﬁmﬂ@e pitkars hasteghped
sheet pil ngt h .accordi o.t.he requirenents n_,or

ke, A PEPRATTART S Lre Atr H Be Kos e HrESHRE, S5 TigY ot sednsion
one shor toshiedQaiticehi drLEsE Jr 4isaentdinupushy eirﬂi the iﬂ&gbbﬂg't@@tbted
direction of the steel sheet pile. [0022] For the reason that

t he shapQYStownmmg a‘¢h¢ scpoppediteosthelstdeletshpblepi tfegehhbm hthe
ends of the s e st naterlal t he | ongi t.udi directi

Cher eof , TPE-SPPEdo Sha e AR % PHiE. e Gd Atbal 20— off aPog4R=bdY
driven |ghglbggdground in such a manner that it is integrated with
the steel sheet pile as the 8 conposite steel sheet pile. In a case
where onlipoBéih ends of the shape steel material are adapted to be

joined to the stegl sheet, Ie a east to one end ther
C conbi nat i on BF LT G HUBHOEEY SRF L TREY FORBenabERy TP S ey BELee
than a bghtyholg.heviegl dsirs é‘@ﬁéﬁ?@éké&%gQ'ftntgli'ﬂyb@ffl@i&@@%%’tekﬁal
order to permt ‘the steel sheet pile and the shdpe steel materi al

be | ongi fudmnghé ydi ssypcaiodd off r tine achigtthient awavioe dradsstsartt dadrl y‘lghdlt'y
sheari ng 8](c)irce tﬁansn155|on bet ween_the steel sheet pile and t

shape st 88F/Rat BRFaFOSGnd tRuSSRPFBhs"The HefSEct POH ]B%H'a%}‘i”o"r%d&fo the

steel sheetnpiblkg @Q@e&hﬁeﬁggge ﬁtg@h ggggglal to al nost coincide with
each other. Accordingly, no uck ing wll occur, unlike a case where

bot h enddoof1ifhe shape steel material are fully secured to the steel
sheet pile. [0023]

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

[0022]

For the reason that the shape steel material is jéined 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 mddle of the shape steel material in the
| ongi tudi nal direction thereof, it woufd 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 | |l ssible tQ secure one.en th
shape stgéﬁbﬁg%g%ig?g%g ?ﬁ%ggté%?ééhgéf%%fﬁgﬁ?ﬁﬁﬁﬁ'eP lg gﬁ%&yePﬁé of

ot her endhanghtpe stddlemdberenl d0e paldpied e desSplacRERL £thB024ke]
Further, it would be possible also to join the steel sheet pile and
t he shap&h€eEePlhat erPRIYiRGel hekeast tiensitenenghahisalerdd aconmbsnpbmon

[ han. I ' L nal d.bol.t i .der that th
et 1 oct 86 Berduibid Brtt s BRI el ind, & B8 gpdberornan 2

mat eri al boBy W IPBhvEaLNEisde e pbreges 04 e thO®]t a9ahbeeshaP8rder
steel material are allowed to al nost coincide with each other in

cases WhEPePEHBLiE| §hdi syeehcrhert My khape! stheelshapeesitaklsndeenfialheo

conposi t : t -pL) e receiv an earth.pressure..ln haped
oy e ARG AR B R A e B o R S P i 4 Bub R AR Sy
mat eri al théhehdot 1:5g Widdcberdaymlb¥ i ahrsagpseh kAN BE1 M & ¢ RAN OBB4
row at predetermned intervals in such position as to be at each of

t he opposheé&isinfestes] Madeligdgeamd thushel ks boewksil. e dt03gtbehaviors
Even if e rigidity i,ncreasi sh steel material side of the
conpositéQsF%%IS% %%ts%ﬁ?%]%%%%f‘fgq; & ﬁF@?&uP ?EFHQ to almost
t ensi on- kypRchakbtRocs BHACHLOR US| A8cLPEIAGHY! I'es PUHBEM Pl 1RA! bscaaN
avoi d increasing the deformation of only the steel sheet pile which

i s snal | eRlikefd exgeathaigbdihyendmafttie shgbdigtedinpaceasialy stepelly
st eel materiala ﬁnd #hus alﬁom% tge defl ecti on behaviors of the steel
sheet pi FeC8ha“t he Fi'gi GFE§ i ReFE5sPhySshape steel material to

coi nci defwphbhyeach other. [0027] For joining the steel sheet
pile and the shape steel material together by the tension-type bolted
connecti on usi By aotase herensheoahapeadsped ] ynspacel hicl tj oimedr der the

t hat the gef ection hehaviors of the steel sheet pile_and the shape
steel mafeff Iéﬁ%?/t &iﬁl%tlnc ?E]E‘i%fé&%vipt S&6R ‘B%ﬂﬂﬁ? %ftté'}?s?fr’épﬁo?gﬁeg(
resul tingatepmsunml RhIPI AN L eDshd e horeesigh WRkebRan ;qne,, 1d b
| ongi tudinally spaced bolt in applications of the tension-type bo ted
connect i ppssobieialshacsteehrehelee jiredparthefstiapenisiddel thmtrepifato
t oget her be .to,. neet the ,requirenent given hy the follow n
exgr essi Bﬁgzslt)ee:l sheet plfe in gr er to apgly botﬁ/ ends thereof t% permit
the displacement. Alternmatively, 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



XX (1-a) li-a 12} p/ ( 11+ 12) (1) Were | represents the width
of the steel sheet pile, a represents the wdth of the shape steel
material, | represents the nonent of ifertia 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 shape steel material side of the_ co site_steel sheet _pil,

[0028] the shage gtsedi TREeYiALAry ﬁ%faggget%ﬁﬂyfné’%i %%He%d$ &%%61 each
i ndi cate requi L ch. ] | QIS :
T e e it
I ncr easi afdsteefetheaicerpcad 1tar etakl aakecbtt pidk este icEmendamilt preashre.
other by the tension-type bolted caonnectjion. | Furt her,

00291 . . _. :
in such ANCHTHRARIR S$EE| MSHBRY FHR L Caeonsd Agcts ]er%ﬂlité’dl’flﬁr?ﬁémg

10108 Bt S svl e Bek ot ouoe L Shashbegt one

each ot het nidye bthaaf onet ype g yeedeyteamdordd hateonadé in jsoichi pgsholion
and an el ongate bolt hole provided at |east in one of the steel sheet

pi | e andafhieo fiapé srekl|Chdter PRPOSELE BbEes IRl ENRaliAgIa Wite the web

greater EQ@Qe%nb°|t hol e having a size appropriate for the bolt
di aneter. )

[0026]

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 gheet 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 {(l—a) «Ti—a-1I2} «p/ (Li+t12 - (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 bolt hole having a size appropriate
for the bolt dianmeter to permt the sti®el 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
the same tine, allows the deflection behaviors of the steel sheet

pi | e andof Hg'edse oft sgpanat dhiarhaget Akerl T e 3 he P& PnEcRT 28NS
material _fo i nei LLhogagh r. - r
in such %555%%%2'%3 %?Qgﬁggﬁg%% %ﬁle, %E%ggtgégggﬁ%%ﬁeﬁﬁﬁ%ﬁﬁg§;B% the
i ncl ude beahpshapedsséee! shbeetppiées which are connected together by
engagenent between joints provided at both ends of each steel sheet

pile in {#@2&idth direction thereof, the 11 connectionbeing made in

h th 4Si d i - i s
Sucharennct L NPT PREE0R 4y RS 0ag SO0 O ot

[0032] the reqiliediaintshaped et csbedd f pidesorbehaddptredot ateesteel
connect ed toget her by engagenment between joints growiqed at both ends
of each BheeSidpedaBdddic shepe Shael PatereahiaR hhAitieedidy theFedping

the conngelipn,helfg, made Loy SUER & TARRCr, LIAhREALLES) Nk ARner by

recesses In a Cross-section perpenail cul ar ongl

directi ophtagenthensaypedbbebiofonfidethen, the conposite steel sheet
pile of the present invention is originally such that the steel sheet
pil e and[PR@9shape steel material are not fully integrated with each

other fromt heFlg%gﬁ%gali 9i Dt aO%?r\éégs‘fVitéi%%e%EU&qeetPgﬁﬁgv‘ﬂéﬂedsggﬁgEgre

much i nfl uence e’ Cr 08s-sec FTograirty by a d fence I'n

nount i ngaégkié@et@rtlf@?&tihﬁgzgpﬁﬁ.hi:Qrbz_@ftlieh@ti'habarét €eht ed &ld perindt
the steel sheet pile. Therefore, nounting the shape steel material to
t he recetbesegitéoh sheelte haleskapbdtbeecsthaprerstpele vakepiali d© abe

conpact - si zed, _cqnposite.steel sheet pile.which thus yay hol d _down.a
res  shaBbSHERATRAIY B a ERa T o U T R e DAY R o B R 1 fen
sui tabl ept,q et hyelon BEG {Hen iouad t!dhcﬁ&ﬁb@ohr:xg_ﬁté dd1e sde@prot-eakd
material and the steel sheet pile are in the conbined form [0033]

Mor eover atileadteinompost ttdiess bedl sthestt pile 20 the shapsafies hvaheirsnl

S B R G D AT s

i nter posed Retypenpt-hacst eek sheebodkl giandekhe shape steel material .
[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 behaviorg of the steel
sheet pile and the shape steel material as the rigidity increasing
steel material to almost coincide with each other.

[0031]

Further, 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



[ 0034] I n hat-shaped or U shaped steel sheet pile applications
as the steel sheet pile, the wwdth of the H shaped steel nenber needs
to be smaller than the web width of thel 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

limtation is inposed on the H shaped steel nenber. [0035 The
recess sEEPPBRTOPIOTEFRRLHAPSEYS aT@%%%ﬁé&%&ﬂﬁ9t¥#ﬂﬁﬁn4ﬁ¢%rﬁﬁ?SSES
usual |y u 1 [ ' s Is S | :
Thue, | nPnferbase. Yot Olpt R e SR O Sl b 1 BREL S o
bet ween theestkel saheetlipiekeéiand t he shape steel material, the size

limtation on_the H shaped steel nenber is relaxed. [0036] The
steel nmatl@PP&l as the spacer nmay be a steel sheet, or alternatively,

in cases of th f | i.0g, . J '
5o o use of BEe T ee b ErL RN TP RN adn O LS I -BE 8
steel s. Howetder b ehyjhgemensehethect efpities praided spaterths padisng £
i s determ ned dependi ng on the size relation between_ the steel sheet

pi | e andefRE RBrapehaped|statlerhgrt i terifatPeeyyath (difsistd Pethereot,

possi bl etﬂ%?Soﬁﬂg?Eé?ﬂmgﬁ?ﬂ%{; &&é@%"%ﬁcﬁt E%aﬁﬁéﬁtr;lagc %"t&%tsﬁghs and

spacer spacling a I nst ance. ote
nmeans of reeuBkeBgihha spaeerskstieh patbeadhianlytl gbt edtobohtingdinal

wel ding, drill screw threads and the |ike. [0037] _

direction face the same direction. urther, 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 from 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
composite 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 alsoc 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
gsteel material.

[0034]

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



A steel sheet pile wall of the present invention conprises nore

t hanone steel sheet pile , the steel sheet piles being connected
toget her through joints provided at bdtth 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] 1 rovide, according to the required strength of the ste
Sheet. pi FB2RE TEoT hatEEa i Lo BigParsibabar Ahrg Rt e PBs LoD o] hae
conposi t g8t eehpaR&M yPEhESeAlstdie PRESER: 1iIVeRd la%'&o%@@n%ﬂg,%lsize
type of steel sﬁeet piles Wwth no shape Steel nmenber nounfed. [0039]
Further, limitheisheek shpetepi be wakl Hobhthedpeésent menbkemtion, it is
desired that ﬁhe steel sheet piles that formthe conposite stee

sheet piﬂ893§ e arranged on the earth pressure receiving side or the
high earth pr e%ﬁgrﬁ%é&vseggekmgn%ﬁ@hé l?l%'i:e-%flra gpc%"loh-sha ed é@é@i ls)‘xeet
the steel sheet piles that formthe conposité steel sheét piles are
nor e easphyetidy estetllyarf detweiadl Wébortmtdmht hbapetiagsdiape) stidehing
materials. Thus, in cases where the steel sheet_piles receive an
earth pr 888GiBI -t hEMednfityhifaki GREDF UthERBoHIRR fletsrdatl anddte gppeer
of the pres I [ LE.p [ t-eel [

1 ovs {Be GOFFERPron BOREGIDr oF The Sape stoe marort s SretForl ot
t hat of theestiadl, sheekipkl @imbaweien, onnthkeHeehtparly stagd, membaay is
wel |l be that the flexural deformation of the steel sheet pile will be
so incre#8éd*€Rat the defl ection behaviors of the steel sheet pile
and the g@@@g steel material fail to coincide with each other.
EFFECTS é | NVENTI ON [ 0041] The conposite steel sheet pile
of the present Thavestedmasesleh ddhathd bpaskeehagheeta piee:larthelche or
rigidity increasing_shape steel material are not integrated with each
ot her buBl&FETESANFAYd Wit FRedR P Hhtther ng§dshipErposkiP hEaRCN §PERGET

provi de_s Eh%ogﬁ!%ﬂaﬂgaﬁgs%g'?ietQfscgelgc!) qféé O&ﬂ%@as\g QUS %Lftegl]%.l%t %%lch as
sheet plﬁe an he rTgrdity increasing shape steel material aré
al | owed tbaghenstteel Bcafle sqidreatfeaather Howesykt i ig ditHdmtcane, the

buckling will occur, as conpared with the prior art which is such
that t hersgEéreshuéniplimesaagcrhePaeyndi 1y delcransiery dampeligiesn the
naterials e réiation between the steel sheet pile and the shape steel
material. Alternatively, it would be possikble also to arrange
more than one steel sheet in layers for gpacer 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 sheetpile, the steel sheetpilesbeingconnected
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]

211 the steel sheet piles are not necessarily limited to

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



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

| engt h thereof by wel ding, the conposite steel sheet pile of the
present invention permts |ess Iabor and | ess cost for welding, shape

measur enent orrection. work and processi nagene

The steePrQHéé? pREEORAYE hEC 1§ (ﬁ?@“*ﬂ%¥gﬂ§?ﬂﬁﬁ§hég% eéFe%&tEPFQF
or the s r b r éﬁgﬁ%l&gﬁﬂ e
and conb %g% ?%ggfh§$é he %?%%§B$%h§§§£§”%3“%%ung drlveﬁ%?ﬁﬁgktﬁge

ground i notrhesiintegrexdedhtergilaxlothilse prbeesttheratteisin shdethepitbeal
and the rigidity increasing shape steel material or the spacer to b
stored ahdPer 8hs§EFPEdSRFER RiGRSePFBi BRcF2RBr 85761, "EH e§t@8Pnte
sheet p|| ? q the rigidity increasing shape steel material need not
be separate y driven into the ground, thereby elimnating the problem
of the reduceduethE£LemmwhelEéemuhmmmﬁlhmmallU¢Uﬂnnpneksnt1unbnkeon,
the invention described in the Patent docunment 1. [0044]

hat - shapé# bF @%%&hétte‘éhes%’é%?l Fheetapprlecat i sf%@mttl}f’@ §PE‘BPSlte
sheet pi %@eet.]_h h@egtgli’%t X O(,r:: Hiﬁlhﬂ?feel eéhéﬁ'%'g}eﬂ’h ?)?t%%%u&% PE€ceivin

smal | er than t e web sheet pile he shape shee
naterialsh&edb&pﬁh&dh&g&léerthepﬁeeeﬂﬁesdebEQDp&hgth&d&tehbr&béet

pile, and accordlngly, the size limtation is inposed on the H shaped
steel nmerBEAD] In contrast with the above, the result of interposition

O o 1 el TRRERIAL A% DESIRRLY 5y oty e
DRAW NGSSE‘LQQ%@J.Z[&% Ereliofd &asilghnis eneeodddiei®italode focanpish than
steel Sh?:gte sﬁgpe steel materials. Thus, in cases where the steel sheet
plles receive anearthpressure, the configurationof the composite
steel sheet pile of the present invention, if provided for the
steel sheet pilewall, 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
witheachotheras 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 each other, resulting in that nobuckling will occuxr,
as compared with the prior art which is such that the steel sheet

pile and the rigidity increasing shape steel material are



pile of the present invention, with FIGS. 1(a) and 1(b) being a plan
view and an el evation view respectively showing the sane. [FIG 21
FIG 2 gives an explanation on defl ectlidon behaviors, wth 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 in the case of a copposjte steel sheet pile of the present

i nvent i ohRtpEreted] WEFBSEASRaPEARY-3(b) are el evation vi ews

respecti \fgbéﬁhowi ng nodifications to the enbodi mrent shown in FIG 1.
[FIG 4] FI 4 is a plan view show ng one enbodi nent of a steel
sheet pile wal hlohothk Ipetsgninfewsnt iion.ciddsGseitikrGrifiidsty planhe
vi ew show ng anot her enbodi ment of the steel ,sheet pile wall of the

present PRYBAEFSR. WRHHIEISPUERGRBE Sins 1aRBE h¥r 1 RFHGIT RO PG R
conposi t ﬁg?[ej%%l?i@%ecmﬂ!e% Al el NEL R AFENY N ENELARe oW LD m@l(a_%:nglﬁ( 8he
C eing ap y

6(b) and an view and an elevation view respective

showi ng tbepsatieecaditeah stemtapiidp vf eies bowirgtai moehficatdeomits less
thereto. [FIG 7] FIG 7 shows a relation_between a steel sheet pile
wal | usi AgParcaRBoirte SPeklfYhelFine MARTe FASSERIS v e APFERCEAGD

an ea”thF?%ﬂ{?ﬁpﬁéjct%%gﬁégsmazggl‘»mgﬂq~7(b) bei ng plan vi ews

respective nme i n“cases where an earth pressure acts
on the stleekh3gsheet pile side of the steel sheet pile wall and in
cases where an earth pressure acts on_the rigidity increasing shape
steel material TBedasl sheekirddle apddtheprigidaly Increpging1simrs sgepd

an expl apat.or iew applied t erLve.the J t f
j 0i ni ng B'?rttg' é:)r%ly'on- yggebo%ae%lgo%%}e{ctblegnt.:{pgl?#%?gg? fle%a%%ieg%ze%iﬁaﬁ
Vi ew showong taubtfibhekieahodhaestmoeinéhec sheehe shieetc i lsd tagl foaflctdea

present invention. [FIG 101C FIG 10 _shows one enbodi nent of a .
conposi t ®ysbeengsheefepiincatty gravee| indher taFepnpEpPoseEmasiy! this

spacer. .G 1008) ANLIRL0L B8 215k AL Shagelien:
material or 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. In contrast with the above,
the result of interposition of the steel material as the spacer
is that the gsize limitation on the H-shaped steel member is relaxed.
BRIEF DESCRIPTICN OF THE DRAWINGS
{oo45]

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



[FIG 111! FIGS. 11(a) and 11(b) are planviews respectively show ng
nodi fications of the spacer to the enbodi nrent shown in FIG 10. [FIG
121 FIG 12 shows a further enbodi nentl%f the conposite steel sheet
pile of the present invention, with FIGS. 12(a) and 12(b) being a

pl an view and an el evation view respectively showing the same. [FIG

13] FIGS. ,13(a) and 13(b) are elevation,yje respective oW _n

o {1 caPibRsot o hE AR TG Tel EIoks LI and ) (il Belty 2
is a plagyyhew showhA6:2 Stdlde{dH thety dPBRle19f chdgiskeehesbgat .
pile walT of the present invention. [FIG 1I5] FIG "15 is aplan view

showi ng §Fyet FluFther2 gibediarerkpdhnthéostwetie§heet iphlteehmtilowsd, wheh

present invention. [FIG 16] FIG 16 is a plap view showi.ng_a still,
further ERESdi#Eht 254 £RE) ﬁﬁ@lépééprgfh‘éé%%me@wteﬁ%l& Sbeting

i nvent i Ogﬁfﬁék -oﬁ@elfé\ﬁ%r&?j.(@)ch%néaéz (D -2EEmPLaNYL eYEe & LRGN ¥eh ¥

show ng e outlirne o Invention described Tn the Patent docurnent
1. [FI G ih8ih&IfES ol &(a) aaddin 8y cxrse pdEr apectpyel vé ew=ale shectt pely
showi ng the outline of the inyention described in the Patent docunent
2. [FI cPE15herpEsseny( aPVERE1P9(b) are pl anvi ews respectively

3. VODE FORCEMBEDNTRG: TP NIERTE R [ Dbger -7 o Pmglaghe, geopeeeaveny
enbodi meshswahgt hedpfesent.onsvent the winbbdheenawstesar ihe®@IGLt 1i.s to

be understood that the present invention is not limted to the
fol | owi ngF&Rbodl ekt s 4 Aér 8opLap otiey showing ong) embadiRghs Ahée steel

enbodi men, .ot ﬁiﬁ%@gi‘lﬂ% stgal %%%%tpkh%ektﬁknt.h? present

i nvention, Wt . (a)]E an E? eing a plan view and an

el evati onfrrewsT espects vel ¥ shownigw baosdme. ah00U8F 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 (¢) being a plan view and an elevation view respectively showing
the same and an elevation view showing a modification thereto.
[FIG. 7] 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 caseg 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



17 An H shaped steel nmenber 3 as a rigidity increasing steel
material is disposed inside the web section of a hat-shaped steel
sheet pile 2 as a steel sheet pile, arik the upper end and the | ower
end of the H shaped steel nenber are joined to the web section of the
hat - shaped steel sheet pile 2. [0049] Hat - shaped steel sheet
piles 2 are adapted to be connected together by engagenent between
joints 4SBAYIBIpEBGi 888Sat both ends of each hat- shaped steel sheet

pile in EP%GWM_] Ffé%e§ﬁ|%ﬁgﬁﬂf ¢ohy EQHQ%%%% éEHEVgi§Qhow1ng

suchamanner th rusi ons an recesses in a cross-section of the
hat - Shapﬁddﬁﬁﬁeht$bﬁetoﬁldHE§épﬁﬁhﬁ|Mb sageedboétheon. sHO@5An FIG. 10.
AccordlngFto this enbodi nent, the | ower end of the H-shaped st ee

menber $6ec rBdFLs- tlr?esha‘tJS%%%iah%@aboéﬁ@@ntpﬁé ﬁ@wﬁ‘ﬁgt%stsﬁa
the upper;end #g%e‘% ebge %%tt Qnl B8B83k S@ﬁ?ﬁ%f&@e'lzs&aqetan@ ;Lﬁi :

bol t ed connect connectlon of er end t'hereo

made in BéﬁhgaaﬁﬁMﬂe&1bhaénakniQﬁ&&a&hkhevlawbméépéﬁﬁfﬁéﬁyﬁdhwang the
hat - shaped steel sheet pile 2 or that of the H shaped steel nenber 3
i s givensSPASthe formof a bolt hole 7 having a size greater than a

pormi & RELR habad S cdr Rhrbey Tt REe ot OnGhh W ~LReBE Tire?

to be di spbaced hwamreashiehketo fRhthembepibehtoshdivhedhi euci.n1kBlG
1(b). [0051] It is noted that the hat-shaped steel sheet pile
2 and t héFEGshkple 16t eed 1RenbRn3 e Shevioom § tidget Wetheh egodiment

const ructioR 8l Leecdnd LLs jahLowshe hatshaned 5t el slosy pile

and the ﬂﬁshapea V|ng €en trans orte separat’e
the site [Facherspimel teges hae[ollaﬁ ’t"b@w%ﬂcﬁvlﬂgpbj p&\eohhzytﬂmr @led:ﬁ]lm%ﬁt

into the ground in the integrated form [0052] 18
of the steel sheet pile wall of the present invention.
[FIG. 16] FIG. 16 is a plan view showing a still further embodiment
of the composite steel sheet 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 cutline 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.

[Q047]

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 regpectively showing the same.

[0048]



FIG 2 gives an explanation on deflection behaviors in a conparison
bet ween defl ection behaviors in the case of a conposite steel sheet

pile in the prior art (see FIG 2(a)) 3@nhd 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 art as

shown in FIG 2(a), .a steel sheet pile_42 and ,a .rj.gidi.ty increasi
steel materi aIAJaS’}h‘i‘r@geé%lﬁté’(?qt 568‘%&&30?7%@ trH@lFi}I Y Ilélﬁé'fﬁsfﬁg Sgg‘?l
velding goelhgat e aiBbaoEhe bl SUTHLYL AR [UHISE & hidedichigleanseet
defl ecti on behavior arises between the steel sheet pile 42 and the

ri gi dityshaeteaasieng s¢ ecttenl eticalt gp3ler esul thegupret kad ahé theckbivay
w Il occur _as _the case nmay_be. [0054 contras i

| th the, .
above, a®B8npbstie Biewrehetiest EPEL RS ; i ith\?\émﬁle oﬁegElon
shown i nOEI &EZBQLgﬁagg?pgggeipsﬂgég #igesgeel sheet pile 32 anda

rigidity increasing st materia 0 be longitudinally displaced
from eachoother, so that the deflection behaviors of the steel sheet

pile and the rigidity increasing steel_material are allowed to al npst
coi nci de with Batnsbered %%eeajgégﬁétt Bhledrt A5 @Q'E‘BFEdo’?C\’At%ﬁeCPPE@CtEd

i1 e o BobBEnELCRY Sl e P Uay SBaT T aety aneers”
t he enbodhaendf sy Hat FHHEpel s[t@@35kheet pildctwrdiengitichodérection

nodi fication shown in FIG 3(a¥a, H shaped steel nenbers 3 as the
rigi di tythagreisitiy coerscrrebrandsvsest anged MMt rRuBESFyYsAonS

t he | ongi I i i _ Ll i i -
| over eondPhr Saety S S oG T i o R Rk BnablaitEl 0. phTes
t he steekasbeehepkbpe angdetheoupper end thereof is joined to the

steel sheet pile using a conbination of a joining bolt and an
el ongat e [B8FPlhole 7 in order 19 to permt the steel sheet pile 2

(2,52 o SOIELL A AU SPLEGA LR SHEURIEE JALEY Bl - snapes
steel member is secured to thehat-shaped steel sheet pilebywelding
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 ig 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]



According to the other nodification shown in FIG 3(b), an H shaped
steel nmenber 3 as the rigidity increasing steel material is joined to
a steel sheet pile 2 in both the upperl®&nd and the | ower end plus the
m ddl e of the H shaped steel nenber, in which case, the joined part
of the mddle thereof is secured to the steel sheet pile using a bolt

correspondi ng to_a conmon-si ze olt hole 8 art of
cach of the UpBof chcPaRE® L OGP et ST 1o e oG o g
a bolt hahgy, Ztrfi%hr};geave%ﬁeegﬁeé{z%ntﬂmxﬁi&% {nhelechayicre eoﬁapéelte
appropriate for the bolt dianeter in order to permt the H shaped

st eel nesberlasibetheisteehn shegiright ertto ( beedle aded )f and Badiheother
in the tOE bottomdirectio 4 shows

0057 FI G
enbodi mefRt HFCEPSEEF %’h%%f Sﬁi[eleé; H\:L]r? Gt t?ﬁé’ﬁﬁ%%“ﬁ%ﬁ??o?ﬁe? FLG-

whi ch casgy,ya steel sheet pile wall Ais constructed by the manner in
whi ch the conp05|te steel sheet piles 1 of the enbodi nent shown in
FIG 1, fioosBidstance, are successively connected together through
joints provided at both ends of each hat-shaped steel sheet pile 2.in

the width diredPiore 96t ammp&s&éﬁataﬁﬂv%heﬁtmlﬁé LgtRdrite prior
[ 0058] t asFifbwr 80 a@ao(teher eg@e@um@ﬂ&eef iPe stealy %hegtglallltgf

wal | of tﬁe present |nvent|on I ch case, %re is shown a Steel
sheet piliacweblsingi sheed mmiaubtéed aire sechradnaoglethehaiveme:hasdtaﬁl

t ypeof hat - shapedsteel sheetpile 2 itself ispart]yconbined with the
conposi t 6e88&S by¥hEetdppgesr Fh@t%ﬁlﬂeo*n‘b%l‘ﬁgecjd?ﬁ%‘-’r{%‘i% ff8ihg SR/

the conpegit e |, shest
shown |n%§IG?lg$8?%n§?t§h §%ggécg%§§ﬁgg§ﬁ§L%Fnents sh%am I'n EhﬁéStEEl
and 5, 20ekthe btiecl4>shael thd erivgidityg tnostasthgedsoastondkbkirdalt kat,
a high earth_pressure acts on the_ hat- shaped steel sheet pile 2-side

t her eof . YEGU34Ng in thetcthe oNeKd idFotHerl ORKYE FEnth6f cpre may be.

conp05|t§0%%ﬁgl sheet pile 1 of the present invention, with FIGS.

6(a) 6(c) being a plan view and an el evati on vi ew

respecti veI y shewesgti-hetsafehanfe abeleyad | asmpw et ofs tae gD dilidetapiide

t her et o. 3&0060{ _ ) _ .

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 ag against an earth pressure or the like acting on the steel
sheet pile 32-gide of the composite steel sheet pile.

FIGS. 3{a) and 3{(b) show respectively 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



An H shaped steel nmenber 3 as the rigidity increasing steel materi al

i s disposed inside the web section of a hat-shaped steel sheet pile 2
as the steel sheet pile, and the flangé section on one side of the

H shaped steel nmenber 3 is joined to the web section of the

hat - shaped steel sheet pile 2 by tension-type bolted connection using

| ongi t udi nal | t ermi ned d bolts 9. [0061]. . .
et - shapkl ReVBFE St e oS p el B APt 1% 165 Sanrierdd v dyapRared

by engagepent, bl W8 enRientst 4 1aidir 10TV dath i ob oty €0dspef agaghrth
hat - shaped steel sheet pile in the wdth direction thereof,” the

connect i pabsbngaade theslidhamanner that protrusions and recesses in a
cross-section_of the hat-shaped steel sheet piles face the sane
directioﬁpoFééGZ] As to the bolt hole for tension-type bolted

connection, at A%?@?Eéﬁ%ﬁ%ﬁrtkﬁ BehErNRb &1 £f -4 e halhaRAdr 5 28l (3hegh

pile 2 or that aped steel nmenber 3 is given in the form of
a bolt haleh@pkdvsiee Aneibergs eat ehe tthanidd tholihchebheihgwteplamskeeial
appropriate for the bolt dianmeter in_order to Qernit t he hat - shaped o

steel shé8tIpiredahd 3 FEsesBlpar Sidd 2ndhbRPtho-ie WRGT &6

each oth ' : tomsdh Lect| (] RS (G ;
[0003] ST RESPAS R d2e ATHHLESG! (A b oerRs e S gh far T o hick
constructhee, sitie;jocdnddtphist alfl tives mti H81kathahmptd ssétemhraheettlpt beeel
and the H-shaped, steel nenber having been transported separately to

the siteSBgRtHRL}IUFERS BGA HeFOrHeFRENEME, EP & FEWRAT LS L BERF P PPds
into theygr i i i i

enbodi maﬁt’ sﬁg\%ﬂﬂ?ﬁtogﬁlé&ég%aé%%eg c&i gﬁa{f)%%qéépeeeﬁ errrllcair'rfe)l}eé\gi l?easlr&g[v{]ée}eend
ri gi ditytheeeedsingysteelimabher fakmextieslds hedrd Tnhaushy a sitde greater
| ongi tudi nal direction of the steel sheet pile 2, the nodif.ication
shown i nthpG agipht NeleuBRVERS: 2 fbk%® ARRF OBRd aieshapebhe it feppetey

is arranged_dij i in.t i i i i e
steol | ahaBioBhRE S HGHS, Knbflyl B pOR el Rl BEE OB Beddiepheet
menber 3piigecatapicedibplheefiof nadl chy:ht efisé pori+i yhe hgptissktom direction.

connectionusing the predeterm nedly spaced bolts 9. FIG 7
shows a rl@P&7lon between the steel sheet pile wall using the

conposi te SteeLg shegt s RLl e Qe NG RGREN JeYeDELED AL LAl (11 of
pressure. [006 f
the present invention, in which case, a steel sheet pile wall A
is constructed by the manner in which the composite steel sheet
pilegs 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 elther case of the embodiments shown in FIGS. 4 and 5,



In cases where the steel sheet pile 2-side of the steel sheet pile
wal | receives an earth pressure as shown in FIG 7(a), the deflection
behaviors of the steel sheet pile 2 ammbthe rigidity increasing

H shaped steel nenber 3 are allowed to al nost coincide with each

ot her without the need to nake tension-type bolted connection in
order to allow the above deflection behaviors to coincide with

ot her. HoWevereel phard npidRdet dreEPRRbREEFed.-t ONGE tLRE E]%aa *8an
sheet pi I e r p s b),

dof or mat PR Chyr PrRESErECRoER B SAPEPST RS B5ePD PRcEr i ic bkt
appl i cat taageof .joining in the usual manner that the above defl ection
behaviors fail to coincide with each other, in which case, no
consi der 4PP8f1as superposed beans will be given. 22 [0066]

contrast with y leg

all ows the defkggtﬁggﬁ wﬁé@#ﬁ?gg%PMF%ggé%ggfhfE%%t %%1§h %éi%ﬂeet
H- shapedpstieel #sEnmies greeLpithdind@nditdh, eadhhoFhes. e@em ) | f6 tie and 6 {c)
H shaped steel nenber 3-side of the steel sheet pile wal]l receives an
earth prbsdnge glyopriew and apEi @ darn \Véetﬂhéeaa%%ﬂé%y shqwpig e

| ndi cat] vendl shie eauLtament, wides siclde s deflieqt ianhavi ors of

t he FLshap Phenber the steel” Sheet € are allowed to

coi nci de [wiglslyjeach ot her by t ensi on-type bolted connection wll be
next descrlbed with reference to FIG 8. { (1 -a) _It-a 12} 1+
12) (1) [0068] An H-shape s@&@do@emléem%éﬁ %§FQQW§YCWW%&%§§§@&
as shown |n FI G‘l :§£b&18 i g ,[et‘pk‘”ilz%_F tb‘séggi%f C% al %@cﬁ)%teel
section dnd 4 Powst séction hé ape steel ne

t her eof rs%@tVQS,léme@étt{h@rsﬁf&M ehretshowe ,i ankl the SJfIBe)ngé a]ion 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 usging longitudinally predeterminedly spaced bolts 9.
[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 suchamanner that protrusions
and recesses in a cross-section 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-bottomdirection in FIGS. 6 (b) and 6 (¢} .
[0063]

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



In FIG 8, let | represent the width of the steel sheet pile, a
represent the width of the shape steel nenber, and Il represent the
nonment of inertia of area of the steel2zlsheet pile, 12 represent the
nonent of inertia of area of the shape steel nmenber and p represent
an earth pressure acting on the shape steel nenber side of the

OO S e koot Pl i SSRSS Y Shsoccopns SAPEOT S, KBk e ey o4
) 1 cCUESh. | Sndeotetaiofly GECIALSBRRUATEUR cthe R TERL, ang e
1] 23 OHaShapeld(é.téleI(Mheﬂ%lbglEeEﬁO’Eﬂé]tnsported separately to the
site can be joined together in the site, followed by being driven
into the ground in the integrated form.
[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
gsection of each H-shaped steel member 3 is adapted to be joined
by tension-typebolted 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.

[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 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 ordexr to allow the above deflection behaviors to
coincide with each other. However, 1f the H-shaped steel member
3-side of the steel 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 consideration as superposed beams

will be given.



I nt hi scase, forreasont hatt heH shapedst eel nenberhaving high rigidity is
subjected to tension by the steel sheet pile, their deformations need
to becone equal. Thus, suppose 61 82, Z2his gives: [00721

[ Mat hemat i cal Expression 21 ap + X - a)p - X E 11 2 [0073]

Accordi ngly, the requirenment under which the steel sheet pile and the
H shaped steel nmenber are allowed to coincide with each other by
tension-ﬂ9866bolted connection in cases where the H shaped st eel

e e e RO L BRI LS REPES 0 ik o o
Expr essi apndkckibh zldlAvslihe deflection behaviors of the steel sheet pile
and the H-shaped steel member to coincide with each other even
if the H-shaped 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 sheet pile are allowed to coincide with
each other by tension-type bolted connectionwill be next described
with reference to FIG. 8.

Xz { (1—a) *Ii—a-+1I2 +p/ (Li+12 - (1)
[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. 8(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]



[ 0075] One instance of a nunerical sinulation will be now
given as follows, provided that a connection force a is used for the
ri ght-hand side of the expression (1).23 0076] As for the subj
ect of the nunerical sinulation, consideration will be given to a
conposite steel sheet pile which conprises a hat-shaped steel sheet
pile 900 (see Internet < URL: http://

ww, /mit. go.j p/ ki shg/ ki sha06/ 3/ 131016_. htm > 24 [C rcunstances of
Enf or cenent tural ‘PKBI i ¢ Undertaking Cost" by

M ni stry of "lYand, Ej]nfrastpu?c ure EfTIfansport and Tourismin 2005] ,
[referenced on Marcﬁ 17 , 2009] dr instance ) which is of a large
cross-section_and small thi ckness structure w t haneffectivew dt hof
900 nmmandpPd¥ deshi gherexecutability of construction works and H 600
X200 which is l.abl.e..as fo sl i :
type. [0077] B2 %éa&@ f%%%%%%gna{aﬁ#ggﬁggg% egrsessur%e%%g%ﬁgvmg
sandy gratigHd wighdany Ny asule] @&té& td heercoiedd ilgt aitle efteadt sheeeapt he,
pressure wll be as follows. Kacos 6= 0.2911

their deformations need to become equal. Thus, suppose 0§, =
6., this gives:
[0072]
[Mathematical Expression 2]
ap+ X > (l—a)p—X
El, El,
[0073]

Accordingly, the reguirement 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
recelives an earth pressure will be expressed as follows.
(00741

[Mathematical Expression 3]

(l‘—a)Il-’alz
I, +1,

Xz

[0075]

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

[0076]

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 >



If taking the case of a wall height of 5.0 m(a residual water |evel
I's assuned to be one half as high as the wall height), the sumof a
resi dual water pressure and an active Zarth pressure at the frontal
ground side will be as follows. p = pa + pm/:(w1+ yhi + y'h2) X kacos
+ ywh (10+18X2 5+9X2.5) XO. 2911+10X2 5 47. 56 thnQ In the case
of H-600X200 a=0.6. Th u g | ves: §X47 56 536 kgyn1£T,
t he case SFrEPQQtBBPFS E§ 6 £3MRhE o ruFﬁufﬁé §§§8r8fo hguoiic
al | owabl 9nate&%§§lhgt@&w xsy%&fgt\%g@f 1hh8, FlC& adaptable, tRabgport
assi gned per bolt ©'s assuméd to be 53.22 kN Thus, this gives:

53. 22/ 28ab86ectuBiteimin 2005] , Thafetrsnced owiMdrdiel? o@r@d}ﬁ] hafot hescesakt
of calculatlon I's that one bolt needs . to be_at egg erval of 1.8m

[0078] Which i@ % l18R&fs “ROPET PREF LBRODR Mkt “ﬁséeFtEHEEPre
pile wal | ;o ﬁﬁﬂleg]fgé@&vewdwﬂb%?cr@%m atdagleo\;fdéyﬁ érgk@%htam@aty

pile wall I's constructed 1 n such manner th t the usual
ofconstructionworksandH—6OOX200wh1chlsavallableasH shaped

steel members of small width type.
[0077]

Congldering 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 residual water pressure and an active earth pressure
at the frontal ground side will be as follows.

P =pa+pw={(w+ vyhy + v'hy) X kacosd + ywh

= {10+18X2.5+9X2.5)X0.2911+10X2.5 = 47.56 kN/m*

In the case of H-600X200, «=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
ig 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 ils 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, instead of being constructed
using only the conposite steel sheet p9es 1 |ike the steel sheet
pile wall A as shown in FIG 7(b). The steel sheet pile wall
in the enbodi ment shown in FIG 9 is also constructed on condition
that a high earth pressure acts on the H-shaped steel nenb

therFofhtYEGYEE ha?‘ShaHﬁQESPﬁﬁlsﬁBﬁEtfﬁél@n%nﬁﬁ%ﬁ%ﬁ %ﬁ=p§rég%pgé%#359d
steel s g?hig!(l-lg)ecan}%igsig‘%%ts%%lel@ﬁgét ?il‘e@, ef,poseds ag @e-r;rgqa%ﬁs&ucted

with FI ) being a plan view and an ele Ion view

respect i uel ygsdrovy ndpet bempasbte [HOB]] sheet pitat -1 $hapedthsteelelshbett
piles 2 as_the steel sheet piles_and/or H shaped steel nenbers 3 are
mass- pr oBeBdYRhLt Red8t BRAYRJIReHFor AdP) Thus, if an attenpt is nade

to adapt such n i -.5ha st ge i .
H- shaped st eel ﬁrlrgnggérésji tzsgrgerféekg&nt %eagg&uﬁge%%[%%oo%rﬁd%g %Q%?{ tlﬁeFIG'
steel sheels pilke y@hdtridieed bangendf t tag thidtshapeth sheeh pmneira8acts
havi ng an aggrogriate cross-section in view of design will sonetines
fail to BB 588t EdshAPEdt RESRELMSBERF oA -8 IBhENREECShaped steel sheet
pile 2 fr@gy%ie di mensi onal point of view [0081] The
enbodineé shown in FIG 10 is such that a hat-shaped steel sheet
pile 900 (see FmtermethsWRlondbipolimemy.ofhidomposite steel sheet pile
go. j p/ ki sha/ ki sha06/ 13/ 131016_. html >, [ G rcunst ances of  Enfor cenent
on "Stru¥itihad sStefedr BRber Pabl It eFRRITARISNY WRIST By WhERFRESDf 10 (2)

Land, Infras u r t QU] smai -
varch 17=7800815) hfund TR e o S Pafgert et EEPERETNSYY
smal |t hkekiessg sheughtee W thaneffectivew dth of 900 nm and provides
hi gher executability of construction works and H 700X300 which is

avai | abl 40880 shaped steel nenbers of 26
Hat-shaped steel sheet piles 2 as the steel sheet pilesand/or

H-shaped steel members 3 are mass-produced in the standardized
forme. Thusg, if an attempt is made to adapt such standardized
hat-shaped steel sheet piles and/or H-shaped steel members to meet
the requirements for design of the steel sheet pilewall, the flange
of each H-ghaped 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.

[(0081]

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-gsectionandsmall thickness structurewithaneffectivewidth
of 900 mm and provides higher executability of construction works

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



m ddl e width type are joined together through a spacer 11 made of a
steel sheet having a thickness of 20 mm In this enbodi nent, the
result of interposition of the spacer Z& 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 are adapted to be connected_together by engagenent between

joi nts 4maRgls BiEvRdedrataBRI P B IR StH EhéeFHHAE i PREC
wi dth di pect iy %etlh&aggi ,ha%%achrm?f&eﬁgbs%%%%ﬁhl nxﬁt@faag@ms&iﬁaa&,
n 0 i ee

protrusions a recesses 1 n Cross-section e st sheet piles
face t hetBangegulecdf ohtd 083 tddn tdfi sheaspackhelhals tapedhet €éhnge
sheet pile 2, the spacer 11 and the H shaped steel nenber 3 may be,

al so sec@feehe shativmedy te6ilt BeambeR fecprohe SMttdhdnsP Ehe Wekkeection

Al ternatiye | yi h u r LS to permt the steel
sheet piPe %gngg?héh%ggﬁagggggt%é#eﬁe#32% g'or the spacer 11 to be

| ongi t udijnakky di spl aced from each other may result in that the

defl ecti on behaviors of the steel sheet pile 2 and the H shaped steel

menber 3 will Hpkoshapsineteel wiiarteRéhest hare PORPEEA BRRsICRERECtEd

shown in_FLG, ,12 ri I 0084 I :
nodificafpgﬁgth ﬁﬁeggéé é&ggg ?%g&%ﬁ%oggﬁ%%§ %rﬁﬁﬁn%1?%3*%59%Q%$5395ﬁ'
FIGS . 1iphak anckaskl brcbei sifedt @Sl o eapeed inielth ahevtogonnthereof, the

nmodi fication where a steel material used for a spacer 12 has a square
cr oss- secrnorctdng keigtdiprdab s TUdER NeRNRHEHE L REF EHimHEIS 3Rdpegesses

FlG 12 SRAETEo G PrT o OP T e Ab S oh L PR RS TR SLdar SR
pile 1 ofioblagjpresent invention, with FIGS. 12(a) and 12(b) being a
pl an view and an el evation view respectively show ng

In this case, the hat-shaped steel sheet pile 2, the spacer
11 and the H-ghaped 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 1l 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 as described later.

[0084]

FIG. 11 shows modifications of the spacer to the embodiment
showninFIG. 10, withFIGS. 11 (a) and 11l (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.

[0085]
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 inside the web section of a

hat - shaped steel sheet pile 2 as the st’eel 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] According to this enbodinent, the | ower end of the

H shaped™8¢e8f™fember is secured to the steel sheet pile by wel ding
6, and thgospper end thereof is joined to the steel sheet pile by

bol ted connection. The bolted connection of the upper end thereof is
made in such aAmdhidrapdaiastael|masteriBtaeithe bojidhoy drgfreplsd ng steel

hat - shaped steel sheet pile 2 or_that of the H shaped steel nenber 3
i s gi ven"?he¥h3 ot %spgﬁeﬁﬂs%ﬁa& KaRiif gt 2 %P@&t‘é&‘aﬂ?gsgeel

bol t hol ephaving & SiazerARPEERET Al d0kitike cheblighi anBtered R 10KdEE be
permt the hat-shaped steel sheet pile and the H'shaped steel nenber

to be di aptaseld sheem, emcd thtcheppen ¢id ancptbettammdendcti dine H- Fhgped
12(b). [0088 It is noted that the hat-shaped.steel sheet pile
2, the FﬁEﬁ%&eBGEFEEIaﬁ%nﬁ@andaFG the §E§Egr5§§egaﬁli%‘joined
together rhpgayconstruction site, and this allows the hat-shaped steel
sheet pile, t%e H shaped steel nenber and the spacer having been
separately transpordedgtto thessirleodimdiet | aheetbveageidert itha Hesbaped
fol |l oned by beinqoerven into_the ground in the integrated form

Al t er nat PYBPY, T9TRSH 1% SBEUBE ST BIECaP§5L o° Rt © e P¥ pEt ki id &0
o e e yahagercnkesbesleso ;2 ohe st shasesisel mapLes
nodi f i catbaAnect@ohhe Embdshnesd dhrovectidorFldE th2 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 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 ig 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 wouldbepossible also tomount the spacer
11 to either the hat-shaped steel sheet pile 2 or the H-shaped
steel member 3 in advance.
[0089]
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 discontinuously in the longitudinal direction
of a steel sheet pile, in which case, 2the | 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 an_el ongate bolt .e 7.in order top it the ste
heet ile 2 (RCBATRoNG ERAPRS MPtaoPhieh HTie GbouiG enth (Bt Ehe
flexural s%@&@%gatl'lorhﬁé‘uéfﬁaﬂéfeénd%%"cbﬁt@hﬁ%ﬁ%&? afn thee | i kBgiTaathg1
spacers 11, an Hshaped steel "nenber 3 as the rigidity increasing

st eel nmtiéreakias shewstleglchheatdolbd e-idastedhl caee| stmulviverk end of

[ 0090] It is noted that [t would be possible.also to_pr.ovide
an H shapebstRRTendtnéf FAHR tﬂaﬁsesm% h55H DhoP Y hg a3nd

size gre%_@rﬁ%ﬁéy %@%ﬂefg&@ iRaviAgeR BbZEnaPRrop] idl&d Yilhashokt a
di aneter wt t the need to provide any elongate bolt hol'e 7 for

each spacembliatfofdd] a joininddedridand droedprothée boli hicdat ¥ om shden
in FIG 13(b), a spacer 11 and an H-shaped st eel nenbe%aﬁ as _t he

ri gi di t ytPnePEast g tdaeingigstaPias ¢howP Dy CORdtMdaaHHe. daghéaced
line are;poiped otc%u%%gﬁ%%l oeBle:RldL Zad FoRRIi dde-Lpped BRdaandat-RE
| ower end plus the m e of eaé% of the spacer and the H shaped

st eel nephessuire shichle Tise, thetheispedtarar L1ofart Heshihgdtestofelemehbet
t he spacer and_the H-shape steel nenber is secured.to the steel sheet
pi l e usi Ag28 bBPt Té8iFdEFoRarRgEoNE EbRRBNIEFEEG oPE REPERELY R

the join t ch. he end and the | ower end thereof is
gi ven inagﬁgi%ogﬁgggaaﬁﬁgFtEﬁowgag%%gVing a size greater than a bolt
hol e havi[ngea]si ze appropriate for the bolt dianmeter in order to
permt the steel sheet pile and the H shaped steel nenber and the
spacer to be dif&piaceatefori@bcht drdietd ihe BRSSP DAltomtd PECVILESR. an

29 [ 0092 4 j 1dy furt i
ste[el shlééfhﬁlrpfsg \?\g%fglor\&elpﬁgpﬁe@leﬁé iflnl\';iérl 5 (E)ll%% ?g}gg #c c%g;e,htagﬁng =

steel shegekepigleaval| thnhsa ¢l hddteetlabynyhe shewerpprophiate tie the
conposite steel sheet piles 1 of the enbodi nent shown in FIG 10 or

12, for Pedtaftanchet Wwiidtaksithe Peednme ey idsyaiie? LoPIdEyPgld Rrde

provi ded.at._both en f _each hat-shaped steel sheet pile 2 in the
wi dt h di?e%??bﬁafﬁegggg?rmgﬁre being driven into the ground. [0093]

FIG 15 ghowaja yet further enbodi ment of the steel sheet pile wall
of the present invention, in which case, there is shown a steel sheet
pile wal | whi chcrsreenst Facteathar siehl bigahher $HRWD tHe Ristall3tpe 2

of hat - Shaped i pel Sheet ALLEa2 J1SELLnLS PALL Ik cOMI BEd WLRLNG oo

conpositg e6l - shedt piI'l €s,~rns 0 €l ng constr e sSin
the conpesicka mheekishegt phbes by kendhe &dasle shasiedilihmardlde Acdied

shown in FIG 14.
to a steel 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 cage, 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

direction.



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 “heet 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 ?é g% sheet pile and a shape steel material are joined
t oget her § %nsion type bolted connection using nore than one

| ongi t udi nal | yrspacedshelt, a Wrtih 1FEGESchd 8 (ebclidhakf{ BY @€ st dpllasheet

view and an el evation view respectively shomnn% t he sane. [0095]
Hat - shapebles:\tf@bl csf'nééte preesnP imvemelen edn whaeh pases asdesd pheet
shaped s

S are S duced in the standardi,zed for
Thub. i 1PARC b i CRATE TS CAlnRY CEH SP AR Sy Tk e HapBgEL ee
st eel shgeéemlé@ée@rm/ws i+ shapgd esibeel meRbehswh 0 freals .t he 013f12 for
requirenments for design of the steel sheet pile wall, the flange of

t he F#shapedasceelameMmmccﬁaﬁﬂnakyzﬂpnnﬁntﬁ#|%m§eth®@stb§@v96njphnts
vi ew of desi

of the hBFogﬁaﬁgdaEtB% ‘%f |eea°zhf$a§°m B eeg‘?lrﬁe guthiem%gﬂs%t &f in

view. [0Q88]lwidtn dlﬂé%tq_%{ EﬁéEvet hyt Dee aROMEy atheehesttd e ground.
interposition of a steel sheet or the 1ike as the spacer 11 as shown

in FIG 160980r instance, is that the flange of the H shaped steel
menber 3 can be_joined to the inside t he h p t eel e
o162 in ofat Exinets TAOTS Sastod thOrE SR EHDOH it S5 inpEeet
case 1s ?-_39@ <SAREL &% the EnOlikRlerRRedl FRNS 41D chhRat therstieekhown
sheet pife 2 and the H shaped steel nenber 3 are jOIned t oget her by

t ensi on- aqueeé)blsﬂmétcpnhe@ta]dnwhschglsmmsttmt@delmcmg:l't admanaiely that
spaced bolt 9 in_order thg%tthe def.l ecti n behavi.qr s_of st eel

sheet pi F&e2UEHAL HePS D s?@@?eﬂeﬁjﬁ%‘? FHREF Bit6sE 1:‘6‘7’%&&63 WREr LY
each ot h%melﬁgﬁstLﬁLtfg%dn%fﬂeTgteel sheet piles, instead of being

constructed using only the compogite steel sheet piles like the
steel sheet pile wall A as shown in FIG. 14.

In either case of the embodiments 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 embodiment of a composite steel sheet pile
with a steel material interposed as a spacexr in the case where
a steel sheet pile and a shape steel material are joined together
by tension-type bolted connection wusing 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 sheet pilesand/or
H-shapedsteel membersaremass-producedinthe standardizedforms.
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 characterized 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 gurati Qe I ef.l ecti-op, behavi-or f LE e '
and the ?%8?3F?be$%%r%%gfgﬁLéﬁééF g%?é$§§$iﬂé§eath%??ei%?ﬁ%ﬁEgﬁhkgﬁhgg
each ot hef fiey HekhapBatdvg 1 abebe 2nth&vsihg e esbf itavek8Bgseshapea
measurenent, correction work, processing managenent or the |like, and

al so al | 8WsVife ebriside wilde[sogradnmesi faidngothe sqatedd dhider thel web
Il to he stared.and t ed..wi t-h_hi fficj . : .
REPRESENTRTTCRE O THeFRREN AR A =559 gBbhy ZEPEY e, gimepgipnal

pile wal bolBQ98F view. 1 ... Conposite steel sheet pile, 2 ..

Hat - shaped steel sheet pile, 3 ...H shaped steel nenber, 4 ...Joint,
5 ...JoinP09%6). . . welding, 7 ... Elongate bolt hole, 8 ... Bolt hole,
9 ... Bolt, 11Ih'éor§§9§sei—[ ’wi:lt% the aﬁgg\?ee,r ’th]ésré'sulls_pgf%rntesr%osition of

a steel sheet or the like as the spacer 11 as shown in FIG. 16,
for instance, is that the flange 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 the deflectionbehaviors
of the steel sheet pile 2 and the H-shaped steel member 3 may almost
coincide with each other.

INDUSTRIAL APPLICABILITY

[0097]

The composite 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, c¢orrection 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



CLAIMS [C ai m 1] A conposite steel sheet pile conprising a
steel sheet pile and a rigidity increasing shape steel materi al
extending in the longitudinal directioh 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 pik@obg nore than one joining point of said shape steel

material "I'n %e | ongi tudinal direction thereof in such a manner that
at least to ong j.o8neBY pBEBt pheeephlis applied a structure that is
to permt said steel sheet pile and said shape steel material to be

| ongi t udilRBPPY di spl aced from each other in order that the deflection
behavi ors of said steel .she hi sal d sha t teri

al nost coi nci dg W %npéjg’csc%ogtﬁgfel.l %@%lgrﬁ%e’ 2 "'%a*'srh%?gé%é«n%osgt‘leteg E[{gé[ﬁ
sheet pi be1accor diinghipedldidallnembergin. sathirpse. . kadmegne .| aelbinag,
poi nt of said shape steel material includes both ends of said shape
steel maferiBlongeihddlondiotadi Ralk Be¥edidlon therBetit [ ai frgcer, 12
The conposite steeg sheet _pil e according to claim1l1, wherein said
shape st @ePPRECE! | &F anpﬁggg H shaped steel nenmbers. [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 claim
5, wherein a tensile force X resulting fromsunmng up the tensile
forces of nore than one |ongitudinally*%paced bolt in applications of
tensi on-type bolted connection to join said steel sheet pile and said
shape steel material together neets the requirenent given by the
following expression (1). xa { (1- aatthg @ 12} p/ (12) (1) where

| represents the width of said steel §%eet pile, a represents the

wi dt h of [gakdmshape steel material, | represents the nonent of
inertia of area of said steel sheet pile, 12 represents the nonent of
inertia of areh ®PTREFH-2 IR s FEEF tnat &2 IHIMPIETI Y PepEesStitieanpile

comostt 38 Bor CHALEy he Eyiap Rk B At B (oo n the

sheet pillenadeondnad d0retaith:f Wher etBedsHartAlbliler, paid Hap®eteel
t han one joinng poi nt adapted to joining by tension-type bolted _

connect i atexipdireing &l epoyued prasie vifte of sdard tedethatiert 1y MRexRdn
sai d shape.steel _m pal_is | e f.or. f . havi si ze
oreat o ERan SPERRC RSt WETHEL S JTIEE 53 Pk 1S B Y 1R

di amet er mos@l dhhal ndo] & behdHIntd o EHEHUEBapBatt &6 taieF 18T itthehe
bolt adapted to join said steel sheet pile and said shape steel
mat er i al loogetheingd @erdfspracdierert He FuAbi @ GHMET §hpscat oreasft to
said steel sheet. pile.or id shape. steel .material, ai,m,8] .
The compa8 ot by ridh T8t oS LAk Bb e T PR A B S sapgrmit
st eel Sh%%ﬁdﬁéﬁéépcbﬁééﬁ|§ﬂh§h§ﬁ@d9%$%ﬂs§£%§tsEEbQSmaﬂaﬁxi@dto be
t oget her by engagenent of joints provided at both ends of each steel
sheet pi Hengdtukangildvh diseateh fhenesach hetlkemnast iwrdssl nghatk d the
suchamanner, th%t rotrusi ons %nd r c%§5ﬁs N a _cross-sectio

STECt |

per pendi EGIAF T¢ PHEPOREP T dinat ™ HhreGpi1E3ndRard thape steel

material may almost coincide with each other.
[Claim 2]

The composite steel sheet pile according toclaiml, wherein
sald 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 claiml, wherein
one of said joining points is secured in position.

[Claim 5]

The composite steel sheet pile according to claim 1, wherein
sald 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 gaid gteel sheet pile and said shape steel material may almost

coincide with each cther.



face the sanme direction. [Caim9] The conposite steel sheet
pile according to claim1, wherein said steel sheet pile and said
shape steel material are joined togetﬁﬁ? through a steel material as
a spacer interposed between said steel sheet pile and said shape
steel material. [C aim 10] A steel sheet pile wall conprising
nor e thamcgggmsg?el sheet pile, the steel sheet piles being connected
toget her through joints provided at both ends of each steel sheet

pil e, wherein thedcipealiteheete pishes teppl ®pccatrdiegsto chaparl,, whbheein
conposite steel sheet pile according to claiml. [Caim1l]

The steep S¢eetlpifersml X BeevlEing £pOR|HWMING Wetden teard 1§t ferces

sheet pi Les zBPQttﬂQﬁrBﬁ@iﬂ)r&firmﬂﬂ%ﬁl? eﬁaé%f%f?l@ li%}s]agfg?tiég.'fﬁeﬂgdof

on the eart[Pl pressure recei ng Sl de or e high eart essure

devel opi ngnsida-thpedadlted connection to join said steel sheet pile and
said shape steel material together meets the requirement given
by the following expression (1).

Xz { (1—a) - Ii—a-Tlz -p/  (I1+T12) - (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 said 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
side of the composite steel sheet pile.
[Claim 7]

The composite steel sheet pile according to claim 5, wherein
as to all ox part of more than one joining point adapted to joining
by tension-type bolted connection, a bolt hole of at least omne
of saild steel sheet pile and said shape steel material is in the
form of a bolt hole having a size greater than a bolt hele 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 gteel sheet pile in the width direction thereof, the
connectionbeingmaid insuchamanner that protrusions andrecesses

in a cross-section perpendicular to the longitudinal direction
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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
said 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 claim1l, 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.



