1 SPECI FI CATION TI TLE OF THE | NVENTI ON: COWPOSI TE STEEL SHEET PI LE
AND STEEL SHEET PILE WALL USI NG THE COVWPOSI 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 stgﬁgcﬁg%ﬁﬁgﬁg#ﬁ, t he shape st eel

mat eri al bei ng di sposed on one s el sheet pile, and also'
to a strOdfiiEe O THES IBWENTITeat: pile wal | which is constructed using
t he conposite steel sheetggile and it is useful in applications to

retai ning wal | SOMPRSEFFeRBrBL HFET ZAGE MDD | SREEY S SPYEE JfA L USING
such as underg&ggngoﬁ95§&290g§EﬁglgngTB@?EERCUND ARTS [ 0002]

Heretof ore, there i s one known arrangément which is such that

anH shapaegcaNeeiarmemaenor |i ke shape steel material is nounted as a
rigidity increasing steel material to one side of a steel sheet pile
such as éogpéﬁaped steel sheet pile, a straight-shaped steel sheet

e oo s REBPSH SRR, S028L Lo U dAVR e LI UG YPL Wit
i mper neabl e wa or the TiKe. ]
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 continuous walls).
BACKGROUND ARTS
[0002]

Heretofore, there is one known arrangement which is such
that anH-shaped steel member or like shape steel material is mounted
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 artsg, 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 tobe 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 document 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 ;8§ @ﬂ@v%ddhd: LES, ﬂﬁ@f@é@l&ry @re into th(IL_ Qﬁﬂgﬁa;t]aéﬁggo&ﬁlg

steel sheet pil and the rigidity 1ncreasing stee

adapt ed tfoobelseparately driven 2 |nto the ground in a construction
site into the integrated form [0004] Further, the Patent
document 2 desEFfb ?rantHﬁd@PﬁFBEnGOGHW?PHUGU§eﬁ&FPb§FeéP HEfergEPusd
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steel sheet pile 62 and the flange section of the_ H shaped or
T- shapedfsEbePeRerH et~ S&?H%SFPQ NS R Feast hgldi e8| inateasyiag sgeel
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In this case, it is also stated that bi reason of the structure that
is to redfrBie BHIAHHE we(ﬁSJ{n@esas@@ I‘ﬁ%b@ﬁlééc‘ﬁ @9 ﬁonﬁétudmally
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sheet pi ke t¢erT®csindis paordedibn tﬁ@@bb@éﬁd ipo M c@in@br restraint,
restrai ni ng neans ot her than meldlng or nore suppressed deformation

of the sf&ePhshWBetnpFlEScaAsie) peadi d8dbd han before even in wel di ng
applicati 986 ?s the restraining neans, and al so that the underground
contlnuo steel material need not be manufactured in a factory

in all _cases raswlild ®gse Nithalaldessheel hashy pebh8oanst tHe stiraicduly
increaS|ng steel material such as the H-shaped steel nenber can be
B

i ndi vi dubhRy 19 dispepstedinoorly omst pudt 9brihs pyeglappedne¢ghbonr isi the
and afterward ssepbl.ed togeth t herei 0008]
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t he Patent documne
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whose fl ange section on one side thereof is secured to the inside of
the web Settsleorebishechapisharuy ssttdiein shervopiie@ irmBapplications 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-shaped steel member can be individually transported to a
construction site or its neighbor site and afterwards assembled
together therein.
fo008]

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



72 manufactured by hot rolling, wherein the width of the secured one
of the flange sections in the H shaped_steel nenber 73 is not nore
than the web section width of the hat- éhaped steel sheet pile 72.

[ 0007] In addition, it is also stated that the web section of
t he hat-shapedsteel sheetpile 72 and the flange sectionof the

H shaped 75t gghu fRELEFed %ﬁ&%tagapi edgt avhersSee ltrk!%,dwﬁgﬁﬁt &‘? s LRGuRRY
of securing neans selected froma group consisting of welding,

bondi ng, obel of ridie filvegiengecstorn ity thrdHt slokpag. stl_aeﬂERA?ﬁUREsnj\isTHEt
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Japaneseqykai d- open Patent Publication No. 2008-267069 Patent docunent
3: Japanese Lai d-open Patent Publication No. 2008-175029 SUWARY OF
THE | NVENPPON] PROBLEMS TO BE SOLVED BY THE | NVENTI ON

In addition, it is also stated that the web section of the
hat-shapedsteel sheetpile72andthe 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 PRICR ARTS

PATENT DOCUMENTS

[0008]

Patent document 1: Japanese Laid-open Patent Publication No.
2005-292202

Patent document 2: Japanese Laid-open Patent Publication No.
2008-267069

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 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



[ 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 nenber 53 need td 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, chynr £aseR ©fsthses tsrt‘é_%tlutﬁi@mﬁgf‘ts#oifdoccgiﬂc%%—g Bii't%”&?cﬁ%.tgg%.

H shaped steel nenber or the like into the jig prov on one si
of the stlbels,sheetappliecathended |ldntiiter] hehawkeossrafthhe wiash isheeich

pile and _the rjigidjty_ increasing steel material 4 such as the
H shaped tii'ﬁgerthgre%%ﬁgis%%ﬂ Rloth&ide Wirer egabR BRAcYPPIREids tip FIG.

appl i cat 9y icsiekilirt ¢ ke 5t LUCkyr 8, whighd s such that the steel
sheet pile side (refer to the upper side in FIG 17) thereof receives

an earth [poédsure. [0011] In the invention described in the

Pat ent docunent 2, the steel sheet pile_and the H shaped or T-shaped
steel nmenber adPt hBerigVaRtjorndeeetihed stearhendatisml dacmesdured the

t oget her i : Ner | el | i_n_the
| ongi L uar Sat Lt oY o & Raretr ‘e ERGeeT | TR b5 FRIPSF AP the
di sconneetigadiaf ihersheshgsiesdl pidtermnd the beshapat®feThshapad, in
steel nenber fromeach other will occur in the ground. In addition,

it is al SBSsERER it pyepdrereddseahian DntiHe iFordigmlotlireetion
I i be. .gi r.a curing in . the case
over app@ﬂe%@%%'f OEB&DHAQS' teJhtg'm\éSp wedPRE J:%TSL? e&-ééﬁ d%t%ceowes%tép%ﬂ of the

the firmgroun wever, e steel "sheet

T- shapedssteel sheabep] 1¢ farsbaiiced-thgpehesri N- HgdPe @ NiiseOf ridier from
overl apped section, bring about restraint of their |ongitudinal
def or mat F8RE, CHESUVE L @Gt He thgsaunst - bdaiaddig: 19m0ip]is also sthfed

t he invent,i ibed i t d nt the width of the.

H shapedeglt% %%%grgﬁ%%@esﬁ?% glgég%éﬁ §§HFﬁ%nofﬁgev%\ﬁe%aﬁ%e%FeFﬁéon
steel sheetlfibe difvdiheehpshanedesthieehgneihele kssdi sposied Hinsd %%ohﬁ@.
web section of the steel sheet pile, and accordingly, the size

li ni tati BR¥FP¥SEnpbled tGiek REcRtshhpednd édle HeabapedQry Tahepdds sheel
RS T R S R T
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 membex
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 members or the likeare available inthe standardized
forms in most cases. For that reason, special-sized steel sheet

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



[ 0013] In particular, various types of steel sheet piles

and/ or H shaped steel nenbers or the like are available in the
standar di zed forns innost cases. For tRat reason, special -sized steel
sheet piles and/or H shaped steel nenbers require additional
processing 5 or the like, and thus, will be difficult of their

appl i cat ic@ngnkr oMkEneaMaeyRes Nty Pl oostai 4O H e of theixN%p@titc%rtions
whet her the rigidity increasing steel material such as the shaped
steel nmedFgem itbenvisrpding e cossi.de or the outside of the web
section ﬁf L_Lg steel sheet pile, it gives the sanme cross-section

per for ma &Y either case. Thus, with consideration of a conposite

steel sheet pikg ﬁatﬁapeﬁﬁaéﬁ@rb@miéidﬂw!i&%%{bﬁ]ﬁgci WAterial

nounting the rigidity increasing steel"material t € inside of the

web sect sohodsttie st-eblhpskiestepl Ineemiathers nbanteicouhe dest fereofthe

is of advant agee ég the attainment of a smaller wall thickness which
savi

| eads t 0% I WSRWEFEE1orF CAnt e Hefistld Siesd Phdfbet € IwWaRy the
wi dth greafgr émié@cm%ékho%ﬁt}l@ stpeli fRESt Ridee isﬁﬁgyf‘t ¢An

it my well be that the steel sheet pile deformation 1 n suc
di r ecti oponkatdetrhs isheef ashegtopitesisel crloett ppea ad shpersosedbckhg,

time of nount] % 0015], An object of the present invention
isto spll\tfewjtjnﬁ 5r5{ﬁﬂ_ re?flﬂt‘rﬁq BB PrioFRartig i el Rpeersirashpel
Lo provi fa,2aPes! it 1:28keSBPAndlLE 20d: Jof! Gl hepLoPlditdialine
whi ch conprise a steel sheet pile and a rigidity incCreasing stee

mat er i al rafthelr @hen ndte bukbydentlegreded swnf adanttpihed thed agta@inment
conbined with each other as superposed beans in such a manner that

the defl 853 SRAbERIVDYS CHECRRESS I CRABBESPT P EPERE $HELRT gi dompver,

i ncreasing shegl Egi rm%& HAG i th4eac i rder t

gi ve the confi gu? at1on \%}? ch1 e |bnﬁcxg§1t%§)slqﬂ%agoervtﬂg§§ Eg%%%@§£eqﬂu%rgc¥q’feoye%
wel di ng, wikapeofieds sererlt sheetrerle A wotktefl otes&NgeaNBEERIY the
and the like, and all ows the conposite steel sheet gi | e and the steel

sheet pi P&eRal PhEBtHRILE AP HEMRF 19idh SUCEIaV L e RT P effa e itdic preel
MEANS Foghégtvbl},l@eﬂfg %8%%6'\@13%910%@11 occur at the time of mounting.

[0015]

An object of the present invention is to solve the problems
in the above prior arts, more specifically, to provide a composite
steel sheet pile and a steel sheet 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 work, processing management and the like,
and allows the compogite 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 %ongitudinal 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
steel maferialibf ddipd g budipal didachiar LherLef giiaisychndr SRONRY
that one of the joini'ng points thereof is secured in position and at

| east t oshduee ottesrl ot grdiadli pytpodnngi snappd iletha tstdinstlude repatopsof

to permt the steel heet _.pile and the shape steel| terial .to be

| ongi 1t ucFRAIT 5 2h SHERCaBF Port Eac At 8P SFh B Kot -2 hat it SASPPact: o

behavi Orénefsﬂéﬁeeoft ssheetamide pand  thge SHaRE 1ol 88L pERIId13ha FBY 1a ]l
& W th each oth FOOl?] AS 1o I t

al nost coi nci er. he point to

join theishppmed eel thet stéal sinkt pd lst eel meheetham lene ggenheg, pabne
t han one Eoint i ncl udi ng both ends. of .the shape steﬁl,natenial %n thg
| ongi t udPRAINUFPBREI Ve hBrssrind HodheabPyot bedited Hoantiny: theree

steel shegtoil & ANLIDENAREC YEPheMU LAY HoAtR o0l 0SLeCRNARL LA

each ot her y as nmuch as possib Howeve It ist

under st oo gdmit tdre aptdesenteadstveatitenodbes ot joscesgapdiyt dpphyplied
joining point limtation to both ends of the_shape steel material_ in

the | ongPt el WaFUER ridt 3F FREPIBILT dritP &yl SBePhoPHte Us & SwWRBRBE
except f QEegﬂerPcﬁIe}&l Y Bér@orp%iﬂﬁélzll%% gi@%ﬂ%ée@’@%&ﬁ é‘é)cl‘?%%he%r in

wher e anynore than one j ol ning poi nt ves no end but the mddle
of the sbaperstieet #id eldfleddidrhdehandictredbfiathedi seetl ahddiepadfe. and
[ 0018] The conposite steel sheet pile of the present invention
havi ng t FReaBbeBecsheRYuPAEREAAILsTBY¥cBLBPRGI FOsBERASENYE ERhBasheRfReT
sheet pilgoﬁg? the shape steel material are conbined with each ot her
as superposed beans, and this permts the steel sheet pile and the
shape steel nmahertal the deihoOng tusimaliey sti=gp acedtlf mamesdeliobher the
andavoi ds substantially the shearing force transm ssion 7 between
the st eeFtshéethgnt piaRdeFrtlgapBoseddiampnerteint iesdraing 1oFh RRES

he defl ' havi f I Ll.a.
mat o1 al S S E EOEr el He et aAdn b Lo g g Laat AN GARRE cRLReLe

sheet pi ke d&sNPibIEGRIpAIMdY thivi 10 the sueshafieskisipadle shéathepihape
a straight-shaped steel sheet pile, a hat-shaped steel sheet_ pile and
the |i kestHehen@iertahsintla? CAQSEnEORBREE | WH-R Gahe OfBRE YiP Ekn &S myeh

% L8 oL 500 Ui LIe, SOt UL S8 D AOAR 19 DS OmRRBLR

descri bedpkaher onsagesinabhycenspheyed. apP020lbining 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 middlie 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 fxrom

eachotherandavoids substantiallythe shearing force transmission



As for the rigidity increasing shape steel material, while an

H shaped steel nenber considered as a highly efficient material from
the viewpoint of the relation to the crloss-secti on rigidity and/or
the cost is in general use, it need not be limted to the H shaped
steel nmenber in all cases. [0021] It is noted that the
rigiditypbRgeeasiHgssbapenatee: MBLL LAk dis it herggsatihy, Reihdady
as long as the full length of 'the steel sheét pile in the

| ongi t udiimathdt riget idef lidweriesf behndictswofil thdetpedsshketapsbe tamd the
enpl oy a shape steel material having a. ength smaller than a steel
Shoet . pi FEAPENGER A EOFGRG 1t 3FRE o SQUFERRENEE Ho LA PMedr { he
like. Al tgpAayively, it would be possible also to arrange nore than
one short shape steel material discontinuously in the |ongitudinal
direction of tRFeesiteedl sheet miilleeis p@2Mcessarily Eamithd tceaSiorhalaid
t he shape stgel material is %oined to the steel sheet pile in both

ends of CHESSHAPRFESPELF MaPEFRAPNERSPARCAGHE R LENREF RiilSect Mgk - shaped
t her eof , i i reci that t e I . j

i ven | SESTHe S OB s eh T hnner oY BacET (e i an hr B e o
t he st eelostieetwadill ehaskhbes & sargposinimgtvatll sheehepl 1lee comsa raased
where only both ends of the shape steel material are adapted to be

j oi ned t &Yt KOS hedRe pFPBEPCEPBRYSTGSAt et PHloneteagthRsr edhe
a conbi nati.o j Qi ning ael .a _hol V§ LZ I

than a bg]ta;t %&%%eﬁavsl%n%la %]?%'é{ agg?gpﬁgat%e%%ﬁ? e %%??éd?grrgte%rﬁi%%ﬁ%
order toepgilatwted.he steel sheet pile and the shape steel material to
be longitudinal |y displaced f romeach other can avoid substantially
t he shearli®@¢%lorce transni ssion between the steel sheet pile and the

shape steel maperial .. gih@ﬂit?{%@&%%%]%}?gﬂa%? E?Qe?‘%@a?é’é?fél,%htit%

steel sheet pile and the Shape al'nmoSt coi'ncide w

each ot heh HAslcaped Bgky,l nanibie kbhegdeirkl 0caWigHIN &KEiai 6A6 manketie ]
both ends of the shape steel nmaterial are fully secured to the steel
sheet pi [f&oM bho3jiewpoint pf Bhe del Fiere HohEhS hafes Bt ¥4t ¥l arigaid ity
j oi ned t I i pi I t nd S 1dd] e. of .t.he
shape st%gﬁvﬁgfgﬁgafégﬁgv%er{%ﬁgggggiﬁgg’d??g%#¥%hﬁﬁﬁ§%eg Tl??dﬂﬁﬁﬁge
be possi bl-@hal®d is®e2aCiHetbdie inoianad gpalkls .of the mddle thereof to
the steel sheet pile in order to apply both ends thereof to permt
the displl@@@8nt. Alternatively, it would be possible also to secure

one o0, o L8 PEL S8 Sk LAL AP e 3SR el P 2 i
di spl acemgntot MRQ24lsarily 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
toarrange 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 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



Further, it would be possible also to join the steel sheet pile and
the shape steel material together by tension-type bolted connection
using nore than one longitudinally spaced bolt in order that the
defl ecti on behaviors of the steel sheet pile and the shape steel

mat erial may al nost coincide with each other. [0025] 9 the shape

steel matembalidkesakbowgHebe LISt HOINULR WHN-LAN PIPRY Ihas of
cases where the rigidity increasing shape steel material” side of the
conposi t 6het ebppshateepi hatestal vase aadapred tpr dssureindd td shapedeel

t eel icat]j . t igidity i [ h teel
mat or | Al SUERE BOIES GPPLYBESuRbal 137 br Tl S G KOG 6oTRaAaG e
row at pegdgt bihifg bOLEr ¥AkSa i o BYUUL ROSIL|OLY a8 éi%@%é%%xg]%QCQh%B a

the opposite sides of the flange with the web between.
Even i f bhétrigieheyingce sdsiengpshapeistedomhherbailt sidacobrtheorder

ite steel .sheget pjl i ves, t h . th ,
COMPOS  BosteEl BUERL BLLESCELVCS 2D SOl Prassu o e owislon
avoi d i ngeaasiqig ddiedefeid 1%@&8&%&&%%&%@9@% stls‘Eaﬁ/faE%%'ily

is smaller inTflexural rigidity than the rigidity increasing s
st eel natéeisheaning tinsakirewsntibeidefbecveen tiehavieelssiéet e 15 aald

sheet pi;: and the rigidity increasing shape steel naterial to .

coi nci de ghet ae%%ﬁ%?ﬁé‘ﬁ%@@%ﬂ and thus a g?""?&ihﬁi‘?’%ﬂf?f"et%‘?%é?héﬁé@ﬁ

pi l e andokhenghapecst gkle MBLE14 Alnd agat hey ;%Jé/ ddie it G-V RS g%gg@
inal y space ol t er

connection using nore than one | ongitud in or
t hat t hecdéfibédei enthetmnh archenf. t hecsrdehgiheeto pidekiang tdia 1sbapear,

steel material may al nost coincide with each other, a tensile force X

resul ti n&nh%%asﬁ%rﬁﬁ’(g{)‘?f& %C‘)ﬁéht% PE Ghst sbapsrstRenpkarispare fully

Iongitudgg@hggdsggcggebgggehnsﬁ@ggiggﬁggns of the tension-type bolted
[

connection to join the steel sheet e and the shape steel naterial

t oget her [ABg3be to neet the requirenment given by the follow ng
expression (1)_. % 1- a) 1- a_ 121 p/ (11+12) (1) Were |
represents thelti HtFT} Stb& SERRSt Sheee, Mt bskhtieined to the

steel sheet pile in both ends plus the middle of the shape steel
material in the longitudinal direction thereof, it would be
possible also to secure the joined part of the middle thereof to
the steel sheet pile in order to apply both ends thereof to permit
the displacement. 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



the width of the shape steel material, | 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 flaterial, and p represents an
earth pressure acting on the shape steel material side of the
conposite steel sheet pile. [0028] As described | ater, the

et ) cct| BRERGKR ore e Rt B SaldPsited AR YERAEL L Bl Been

mat er i al o8Bekrhin Ebgked tyerdaRAsi§Odst gelndmiLyiml shhpeadtiav®aaterial
al nost coincide with each other by the tension-type bolted
connect i 8Ade[@DRYE compositwpirel ShersRdAcd THHORT 8 S PERESHTE -

pile, th ruct ur lii e t ] 0l.ni in . the st .
that is 83%esr il e‘?hsg:peg 1eg%m§%5e%be%jﬁéeﬂafn%$%es %%%peli]thgle'%; %%1% %rgl‘rag’llng
to be | ogghpudspabl ymakispl acedtHd eypleackhiotihpe w@yabey ofrmadgde igi vae

by a conbination of a joining bolt and an el ongate bolt hole provided
at | east orrmene WGian bacsrew|ak predayidraingd théesHapse bR esichposditaen

or a bolt hple hayin Sj reater..than.a bolt .hole_havin ize
oppronti BE0Y Be Alechsh ShhEPBRLS shatals ¥t e EEoNAK! PReR Sl fen
conbi nat kwaRwekna joining bolt and a bolt hole having a size greater
than a bolt hole having a size appropriate for the bolt dianeter to

permit tHE086éel sheet pile and the shape steel material to be

| ongi tudi nal l'y_di spl aced fr.omeach.other can avoid the excessi.v .
sheari ng for c6™XBhI T batior Lo the BOFLE"5ra%at TRE Saret (e 1) Side
the defl g¢tiQn RehddiUSsebetl NEhsd©@li18he8te Pirbs ANdat-BR SHaPS1SE £ehhe

material as the rigidity increasing steel material to al nost coincide
Wi th eacheoshen-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) «Ii—a -1z} p/ (11412 (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



[ 0031] Further, in such a conposite steel sheet pile, the
steel sheet pile may |nclude hat - shaped steel sheet piles which are
connected together by engagement bet welh j oi nts provided at both ends
of each steel sheet pile in the width direction thereof, the 11
connecti onbei ngmade i n suchamanner t hat protrusions and recesses in a

came. i ST L bosorrda ot g S SLEE Rt} 8T AR g PEE-LDEncs

adapted LA &erewpleELd-d agetiher oﬁytm@aﬁ@i@@teaqt Meearjifl i&de of the
provi ded at both ends of each hat-shaped steel sheet pile in the

wi dt h di Feeppehteherest, shretcomaneécti on bei ng made in such a manner
t hat pro hgébgns and recesses in a cross-section perpendicular to the
| ongi t udi irection face the sane direction. Further, the

conposi te steehsshealrid®1atelher ik asRe &RYLELEOONT R )0EEGHNEhlY cate
such that the steel sheet pile and the shape st eel naterlal are not

fully i ntbgrmcedlmmantea@ﬁe@wmcmrtm @ﬁélgﬁysménekwmra)fvfwkmmstaﬁa

th th fl 1

by 5 di 1 FEFERGE 1R T AHEPRG LA § BEEe0 R M Er R FOT ToAPGFSpHerS
shape st gélaemﬁﬁ&ﬂféﬁiai caxtéﬁaﬁb%ti §B%@Imﬁﬂ @oilhalRf Qren dpentduiet Be
shape steel materi al he recess section of the hat-shaped steel

sheet pltbecaﬁnpnomruepa boApeadt connedtdéonposite steel sheet pile
whi ch thga nﬁi hol d down a steel sheet pile wall to a smaller wall
t hi cknes<Y%4 is also suitable to be driven into the ground in state

where the shap@uﬁ;ﬁ@k nai ehibRly BHpbBer sir@le150REL L BiilR  af ke ts@rha%ure
conmbined form [0033 Mor eover, in the conpoSite steel sheet

pil e of applpedsecntthen\z]@an than;)udnd e passiciueeatbatt os jtol perhe t

steel sheet pile and. the sha e ste terial to et er throu a
Steel maEBEi isef ntneat PORRE iRl ohR randhe Crabheol i be

and the §Bﬁ8§tﬁﬁ§ﬁglﬁ§tQibﬁhac£90§ﬁ$m each otHdt ﬁ P EQ&E@Q;QF e given
U-shaped steel sheet pile applications as the steel sheet plle ?he

wi dt h of bykectihishapetos béael j oembeg bedédsnd an bé osgaitkdro thianl ¢ beoweded
wdth of a%h}?ea%[te%q osrpeeg% tPIel St.lefeltsqleeet pile and the shape steel material
or a bolt hole having a size greater than a bolt hole having a
size appropriate for the bolt diameter.
[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 £rom 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]

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



12 shape steel material 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 %%eel menber. [ 0035] The
recess section of the hat-shaped or U shaped steel sheet pile has
usual l'y an outmardly (or toward the opening side) w dening spacing.

Thus, ) nehihgcE3shed firast aal, m s LAl a5 e Anagero |o. Lt ernased

betmeen F e an shape s

limtatiena @ncfbgskgéaﬁp@ﬂ péﬁﬁ&nd&ﬁﬁ&ﬁrlﬁbﬁﬂkﬁ&@@glﬁ%@&@hl directibea
steel material as the spacer may be a steel sheet, or alternatively,

i n casesfafet hRensamef dirgchil@ar spacer spacing, |t woul d be possi bl e
also to 683giher steel materials such as channel steels and square
steel s. Howev in either case, the required m ni num spacer spacing

i's determ ned gapendi nth:ied Beesll Zhdeal piies el yegpréfesteebnikeetd
pile and the shape steel material. Alternatively, it would be

possi bl etagsshey hyrangégﬂme@tth@ﬁwgﬁ@ k@b@tsgmﬁﬁﬁldeﬁ|&guhqih(ﬁnds of

dj ust f t t.ed that
mane. of RGN IR hoPRRRlT Brad T ReeRs BREF in ss it T T SR £
wel di ng, taei Ebnﬁé&@%h%@ﬁd@ ik tihe suclﬁea &Q@ﬁé} that prdr&iLeins and

sheet pile wall of the present invention conprises nore than one
steel sheerepisks lnthecgp@@Isghéepnppﬁé@e@éﬂ@ql@@nﬁ@cﬁ@@ tlogetifedinal

wher oin FRESSTABP EHEEE T PRRGHET SyE LR | GAELTER paPe RS i aEeES

steel shegkeRi He1bayE NhdMhrferdthe ndlaone £OonEl gH{ g1 HANSy $W938&hat 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-gection
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 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 if the



13 provide, according to the required strength of the steel sheet
pile wall, the appropriately m xed arrangenent conposed of the
conposite steel sheet piles of the present invention and the usual
type of steel sheet piles with no shape steel nmenber nounted. [0039]
Further, in the steel sheet pile wall of the present invention, it is

desir ed. Itsplg%etsh@egi ?n%_lte %_?Lt E Cile rc%%heaé ri@et{'ﬁecr eosssl égcgigﬁ'og the

sheet prresTare arrange pressure recelving Siade or

hi gh ear hb.tpbﬁ&@éﬁebld@\lQh@péﬂ%ﬁé@eshbét%ﬁﬁe [ 884@kcordinglysUahéd i ze
the steel sheet piles that formthe conposite steel sheet piles are
more easilijpisabiiest d¢ doppeedural thef orrhiebed shgslt RembRape steel

mat eri al ooggis in cases where the steel sheet piles receive an
earth pressar the conf iguration of the conposite steel sheet pile

of the present rhavenidNseitiBAOY dad Ha@- @ et 821U-ehele bt € Wahleet
all ows the defl ection behavior of the shape steel material to follow

that of Phdedtamisshddy agi PetwaiodeydPr ticrwatmtb@mpeanylg:as@e iwzldmyng

Il be that .the f ! h h
6. i nor cRSB Pat TRAS Uart BBt PO BRnadi 6PE TroT na=beaar s Radrprpacss

and the &@a@ﬁté&ﬁv!seaabétwaénf ghé é@eéplé‘l@é@@ M id sachiet Refpe steel
EFFECTS OF THE | NVENTI ON [ 0041] he conposite steel sheet pi

of the presemtailnyéhei oazies ldmihathan pnet§Ee@IS§h@@ﬁ pitlee lamgmblees 1s
rigidity i cre sing shape steel material are not integrated with each
ot her bufei ®€onbi ned with each other as superposed beam and thus,
provi des [ b@gGEdvantage that the deflection behaviors of the steel
sheet pile and the rigidity increasing shape steel naterial are
allowed to al nOse sbeatineterial exxitict spaceresalt bagristedatshaet, or

buckl i n ocgur, as.co ared h the prior art which is such,
t hat thgaﬁnf‘-&EPa%HEé‘%Ym LB GhEct L“bei Fﬁ&’r%a‘?r%r SRS S £RaC1ng.

mat eri al jqr goudd bat Egééiﬁge%igoe@@m% heher steel materials such as

channel steels and square steels. However, in elther case, the
required minimum spacer spacing is determined depending on the
size relation between the steel sheet pile and the shape steel
material. Alternatively, it would be poggible 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 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]

A1l the steel sheet piles are not necessarily limited to

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



[ 0042] Al t hough being inferior in cross-section rigidity to
the structure which is such that the rigidity increasing shape steel
material is secured over the full Ieng&g t hereof by wel ding, the
conposite steel sheet pile of the present invention permts |ess

| abor and | ess cost for welding, shape measur enent, correction work

and pfocﬁ%'vﬁ&e”a%% %g {;80@ I%:r»e%pser[zﬁ%r? hsél?ectheoiég:;ée%”%hte@%

rigidity“increasing pe S pacer can

t ranspor pédes e«aaaat ehg« appﬁop@ﬂatéyptrhme@iat:ﬁnaragwinémﬂmdmdecweiﬁw%e
inthe site, followed by being driven into the ground in the
i nt egr at EETPEEMECaTER e hESegl Rike? BE Bhe Presradt LBYFRE el abRethe usual

rigidity reasi h t eel r
and ranSYBFL o8 W TRt PrdrEney T BrosTr e Phece: BeTEER. BPSRRe-
and the rfiogizdijty i ncreasi ng shape steel mat eri al need not be

separately driven into the ground, thereby elimnating the problem of

t he reduced ef"ﬂ‘l—’éi’!éﬁ@)ﬁ-ﬂ ?ﬁé@(éé@?ﬂ(ﬁhﬁem waé@-pcfrmﬁkgesenhlmk@nttﬁ@n,

i nvention desc |bed ate oguner 4]
hat - shape& aﬁ%& f %? 6ﬁ'5l£ sformtﬁﬂ? 3§P81te

sheet pi b@ee&hgh\é@dt ﬁl@fast Qﬂe Fhﬁfﬁlﬁ)@éidséleaihé’f'@glaih e Q‘éce1v1ng
smal l er than the web width of the steel sheet pile if the shape sheet

mat er i aI silglediogp bed hiighi g¢arthe precesses derviedepanat Ivd dst ddlersipdet
pile, ﬁgﬁg%?rdlngly, the size limtation is inposed on the H shaped
st eel In contrast with the above, the result of interposition

of the steel makeanal , asmd Becspanfied pilBatcHdiersidend fbhpbs Ohe Qeel
t he H shaped st eel mermber is rel axed. BRI EF DESCRI PTI ON THE

DRAW NGS S[rl@@¢a}13[¢:$ grerory €asilyhovs esfedibddierema lofie fornapben tdan

t I t t t .1

1(5) bo ROCaSBRER Vret A R cieval PO vPe IR abEr et §° oM hg e

sane. [ Fhb@1edlrfdlveaticehes nh-exdlanat h e o2F ideflRGdnadE Qﬁe%\ﬂn%'o%l,te
ow ng

with FIGS. 2(a) and 2(b) being explanatory views respectively s
def | ect i ereledhanieetspi-het hé t;h@epmsantoxﬁp‘muom ed hedtdgy Ifey rlr.he

the prioL.art and.|nhie, cppe 9 3 oYL Tuss nallest P s etl SHiiSe
steel material to follow that of the steel sheet pile. However,
in the contrary case, it may well be that the £lexural 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
witheachother as superposedbeam, and thus, provides the advantage
that the deflection behaviors of the steel gheet pile and the
rigidity increasing shape steel material are allowed to almost
coincide with each other, 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



[FIG 3] FIGS. 3(a) and 3(b) are elevation views respectively show ng
nodi fications to the enbodi nent shown in FIG 1. [FIG 4] FIG 4 is a
pl an vi ew showi ng one enbodi ment of a Steel sheet pile wall of the
present invention. [FIG 5] FIG 5 is a plan view show ng anot her
enbodi nent of the steel sheet pile wall of the present invention.

FIG 6].E o] n r di rent of the conposite steel sheet
Lile of]%HgggFggéﬁtw?ﬁ%e%%?gn?%%??hlFIGS. 6(a), G(E? ahd 6(c) being a

pl an vi ewpaadjan el evati on view respectively show ng the same and an
el evation vieM/shomjng a nodification thereto. [FIG 7] FIG, 7 shows
t

a relation betdehougbt beinghtefepire ialqrars TREH kWhgodidd tst &6 the
sheet pi lsga:‘glf)ctt e Phees He SQLBNLHOR ¢ nd.an,8at hir%?%%%{lg% nég&atﬂle L&

7(a) and erng pran’'views respecti VeEFy show ng I“n” cases

wher e anpeaklhalr e5sd@uad Sver the SIEEIlesheet tpelecsiBe wildihey, the
steel sheet pile wall and in cases where an earth pressure acts on

the rigi gempoisAtreateny Heaiepdtleedt Nt Pirgisegitdenvent hel ste3atl tshdess

pile wall. . [FIG 8] FIG 8 is an | anat gry _view applied to derive
Pher equiPBRENCOSn e RE CA8E G7° U NEHE by PR MoR s dgrFection
connecti @ork ERBGErBkekk@ngd ahiagehleait .vi ew showi ng a further

enbodi nent of the steel sheet pile wall of the present invention.

[FIG 10][0PKG] 10 shows one enbodi ment of a conposite steel sheet

il ith t | t ial int. . ith .FI G, 10
e 100y ber nif AT HReat B LIRGHA0 82 REE WL sk Bl Bheel
showi ng tRge33MB. &F| BhelldpdddsS. k(e aBdaRdpbbleal dPANHLME to a

respectively show ng nodifications of the spacer to the enbodi ment
shown i ncP§tri@tipm &lte2] apfiGoubkishdvsogetiner har Wb aditreenttodfl avest

OOt T e R A S P LS BUTEN Vel oD ot B ELCSind 240

show ng 1@ %@"he steel sheet pile and the rigidity increasing shape steel
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 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



[FIG 13] FIGS. 13(a) and 13(b) are elevation views respectively
showi ng nodifications to the enbodi mrent shown in FIG 12. [FIG 14]
FIG 14 is a plan view showi ng a still*Further enbodi nent of the
steel sheet pile wall of the present invention. [FIG 15] FIG 15 is
a plan view showing a yet further enbodinent of the steel sheet pile

sl 51 BRSePhEoCH AN S 0 Syl Lol oY Sl

a still Fher e "corpos

present pnuaniiew. ahfl &n didvit{h x117éva)ré§1$iacﬂt7:(\kél}arsﬂlc@dl&@|t@&8 same.
respectively showi ng the outline of the invention described in the
Pat ent ddEdRem] fIG[ = awgg]am:ﬁ1axia(tapna¢mdféé§):tapét W%Wlff‘r v&ith

views re ti t he outllne t he. |nvent|on descri bed i.n

Uhe Bar cREGHGct Y AT Y (B, R M B8 Rsh 0 LUK SR SACT REELL

respecti yekyeshownngehiei Outlimenef chbe onveabnphsdescCsiHeU dredhpile
Pat ent docunent 3. MODE FOR EMBODYI NG THE | NVENTI ON [ 0046]

SpeC| fi cianbbdipeins it e preteatcasw @ft ronowbPeibe slovr Hedigatbed.le

is to \%I ndersto?}g that the present invention is not limted to
the 1ol | 601 fiCeRBoaeREntE EREBE. | 0047] FIG 1 shows one

enbodi mentrref. @]C@ﬁl@;@Sl bgagt aels 3hest aplel @ 1vak ilhe vRetgeMespectively
I nvention, with FIGS. 1(a) and 1(b) being a plan view and an

el evat i osheiewar espedticasliprsheal et kmbodimenrogdglm 1n FIG. 1.

[FIG. 4] FIG. 4 is a plan view showing one embodiment of a steel
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. 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 cases where anearthpressure 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



An H shaped steel nenber 3 as a rigidity increasing steel material is
di sposed inside the web section of a hat-shaped steel sheet pile 2 as
a steel sheet pile, and the upper end ¥nd 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
adapt ed t be con ected together by engagenment between joints 4 and 5
prOV|ded “B5568h gﬁd? 3BF -each hat - shaped steel sheet pile in the

wi dth di neeti on it heseofi1 (heas@nnes) i onbgi A8RAIES:d Pe SHERL BHE gpahomh@@
protrusions and recesses in a cross-section of the hat-shaped steel
sheet p|me§1ﬁacatun9559ﬁeth¢r%nﬁquﬂx{@bsopmbodlmenﬁc%h¢wmn§1ﬁBIihﬂ@

enbodi ne e | r d hape IS secured

The hat - ShGed ot BXE RERSHr LT By hEF ATy RUTERT Tha TrppaPSentLe oreel
thereof i§ek@i f)@ﬂet@ft&}?e hlesdhiapedveheebnshgetnpitesbyr bal t edha 12 (b)
connection. The bolted connection of the upper end thereof is nade in

such a mbeneg afptamviesasndein rdreveticlnt vhekerefpeheinaly stheidg the
steel sheet pile 2 or that of the H shaped steel nenber 3 is given in
the forn8f"®a bolt hole 7 having a size greater than a bolt hole

havi ng a [girge @@prz@ﬁs ahg (B9r shhe Py oGHeaBREQL | Bn O i8ks t&s@)@hmlkfely
t he FLshaped st eel nenber and t he hat-shaped steel sheet pile to be
d|splaceShbmomgewoﬁléuhe¢1Dm5th@ t@@-b@b@dﬁﬂ@mte@bp@m.nm EHG. 1€b) .

[ 0051] i_s noted that the hat-shaped p 2 an
he H shda6-stbF Thenbbr 53 BhaELr 8 AHET By e 4 FUE ioh FOE

site, angdgt t&h% %ltle%\fvs sﬁq@%th%tll%h%qq re@hes eRit! qn%qlttﬂa)%. ,

H shaped st eel havi ng been transported separately to the site
to be joilmad. tb@btﬂ‘m s the piliaa, vieWIsiwmmy abg'ehgfrdlriih@n emipogl ifrieam t
ground in the integrat orm, [0052] |ves an
expl anat Pén t&& & %@ﬁtbéﬁéﬁi&' 5 ﬁf 995n&5%%95# H@W

o ot ansbehy] g s s a3 Lo omes Ltk siaet bl
sheet piloE ahet m@w@m&&m siteedntshert( $ad eFloE theb)resent 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. 18] FIGS. 19(a) and 19 (b) areplan views respectively showing
the outline of the invention described in the Patent document 3.
MODE FOR EMBODYING THE INVENTION
[00456]

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]



[ 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 rigidity
increasing steel material 43 are secur¥d together over the ful

|l ength by welding or the like into the integrated form Thus, the
difference in deflection behavi or ari ses betmeen the steel sheet pile

42 and the rigj IIIYS sﬁi N9 $l5¢le 8t rlgl Lﬁlt%;lilntdrn Sl@lg%?‘»r%ése

the buckling w occ ‘e Case may

wth t heméb@!‘@alalé?@.m%ﬁisfe@ sheele Silﬁﬂ.etveﬁl é@c’@ﬂox@foﬂ Aedgreseifed steel
i nvention as shown in i is adapted to permt a steel sheet

pil e 32 ahastrpiglelitty=imnereasiHpst péllenpred ithle BEPED gl and the lower
| ongi t udi_nal | pl.aced f om each other, so that

benavi or S8 O hERE Ber EAReR THT T b P The sy GISH | o hlits el Sogkion
naterlalO@rehglhgwegtheQIgegglcghg@tdﬁlw@tb_each ot her as agai nst an
earth pressure or the Iike acting on the steel sheet pile 32-side of

t he conpdﬁﬂﬂé]steel sheet pile. FIGS. 3(a) and 3(b) show

respectively atigns to t nbo t

hocording to OREETBRRPRAATFEn. SHGRE PALERG e FidprBRa e Faanectd
nenbers 3o3athBe BygéﬂgégeMEﬁEeﬁétﬁQeﬁtf@in@@I@rdﬁH Arf-AflRReE both
di scontinuously in"the longitudinal direction of a steel sheet pi

in mh|che@dsepft¢ﬁ£mmh&n Hrpat sdac Hhsh&pgdlsteehﬂnenbehﬂBdﬂgectlon
secured to the steel sheet pile d t he upper _end ther.eof
7 of nedhies Soie SLePIREBRI PP ERESIE T EBRBARATIST bhes DG Rgons
bol t and ap elaongate; RQl £-Hok Bsgctﬁoﬂ"o@eihe ﬂagttghaﬁéﬁ‘sttéélesﬁééﬁblles
sheet pile 2 to be longitudinally displaced in the occurrence of

flexuralfdebothatsamecduse@tbpnan earth pressure or the like. [0056]
Accordln he ot her nodification showm in FIG 3(b), an H shaped
st eel as the rigidity increasing steel material is joined to

a st ee' Sheet Bbb8rdihg Qf?ttﬁhﬁshémly@@f:ﬁeﬁf'd apdibher| oner rend Bl-4$a
m ddl e of the Hshaped steel member, in which case, the joi ned par

of the nwd&bémdmb&nﬁssecaeedMaih&maheshapeﬁs$beéwh@d&91$¢hgwaIUamg
correspondln% to.a common-sized bolt hole 8, and the joined part

each of PhedbfpEPeeHBPSRISER - POTRPT et 19 tq Lhe Vet -ishapsd theﬁll
a bolt hakgeof ?% hgﬁ%a?éit?@dgfcﬁ'ﬁ{é%rtlté}?” apRal Lo hple Mﬁé@tfox?'c?@ the

appropriate fo t diameter 1n order to permt the H shaped

st eel nempeperanddt hbestef!isheeie pid euvch bemdnsplackest fatorhesath edttiher

in the t%pbtc))(J).ttt gg]lglcgfec‘él'llgqlat[ OSOhSaQed 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. 1l(b).
[0051]

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

H-shaped steel membexr 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 iantegrated form.

foos2]



FIG 4 shows one enbodi nent of a steel sheet pile wall of the present
invention, in which case, a steel sheet pile wall A is constructed by
the manner in which the conposite steel®sheet piles 1 of the

enbodi mrent shown in FIG 1, for instance, are successively connected
t oget her through joints provided at both ends of each hat-shaped

nto. the ar oun T o6eBros =R S SEEARE el Heec il DeRAR-R Yha

st eel sheempbirigonabdt@ert Berpeesenh BepdaNinitha\bh sl dFRs eonidheriee
is shown a steel sheet pile wall which is constructed in such a

manner t Baeefhebasharilsy georhatpshrmpedst depeshtet (i (02 ppdelr the case
|spartlyc nbi ned wi.th t Sile,stee sheet |Ies |nstea
bor g CoReLT S BEeng L aRT e, BEABes: Fedraar by epnel | P s
steel shegtk)pile wall A shown in FIG 4. In elther case of the

enbodi nents shown in FIGS. 4 and 5, 20 the steel sheet pile wall is
const ructl@@58id condition that a high earth pressure acts on the

hat - shaped ste heet |I 2 side tl| ere

Shows. anot her - SAGHT R e osloaneshad L dteh e prdor

present Rteaki 8RowM 1R ﬂ@s 2 (@( a) a @Q:Q)elagﬁe@(:%lbél 08 shdlaniyiWey
and an el evati on V|em/respect|vely showi ng the sane and an el evati on

vi ew of anssgikiiogt soaelhereenial 0UBGIre securefnkoghbpedstest Merbhdnlld
o3, the gy negoaslas st peL TeLSTLal ol ud) sRozed L apisle i he et

and the E%%naﬁf§%%bh%€ R Q@Elébgﬁoﬁfbéﬂﬁvtbr%Qﬁﬂ%%ﬁ%é%%eé@ﬁﬁﬁ!e%ééi
joined to the web section of the hat-shaped steel sheet pile 2

t ensi on- EYeetbaitled 4Corarett flon nsgnglt@ngncudaﬁahgyspaedemeﬁmmnedlﬁ3

spaced b%%%%l%ingogg;khat the buckling will occur as the case may be.
[0054]

In contrast with the above, a composite steel sheet pile
31 of the present invention as shown in FIG. 2(b) is adapted to
permit asteel 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
sheet pile 32-side 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 ags 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 ig joined to the steel sheet pile using a

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



Hat - shaped steel sheet piles 2 are adapted to be connected together
by engagenent between joints 4 and 5 provided at both ends of each
hat - shaped steel sheet pile in the width direction thereof, the
connecti onbei ng nmade i n such amanner that protrusions and recesses in
a cross-section of the hat- shaped steel sheet piles face the sane

directiop, [0062 he.balt hol.e f.or t.ensi.on-t .
connecti gﬁ,l‘[)%ygjr!éats ® & ehea'e%L? Stél%beg)-‘l glggl %a %? lﬁ'ué} ngtl-%su#&%e%&lggégggéggfi
pile 2 oint Rak &fcduliedit-ehamed 1sd:aeta IMeddes ik t Sodi ¥eiseéd bhieahoearsh
a bolt hole 7 having a size greater than a bolt hole having a size
appr opr i presporet pe bbet ldkgnreter in order to pernit the hat- shaped

steel sh gb ﬁﬁle and the H shaped steel nenber to be displaced from
each oth PRt he top-bottomdirection in FIGS. 6 (b) and 6 (c)

[0063] 21 H shapgdashgelo MEDEEh3rGabd el ot N6l Jieeet RarrFi®@. & (b), an
construction site, and this allows the hat-shaped steel sheet pile

and t he H-shaped stesl nepwsar 3 kavEhe Bapilitnhanspopasdngepest spfergal
th ite.can be j,0j ned t th in_t. ite, foll d_by Dbei dryj

nto theif SBREERAERrD TRy Rl R 2 soeaptn CHE ey i) 4P, LR
enbodi menLyehounq i 4 Enebhdiid1khss HshanetpetebtBBMREnSe AS #h@hich

rigidity increasing steel material extends continuously in the

| ongi t udicask , dikedbiordgfarthefstleemidddet tiptteoD istdrcwneli fiockite seel
shown in FIG 6( i s such that nore than one H shaped st eel r.3
o A r anGOES BEDRITILSIY T CERE SFBRATLAd TaI~ BPPRGLT ShEGR T fole
steel sheet pil@,<AMd Bart! 8RG8 &PelF BRe AlpHac kit aharede Si®Rlr end
menber 3 is adapte& to be joined by tension-type bolted

connect i sheserd thegpvedeirettienédiy 3pgackd Hydle § Baving a siMeGgreater
shows a relatiqn pe en_the steel, sheet pile wall. usjng.the _.
compos, t ETEReR DRHEAI IS PEVER feb 10 SHREAHIETE SR ahie diF Harifmeter
pressure, | 808al to permild 6@SESsMABEE & BhRAlbINEEH Phé&tes 48Rt
the steel sheet |l e wall receives an earth pressure as shown in FIG

7(a), theideftedtd dasbébhaedafsomfeacheosherlirshbettqitleotZtemdimestion.
rigidity increasing H shaped steel nenber 3 are allowed to al nost
coi nci de Mi°S{leach ot her without the need to make t ensi on-type bolted

connect i on i N gaer at Ondhh tWhd NeuhNFe e el 5PBEDALLONSI 10 a1l of

coincide with each otﬁ%r. However, 1t the H shaped steel
3-si de ofthchpreteak sheettpohe malvhidceiases anseaecfihsheesspikeamll A

shown in FIG 7(b), the deformation of the steel sheet ﬁile 2 wll be
so i ncr edSelOPR tAPBFEREAPY onRE StATRE Thildy VA CPNEREsTRTPPRthin@ St et

above det)iaely on Dehawd ownd@ited0 CRLDG! 88 WhED €achoo! hefseakbethianh:
case, no-consideration as superpose eamrs W [ | be gl ven.
succegsively 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 typeof hat-shapedsteel sheetpile2itself ispartly combined
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,



22 [ 0066] In contrast with the above, joining by tension-type
bol ted connection allows the deflection behaviors of the steel sheet
pile and the H shaped steel nenber to €®incide with each other even
if the H shaped steel nenber 3-side of the steel sheet pile wall
receives an earth pressure. [0067] How t o derive the above

expr essi (1) inpdicative. of t re nder .
o1 oot | DRevRheeT GrEts BERE we L dseaourEBRC heftoet cofdiineraraF 3 hagh
pile arecgktn V‘?Q‘e%@u%@' Beide op thecagh -ahhgedbytbens b@l@'eﬁ:YEQlléobt—%Qde
connection will be next described with reference to FIG 8. Xr?.-_ {

(- a)theraoflz) p/ (11+ 12) (1) [0068] The conposite
st eel sh gble can be expressed as shown in FIG 8(b) by assum ng
that it i ded into an upper section and a | ower section when the

H- shaped st eel &emghéweléifoﬁﬂter @ﬁﬁo&%ﬁ@h!%ﬁf BRe QRIJdAARSSHES] dheet
shown in FIG 8(a) [ 006 In let | represent t he

wi dt h of ptLB.e Steéltm@iesmnte :LnaremaprcelsewutthIGBdtﬁ af , t&r@o)shaa.‘@eG (c)
st eel represent the noment of inertia

st eel sh ermﬁ. Fé’dlaf? VIS RS (HeE gt VEEY, ﬁ%???%‘gbrefére%ﬁ%rrl%ethe
shape st ee'merr%?{ee naeqe%a&%&le%%kv ¥ Ak BRI %@rereeoon t he

shape st eel nenber side of the conposite steel sheet p
respecti Velogol

An H-shaped steel member 3 as the rigidity increasing steel
material is disposed inside the web section of a hat-shaped steel
sheet pile 2 as 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 3.
[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 insuchamanner 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-bottom direction in FIGS. 6 (b) and 6 (¢) .
[0063]

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



Suppose that the sumtotal of bolt tensile forces is denoted by X,
the steel sheet pile displacenent is denoted by 6 and the H shaped

st eel

menber di spl acement is denoted WA 6 2. Wiere: [0070]

[ Mat hemat i cal Expression 1] 23 [0071] ap + X El 612 xcl)P ElI 2

H-shaped steel member 3 can be joined together in a construction
gite, and this allows the hat-shaped steel sheet pile and the
H-shaped steel member having been transported separately to the
gsite 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 medification shown in FIG. 6{b) is such that more than one
H-shaped steel member 3 1is 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-typebolted connectionusing the predeterminedly spaced
belts 5.

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-gside 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-gide 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 a 6Z2this gives: [0072]

[ Mat hemat i cal Expression 2] ap + X >0 - (Op - EE 2 [0073]

Accordi ngly, the requirenment under which the steel sheet pile and the
H shaped ggh menber are allowed to coincide with each other by
tension-g§b olted connection in cases where the H shaped st eel

menber side of t}h&,0npos Mi%ﬁ%ﬁ@'aﬁé‘ﬁ@t B'lheinfgeﬁflﬁ/&%ﬁh%é‘bolted
pressure will be expressed as foll ows. hemat i ca
ExpressionnﬁFCXi&maIMQwsahédeflectionbehav1onsofthesteelsheetpile
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
recelves 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
eachother by tension-type bolted connectionwill be next described
with reference to FIG. 8.

Xz {(l—a) »Ii—a -+ 12 ~p/  (I1+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 6,
Where:

[oo70]

[Mathematical Expression 1]



.11+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 expression43). [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.jp/Kki §rh ki sha06/ gﬁ;/ 13%01 .htm> 24 [Grcunstances of
Enf or cenent pne" ur al 5 Ref T bl i c Undertaking Cost" by

M nistry of and, PInfrastrikcture, Hr.ansport andTouri sm n2005] ,
[referenced on March 17 , 2009] , fdr instance) which is of a |arge
cross-section.and small thickness structure with aneffectivew dthof
900 mman 8P8§Hdeshi gherexecutability of construction wrks and H 600
X200 which is ayaigiahlesds £ $hapresth sifetnfRnhens el s sdml heMbdl Raving
type. [0077] Consi dering an active earth pressure of the sandy
ground whttphamipidatyeisfsdibjethedcoeffenston yf Hut isteedastiget pile,
pressure will be as follows.

their deformations need to become equal. Thus, suppose §., =

§2, this gives:
[0072]
[Mathematical Expression 2]
ap+X (-a)p-Xx
El, ET,
[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]

Xz(l“a)fl"afz
I, +1,

[0075]

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

[c076]

As forthesubjectof 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 assuned to be one half as high as the wall
hei ght), the sum of a residual water pt¥ssure and an active earth
pressure at the frontal ground side will be as follows. p = pa + pw
=(w + yhl + y'h2) X kacos 6 + ywh = (10418 X2 . 549 X2 . 5) X O .
2911+10 .. 5 =.47.56 k In the case af., H 600X200 =0. 6. .Thus,, .
Chis o vCiTSEgERa728s L BBCEIS AR T (RS easd gt RS BoPt, TAMLie
380. 13 mofidertakingncéde” easminl sthe oo Lanabl enstdestud tieds Trhnbort
140N m®2, the force adaptable to be assigned per bolt is assunmed to

be 53. 22akN. Tahussm Lhi2P) Ofilvebrebaronted opdrCI8s7m2009] , fFhansitandcer)

will be found that_the result of calculation is one bolt  needs

U be ot "BIER Tt vhragee canferaRshion o880 Siet (¥ n Rty seifiinee
enbodi mept 0fart oer St €ebe GNEEH oFi d 0 WaklarRf pFb&E add Bl ghbP WG 58A38 Ey
there is shown a steel sheet pile wall A &%lch I's constructed in such

a manner offhatngthweiatsiml works and H-600 X200 which is available as H-shaped
steel members of small width type.

[0077]

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+ vyh + v hy) X kacosd + ywh

= (10+418X2.5+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, 1t will be found that the result of calculation
is that one bolt needs to be at each interval of 1.8m.
[0078]

FIG. 9 ghows 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, instead of being constructed
using only the conposite steel sheet piies 1 like 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

thor cof | CFB070F oo S SRS RR TORD A0 Wkt o LR Gampagibened

steel shgetnpilEcWhbBsdtstRale MBhEEL @Jllle@t eiﬂ@ﬁ@éﬂd@‘:}:‘ Eeﬁ@%%hs%%ncted
with FIGS. 10(a) and 10(b) being a plan vi'ew and an el evation view

respect i VeLpgsholy rdnet ﬁemgaﬁete[m?} sheet piHgge-kHRdpedthe stileshebeet
piles 2 as.the ﬁ&eﬁl sheﬁ gglles ﬁébH-shaped steel nmenbers 3 are
nmass- progﬁégdwﬁ e 38t FHEYFd-Ped Thus if an attenpt is nade

to adapt such @‘héngt@églZ@&eé‘@tpﬁf@%(ilshﬁe{:héh&%o@irh@ét shown in FIG.
and/ or H-shapedst eel menbers to neet the requirenments for design of t he

steel shéets pilse wahstruteed lcangendit daghHatshdparh seesh preedrurgacts
havi ng an_appropriate cross-secti vL W design will sonetines
ol P Be EBa: BysPrpsSl RESRdnMelBrFo 51 SEnehRaEtnaped steel  sheet
pile 2 fregybhe dlnen5|onal point of view. [0081] The
enbodlnent shown in FIG 10 is such that a hat- shaped st eel sheet
pile 900 (see FaGereshaWRlondenpofimamwy. ofrai composite steel sheet pile

go. j p/ ki shal ki sha06/ 13/ 131016, . ht m >, é;)rcunstances of forcemen t
on "Strulthfa? %&%W&Frﬁé PRERRTIARTE BRICT dy MhFEHFYor 10

Land, | nEEastpygh Ubém&;rénﬁi’é’ﬁtvf@@ T rglé:!fa%.QLQﬁ] i %fe%?%'&%%.qfe(i@

Mar ch 17, 2009], for instance) which is of a large cross-secti onand

smal | thshbw&ss sheuctmeew t haneffecti vew dth of 900 nmm and provi des
hi gher e ecutﬁfllity of construction works and H 700X300 which is
avai | abl shaped steel nenbers of

Hat-shaped steel sheet piles 2 as the steel sheet pilesand/or
H-shaped steel members 3 are mass-produced in the 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 requirements for design of the steel sheet pilewall, the flange
of each H-shaped steel member 3 having anappropriate cross-section
in view of design will sometimes fail to be seated intc the web
section of the hat-shaped steel sheet pile 2 from the dimensional
point of view.

{oo81]

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 20057,
[referenced on March 17, 2009], for instance) which is of a large
cross-gectionandsmall 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 20 mm In this enbodi nent, the

result of interposition of the spacer 24 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
to be connected.to enment_ bet

iles 2 ar er en en
Poi nts 4T4AA15 BovhdEuPe SH0 TOLIES STEat S AnebeRAdaE 1 free
wi dth di pec] i-eRethehest ,héﬁ%gcamfékﬁ@@b&g@@% i nIﬁ%@-@ﬁ\'ﬁ}@)@ﬁm@P@t
protrusions and recesses in cross-section of the steel sheet p

face thethaneeduiEc@fcnntéfmﬁﬁqtimnidﬁ $h©aseacehelhaxs§ﬂage¢h§iééhnge
sheet pllg , thelﬁgfeﬁ 11 _and t he H shaped stet% nenbeﬁ 3 qu b%.

al so seclrFed¢ 7661 BAMRBhreSAPoRS SRAThd 5P Fhg Wekeection
Al ternat el ye aa@.' EhAgNe BLuChice that bs to permit the steel
sheet pile 2 and the Hshaped steel nenber 3 or the spacer 11 to be

| ongi t udilnaBky di spl aced from each ot her may result in that the

defl ecti on behaviors of the steel sheeh pile 2 a the haped st eel
menber 3 will HPfosPapsAnEtae! iiltePeRen st R A ﬂtsi?)‘%icﬁélﬁ’tec

shown ing Egg‘thl_f?r B%e %ﬁ%bﬂ@ﬂtl BLeliech098%hts 4 ana M %rc;tﬂic%'&f"%ﬁ: VI\JAotth

nodi fications o er to the enbodi nent shown in FIG.

FIGS . 1ghdap afcdkh chkeheshge virevise ues@mml\m:lkydstnem:mgnotdeereof the
nDdlflcatlon where a steel material used for a spacer 12 has _a square
cr 0ss- seCOPERCTaRE RETRTBR IR H THLLE MBRTRA S E & Rit° Chafhts eRdgegesses

Cr 0ss: Seqll PR SLECLRLBRIH naLe ccthas, 5RCEiEa ek nd 8RBk reotion.

FIG 12 Shows a sti urt enbodi nent e conposite steel sheet

pile 1 offoblse]lpresent invention, with FIGS. 12(a) and 12(b) being a

Plan view and an & Sy o Vhehl e e ey S "M pite 2, the spacer
11 and the H-shaped steel member 3 may be also secured together
by bolted connection, welding or the 1like. 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 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 crogs-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 2%el 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¢ e ™fenber is secured to the steel sheet pile by wel ding
6, and thgoypper 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 aAmdhrsdrepdrasteael easterBtderhs bwidgwe’-rmretaﬁé.ng steel
hat - shaped _steel sheet pile 2 or.that of_ the H shaped.steel nenper 3
o of vertRRSE ReL (oA RioPBRcRotnSTaf d e HEbITRF S B T8 GrBth SRS heeL
bol t hol gnbavipng @ SiazerARPEERET Al d 0 tike tBObLlLgH aMBbesed N OhER b
permt the hat-shaped steel sheet pile and the H'shaped steel nenber
to be di spdtaned sheem, ezich Wicheprpren ¢hd atcgbtbetiomriendcef ding H-Ehgped
12(b). [0088 It is notgd thah t he hzt-%ha ed.steel sheet pile
2, the H'SRSPeBCBPEE| 2HBnbBI"SYakl tHE Sh&Cer S Tegaﬁlis'joined

t oget her (hpggqjconstruction site, and this allows the hat-shaped steel
sheet pile, t%e H shaped steel nenber and the spacer having been
separately trahsportitdgtto théssenisodondiet | dhretovegeriteolithd Hesbaped
foll owed by being driven into the ground in the integrated

Al t er nat PYEPY, "PTOSH HITSBEUFESST B _eaﬁESEiloS#ﬁ%%tpﬂtlﬁebé’p%%Jeéﬂr}én §roand
ei ther tEﬁeg%%%ggegﬁ%dtﬁegsbf%%toimé@t% Ohe the dt shared, sieel, peibel

3 in advance.
connection. The bolted connection of the upper end thereof is

made in such a manner that at least either a beolt heole 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 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
gite, 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 FICG. 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, 32the | 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 on ate bol t n order tp st I
sheet pile 2 t%cﬁgrﬁbﬂgl Eﬁlﬁ?#% %ﬁﬁﬂ?l%ﬁ?%ﬂa%ﬁcﬁiggn%é? the
flexural %QEQEEHtﬂlorhﬁé‘uéﬁgaHéfeén BRI ARSI O t Pke u%ﬁgﬂigdtlhal
spacers 1 an H shaped st eel nber 3 as the rigidity increasing

st eel matierreatlas eflcamstlgelchheatdpubee dastiddl creei, stheuhtwesl end of
[ 0090] is noted that ﬁld be fo sible, glso to pr.ovide
an I—I—shaﬁ@&hs?%%?eﬁéﬂ'béﬁ oS trcl LhgeShas! £155% PRy I aand

size gregpgr ufgﬁé? ankalie ) € havifIGed %bZEhépQEQQI'@{@eE Cﬂllté‘%éi(ﬂgt a

di aneter wthout the need to provide any el ongate bolt hole 7 for
each spacembibatfiofdif a jon,nln@\dmirtdang 410 edoigade pobt ficdat 7am shroemr
in FIG 13(b), a spacer 11 and an H-shaped st eel er s the

ri gi di ty PRERERSF RS e msbestapids gh%?\/rp%)}oﬂ%tﬁlddﬁﬁé‘llé’ gaskdgced
line are; h@lﬁ@ﬂde%ai§§ﬁ%a et iﬁ%éizhéfbﬁﬁ%91$ﬂec£89§& B daan@a&Qﬁ
| ower en& plus the m e of ea.?l t he spacer and the H shaped

steel nepkessure ohittle Thse, tTetheismwtqeas t1ofan He shiagedes vée b acmbefr

the spacer and the H shape steel member is secured.to the steel sheet
pi l e usi Ag28 GHet ré&ﬂ@é%’oﬁ&i‘:ﬁ&atg&n& E&frdnsite&d 2o e FEPYNg by daln

the joingd part saf, %gpﬁégr EE Fgggﬁr gnd and the |ower end thereof is

given in the Torm o havi ng a size greater than a bolt
hol e havi[ngoalsi ze appropriate for the bolt diameter in order to
permt the steel sheet pile and the H shaped steel nenber and the
spacer to be dF§pF§cBﬁtP¢oﬁh%5chtcW@M%dlbﬁtHﬂ?%%ﬁ%%xﬁ%ﬁﬂnﬁﬂ|R§ﬂﬁ%ﬂ$ an

29 [ 0092 oy i r.e f

st eel sh]get 1'la'lpled StFF l}’lérrﬂ]ﬁéjgpr es}gon%‘ |énlvaenc‘t%t(§lng% I'n V\E %gjg%sr}e) hﬂ%g @
st eel sh%atzepglraawalrl thahSa Gt Medieetaltinghe shaeedppiropdi e tm:ec the
conposite steel sheet piles 1 of the enbodinent shown_in FIG_ 10 or

12, for Pedtaféamehprs whidk@ssithg Feesnke il idyeref LPREBLGHPT bt Mo e

prOV|ded ot n £ h hat - shaped steel sheet pile 2 in the
wi dt h di r72téft ?’on C%‘ergjaf% a}“il e being driven into the ground. [0093]

FIG 15 ghaows.]ja yet further enbodi nent of the steel sheet pile wall
of the present invention, in which case, there is shown a steel sheet
pile wall whi CHCF§r§éﬁ§t ﬁ@c@@athﬁrsm@ﬁlélﬁahh@n shavntHe TKvalliipe 2

of hat - shap ed sif%I Neat _pi gé o Egrﬁga LLly, CQSQ%&ggQ%%&J}e r%emg

conp05|te s “eel plles |ns ea €i ng cons sin
the conpetided sheehisheak Bhb®a bikeénihe @&@eie&ﬂ@@me@iiﬁam&e 60&3‘1@61

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 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
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 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 ?@88% sheet pile and a shape steel material are joined
t oget her énsion type bolted connection using nore than one

| ongi t udi nal | yrs@aced sbelk, a Wdih 1FFESrhd 6 (@lbadtheff B ene st qd1aBheet

view and an el evation view respectively showi ng the sanme. [0095]
Hat - shapadeswakl othébe preesnp mvetrhtel@meeln agh pppes ad/esl sheet
H-shaped

eel ers are nas oduced in the stand zed forns
e e pihEare LEE S s g teib by bigmetnth om0 TS Rk Bh B ve
st eel shgegemlé@ée@@;ﬂl@s H‘éf‘%&@e%@:%@hnﬁé%@b@ﬁéwholmtmg o§Q2 for
requirenents for design of the steel sheet pile wall, the flange ‘of

the H shapédnsEeelarwerme:rC@ma&ﬂhg mnraqrprexbrt%@thmsshse@ghonomts

of e nBEouRApRnE: BEPRSFERE Bf |t PP TR O i brdle JoPit o 17

view. [0Q88lwidth dlxléblﬁ%{ Eagt-eWrt hyit hee aho) Vr% dtrh.%ehes?ﬂté e ground
interposition of a steel sheet or the 1ike as the spacer 11 as shown

in FIG 1609806r instance, is that the flange of the H shaped steel

nenber 3 can be_joined to the inside t he, hat - shape t eel e
e o o ot BrbinorS Syt " et d e B et BrbLnEDRGS daif GorainpLeet

case is F@.@esﬁ&'ﬁ@ the Ve OLRRI TR FBNES: &1 dhat LRhersteelshown
sheet pife 2 and the H shaped steel nenber 3 are joi ned together by

t ensi on- ayméabldlm@tcpmheo&aldnwhschglmoastdxawt@demmxgm adigratdy that
spaced bol t i norderthat the ctionbehaviors of _the si e

I sh
pile 2 aﬁ&etﬂﬁuﬁls%&’fspéérs Hﬁ rS8ephyS ot IoRntF iR 'Jtsh%é%gbry
other. | yBH%IBEéLWﬁEﬁLEI%%M& ite 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 cage 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 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 resgspectively showing the same.
[0095]

Hat-shaped steel sheet piles 2 as the steel sheet pilesand/or
H-shaped steelmembers aremass-producedinthe standardized forms.
Thus, if an attempt is made to adapt such standardized hat-shaped

steel sgsheet 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 steetOsheet 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 guratioe I efd i e Lor, f. the_s e '
and the ?IE&IB'EII? %/ne?l\re%rke(ggi%’ggl etglfo{r?r% eril a%ft%lea tn%!'sl? ec%%%%i ?g%wktl %hlg%
each ot hef oy HekhApBaAldtHe ]l AbAbeartheoshg Hetpbp £op Ofi t delrdisiig scshidpe
measur ement, correction work, processing managenent or the |ike, and
al so al | 6sVife ebripsiqe wilde|sogieddimes [faidngothe serkrd sider thig eeb

REPRESENTRTT CRE CF THEF ERENEESRENEFAS 34 oBbby “ABPek s dépoprigna?

wal | [0098knt of viedk.... Conposite steel sheet pile, 2 ..

Hat - shaped steel sheet pile, 3 _H shaped steel nenber, 4 _Joint,
5...Joi nt[00861wel ding, 7 Elongate bolt hole, 8 ... Bolt hole, 9 ..
Bolt, 11 ... SE%Cgchﬂt%aztst'Wit%p%%eerabé‘ée; 'these%%%rlt 6f3:%11ferposition of

a steel sheet or the like as the spacer 11 as shown in FIG. 16,
for instance, ig 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, 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



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 directiohlof the steel sheet pile, said
shape steel nmaterial being di sposedonone side of said steel sheet
pile , wherein said shape steel material is joined to said steel

sheet pi“gobg nore than one joining point of said shape steel

material "i'n %e | ongi tudinal direction thereof in such a manner that
one of said jopningtpeintsetbepeot wa1secured in position, and at

| east to the other one joining point is applied a structure that is
to permi tl088Pd steel sheet pile and said shape steel material to be

| ongi tudi nal |y di spl aced from each other.in qrder_that th efl.ection
behavi or's of 3411 SPBHS Kifeatopr BNERH I Shante STEMPHR A ShEg T
al nost cegiinel, de Wit 8n£868 HhEl mehbhbal M 2] goint, 5 TR iGaTPes] ke 1stiee,
sheet pile according to claim1, wherein said nore than one joining
poi nt of 7saidl ahapes staeldl hvdteer Bal- Bakt ddelss bt h Bads, of 1 saiShasttape 12
steel material in ﬁge Igngitudinal direction thereof. [C aim 3]

The conposiP&CEfeet >she8FPFFfre according to claim 1, wherein said
shape steel material includes H shaped steel nenbers. [C aim 4]

The conposite steel sheet pile according to claiml, wherein said
steel sheet pile and said shape steel material are joined together by
tensi on-type bolted connection using nore than one longitudinally
spaced bolt in order that the defl ection behaviors of said steel

sheet pile and said shape steel material may al nost coincide with
each other. [Claim5] The conposite steel sheet pile according to
claim4, wherein



- 33 - atensile force Xresulting fromsummng up the tensile forces
of nore than one longitudinally spaced bolt in applications of

t ensi on-type bolted connection to joi m<aid steel sheet pile and said
shape steel nmaterial together neets the requirenent given by the
followi ng expression (1) . Xa { (1- a)ll-a 121 p/ (11+12)...
(1) where | represents the width of sgiflysteel sheet pile, a
represents the width of said shape steel material, Il represents the
nonment of{Cilaémt ld of area of said steel sheet pile, 12 represents the
noment of inertia of area of aitsgﬁshgﬁe steel material,

represents an GarPRPPT LSS FE He PG ot t A TRtpe St%él SE%Q rﬁR'éE?e_'tsip&&e
of the cqppogi fg:?cﬁf@}l/dﬁ{l%eéa:ﬂr}ge:s ?ea's%@lt, material%?t%r?c‘i%%?'itx?the

steel sheet pile according to claim4, wherein as to a art of
nor e t hadooge tpdiimeAgd poent iadapt ethet steol mhipthpitlenssand tgippdalteed
connection, a bolt hole of at _|east one of said steel sheet_pile and
sai d shaPétereéds KAa i EFPesed ANCRE F s braddmhiae iee havl Rg WRegeie

greater t i S| ze. s rLat . -
i amet or ool SPEEF RorE BRGERT & SRTRRLEY PRLY 08l Pt i
bolt adapbeed thahobdme sppihit@egloistieelf pralid ahdpsastteshapecstel in the
mat eri al _.together to be displaced in the |ongitudinal direction of
sai d st edPTERESAIFPLeIB SR e et d& SHERER MANRGIOtARMm 9pe of said

sa ._ _ _  edt Sialet 73 ©
ool Shagt E e e RE facPar fshapec. of oal TRttt 2 s et £

t oget her thy etigagementoiofijopbalat dreovpeeledt dnflrantsthbtdaacto pleealit
sheet pile in the width direction thereof, the connection being maid

in such &3fEnnEreehathprbt Misiondnandariecesdane i Atgeer et asd@l oo be
Peggef‘di[ g%glg%tgﬁihﬁﬁlbo@iéﬁﬂ@é& BLERCH Y, T8E8et NE S Rl " ERLEORne
deflection behaviors of said steel sheet pile and said shape steel
material may almost coincide with each other.
[Claim 2]

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

The composite steel sheet pile according to claim 1, wherein
said 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.

[Claim 5]

The composite steel sheet pile according to claim 4, wherein



The conposite steel sheet pile according to claim1l, wherein said
steel sheet pile and said shape steel material are joined together
through a steel material as a spacer"i%%e?posed bet ween sai d stee
sheet pile and said shape steel material. [Caim9] A st eel
sheet pile wall conprising nore than one steel sheet pile, the steel

sheet Piheeohelfg £OPOECLed LAGRINGT ckBROLGNI QL NS (HLdR] A B0k
ends of eacﬁ steel sheet pile, erein sard steel sheet piles enploy,
at | east cfnmpaet thaheowsnposyieudieel 1w hgetcqd ke lac dor dippd itoa tdloamsmo £
1. [Clain110£ The steel sheet pile wall according to claiml,
wher ei n §&1816Pe&YPENRREE Icégu%er%tthfbgﬁ’\ 30 RorpEseed Sheef Ringeend

piles arg ar anged oloblen oLl il Pressetfes GREltE Nhe iR Arehthitgilen
earth pressure devel oping side there
by the following expression (1}.

Xz {(l—a) «ITi—a 12 ~p/  (1i+12) w (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 &]

The composite steel sheet pile according to claim4, 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 one
of said steel sheet pile and said shape steel material is in the
form of a bolt hole having a size 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 7]

The composite steel sheet pile according to claim 1, wherein
said steel sheet pile includes hat-shaped steel sheet pilesg
connected together by engagement of joints provided at both ends
of each steel sheet pile in the width direction thereof, the
connectionbeingmaid insuchamanner that protrusions and recesses
in a cross-section perpendicular to the longitudinal direction

face the same direction.



[Claim 8]

The composite steel sheet pile according to claiml, wherein
sald 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 9]

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 10]

The steel sheet pile wall according to claiml, 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.



