SPECI FI CATI ON COMBI NED STEEL SHEET PI LE, EARTH RETAI NI NG WALL FORVMED BY
.COMBI NED STEEL SHEET PILE, AND METHOD OF SELECTI NG COMVBI NED STEEL SHEET

Pl LE TECHNI CAL FI ELD [ 0001] The present invention relates to a

conbi ned steel sheet pile, an earth-retaining wall forned by the conbined
steel sheet pile, and a nethod of selecting the conbined steel sheet pile.
In particular, the conbined steel sheet pile and the earth-retaining wall
according to the present invention are used mainly for preventing the earth
and the like fromcoll apsing at SPREKIGAIION construction of harbor whar f
facilities, reclamation and bank protection works, underground excavation
wor ks and the |ike. BACKGROUND ART [ 0002] In the field of civi

engi neer i ngq, STERE ST PHASIE SRPERIPPARIGS G AERT RN D I3ed as a

steel nenber of underground conti fiuous walTs, Ich arée y ‘used in an

earth-r et@OWS*IEEEVSP%EYPKEE,%ﬂbflﬁE@ﬁUﬁ‘o@@Eﬂé@rﬂN@édmﬁmﬁﬁ' | apsi ng,
and a bank-protection wall at rivers. The shapes of the steel sheet piles

i nclude a U-shape, a Z-shape, gTEEatsHwwr plilape and a hat -shape. At the tine
of the civil engineering and construction works, joints of adjacent steel
sheet piles are interlocked with each other, and are installed into the
ground, whereby the underground continuous walls (wall body) are integrally
formed. TRCHdHeAM EIELRe strength of the wall body can be enhanced by

i ncreasi ng the cross-sectional size of each steel sheet pile to increase

cr oss- selPPbhal properties, or using a conbined steel sheet pile in which
an H shaped steel or CT steel is jointed.to the steel sheet piles having
the U shape, -t 1B DPSRGIeentraelaidsdo Mo sibeh hectrifes anSuBomsiing | i ke by
wel di ng L olely rel ? nt cunents 1 and
2, for e‘?@?r%‘f@%d&?g% %Jse aé:d %}F\e EP%GF Bﬁgfc'fm gg%{'ﬁ%%%ﬁs&\l/\%ﬁﬁé u eicﬁgﬁ’éneggnbi ned

steel shggll sRick ?ﬂe_-”]% AR BE ll;;&gﬁﬂleh Qteaastgé&t iPany @E?é’@a?ﬂllreégﬂngvgfggl oy a

hat - shaped steel sheet pile Iincluding a web portion, a pair e

por t i onsadebigiedhe Pkl Utstiyn 40 WkaBRakily e pedatid tht Rerhveki felikion, a

pair of arm portions each provided continuously to the end of each of the
fl ange pfomicolispsimyut tle fine of cEatrictom dfdnrbed vabrftthalided ralaneaioh aaff t he ar ns.
Then, an H-shaped steel is conbined with the hat-shaped steel sheet pile.
The H shegédreteetain werks,andersrowld exedyation wodss, andrile Bkgpai r of fl ange portions
(first flange portion and second flange portion) provided at the respect
ends of the central web portion. Mdre specifically, the hat-shaped steel
sheet pi ped steel are conbined with each other such that

t he secohgcﬁﬁgﬂéﬂggg$§ﬁgn of the H shaped steel is fixed by welding on the
out er su&bﬁgf of the web portion of the hat-shaped steel sheet pile. Note
that, in-t present invention, the inner side is defined as an arm portion

i de of the hatn- id hal@ plid 4
side of the hatshapadreffieheiRESt: Rd &nﬁﬁtﬁ:@i%ﬁ?ﬁ&\}\é%&g 811& drt Efé*rliélidéeiﬁrs

section), whereas the outer Side 1's defined as rtion

(prot r udisag as bk dRell Metmbsr FAGS2ERAHICBAInuoLIO QARS, which are rhdinRakéd Hnar ., the
conbi ned steel sheet pile has a high bending rigidity against the external

bendi ng dantheretasihg wgllifor frbecnting det danth apé tipeliich fearh @blldpsidghend #ngi t udi nal
direction (installation direction). Therefore, conventionally, the conbined
st eel shesak-ppteetiorswalé atafiveys. usE shepes of the del shest pilesringloflé a Ekshape,rag
earth-retajning wall, RELATED ART DOCUMENTS, PATENT DOCUMENTS [ 0005]

Pat ent Dbeh#snt flat-webpsbanssad glek shaPae gAPHrdiRe 2iihe Fivatamgineermg and

Publ 1 cat | on, No._ 2007 212943 Pat et Docuren 2. BCT Interati pnal
and are installed into the ground, whereby the underground continuous walls (wall
body) are integrally formed. In general, the strength of the wall body can be enhanced
by increasing the cross-sectional size of each steel sheet pile to increase cross-sectional

properties, or using a combined steel sheet pile in which an H-shaped steel or CT steel



DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006]

In general, a cut-off wall is required to have a bending rigidity only at
the time of installation, and hence, in nost cases, the cross-sectional
shape of the cut-off wall is not determ ned based on the stress acting on a

steel material after the installation. Therefore, it was not necessary for
the cut-off wall fornmed by the conbined steel sheet pile to enploy a

hi gh-yi el d-poi nt steel sheet pile and H-shaped steel. &142007
Fur t her ,is geinfedto thesstsie shsetapibtis hgviaa thenUsbeng Hedgshape) the flabweb-skapesect i onal
shape is determ ned in accordance w th the anmount of displacenent of a head
porti on ¢ bathehape et the fike Vmeﬂgnw thedik§ i s not determined in accordance

W th theOB%llgi ng nmonment occurring due to an earth pressure or hydraulic
pressure[. refore, a high-yield-point steel sheet pile and H shaped steel

t i h - J B | B | folnied by th
conbi ned st eel AEAH ety BaBRRdhAR N PR TN LLELR BLERYE | (O TLPd poi nts
cry, Gﬂ\nﬁfer%ﬂﬁtd%ﬁﬁﬁlﬁﬂ%ﬁiﬂﬁ%a &hEGhePitb@ sBe plibe thehanashisieael. and a

m ni mrum yi e point ratio csyliksys of the conbination of the hat-shaped

steel shpgintddcan@id 1tdng Jshlapetasiivged stedl shes pile dichalinpabichgdrtivheel sheet
pile formed by a hat-shaped steel sheet pile (SYW295) and an H shaped steel

( SMA90A) a paitiof Rarge pagidhe pravidedHostinpedlyst eespectivieesnds of thamwepipekitbrpai nt  and
the mnimumyield point ratio are conpared separately for flanges having a
t hi cknespainéf ameportignsrpacmpedvided sprtianegsly 4o theenmhef srchi ke langge " H shaped

teel and the hat-shaped_steel sheet pijl f d by, mater; al [
2l oSt PRGNS R NGRS omsd AL Bt A OF G ORI | BTG REr TP ¢ ho-
H shaped steel SMA9DA.js i.n the ra of, 315 N/ and the.m ni num
¥_i E: dpil)o?t_%‘atl 1%?01%.@&%5@%ﬁé—aﬂ@egg%ggﬂagg@léﬁ I gﬂgﬁ\%&ge@%%s%- :] Fr Iom
able 1, | seen 2 tﬁl‘i’dn@ ich are
obt ai nedwggéBgllr%a&flééf%f/i afe;ga?r %%g%?@ﬁtlﬁ%?@g ap épé@g%gd%gé\?ﬁﬁgﬁtﬁ ce flange with
a thi Cknﬁ&%oﬂ%ﬁrbvﬂi@d HhaRdnidendd ANBE ctlalwab btk NeRor®bpekfidaTy Ghe | OV,

is 1.102°1n the case of the H shaped steel having the flange thickness of

16 nm or hitapeped Bl shicet ildaRl the [ diepediseclafe ¢dnsbittdwiheachsithalsullavi ng t he
fl ange thickness of over 16 nm Fromthese data, the yield point ratios
ayh/ ays ilmt theaetond.flhngd pdrtien wb te, H-skgard dicekis fiokd bpavebdingonthetdwterf | ange
thi ckness of the H-shaped steel. [0009] [Table 1] _ Flange thickness of
H shapedswiaselof Sheewdb pratien phithe Satashapedisted et pHerd el thatendhs Besapwer Over

16 mm Minr\].rierrlrtlijg]i, }[/}ileeilngerps%qu dgf)l(nhed(algvazm pglttioﬁs?&a&etge ﬁatt—esﬁ!lped steel sheet
pile (recessed side in its cross section), whereas the outer side is defined as a web
portion side (protruding side in its cross section).

[0004]

In particular, the combined steel sheet pile has a high bending rigidity against
the external bending force acting in the direction perpendicular to the longitudinal
direction (installation direction). Therefore, conventionally, the combined steel sheet

pile is usually used as a cut-off wall or self-standing earth-retaining wall.

RELATED ART DOCUMENTS
PATENT DOCUMENTS
[0005]



325 315 SMA90A M nimumyield point ay, (N mmR) of hat-shaped steel sheet
pile 295 295 SYW295 Yield point ratio ayhhays 1.102 1.068 - [0010]

However, in addition to the self-standing earth-retaining wall, the

conbi ned steel sheet pile is also used for an anchored earth-retaining
wal |, which is used in the | arge-sized harbor structure and the |ike. The
anchored earth-retaining wall is fornmed by supporting the steel sheet pile
conbined with jointed steel sheet piles and Hshaped steels in the vicinity
of the respectPdiaddogomtitonJapaneseddiicxampreddlatand Aeplieafion. ¥ir¥ rod or ot her
pul I'i ng nmenber, and fixing them However, as the steel sheet pile

const i t ubibligatigreNandW8ridd &art h-retai ning wal |, the hat-shaped steel sheet

pile did not provide any speg] superiority over e t eel sheet
D1 1e that has TREH SEBREE LS G bR Cr o e QO OPRREy S

Tabl e 2 shows conparison results of section nodulus and steel materi al
wei ght in the case where a necessary section nodulus per 1 mof quay wall

i s about thh_[ﬁngﬁ of the conbined steel sheet pile in Table
2, a 10Fpégggg%g§gab€tee S %g?h%$le is conbined with an H shaped st eel

havi ng apkepgidié ToMBE SentvEm T tEEBENTIEN| ower flange to atop surface
of the upper flange of 700 mm a flange width of 200 rmrm, a web thi ckness
at the CELET of 9 mMm and a flange thickness of 12 mm Further, as a
conparative exanple, a Z-shaped steel sheet pile that has been subjected to
t he hot-rol | i nigp genemksicui-sffgvalien redairsdtarbavea nding rigiditbenly eethe timet ¢ he
conmbi ned steel sheet gﬁ:@l e exhibits al nost the same necessary sec{i on

modul us ¢Eingiel@ianayd hanceis npst erspe dheserawtseghenal shipe o theryt-oHevall ise|
wei ghts thereof ~are al ppst equal . .However,. the.conbi ned steel sheet pile
requi r es2gf @ﬁ%lﬁwaﬁﬁ%‘ﬁfﬁﬁg‘iﬁs Spting o gt IB%F%&\B?%E&F H%S%?fagﬂﬁ'ped st gel by

| di dthe.lik | ti i he.| j ] , th
Conbi nact 1 BERTe dhet bose oL Loh By et PR AR P o e MBI O L e
Z-shaped ﬁéfi)eémégfﬁtmﬁ-%&d- SLee i?eéidﬁzrsfgasp%d%ﬁe%p on of steel sheet
eristic cro r 1 mof ‘wall

pile Chafac section p
[0007]

Further, as for a self-standing earth-retaining wall, the cross-sectional shape is
determined in accordance with the amount of displacement of a head portion of the
earth-retaining wall, and is not determined in accordance with the bending moment
occurring due to an earth pressure or hydraulic pressure. Therefore, a high-yield-point
steel sheet pile and H-shaped steel were not required for the self-standing
earth-retaining wall formed by the combined steel sheet pile.

[0008]

Table 1 shows minimum yield points oy, oy of the hat-shaped steel sheet pile
and the H-shaped steel, and a minimum yield point ratio oyn/Gys of the combination of
the hat-shaped steel sheet pile and the H-shaped steel, in terms of a combined steel sheet
pile formed by a hat-shaped steel sheet pile (SYW295) and an H-shaped steel
(SM490A). Further, as for the H-shaped steel, the minimum yield point and the
minimum yield point ratio are compared separately for flanges having a thickness of
over 16 mm and a thickness of 16 mm or lower. The H-shaped steel and the

hat-shaped steel sheet pile are formed by materials having almost the same strength as

3



Section nodulus Steel material weight Conbined steel sheet pile 4061 cnB
193 kg Z-shaped sheet pile 4000 cnB8 191 kg [0013] In view of the
probl ens descri bed above, the present invention has been made. An object of
the present invention is to provide a conbi ned steel sheet pile capable of
achi eving wei ght reduction while naintaining necessary section nodul us, and
provi di ng special superiority against a conventional Z-shaped steel sheet
pile, by significantly inproving the flexural strength of a conbined steel
sheet pi&mhbﬁmnedﬂhwnhﬂm@nrﬁﬁdmeﬂﬁsféeEfSM%@ﬁSﬁﬁl@Wgﬂ@Aahmﬁh%ﬁﬁﬁéafstee
(especially in the case where the present invention is applied to a

anchor ed i§ap3R5 Nman nagehithaarininggsy yiekkepqpid)the BatephaRpdaicsy shest

VEANS FOR. SO A P e R 00 et corot 0 AR TF SRR S oehe

i n i . he .f ol | i i f th
P eoont THvEA SRaef Sopliasy Rng el SApCERRUpE sl hating WeTlanBO R OF (1C )
sheet piéh?ckﬁ@s@o%&% fﬁﬁ%ﬂﬁﬂh@tﬂgﬁ e with'§ ihatreshaPRmst Sabwehget. 1) Jneth%as a web

portion; a pair o ange portions provided at both ends of the we
porti on; c.3. Baine LAl SREN Hdvakshe Agkhethio¥hale df @b nirk SPRAter vRIden Uo6Rf t he

pair of flange portions; and, a pair of joint portions each forned at

r espect i yahebas ofthet lieharidrsteaf haatng the flangnihickiibes difostalfednst dedbmsheet pil e
has a central web portion; a first flange portion provided at one end of

t he cent hate dutd timoyicldgwintaaiihs @r/se toatduf | dngthepnest rogarpicss/oidbelsize of he ot her
end of the central web portion. The second flange portion is fixed on an
out si de e flahge thitknpesrafitemtiohapadestasht - shaped steel sheet pile, and, a
nininun1yield point ratio ayllays between a mnimumyield point a yh of the
H-shaped(gpgbl and a mninumyield point Oys of the hat-shaped steel sheet
pile is él‘a%» 5.0r nore. [0015] (2) In the conbined steel sheet pile
accordin e’](]1) above, the mnimumyield point ratiqg ayh/ays may pe in the
range of 1.109 to 1.559. [0016] ( 3Flahgsdddnetsaspect ofStdehemapmrmbent

inventipn is an earth-retaining ma&hgg@@agﬁgmg two or stRagdePsbi ned st eel

sheet pjles according to (1) or (2.)160 ve 1 rbvte'g%ear thnhglysi ning pal |, _t he
adj acent joint portions of the conbined steel” sheet piles are conngcted
with each ather ower mm

Minimum yield point oy, (N/mm®) of | 325 315 SM490A

H-shaped steel

Minimum yield point oy (N/mm?) of | 295 295 SYW?295

hat-shaped steel sheet pile

Yield point ratio cu/oys 1.102 1.068 -

[0010]

However, in addition to the self-standing earth-retaining wall, the combined
steel sheet pile is also used for an anchored earth-retaining wall, which is used in the
large-sized harbor structure and the like. The anchored earth-retaining wall is formed
by supporting the steel sheet pile combined with jointed steel sheet piles and H-shaped
steels in the vicinity of the respect head portions thereof, for example, by a tie rod or
other pulling member, and fixing them. However, as the steel sheet pile constituting
the anchored earth-retaining wall, the hat-shaped steel sheet pile did not provide any
special superiority over a Z-shaped steel sheet pile that has been subjected to a
hot-rolling process.

[0011]



[0017] (4) A third aspect of the present invention is a nethod of selecting
_ conbi nation of a conmbi ned steel sheet pile having a hat-shaped steel sheet
pile and an H shaped steel. In the selection nethod, the conbination is
sel ected such that a mninumyield point ratio ayilays between a m ni num
yield point cryh of the H shaped steel and a m nimumyield point % of the
hat - shaped steel sheet pile is 1.105 or nore. EFFECTS OF THE | NVENTI ON

[ 0018] According to the configurations described in (1) and (4)
above, it is pabkibihewscomphamaectiiis of bestion aodstusangd stgelonateriel WEEHi ned
steel sheet pile, by setting the ratio ayhiays to 1.105 or re, swhere ayh
i s the ritieeass yheted preesserysectionenefulpapad modaray walt Fabeiii0& on st eel
sheet pile and %is_the nmnioumyield.point,.of t hat -,shaped st eel sheet
pile. Inthe examply of the cp3 Fﬁ%sfx?%‘r#t?ﬁ&ﬂst‘? @ﬁblaés%?ﬁ%éﬁg"prf"g?e‘e%b%%% it is
possible.fa furfhe

PO T o oS o S A 2L LT SAERGRA DSadl sl enot o
descr bad bkl 1809 Echbe | PupORBkilfgt Br AW Sh) ofiBgeRidlur 20l NG vel |

f or med I'ned ste havi ng further enhanced fl exural
S”engthab eb thicknefSit SGHiP B0 ARV PUEQE HhitichekOof Ilempr. e Femther, ayent i on, it
IS possi Yve to provide special superiority against a conventional Z-shaped
steel sheeipapitlve.exivipleld Zhispedatist bingt pikethachageemsubidueed forfee of sat i sfying
t he necessary section nodul us. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019]
FIG 1 ilsotaolingptooesseiwedfena Eomblatld 2sit ean be srsathasitheecompiingdaitery shast an
enbodi nent of the present invention. FIG 2.is a perspectjv i ew of the
same conpilewdibitsadmos testamsigegessqry Gectmpn rgodylyg Qﬁcedf‘ﬁ)ﬁéw bfs %ﬁg‘é’&% conbi ned
steel sheet pile, FIG .4 is a front view of undepgr ound

cont i nuoﬂ%ﬁi\ﬁlgq’qt Pﬁ%ﬁdé‘%ﬁﬁt?eﬂjmﬂé‘%@e’%ﬁﬁg T eB‘I]ag‘r aﬁg&?}{r‘?ﬁ ﬁgd steel sheet
piles according t n_ enbodi nent .of .t 1 +4.Q0: FIG 5is a
per spect?%bm?cgwegﬁﬁ?%gl %gﬁ%ﬂ%’g’é? F%e{}ﬁaé'efé%ﬁe? {g%eﬁ%%\sés%}e%gjﬁ . FIG 6is a
di agram {4 | i . ; s ﬁ@{g)é >d eggbresheet
piles. Eﬁﬁﬁ%\ﬁﬁ%@%ﬂ%wgﬁ%&%%nﬁpﬁg@%% sold\}g the pr obl ens
descri bed,.aBa¥edlsha1 fHcBSAR ddeOMEYroYide RAY Shealal Qupfetiofityt avet tie Z-deiped hat the
flexural strength of a conmbi ned steel sheet pile is governed by a materi al
type of aBeldhedigpied steel, rather than by a material type of a hat-shaped
steel sheet pile. The conbined steel sheet pile is fornmed by fixing the

H shaped[®12el with the hat-shape steel sheet pile by welding and the |ike

Therefore, the material types of the H shaped steel and the hat-shaped
steel shfBEblpil e can be sel ected i ndependently of each other. Mre

i fica iy, 1 e I gl he H shaped
Lo N0, MBI, O I s gl 2o,

sel ect {BEE conbination of alSFHEPHIN o seint |V SEFReVHEE sned st eel
and a | Glombimegistdclishsei pile ay 406} cmhe hat - shaped JO3kE sheet pile_and a
rati o thersapedItett faes. Then 400thempr esent i nvent/d® kizound that it iis
possi bl e To.obtain the lTarger flexural strength, by setting the m ninum
yield poi[(?ﬁméyh of the H shaped steel higher than the m nimum yield point
ay, of the hat:shaped. ste n [ u : ' ors

f)c/)und that ar QTVIS f%ltped%rgigleﬁlos{%% %"é’%&ﬁ%‘."gﬁ ﬁ%t}gésle?ﬁ:ﬂgmg{ogﬁgggﬁngﬁ ?drzi:tét t he

ratio of 66%{-((5%1“9& O?thg)ge O#ﬁ@aﬁfon@ﬁﬁgrﬁﬁd@%ﬁ:@ﬁ%ﬁﬁﬂ ste@f Sieet piltesapatiit b6 a | ength

froma b sur an arm portion of the hat-shaped steel sheet pile
to an Up%@l‘ijeﬁﬂéf\@@t eddustidd while apitglfinghetdicarttssdimpetbdileshnd prodiding s a

| ength fromthe bottom surface of the armportion to a neutral axis of the
combi ned spéceatlsupdireity pidiest a theventios® M-sliapudsteairsbedt pile sty datichrdlyval ue of

t he ratioconcerning 194 types of the conbined steel sheet piles fornmed by
gener al | ymproving the flexural sirength of a combined steel sheet pile formed by a hat-shaped

steel sheet pile and an H-shaped steel {especially in the case where the present invention
is applied to a anchored earth-retaining wall and the like), and to provide an

earth-retaining wall formed by connecting the combined steel sheet piles.



used 10H hat - shaped steel sheet piles (wdth: 900 mm height: 230 mm
~cross-sectional area: 110 cn®/piece, and nonent inertia: 9430 cmd/ pi ece) or
25H hat - shaped steel sheet piles (width: 900 mm height: 300 mm
cross-sectional area: 144.4 cnR/piece, and nonent inertia: 22000

cmd/ pi ece), and H shaped steels having a height in the range of 400 mmto
1000 mm Fromthe H shaped steels used for the conbi nati on descri bed above,
speci fic H shaped steels having a flange thickness of nore than 30 nm
which is used for a pillar, are excluded. For the steel sheet piles and the
H shaped steel, values of a so-called plate thickness-wdth ratio (t/d) are
set for WMEANUFPBS¥OLYINGHIE, PRGBA-IPE_det er mi ned cross- secti onal
performance. Therefore, the values of the y/H of the conbi ned steel sheet
piles ar@Od4fktributed in a certain range. As illustrated in FIG 6, the

| limt of .th | f H th ' | th

range descr i bolp Sw e PRSP by P i PR ER R (PRFRe Pt " o

0.48. Al t)he t.l.k-rﬁst%g e%{:&]’l“l@lle ije%?ﬁtgﬁ]?éﬁﬂon.staé&ntﬂﬁ&?ét@l%hée@pﬁ@h&qﬁgEurt her
gl Rte Shes pI

econoni ¢ conbi ne e es through other conbined steel sheet
piles, gyt 1 Heet RE: SRR SRR 8Rk]. S BRhapiliaped Retlndestipilehat y of the
upper Ii%attshs%eo‘a%%%xarsglg t he sect ip(?)en nmodul us is 5%50 cnB/ m and t he steel
mat er i al wuBeton] $pAB6F figlge MBrtivhs bhevidmise both dnigothaticheartiimgelpagiofet pil e
having the y/H value of 0.48 and formed by the 10H-type steel sheet pile
and the inspagtieds sichekovided atgesaedibieghds of the pair pfflangefriosiinys; Mdia®ast 250 mm
and a flange thickness of 28 nm However, this ,cag be replaced with a

conbi nedofjoisipogives eaghi foamerhatitespeetiveonds b bR BH Q4R PELONEect N wWith a
section nodul us of 5186 _cp8/ m and a steel -rmr{iﬁéhal wei ght ofi 293, kg/ m and
formed bii-thamed seg! shoss pile bas a canliat Wik PUUGRF ﬂ%ﬁgﬁ%%‘%‘?&gF Raving a
hei ght of 500 a flan wi.dt h _of 25 . i of 25 mm
hel 90 L a ke SalnEORE pohh Ll o R RN Rath BRAR A o 2
0-467. HOUENEle iAWl B BAP ThE Seddhd ARGV IR A b thy Of the

H-shapede% Sirable to secure re varied conbi nations. The
present inyeRLSrAR! RAFhARE stddPéhett pile astEaimabhemtyad pbineratippe/cdi m t  of
the y/H be ?gt tno be 0.47£5t,%qvvhi ch ispcl ose to the upper limt obtained by
the i nvestivgah k@finineshyietd pEaCE}, bethedbealvaped Thbkarids admuseyitldaoint by
enploying this setting, the value of the y/H can be set close to the upper
limt, woétlethat-shaped stpasshidtipdletiol . $0F 6 moent | y achi eve the perfornmances that
t he conbi ned steel sheet pile originally has Further, the y/H value of the
conbi ned [841é¢l sheet pile is 0.475 or lower. Therefore, a ratio of a length
(H- y) fromthe neutral axi of .t he cqnbin g)p%)teel sheet pil.e to the
upper surf®ace é‘?@W@@W@FteFf%ﬁ@%Pli?facf?fg%tgﬁ 8V§°tﬂéeeﬁnn?‘lg’l‘1§{ Y to yis

| arger than 1,.and (H - Jy, is 1.1 Therefore, the flexural
strengthHoglt&%{‘)e‘?yf‘ﬁcﬁé’&aya%e)p]@ﬁ]ﬂﬁWﬁg%?lpg}l@etggfe?g%fr ess of the H shaped steel.

[ 0021] [0016 At the tinme of selecting the cross section of the conbination
of the H-g%aged steel and the hat-shaped steel sheet pile, the shape of the

cross seggj on shubsh RSesalrasd sdschtEiehiiit is an batl-eetditing wall emsibyinpe | engt h
(H- y) fromthe neutral axis of the conbined steel sheet pile to the upper

surface afyolodagndré EGhbihtdmge shetiplies dtcohiiped (3) eel2) pleivat | Wetheo v is equal to
or nore than the oyhksys from vi ewpoi nt of preventing the stress at the end
portion chrthheamimgssals et adjaceht jomt perivms nfthelvempinsdgtesbiheet PilRs atthi s ti ne,

if the (H- y)/y is set to a range extrenely |larger than the
above-desmnh@ﬁ@tf/‘aiihﬁ@bﬁbera steel material has an unnecessarily high
strength. However, by selecting the range such that the (H- y)/y is al nost
equal to [PAFloyh/ays, it is possible to suppress the stress occurring at

t he peripheral g of the_ hat-shaped. steel s t cRLl.e:t i ni.gpum yi el d
poi nt or Tdwer %gg‘iedt‘?@p‘?éf’?gﬁfﬁ%gﬁms E@tlogﬁgaefncgﬁ%eo f\% I ﬁlrtgﬁcé)h%?%ﬁmr?g r%@rgt eel

oL ! D R R DR SR el ehisabiaeaper | pher o

edge of the’ ape i'S possible to achieve the
ef fecti ng g D d HEA A 0 fhl BEEH29 8 i$RIck@Nueh tHab g ORI eGSR Sheet
pile. [O 5’? By paying attention to the point that the conbination
of ayh and ay, should be selected so as to generally satisfy (H- y)/y =
gyh/ays while satisfying the relationship of (H- y)/y? ayh/oy" the present
inventors found that it is possible togobtain a design guideline of the
conbi ned steel sheet pile based only on the material property, by replacing
the limtation of (H- y)/y? 1.105 concerning the shape of the cross
section with the limtation of oyh/ays > 1.105, which is a limtation
concerning the material property of ayilays. Wth this design guideline, it
is possible to provide the conbined steel sheet pile having extrenely




The conbi ned steel sheet pile 1 has a hat-shaped steel sheet pile 10 and an
- Hshaped steel 20. [0026] The hat-shaped steel sheet pile 10 has a web
portion 11, a pair of flange portions 12, a pair of armportions 13 and a
pair of joint portions 14. The pair of flange portions 12 connect with and
extend obliquely fromrespective ends of the web portion 11. Further, the
pair of armportions 13 connect with and extend from | eadi ng ends of the
flange portions 12 so as to be parallel to the web portion 11. The pair of

j 0i Nt pomtib 6(gs,l Betareen b erinerimayieldgzditgy ehide Hothappéstedgpd @tmipgnamm porti ons
13. As for the pair of joint portions 14, cross sectional shapes of one

j oi nt 14yieldgointeyofithe hjtehapedsinet shest nike isrlel 056 MUSymetrical |y fornmed with
each other. Each of the joint portions 14 has a shape that can interl ock
with a joint portion 14 of the adjacent conbined steel sheet pile 1, and

i nterl ockj r f the joint portions 14 are increased in

or der noEFE%cﬁé(ﬁgﬁggﬁggfﬁggﬁ?gach ot her especially during interlocking.

[ 0027] Fﬁhﬁgfr, t he hat-shaped steel sheet pile 10 enpl oyed in the present
inventiow 1S fornmed by a hot-rolling process, and the joint portion 14
thereof is for i ' aRBed 300 ) RA8 (4)R6HRASEE peisigagt h.

[ 0028] ﬂE&?%@gﬁ?gﬁg%%%égﬁggF%%O isdprgguceg)by a roIFing process.
The H shapgdcsinediexal fameth saR t@hbinebstpeishéadpile by satithgahpmitio gf/cf| ange
portions 22a (first flange portion) and 22b (second | ower flange portion)
pr ovi dedtcat.10%6PRG6H, Waeengsisalie mivémoenyieldl poiws ot fjmrfﬂishapegﬁteemgﬁt | ange
portion 22b (second flange portion) of the H shaped steel 20 is f%xed to an
out er surdmbieaién stbed sheshphoand eymisthe srinipren Higtd rtipid dhehatshapsdatsel pi | e 10.
The flange portion 22b (second flange portion) of the H shaped steel 20 may
be fixedshestpile web portion 11 of the hat-shaped steel sheet pile 10, for
exanpl e, by neans qf wel

di dhesi,on... bol t. rivet.. . _.nai th
ke, Not o t hanecqiinge gt BaRAG baSePrt ) SE i iHEp SR PRl LoD 1

which a wel din [t 271 I EkQn 22b

t hr ough §§P§FH§@H$H%Y§@} ﬁ%géé%?@%gﬁ$g? ﬁ@?ﬁﬁgﬁgﬁﬁﬁiﬁgﬂg%ﬁﬁ tl]‘i‘e(r%ferm'ttently
at given inter b HQREbY int(@Yadte! B doRsiBicttt dbaal

di rection (ins%%hﬁg?%gﬁﬁgﬁ%gg io%?ﬂgf t he Hfé aped stéél 20 as illustrated
in FIG e Buhweldiingwas felardbyhscabisivied stedl sheet pids bavihe fitrtheeasi | y and
firmy fix the hat-shaped steel sheet pile 10 and the H shaped steel 20.

[ 0029] enhanckdfithealcmhgthed steel sheet pile 1 described above, it is
desirabl e that the second flange portion 22b of the H shaped stee|. 20 be
brought into suwsfdeseibedrbenst asording octhe presentdnyentien bk PORELIGE PISEIdE on 11

of the hat-shaped steel sheet pile at the ti f formn structure

i n whi ch speréalisHperE A aZRIRY ééPn‘équE@tlgl%'ﬁ@Pi%StF%l sb?%@ﬁemﬁ%&}@%ﬁ@u%g t he

H shaped steel . 20.. This i.s because, by bringi second fl ange portion
22b i nt o RGVPEEEAEHERECT SR 4 eéﬁf%Fargﬁ? lé’(@gn%ﬁfshe web portion 11 of

t he hat-shaped steel sheet pile 10, when the conbi ned steel sheet pile 1
recei ves an external force such as hydraulic pressure, the hat-shaped steel
sheet pi g k@ BREckherthehanatt pleelvRBscan function as an integral
structure to resist the external force. Further, it is possible to
stabilizgpp H shaped steel 20 at the tinme of welding the hat-shaped steel
sheet pile 10 and the H shaped steel 20, whereby it is possible to easily
proceed t he welRIGNY inpeoatvionof § 6@8Bined steel sheetilGaceprding (kG 5 il lustrate
an exanpl e of an underground continuous wall body 5 configured by jointing
t he conbiembdsnhes|of thegmesept ingentibnhavi ng t he configuration as descri bed

above with each other. The underground contiqgo || bo%y 5is forned as
one wal | body HG i peigpechEe WemAL fesagicom P@z?éléﬁ?@“éépl ‘wi th each ot her

by way of the jqoints 14. Furt t he under gr.oyn opt i nuous wall body 5 is
configured by sﬁ&’uélﬁ 7 sif' yw&’rﬁ%?fﬁﬁe ‘f%gb%% te%(gﬁ%ﬁ%ﬁlg% steel sheet piles 1.
[0031] FIG. 4 is a front view of an underground continuous wall body configured by

connecting plural combined steel sheet piles according to an embodiment of the present

invention.



Next, a detailed configuration of the conbined steel sheet pile 1 according
.to this enbodinment will be further described. In the conbined steel sheet
pile 1 according to this enbodi nent, when the mninmumyield point of the
H shaped steel 20 is denoted by csyh and the mnimumyield point of the
hat - shaped steel sheet pile 10 is denoted by crys, the ratio thereof
ayh/ays is set so as to be 1.105 or nore. [0032] In the case where
the cryllays is less than 1 105, the flexural strength of the conbi ned
steel sheet piFI&. Ganaptrspetisaiiencdight samd wpleogrewnd aménedusrwall betyor der to
obtain a desired section nodulus, it is necessary to inhcrease the cross
sectional ar eaFI§F 6tina disgean nskraimeayalues o6 yH Pﬁwﬁywp?%@g@é“qdrﬁteteﬁe t ot al
wei ght of the steel material. Accordingly, in the case where the csyhksys
is |ess ¥1§8PIES105, the conbined sheet pile, which requires the wel ding
wor ki ng cost to integrate them becones di sadvantage as conpared with the
conventional Z-shaped steel sheet pile. In this respect, according to the
conbi ned %ftﬁ?}b ' resent invention, the material of the
hat-shap% S eleﬁ%ﬁgﬁtese@gﬁ%m%mgﬂgmghe material of the H shaped steel 20
are sel egj()gg]nsuch that the Gyhicsys is 1.105 or nore as described above.
Therefore, the flexural strength of the conbined steel sheet pile can be
further increasesolvitieredemt désripabsidvkgthe prasemivinebatdriipaid aierticnridt y
especially at the time of enploying the conbi ned steel sheet pile for the
anchor edthedadtlthat ¢heaflexiung swength of #038bined steel shegtipils iogavgrisd byct ed t hat t he

upper limt of the oyh/ays is not specified, and may be sef tg about 1.6,
whi ch i smatesialiypeef kit Hrshapgd stepd, rether thap py prpatesialityReratyy hef-ahanst stee! of t he

hat - sh d steel heet _pi | t he, Hsh | th t
s? anZafg.ghqe?lE' "ge rﬁshffleq%mb?@gﬁ% ﬁjeﬁ‘ffgﬂ%’tg z?faa%ﬁg’y? egg ﬂ"g@g’?iéaé’r ed ﬁjﬁglg‘%{ﬂgln does

t i , 4l i.bl t | . j i . i 1.6
or over  Bleas abS BEIB S B hGR o TRA S RaRE TR B 2 1
produced, e[ﬁ-%ﬁaéJedtsheel and th hﬁ)@ghﬁféﬁjét%g Isl;}](%e@ gﬂ@@arpéees%féaﬁed'iﬂd’e%@ﬁ&éhﬂg ofhe ratio

syh/ ctys between e mninmmyi yl1 of the H shaped steel and the
m ni mum ¥} 8l Gh@oi Mors ayifally @sed &?ihe?ﬂ%&ti&i dfehdmyteligls afiliegietaped as to
be in the range of 1.109 to 1.559, as described later. This nakes it

possi bl estesl dndrihdrat-shepddadndey staethpite, itrib positiic eveptivhally sebecetise in t he
flexural strength of the conbined steel sheet pile 1. [0035] ) Next ,

wi th ref eomhinetiomofd Binithunsyigldponft oyhef the Fbshaper sted ehd gmaatmyn [yield
according to this enbodinment will be described. As illustrated in FIG 1, H
r epr esenpeind oo grerhat-shaned Kiechdeetaiesand araio dheretfeosmpm pFEL? 8% 13 of the

hat - shaped steel sheet pije 10 to.th f f.the fiyst fl
por 1 on PEACHRNYPIF St ¢ eerioleg tHER g A TRl SHRehehdi n 17 om t he
bot t ace of . the ar i i 5.0f nbi ned
ool Snabting g S 850 8 beiek bR ARY heler A ehpldhEn T 0

neut r al ' h b I P YRRSkors hjace of the
first flgﬁ%cng%ﬁﬁsgrflﬁ%g%{o ??%ﬁﬂ%ﬁgg’?ﬁ s?lég?e]f’r%?gﬁei@grg to yori $ expressed
by (H - Y)dt¥ratid vIBIoRGoPRa&H ®F earlddt Behr&RiabldBarhaReio®ff y/iBe 6h@ES section
such that the ra¥|o (H- y)/y is larger than the ciyh/ays. By determ ning

t he shapes7afat ket badessitrddstes twbete K heeienpihl feorh @ battdmtsneiatd shapenh st eel 20
such that the ratio (H- y)/y is larger than the crynks%és, it is possible
t 0 suppr eestidnhe tht hashamdotaet shegt pile tolra ypeed phkeeadt 2bgeilaigetdidhthat - shaped
steel sheet pile 10 to the m nimumyield point o-y, of the steel sheet pile
or | ower H-shapad steel, bedhilisaylenetidram gigboiten %%@C%PJ‘?%%%PWWQ%QPF)&W& al edge

of the first flange portion 22a_of the H shaped st.eel .20 correspopding to
the mini rekhofites epgnem stes! gheco Pt hel g RERSEIEHVERGE invastigaled & Bl OhEconbi ned

| sh i ._Thi Kk i ib f i fl I
St Eonor gt Pkl b TS bl QRS Set Sl B RFEF paRERE 1 o,
stren ! eI sheet pl | ! e
urther 1 20HFe hALHBLAAL. Whld: 61 SAighy b BREASB AN, SE&L{eBhommpaul US

whereby it 1S possi 0 prov e specl periority against the
convent i ohal 17y sHARRMe S8 Shortdie Blertvd: 10830 LROBRLe) or 25H haekdped g@abitiRat i on of

t he conbi ned steel sheet pile 1 according to this enbodi ment of the present
i nvent i oryilk (Widete 900 sieh] gehti 300deidtloss-Betions! ates ¢44.prmdpiest)dndbe made of
conbination in which the ratio csyh/sys between the m ninumyield point
cyyh of the H shaped steel and the m ngnumyield point cty, of the

hat - shaped steel sheet pile is 1.105 or nore. [0037] Tabl e 3 shows a
conbi nati on exanpl e of the conbined steel sheet pile 1 with the hat-shaped
steel sheet pile 10 and the H shaped steel 20. [0038]



Table 3 Steel standard of H-shaped steel 20 B45B SMA90YA 5M670 M ni mum
~yield point Gyh (Nm2) of H shaped steel 20 345 355 460 M ni mum yi el d

poi nt ay, (N mmR) of hat-shaped steel sheet pile 10 295 295 295 M ni num
yield point ratio Gyhicty, L169 1.203 1.559

moment inertia: 22000 cm4/piece), and H-shaped steels having a height in the range of’
400 mm to 1000 mm. From the H-shaped steels used for the combination described
above, specific H-shaped steels having a flange thickness of more than 30 mm, which is
used for a pillar, are excluded. For the steel sheet piles and the H-shaped steel, values
of a so-called plate thickness-width ratio (t/d) are set for the purpose of achieving a
predetermined cross-sectional performance. Therefore, the values of the y/H of the
combined steel sheet piles are distributed in a certain range.  As illusirated in FIG. 6,
the lower limit of the value of y/H of the combined steel sheet piles in the range
described above is about 0.37, and the upper limit thereof is about 0.48. At the time of
actual designing, it is possible to select further economical combined steel sheet piles
through other combined steel sheet piles, in the case of the combined steel sheet pile in
the vicinity of the upper limit. For example, the section modulus is 5050 cm’/m and
the steel material weight is 266 kg/cm? in the case of the combined steel sheet pile
having the y/H value of 0.48 and formed by the 10H-type steel sheet pile and the
H-shaped steel having a height of 450 mum, a flange width of 250 mm and a flange
thickness of 28 mm. However, this can be replaced with a combined steel sheet pile
having a more economical cross section with a section modulus of 5186 cm’/m and a
steel material weight of 253 kg/m, and formed by the 10H-type steel sheet pile and the
H-shaped steel having a height of 500 mm, a flange width of 250 mm and a flange
thickness of 25 mm. In tlﬁs case, the value of the y/H of the combined steel sheet pile
is 0.467. However, from the viewpoint of productivity and availability of the
I-shaped steel, it is desirable to secure more varied combinations. The present
inventors determined that it is desirable that the upper limit of the y/H be set to be 0.475,
which is close to the upper limit obtained by the investigation resulis described above.
This is because that, by employing this setting, the value of the y/H can be set close to
the upper limit, whereby it is possible to sufficiently achieve the performances that the
combined steel sheet pile originally has. Further, the y/H value of the combined steel

sheet pile is 0.475 or lower. Therefore, a ratio of a length (H - y) from the neutral axis

9



[0039] In the conbination exanple in Table 3, SYW95 of JIS A 5523 is

enpl oyed for the hat-shaped steel sheet pile 10. The SYW295 has a mi ni mum
yield point of 295 Nnmm2 Further, in the conbination exanple in Table 3
@B45B of the Chinese Standard GB/ T1591, SMA90YA of JI'S 03106 and SMb70 bf
JI'S 03106 are enployed for the H-shaped steel 20. In the table, the m ninmm
yield points G/h and ay, of the H shaped steel 20 and the hat-shaped steel
sheet pile 10 are shown. From Table 1, it 15 can be seen that: the Gyhtays
is 1. 169 ddaeikaBReeliiRsce plBtaHBe uppdtsadaasfiirefist Amymraf thoH-shhpedH- shaped
steel 20; the afr/sys is 1.203 in the case where SMA90YA is used as the

st andar dydebfeldtive tiyshapet tisinde bn®(H - )fe js 1.heS ermpreuy Ihpreforesh

9 in the case

where 5Mb70 is used as the standard for the I—I—sha%ped]flfs%eel 20. [0040]

Fur t her , fldxural stéretitis deteomined depersitngaen ShedgrakpisotoRe
sheet pile 1 wth the hat-shaped steel sheet pile 10 and the

apeaAished st eel

H shaped st eel

20 are sRBWH. [0041] [Table 4] Steel standard of H shaped steel 20

SMA90YA SMb70 M ni [ . poj . . H-
Vi ni mum 1 of d AP BRERY SRR Pt eh el e PR g B e}

L4320 355 460
%%1 320 320

steel and the hat-shaped steel sheet pile, the shape of the cross section should be

selected such that a ratio (H - y)/y of the length (H - y) from the neutral axis of the

combined steel sheet pile to the upper surface of the first flange of the H-shaped steel

relative to v is equal to or more than the oyn/cys from viewpoint of preventing the stress

at the end portion of the cross section from reaching the yield point. At this time, if

the (H - y)/y is set to a range extremely larger than the above-described Gy1/0ys, a steel

material has an unnecessarily high strength. However, by selecting the range such that

the (H - y)/y is almost equal to the Gy/Oys, it is possible to suppress the stress occurring

at the peripheral edge of the hat-shaped steel sheet pile to the minimum yield point or

lower of the hat-shaped steel sheet pile with the minimum steel material strength, even

when the bending moment that yields the peripheral edge of the H-shaped steel acts.

Therefore, it is possible to achieve the effective configuration of the cross section of the

combined steel sheet pile.

[0022]

By paying attention to the point that the combination of oy, and oy should be

selected so as to generally satisfy (H - y)/y = 6y/0ys while satisfying the relationship of

(H - y)/¥ > ow/0ys, the present inventors found that it is possible to obtain a design

guideline of the combined steel sheet pile based only on the material property, by

replacing the limitation of (H - y)/y = 1.105 concerning the shape of the cross section

with the limitation of oyn/Gys > 1.105, which is a limitation concerning the material

property of oyn/Gys.  With this design guideline, it is possible to provide the combined

steel sheet pile having extremely reduced steel material weight in terms of the same

bending moment, by setting the yield point ratio Oyn/Gys to 1.105 or more.

10



Mnimumyield point ratio asiloys 1.109 1.438 [0042] I n Tabl e 4,
S3200P of the European standard EN10248 is used as the standard for the
hat - shaped steel sheet pile 10. The S320GP has a m ninumyield point of 320
N nm2. Further, SMA90YA and SMb70 are enpl oyed for the H shaped steel 20 as
exanples. In Table 4, the mninumyield points GA and ay, of the H shaped
steel 20 and the hat-shaped steel sheet pile 10 are shown. From Table 4, it
can be seen that: the ayh/csys is 1.109 in the case where SMA90YA i s used
as the gb ard for the H shaped steel 20; and, the ayhbays is 1.438 in the
case where SMb70 is used as the standard for the H shaped steel 20. [0043]
As described &wbwe,askyprefrptdsihedimient deqerdineipder Riceat YEBRILBi | e 10 and the
H shaped steel 20 with the standards shown .in Eg%%gghSYandjf% itis
possi bl eombingdisiehshentrils/} prplied it an A IOHRRNG Y k¥l ¥ 1 559, and to
increase_the fle ur%l strength of the conmbi ned steel sheet pile 1. However,
there ardsytiefdyde@iandards for steel materials other than the standards
describgﬂgggove, and hence it may be possible to optionally conbine the
hat - sha teel sheet pile 10 and the H shaped steel 20 within the range
that the mni pyg Yiiﬁt %8%1&% il irb G MEcBi iRl stelPsteariilaedtostdagt tosheet pil e
e

1is 1.105 or nore. ow, description wll be rmade of a

Cr 0SS- SeGll HNRIREARE HRSreeheEvaitih; FIRL ik hgersptdtive (vitw theydof; and Rikbe | engt h
(H- y) fromthe neutral axis of the conbined steel sheet pile to the upper
sur f ace Pfs ddide ¥icwsherbdfange portion 22a of the H shaped steel relative to vy
is larger than the ayhtuys Based on the dinensions of the hat-shaped
steel sh@25pile 10 and the H shaped steel 20 illustrated in FIG 1, it is

possible to obtain the length y fromthe bottaom surface.of the arm portion
13 to the neutThd comlinedste ﬁ@%ﬁ%ih@%‘lgﬁtﬁ&m@ﬁé@rsﬁﬁe 811‘31{9% he
Expression (1), beloqw. y = {(As.hs/2) + (2Ahlas + Ah-hh)/21/(As +
Ah)...ExHrSé@Effdoﬂee(l%& [ 0045] Where hs: height of the hat-shaped steel sheet
pile 10 &iﬁghFlG. 1) hii: height of the H shaped steel 20 (see FIG 1) As:
Cross-se al area per sheet of the hat-shaped steel sheet pile 10 Ah:

Cross-secti onayy,af 8an RSN sRPARObi1d TiPhds=Shansstioh eBla pik: of RAE6]
portions 12, a pair of arm portions 13 and a pair of joint portions 14. The pair of
flange portions 12 connect with and extend obliquely from respective ends of the web
portion 11.  Further, the pair of arm portions 13 connect with and extend from leading
ends of the flange portions 12 so as to be parallel to the web portion 11. The pair of
joint portions 14 are formed at leading ends of the respective arm portions 13.  As for
the pair of joint portions 14, cross sectional shapes of one joint 14 and the other joint
portion 14 are point-symmetrically formed with each other. Each of the joint portions
14 has a shape that can interlock with a joint portion 14 of the adjacent combined steel
sheet pile 1, and interlocking strength of both of the joint portions 14 are increased in
order not to be detached from each other especially during interlocking.

[0027]

Further, the hat-shaped steel sheet pile 10 employed in the present invention is
formed by a hot-rolling process, and the joint portion 14 thereof is formedina
complicated shape, and has increased strength.

[0028]
11



Further, the y/H can be obtained through cal cul ati on based on the
Expression (2) below. y/H = {hs/H+ (Ah/As)/(1 + (Ah/As))1/2...Expression
(2) [0047] Further, the ratio (H- y)/H of the length (H- y) from
the neutral axis of the conbined steel sheet pile Ito the upper surface of
the first flange 22a of the H-shaped steel 20 relative to H can be
expressed by (1 - (y/H)). The ratio of the length y from the neutral axis
of the conbined steel sheet pile 1 to the bottom surface of the arm portion
13 of the hat Thbapsshpsd stetl 20He ptodpiddebyl@ralingpriosesst ol ke Hashaprd €%43r essed by
y/ H. Then, the Expression (31) bel ow exBresses,that tgg éati o of the

expr essi20rss atvonteal (Web-pogtjortd 1), ang 2 pair pE Hargsaoriensge (ASEFEeRoE e ratio of

[0048) | and 225 (emen s danrper bt Bkt~ VLB W Pongh
fromth tral axis to th . ' f th
H Shapeodidiot | 20 e DRED AL SRR HEr Pt L el 381 208, Py 11
bott om Sfé{eﬁt%ﬁgﬂ%{ﬁetr g%ﬁ%%%ﬁl%r‘%b%f&& Pf ?HB@ nRlkpheRed sideplle sbeet pile 10

is great 0 the ratio of the mninumyield points
cryh/ CS¥he fﬁaﬁ’%ﬁgbmom 22b (selétaﬁc{lﬂm{éégmﬁ&ﬁg @F SicdNshapedlaaieDR0 map bbdixebtai ned by

substituting val ue fromthe pression (2) into the Expression (3) and

devel opifigweb portion 11 of(tBe hat{shhsediect siebhpifs) 0, (dr example, Bg epng ¢hs/ H) +
(Ah/As)/ (1 + (AE/As)) ayilays...Expression (4) [0050] . Then, by
maki ng créldifgpadiesiohpbolinikés saew fnadlydr/the/Bke:  Note thag i ghe follpWEEEX pr essi on

(5) can be derived. Ah/As (2 - (1. + f3).(hs/H))/(.f3 + (1 ). (hs/H) -
1)... Exqusessticonag Byaresill be gwmnnwlawil aspldinginegiqn7 @%XF%t‘{)fg‘gsi ble to
obtain the ratio Ah/As of the cross-sect,ion

Id' are .Ah%70f tge i e§haped st eel
20 enpl oseeend Hangseosipritrdirovghsieldpget 15 1 ]fgrpé’%éo[ni 8% °t Re
- ti I A f the hat-sh ' On basi
of par anBEPS TIRHHGH, 7 EH1AD RS SR DRk nF ST Bhvebd i pgigaulehe bast s
ifically, b I A i oht i ; I t pile 10
and t he- frecigp e EREE Jf-lm LB e e B LS. S T ur t her

assum ng | linbsvOft ik Besshd tosdiapeshahiedly fkhehatpbhpedlfeadnd t he
Hshapedw%@gésg%e,gcr?%dir&g Y)éssli EI eS to ogi{pgi n thelyr atio (hs/H of the height

(hs) of the: bid 1¢hared Ieiieekd sbdeo. pil e 10 and the height (H of the
conbi ned steel sheet pile 1, and the ratio p ayhi Gys) between the yield
poi nts ofobe H shaped steel 20 and the hat-shaped steel sheet pile 10.

Therefore, it is possible to set the reasonable cr,ois-i;s&g t%or{ﬁl shape on
the basis of thetheontbinadistenl Beetimle ldesgibedaPPYH Al 18 ART fe #Phe hat - shaped

?t5)e ?l [ Sggg:]tong iﬂlaggg- 1())01%21? ZEI?gf t|1_1t3 f[h?h%%gd gt%gleiﬁ b%%r%ﬁ‘g‘lft IS tsér%a{(je%%n%aggwgﬁ( pression
the outer surface of the web portion 11 of the hat-shaped steel sheet pile 10, at the time
of forming a structure in which the hat-shaped steel sheet pile 10 is fixed integrally to
the H-shaped steel 20.  This is because, by bringing the second flange portion 22b into
surface contact with the outer surface of the web portion 11 of the hat-shaped steel sheet
pile 10, when the combined steel sheet pile 1 receives an external force such as
hydraulic pressure, the hat-shaped steel sheet pile 10 and the H-shaped steel 20 can
function as an integral structure to resist the external force. Further, it is possible to
stabilize the H-shaped steel 20 at the time of welding the hat-shaped steel sheet pile 10
and the H-shaped steel 20, whereby it is possible to easily proceed the welding
operation.

[0030]
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More specifically, by selecting the conbination of the hat-shaped steel

. sheet pile 10 and the H shaped steel 20 so as to satisfy the Expression
(5), it is possible to select the respective cross-sectional shapes such
that the ratio (H- y)/y of the length fromthe neutral axis of the

conbi ned steel sheet pile 1 to the upper surface of the first flange 22a of
the Hshaped steel 20 is larger than the ratio p(= cryh/sys) between the
yield points of the H shaped steel 20 and _the hat-sh ped,steel fheet pile
10. Consequentllg, 4@ndH1G{ ﬂ%@ﬁﬁéﬁwﬁﬁﬁmﬁﬁﬁﬁ u%%%@P P?%@

di to th I f | 20
Che por | BT oroBBaEAdp JDREDS 1Hecori fﬁ'gsﬂetebﬁ}%r ffs 2205k SRESRaREREy <t col
20 t ual | od h heet I
Lot is sp%ggr%&ﬁ@%%e Ul prahd 15 P et PR R0Y @?ﬁb&}‘?ﬁ? Fohoral odge

of the h ﬁEg% t he
hat-shap ﬁé)d g%ﬂlgtse 6186& %&%elgh V\,ggégeyt/ﬁlh? af}gbtggrst?{ ble to
formth BP‘&E ﬁtS%OSFuﬁﬁ&t th@'%ﬁhen‘%fb%ﬂ& ceﬁuﬂdaas aabbaed istefgusddeet pile 1
for |ncrea5|ng e flexural Sstrengt 0054] Next, an approach

met hod fpﬁp @@Eﬁﬁ]yragragg@g@sessa&g%mﬁmﬂd ssd&asi&eolﬁﬂetsﬂe conbi ned steel sheet
pile 1 e described. Table 5 shows data on cross section of the

hat - shap@®3s} eel sheet pile 10 used for explaining the approach nmet hod.
Tabl e 6 shows data on cross section_of the H shaped steel 0055]

[ Tabl e 5] TypeNuwiida ﬂetm‘é@dgcwmﬁggra@m9§ﬂx§éemba-\¢é|Steaf%1§e%@16|\b%‘§ﬁlfdﬂ?8q@rt| als

St eel materlal wei ght 900 et 9430 cn¥/ sheet
86. 4 kg/g% 1megtmlllb er descrl 3 Int eco gstegfz q fel ¢ shee

according to this embodiment, when the minimum yield point of the H-shaped steel 20

is denoted by oy, and the minimum yield point of the hat-shaped steel sheet pile 10 is
denoted by ys, the ratio thereof oy/oys is set so as to be 1.105 or more.
[0032]

In the case where the 6yu/Gys is less than 1.105, the flexural strength of the
combined steel sheet pile cannot be sufficiently improved. Therefore, in order to
obtain a desired section modulus, it is necessary to increase the cross sectional area of
the steel material, resulting in increase in the total weight of the steel material.
Accordingly, in the case where the oyn/Cys is less than 1.105, the combined sheet pile,
which requires the welding working cost to integrate them becomes disadvantage as
compared with the conventional Z-shaped steel sheet pile. In this respect, according to
the combined steel sheet pile 1 of the present invention, the material of the hat-shaped
steel sheet pile 10 and the material of the H-shaped steel 20 are selected such that the
Syn/Gys is 1.105 or more as described above. Therefore, the flexural strength of the
combined steel sheet pile can be further increased, whereby it is possible to provide the
superiority especially at the time of employing the combined steel sheet pile for the
anchored earth-retaining wall.

[0033]
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[ 0056] [Table 6] Conbina tion nunber Height hh (nmm Fl an |
( _ ge width Vb
t hi ckness (nm Fl ange thickness (mm) Cross-secti onal area Ah (cni(zm ece)

Morment inertia | h (cmd/ piece) Steel materi al i
112 83100 P ) al weight (kg/m 1 700 200 9 12

Tt should be noted that the upper limit of the oyw/oys is not specified, and may be
set to about 1.6, which is the upper limit of the ratio of the minimum yield points of the
hat-shaped steel sheet pile and the H-shaped steel under the current standard.
Incidentally, even if the standard for the steel material does not exist, it may be possible
to employ a combination whose Gyn/cys is 1.6 or over because the H-shaped steel having
the high yield point can be produced.

[0034]

In particular, in the present invention, the ratio cyn/cys between the minimum
yield point oy, of the H-shaped steel and the minimum yield point oys of the steel sheet
pile may be adjusted so as to be in the range of 1.109 to 1.559, as described later. This
makes it possible to further reliably and firmly achieve the increase in the flexural
strength of the combined steel sheet pile 1.

[0035]

Next, with reference to FIG. 1, sizes of the combined steel sheet pile 1
according to this embodiment will be described.  As illustrated in FIG. 1, H represents
a length from the bottom surface of the arm portion 13 of the hat-shaped steel sheet pile
10 to the upper surface of the first flange portion 22a of the H-shaped steel. Further, y
represents a length from the bottom surface of the arm portion 13 to the neutral axis of
the combined steel sheet pile 1. At this time, a ratio of a length (H - y) from the
neutral axis of the combined steel sheet pile 1 to the upper surface of the first flange
portion 22a of the H-shaped steel relative to y is expressed by (H - y)/y. It may be
possible to select the shape of the cross section such that the ratio (H - y)/y is larger than
the 6y1/Gys. By determining the shapes of the hat-shaped steel sheet pile 10 and the
H-shaped steel 20 such that the ratio (I - y)/y is larger than the ay/0ys, it is possible to
suppress the stress occurring at the peripheral edge of the hat-shaped steel sheet pile 10
to the minimum yield point oys of the steel sheet pile or lower, when the bending
moment causing the stress of the peripheral edge of the first flange portion 22a of the

H-shaped steel 20 corresponding to the minimum yield point o, of the H-shaped steel
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?; 6 2 700 200 9 16 127 100000 99.6 3 700 200 9 19 138 113000 109 4 700 250

20 acts on the combined steel sheet pile 1.  This makes it possible to further increase
the flexural strength of the combined steel sheet pile 1. Asa result, it is possible to
further reduce the weight while satisfying the necessary section modulus, whereby it is
possible to provide the special superiority against the conventional Z-shaped steel sheet
pile.

[0036]

Next, combination of the combined steel sheet pile 1 according to this
embodiment of the present invention will be described in detail.  Below, description
will be made of combination in which the ratio oy/oys between the minimum yield point
oyh of the H-shaped steel and the minimum yield point oy of the hat-shaped steel sheet
pile is 1.105 or more.

[0037]
Table 3 shows a combination example of the combined steel sheet pile 1 with

the hat-shaped steel sheet pile 10 and the H-shaped steel 20.

[0038]
[Table 3]
Steel standard of H-shaped steel 20
Q345B SM490YA | SMS70
Minimum yield point Gy, 345 355 460
(N/mm?) of H-shaped steel 20
Minimum yield point oys 295 295 295
(N/mmz) of hat-shaped steel sheet
pile 10
Minimum yield point ratio ow/cys | 1.169 1.203 1.559
[0039]

In the combination example in Table 3, SYW295 of JIS A 5523 is employed
for the hat-shaped steel sheet pile 10. The SYW295 has a minimum vield point of 295
N/mm?. Further, in the combination example in Table 3, Q3455 of the Chinese
Standard GB/T1591, SM490YA of JIS G 3106 and SM570 of JIS G 3106 are employed
for the H-shaped steel 20. In the table, the minimum yield points oy, and oys of the

H-shaped steel 20 and the hat-shaped steel sheet pile 10 are shown.  From Table 1,1t
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1.81157 142000 139 5 700 300 13 24 235 197000 182 6 700 300 14 25 244 206000

can be seen that: the 6yn/oys is 1.169 in the case where Q345B is used as the standard for
the Y-shaped steel 20; the oy/oys is 1.203 in the case where SM490Y A 1s used as the
standard for the H-shaped steel 20; and, the oy/0ys is 1.559 in the case where SM570 is
used as the standard for the H-shaped steel 20.
[0040]

Further, in Table 4, another combination example of the combined steel sheet

pile 1 with the hat-shaped stecl sheet pile 10 and the H-shaped steel 20 are shown.

[0041]

[Table 4]
Steel standard of H-shaped steel 20
SM490YA SM570

Minimum yield point 6, N/mm?) of | 355 460

H-shaped steel 20

Minimum vield point oy (N/mm?) of | 320 320

hat-shaped steel sheet pile 10

Minimum vield point ratio 6y/ys 1.109 1.438

[0042]

Tn Table 4, $320GP of the European standard EN10248 is used as the standard
for the hat-shaped steel sheet pile 10. The S320GP has a minimum yield point of 320
N/mm®. Further, SM490YA and SM570 are employed for the H-shaped steel 20 as
examples. In Table 4, the minimum yield points oy, and oy of the H-shaped steel 20
and the hat-shaped steel sheet pile 10 are shown. From Table 4, it can be seen that: the
G41/Oys is 1.109 in the case where SM490YA is used as the standard for the H-shaped
steel 20; and, the oy/oys is 1.438 in the case where SM570 is used as the standard for
the H-shaped steel 20.
[0043]

As described above, by employing the hat-shaped steel sheet pile 10 and the
H-shaped steel 20 with the standards shown in Tables 3 and 4, it is possible to obtain
the Gyn/Gys in the range of about 1.109 to 1.559, and to increase the flexural strength of

the combined steel sheet pile 1. However, there are various standards for stecl
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700 300 14 28 261 224000 205 [0057] As the hat-shaped steel sheet
~pile 10, a 10H hat-shaped steel sheet pile 10 shown in Table 5 is used. The
10H hat - shaped steel sheet pile 10 has a wi dth, height, cross-sectional
area As, nmonent inertia ls, and steel material weight as shown in Table 5.
Further, seven types of the H shaped steels 20 having different
cross-sectional areas Ah are prepared. The H shaped steels 20 have a size,
cross-sectional area Ah, nonent inertia I h and steel material weight as
shown i nmiftatidle other AN5IB] standards deScatbled aPowh andhenck itgpayohe possibloitbi ned st eel

sheet piles 1 obtained by conbining the hat-shaped steel sheet pile 10
shown i roptiabiléy embine thehat-shaped sisclishpt ilgrl Oapd ﬁwlgﬁﬁﬁgé S&eég(ﬁw‘%@ shown in

Tabl e 6. 0059 Tapl.e 7 nmbj ' . .
the E’ange at ﬂ’ge ml%imum]yifgg po{n? ?at%ol coyplcg%?tﬂ%rco'rb‘n%rfésd stc]ezsell |S_,i’16€t pile 1 is

1.105 or more.
[0044]

Below, description will be made of a cross-sectional shape selected such that
the ratio (H - y)/y of the length (H - y) from the neutral axis of the combined steel sheet
pile to the upper surface of the first flange portion 22a of the H-shaped steel relative to y
is larger than the Gyp/Gys.

Based on the dimensions of the hat-shaped steel sheet pile 10 and the H-shaped
steel 20 illustrated in FIG. 1, it is possible to obtain the length y from the bottom surface
of the arm portion 13 to the neutral axis of the combined steel sheet pile 1 from the
Expression (1) below.

y = {(As'hs/2) + (2-Ahhs + Ah-hp)/2}/(As + Ah) ...Expression (1)

[0045}

Where

hs: height of the hat-shaped steel sheet pile 10 (see FIG. 1)

hy: height of the H-shaped steel 20 (see FIG. 1)

As: cross-sectional area per sheet of the hat-shaped steel sheet pile 10

Ah: cross-sectional area per piece of the H-shaped steel 20.

[0046]
Further, the y/H can be obtained through calculation based on the Expression
(2) below.
y/H = {hs/H + (AW/As)/(1 + (Al/As))}/2 ...Expression (2)
(0047}

Further, the ratio (H - y)/H of the length (H - y) from the neufral axis of the
combined steel sheet pile 1 to the upper surface of the first flange 22a of the H-shaped
steel 20 relative to H can be expressed by (1 - (y/H)). The ratio of the length y from

17



y/H (1-(y/H)/(y/H Z (cn8) w (kg/piece) a, (Nm2) 1 1.01 0.247 0.375
1.667 3660 174 213 2 1.15 0.247

the neutral axis of the combined steel sheet pile | to the bottom surface of the arm

portion 13 of the hat-shaped steel sheet pile 10 relative to H can be expressed by y/H.

Then, the Expression (3) below expresses that the ratio of the expressions above (1 -

(y/H))/(y/H) is equal to or larger than the ratio of the minimum yield points oy/Gys.
(1 - (7/H)Y/(y/H) = oy/0ys ...Expression (3)

[0048]

The Expression (3) indicates that the ratio of the length from the neutral axis to
the upper surface of the first flange 22a of the H-shaped steel 20 relative to the length
from the peutral axis to the bottom surface of the arm portion 13 of the hat-shaped steel
sheet pile 10 is greater than or equal to the ratio of the minimum yield points cy/Gys.
[0049]

Then, the Expression (4) below can be obtained by substituting the value from
the Expression (2) into the Expression (3) and developing it.

(2 - ((hs/H) + (Al/As)/(1 + (Ah/As)))/((hs/H) -+ (Ab/As)/(1 + (Al/As)) =
Oyh/Cys ...Expression (4)

[0050]

Then, by making calculation for Ah/As with cy/oys = B, the following
Expression (5) can be derived.

Ah/As < (2 - (1 + B)-(hs/H))/( B + (1 + B)-(hs/H) - 1) ... Expression (5)
[0051]

More specifically, it is possible to obtain the ratio Ah/As of the cross-sectional
area Ah of the H-shaped steel 20 employed in the combined steel sheet pile 1 relative to
the cross-sectional area As of the hat-shaped steel sheet pile 10 on the basis of
parameters defined in the Expression (5).

[0052]

More specifically, by assuming the heights of the hat-shaped steel sheet pile 10

and the H-shaped steel 20 in the combined steel sheet pile 1, and further assuming the

yield points of the hat-shaped steel sheet pile 10 and the H-shaped steel 20, it is possible
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0.391 1.558 4190 186 228 Conparison on m ni mum guaranteed yield point
~ steel sheet pile 3 1.25 0.247 0.402 1.488 4590 195 239 4

t0 obtain the ratio (hs/H) of the height (hs) of the hat-shaped steel sheet pile 10 and the
height (H) of the combined steel sheet pile 1, and the ratio B (= oy/Gys) between the
yield points of the H-shaped steel 20 and the hat-shaped steel sheet pile 10. Therefore,
it is possible to set the reasonable cross-sectional shape on the basis of the combination
of the cross section (Ah/As) of the hat-shaped steel sheet pile 10 and the H-shaped steel
20 that satisfies the Expression (5).

[0053]

More specifically, by selecting the combination of the hat-shaped steel sheet
pile 10 and the H-shaped steel 20 so as to satisfy the Expression (5), it is possible to
select the respective cross-sectional shapes such that the ratio (H - y)/y of the length
from the neutral axis of the combined steel sheet pile 1 to the upper surface of the first
flange 22a of the H-shaped steel 20 is larger than the ratio B (= Gyn/Oys) between the
yield points of the H-shaped steel 20 and the hat-shaped steel sheet pile 10.
Consequently, even if the bending moment causing the stress corresponding to the
minimum yield point Gy of the H-shaped steel 20 at the peripheral edge of the first
flange portion 22a of the H-shaped steel 20 actually acts on the wall body formed by the
combined steel sheet pile 1, it is possible to suppress the stress occurring at the
peripheral edge of the hat-shaped steel sheet pile 10 to the minimum yield point of the
hat-shaped steel sheet pile 10 itself or lower, whereby it is possible to form the effective
cross-sectional shape of the combined steel sheet pile 1 for increasing the flexural
strength.

[0054]

Next, an approach method for selecting a cross-sectional shape of the combined
stecl sheet pile 1 will be described. Table 5 shows data on cross section of the
hat-shaped steel sheet pile 10 used for explaining the approach method. Table 6 shows

data on cross section of the H-shaped steel 20.
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1. 61 0.247 0.432 1.315 5650 225 270 5 2.10 0.247 0.462 1.
- >295 6 2.21 0.247 0. 468

165 7360

268 305

[0055]
[Table 5]
Type Width Height hs Cross-sectional | Moment Steel
area As inertia Is materiat
weight
10H 900 230 mm 110 cm*/sheet | 9430 86.4
mm/sheet om”/sheet kg/sheet/m
10056}
[Table 6]
Combina | Height | Flange | Web Flange Cross-secti ; Moment Steel
tion hy width | thickness | thickness | onal area mertia Ih material
number | (mm) | (mm) | (mm) {mm) Ah (cm®/ piece) | weight
(cm’/piece) (kg/m)
1 700 200 9 12 112 83100 87.6
2 700 200 9 16 127 100000 99.6
3 700 200 9 19 138 113000 109
4 700 250 12 19 177 142000 139
5 700 300 13 24 235 197000 182
6 700 300 14 25 244 206000 191
7 700 300 14 28 261 224000 205
[0057]

As the hat-shaped steel sheet pile 10, a 10H hat-shaped steel sheet pile 10
shown in Table 5 is used. The 10H hat-shaped steel sheet pile 10 has a width, height,
cross-sectional area As, moment inertia Is, and steel material weight as shown in Table
5. Further, seven types of the H-shaped steels 20 having different cross-sectional areas
Ah are prepared. The H-shaped steels 20 have a size, cross-sectional area Ah, moment
inertia Ih and steel material weight as shown in Table 6.

[0058]

Table 7 shows a list of the combined steel sheet piles 1 obtained by combining
the hat-shaped steel sheet pile 10 shown in Table 5 with the vatious types of the
H-shaped steels 20 shown in Table 6.

[0059]
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1.137 7670 277 313 >295 7 2.37 0.247 0.475 1.105 8213 291 321 >295 [0060]
- The conbi nati on nunbers in Table 7 correspond to the conbi nati on nunbers of
the H shaped steel 20 in Table 5. For exanple, as for the conbination
nunber 1 in Table 7, the conbined steel sheet pile 1 is configured by

conbi ning the H shaped steel 20 corresponding to the conbination nunber 1
in Table 6 wth the hat-shaped steel sheet pile 10 shown in Table 5.

I ncidentally, for each conbination nunber, Table 7 shows a ratio Ah/As of

t he croddabklecti onal area Ah of the H shaped steel 20 relative to the

Cr 0ss- sectionat—area 2 [~they hat-Shaped] St eel| sheét piTe 10;!a ratio hs/H

AS O
of the |n@ingfira h&hats | heHhat/Bhafddd™VedD sheet il & 10 to Phe height H df
t he conbined steel sheet pile [I; a ratio y/HQf| the.l eng f om t he bot|t om
surface offi®®he| arm pprtioh 13 to the neutfaf™ xi@g%Fmétha%ﬁ%jned st eel
sheet pile relative to the height H of the copbi ned steel sheet pile 1

and a (1™™P/H)/(yiH . Further, Table 7| also shows: al sectiofh nodul us |Z
(cnmB) pler pi €C f shee yle d m negrsdependi on t he edge
stress jof _t'he 4—§ngeggﬂf=g$g% ofﬁp,p rnwﬁ&ﬁgd ctggi E,eg?ggg!e 1: theg
steel mpterial |weight ow{ kghpi ce) 1B a pigoe pf tdwe cpbizged | TR Melet

pile 1: an(%, the stress as (N mR) occurring at|the outer edge|&P St leel
sheet pH-e-10—intherecaserwhere—a—stressycorrespondimg{to the;nt. f

yield ppint3 of |t hesH sh&ped.482 ¢el 4488 on|t48€0out el®edge (%ﬁter&? &§Sem:the
first f]lange 22a) of [the H shaped steel 20. [0061]

4 1.61 0.247 | 0.432 1.315 5650 225 270 pile

5 210 | 0247 | 0462 1.165 7360 | 268 305 > 295

6 2.21 0.247 | 0.468 1.137 7670 277 313 > 2095

7 237 10247 ;0475 1.105 8213 291 321 > 205
[0060]

The combination numbers in Table 7 correspond to the combination numbers
of the H-shaped steel 20 in Table 5. For example, as for the combination pumber 1 in
Table 7, the combined steel sheet pile 1 is configured by combining the H-shaped steel
20 corresponding to the combination number 1 in Table 6 with the hat-shaped steel
sheet pile 10 shown in Table 5. Incidentally, for each combination number, Table 7
shows a ratio Ah/As of the cross-sectional area Ah of the H-shaped steel 20 relative to
the cross-sectional area As of the hat-shaped steel sheet pile 10; a ratio hs/H of the
height hs of the hat-shaped steel sheet pile 10 to the height H of the combined steel
sheet pile 1; a ratio y/H of the length y from the bottom surface of the arm portion 13 to
the neutral axis of the combined steel sheet pile 1 relative to the height H of the
combined steel sheet pile 1; and a (1 - (y/H))/(y/H). Further, Table 7 also shows: a
section modulus Z (cm3) per a piece of combined sheet pile determined depending on
the edge stress of the H-shaped steel 20 of the combined steel sheet pile 1; the steel
material weight w (kg/piece) per a piece of the combined steel sheet pile 1; and, the

stress o5 (N/mm?) occurring at the outer edge of the steel sheet pile 10 in the case where
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Wthin the elastic |imt, the occurring stress is generally proportional to
the distance fromthe neutral axis. Therefore, the stress us occurring at
the outer edge of the steel sheet pile 10 can be obtained by using the

foll owi ng expression on the basis of the stress csh occurring at the outer
edge of the first flange 22a of the H shaped steel, and the ratio (1 -
(y/H)/(y/H of the distance of the neutral axis. Note that it is assuned
that this expression can be applied even if the stress us occurring at the

out er edgeesscorfespaida to drominipimeyiald poit o§ thsdy-ebaped FEclicE P P86 nt . [ 0062]
It should be noted that, since it is asggg?g tha& tqﬁﬁpininun1yield poi nt
ayh of toleer edahiptad cdgaed the st flapgrel2ey p Phaped 5Pl 9Yy at the outer edge
of the flan%e 22a of the H shaped steel is oh = Gyh Gh= -Y = (1 - (Y/H))
(Ya) as 18@4hl/ ((1 - (y/H)/(y/H) [0063] Further, Table 8 shows the nini mum

116,20 P B st

e mninu point ratios. The

m ni mum yi i @Jh@;ge@{ Bd 66k gnd 295
(N ) dﬁ%@%r@%ﬁ%ﬁﬁ%ﬁ‘eﬂ%‘% glgef%%)é’et%egﬁgg%ig# Furthetr, thre&%e el d poi nt

ratio syhl %Eé’l%hie& plie 20 cah BOEUhintabY @siBh thd followingtixptalsipniontihd iasis,df (N m2)
of H-shaped steel 20 355 M ninumyield point ay, (N mR) of hat-shaped

steel shReirdk b od@rR8batvhabiitnedge elf thepoisniiangaPla ot thyi-sljaped steel, ajdb065]
Taple 9’[]116 ratio (1 - (y/H))/(y/H) of the distance of the neuiral axis. Note that it is assumed

that this expression can be applied even if the stress o; occurring at the outer edge of the

steel sheet pile 10 falls beyond the yield point.

[0062]

Tt should be noted that, since it is assumed that the minimum yield point oy, of
the H-shaped steel acts, the stress oy occurring at the outer edge of the flange 22a of the
H-shaped steel is oy = Gyh.

on:0s=(H-y):y=(1-H): FH)

o5 =on (1 - (y/H))(y/H))

[0063]

Further, Table 8 shows the minimum yield points of the H-shaped steel 20 and
the hat-shaped steel sheet pile 10, which are combined in Table 7, and the minimum
yield point ratios. The minimum yield points are 355 (N/mmz) for the H-shaped steel
20, and 295 (N/mm?) for the hat-shaped steel sheet pile 10.  Furtber, the yield point

ratio oyn/oys is 1.20.

[0064]

[Table 8]

Minimum vield point oy, (N/mm®) of H-shaped steel 20 355
Minimum yield point Gys (N/rnm?‘) of hat-shaped steel sheet 295
pile 10

Minimum yield point ratio 6u/0ys 1.20
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hs/H avh/cty, (= p) Maximum Ali/As 0.247 1.20 1.96 [0066] Furt her,

- Table 9 shows the ratio Ab/As of the cross-sectional area Ala of the

H shaped steel 20 relative to the cross-sectional area As of the hat-shaped
steel sheet pile 10, which is obtained through the Expression (5). Table 9
shows that, from T Table 8, the hs/His 0.247 and the yield point ratio
cryfi/csys is 1.20, whereby the area ratio Ah/As is 1.96. [0067] At
the tine of actually selecting the cross-sectional shape of the conbined

st eel sﬂ@@@]plle 1, it is possible to select the cross section such that
the rati é? y/FD)/(y/FD is nore than or equal to the ratio csydays of the
nininunﬂ? 3 points, by selecting the cross section of the caonbination so
as to NawgiAb/ As of 1.96 or|égear=fBom t he ExpreBekomn 2b/and Tabl e| 9
Therefon2¢py settlng the cr p5¢- sectional shape ywgh the conbination
nunber s—F—to—4—+in—Table 7, Tt TS possi bt € t0 SUPpress all the stresses us
occurri n§oad] t he outer edge of the steel sheet pile 10 to the nininun1yie|d

t 295 N nm® I f ot d steel
The: case mrm%rit%p@éis’ehéw‘é%am% RE sttt kBB lEn: of the
H-sh I ut dge t In fact
shimﬁp?ﬁ{%&%@ e } o0 et o i St S g %resé\sgéifﬁfa‘?%ha ??Ieﬁ?s%eee or edge of
th t eel. TR 228
hvﬁn; ?e il é co %ﬁ%@?%ﬁ%ﬁﬁﬁég 5ﬁ5%§%8§}%%2Tﬁor tfg%%g%%lnat?%w%nunber 3,
and 270 Ntﬂ{%s/ﬁ%otzﬁﬁaﬁ@ﬂﬁiy@@a ng@i'ﬁt f&ﬁ%eg/cys is BDO ML URPRRESAM t O the

m

m ni mum Vi poi nt (295 1 n2) or | ower of t he hat - shaped steel sheet
pile 10. sfilxariefi@pe, it can be seen that it is possible to obtain the
further effective cross-sectional shape of the conbined steel sheet pile 1

in terns[0067] ncreasing the flexural strength. [0068] However, the
rati os Ah/As of the conbination nunbers 5 to are 2.10, 21, and_2. 37,
respectively, ék@e@dwnﬁaEWQ%YSﬂhﬁ%@t@%m@§¥%ﬁﬂ%W%§mﬂﬁ@ﬁﬂFH€ Bdesicel on (5) .

Further, the stresses as occurring at the outer e th heet

bi 1 e 20 sheat B 1 RAB oo SRSt U0 GEen AL R SHepe DR ra 3" <xﬁp3#@y/%éesst he

conbi nati on nunber 1 N, 2 .for_the comhinatio r all of

whi ch ex@®é & ?ﬂ‘I%IWHﬁﬁm chh/%loﬁ{h (%gnﬁ?lr}{r?%i PP H%Q%Eq%%&%%ed st eel
heet I .Th h d steel 10

sheet pile 10 . I0ef tﬁé%ﬁ?ﬁﬁ{ (?{P%uiggf)gl ve fnt sgl%fﬁ_%fmr l%eltiﬁgmkhes aped stee

i ncr ease¥ °is conpar e t he hat aped steel sheet
pile 20, gL reé?m?\@? aRPgshibbe Tﬁer%er@Bby' kfingdNanbadectibmsiepecriti the it 1S
necessary to |l o the section nmodulus in order to suppress the stresses to
the m ni paAbMbESORMRS 1 (295 NRP)it Brpdssivlero efippirése aliatie siapsd, st eel sheet
pile 10. In the above-described enbodi nent, the approach nmethod for
sel ect i ngcduléngatabsesecidgondthestapehest pilehH) wchbinmthust weld stteee29pi | e 1 has
been descr|b§d by giving an exanple of the 10Htype hat-shaped steel sheet
pi | e shodmmi) Talbiver of thedbelesheped wecheheehpile th eyerinsthe spscarisss thsistresspay be
enpl oyed for the steel sheet pjile use n_the conbined steel sheet pile 1.
For exanpPesspprding toyide sppmain giekhphipho %éh?gﬁhﬁ%t%fm§ AR RELUFIEIS sheet

VLR GO LA B DL S aR07 W - RBeSFERLERT 1 2L,

N ﬂ;g;’gﬁ §0838 SShe WG PUNCILP Inelf SRET 0 B MBRYARIYS {‘%’g%&'bnﬁﬁéﬁp' e and

e prese |nven 1on | e case W necessary

yi el ding, g@{mﬂ{ BOAGP fbri@dtembRktioM ni num
Yield p0|ﬁ§8%¥p92 naf%f?%ﬁé@bﬁﬁ%ﬁﬂé@hﬁ%ﬁ%Fgg st eel gheet pllgoand

H- shaped§#88&/ 3, and 270 N/mm? for the combination number 4, and are suppressed to the

minimum yield point (295 N/mm?) or lower of the hat-shaped steel sheet pile 10.
Therefore, it can be seen that it is possible to obtain the further effective cross-sectional
shape of the combined steel sheet pile 1 in terms of increasing the flexural strength.

[0068]
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Section modulus Z (cnB/piece) Yield nmoment (lth.npiece) Steel material
wei ght (kg/piece) Steel sheet pile H shaped steel Steel sheet pile H

shaped st eel Conventi onal Exanple 295 315 10H 700x200x9x1 9 4590 1450
195 Exanpl e of present invention

However, the ratios Ah/As of the combination numbers 5 to 7 are 2.10, 2.21,
and 2.37, respectively, exceeding 1.96, which is calculated from the Expression (5).
Further, the stresses o occurring at the outer edge of the steel sheet pile 10 are 305
N/mm? for the combination number 5, 313 N/mm? for the combination number 6 and
321 N/mm? for the combination number 7, all of which exceed the minimum yield point
(295 N/mm?) of the hat-shaped steel sheet pile 10.  Therefore, although the yield point
of the H-shaped steel 10 increases as compared with the yield point of the hat-shaped
steel sheet pile 20, it is not possible to enjoy its advantage. Consequently, it is
necessary to lower the section modulus in order to suppress the stresses to the minimum
yield point (295 N/mm?) or lower of the hat-shaped steel sheet pile 10. In the
above-described embodiment, the approach method for selecting the cross-sectional
shape of the combined steel sheet pile 1 has been described by giving an example of the
10H-type hat-shaped steel sheet pile shown in Table 5. However, other hat-shaped
steel sheet pile may be employed for the steel sheet pile used in the combined steel sheet
pile 1. For example, it is possible to employ a 25H-type hat-shaped steel sheet pile
having a width of 900 mm, height of 300 mm, cross-sectional area of 144.4 co’/piece,
and moment inertia of 22000 cm”/piece.
[0069]

Table 10 shows the steel-weight-reduction effect of the conventional example
and the example of the present invention in the case where the necessary yielding

bending moment is 1450 kN-m/piece.
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295 355 1011 700x200x9x1 6 4190 1490 186 [0071] In the conventi onal
exanple, the mninumyield point of the hat-shaped steel sheet pile 10 is
295 Nm®2, and the minimumyield point of the Hshaped steel 20 is 315

N nm2. In order to satisfy the necessary yielding bending nonent of 1450

| cNm piece, it is necessary for the conventional exanple to have the wei ght
of the steel material of 195 kg/piece, whereas it is possible for the
exanpl e of the present invention to achieve the above-described requirenent
only by [@W&lwei ght of the steel material of 186 kg/piece. Therefore, the
exanple of the present invention can achieve the weight reduction by about
5% as c ﬁﬁﬁ? with the conventional exanple. [0072] Table 11 shows
the steéel-wei ght{fgeHak on egﬁ 64 stodl shRepikonuRAdd ondlyiemanpl e iagwekit he

exarpl ¢ of the pf eaenloil l@ n%nd%sﬂayedts@%l Casernm%fs%th&n%@essarﬁa&‘ﬁa@' di ng

bendi ng nonent i$ I'n order, teo _sa ecessar
yi el di ng bendi ng ‘flrérﬁ‘fer% 1490 kN. ml pi ece, PP essaPlec W?IIS;I% Y
convent|i onal exanfV/@m’d have the weight of t he steel| materi al ngg/ggge)
kg/ pi ece, whereassietl | H possétadle; Hahappheedxanpl e of |t he present inventjon
to achileve the abg%@fjgﬁg&gbggarequirenent only by tlhe wei ght pf the sfeel
mat eri gl of 186 ! {leol "&gel hﬁie bre, the exarrpl e of ithe present i nvention

h-eve—the—pet Feduett I i
gggvgﬁt |%&?n“89@érrﬁ?g. ?55073 i(i}il)' DV@ ?qq%x}vl ?n (\’(;)[erlglrsggi m [g Ms%'?eel

mat er i gIExaNplen?) |Applied stkel shBet pile a d H-shaped steel Section

modul us EkafngRBE pil @) | 355 10H | 700x200x9x1 | 4190 1490 186
present 6
invention
[0071]

In the conventional example, the minimum yield point of the hat-shaped steel
sheet pile 10 is 295 N/mm?, and the minimum yield point of the H-shaped steel 20 is
115 N/mm®. In order to satisfy the necessary yielding bending moment of 1450
kN-m/piece, it is necessary for the conventional example to bave the weight of the steel
material of 195 kg/piece, whereas it is possible for the example of the present invention
to achieve the above-described requirement only by the weight of the steel material of
186 kg/piece. Therefore, the example of the present invention can achieve the weight
reduction by about 5% as compared with the conventional example.

[0072]

Table 11 shows the steel-weight-reduction effect of the conventional example
and the example of the present invention in the case where the necessary yielding
bending moment is 1490 kN'm/piece. In order to satisfy the necessary yielding
bending moment of 1490 kN-m/piece, it is necessary for the conventional example to
have the weight of the steel material of 225 kg/piece, whereas it is possible for the
example of the present invention to achieve the above-described requirement only by

the weight of the steel material of 186 kg/piece. Therefore, the example of the present
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Yield moment (kN.nfpiece) Steel material weight (kg/piece) Steel sheet
pil e H shaped steel Steel sheet pile H shaped steel Conventi onal Exanpl e
295 315 10H 700x250x12x1 9 5650 1780 225 Exanpl e of present invention

invention can achieve the weight reduction by about 17% as compared with the

conventional example.

[0073]

[Table 11]
Minimum Applied steel sheet pile | Section Yield Steel
Yield point of | and H-shaped steel modulus Z | moment material
steel material (cm’/piece) | (KN'm/piece) | weight
(N/mm?) (kg/piece)
Steel | H Steel | H shaped steel
sheet | shaped | sheet
pile | steel pile

Conventional | 295 | 315 10H | 700x250x12x1 | 5650 1780 225

Example 9

Example of | 295 | 355 10H | 700x200=<9x16 | 4190 1490 186

present

invention

INDUSTRIAL APPLICABILITY

[0074]

According to the present invention, it is possible to significantly improve the
flexural strength of a combined steel sheet pile formed by combining a hat-shaped steel
sheet pile and an H-shaped steel, and to achieve weight reduction of the combined steel

sheet pile, whereby the industrial applicability is great.

EXPLANATION OF REFERENCE NUMERALS
[0075]

10 Hat-shaped steel sheet pile

11 Web portion

12 Flange portion

13 Arm portion

14 Joint portion

20 H-shaped steel
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295 355 10H 700x200x9x16 4190 1490 186 | NDUSTRI AL APPLI CABI LI TY [ 0074]
According to the present invention, it is possible to significantly inprove
the flexural strength of a combined steel sheet pile forned by conbining a
hat - shaped steel sheet pile and an H shaped steel, and to achi eve wei ght
reduction of the combined steel sheet pile, whereby the industrial
applicability is great. EXPLANATI ON OF REFERENCE NUMERALS [ 0075]
10Hat - shaped steel sheet pile 11Wb portion 12Fl ange portion 13Arm portion
14Joi nt porti & 20H(SAEPEYCREEPR 21Central web portion 22aFirst flange

ortion . .
P 22a First flange portion

22b Second flange portion
27 Welding portion
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22bSecond fl ange portion 27Welding portion CLAIMS 1.A conbined steel sheet
pil e having a hat-shaped steel sheet pile and an H shaped steel, wherein
the hat-shaped steel sheet pile conprises: a web portion; a pair of flange
portions provided at both ends of the web portion; a pair of armportions
each provided at respective ends of the pair of flange portions; and a pair
of joint portions each forned at respective ends of the pair of arm

portions, the Hshaped steel sheet pile conprises: a central web portion; a
first flange portion provided at dﬁgAgﬂﬁ of the central web portion; and a
second flange portion provided at the other end of the central web portion,

the second flange portion is fixed on an outside of the web portion of the

hat -s haqel,‘d st Ej\ff'\lconsﬂ:l;iﬁg stbel lsﬁéet %ﬁg having a hat-shaped steel sheet pile and an

H-shaped steel, wherein
the hat-shaped steel sheet pile comprises:
a web portion;
a pair of flange portions provided at both ends of the web portion;
a pair of arm portions each provided at respective ends of the pair of
flange portions; and
a pair of joint portions each formed at respective ends of the pair of
arm portions,
the H-shaped steel sheet pile comprises:
a central web portion;
a first flange portion provided at one end of the central web portion;
and
a second flange portion provided at the other end of the central web
portion,
the second flange portion is fixed on an outside of the web portion of the
hat-shaped steel shee‘p pile, and |
| a minimum yield point ratio oyw/Gys of a minimum yield point oy, of the
H-shaped steel and a minimum yield point oys of the hat-shaped steel sheet pile is 1.105

Or more.

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

the minimum yield point ratio oyn/Gys 1S in the range of 1.109 to 1.559.

3. An earth-retaining wall employing two or more combined sieel sheet piles

according to claim 1 or 2, wherein
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a mninmumyield point ratio aydays of a mninmumyield point ayh of the

H shaped steel and a mnimumyield point ay, of the hat-shaped steel sheet
pile is 1.105 or nore. 2. The conbined steel sheet pile according to claim
1, wherein the mnimumyield point ratio ayh/ays is in the range of 1.109
to 1.559. 3. An earth-retaining wall enploying two or nore conbi ned st eel
sheet piles according to claim1l or 2, wherein the joint portions
of the adjacent conbined steel sheet piles are connected with each other.
4. A met hod of thwibi ppriigne ohitbe ndierem combaed sigsl sheet PQ‘F%@TG ‘&‘i‘@%“tteﬂg?"} havi ng a
hat - shaped steel sheet pile and an H shaped steel, wherein t he

conbi natsaemother-sel ect ed such that a mnimmyield point ratio aylloys of a
m ni rum yi el d point oyh of the H shaped steel and a mninmumyield point
(535 of the hat-shaped steel sheet pile is 1.105 or nore.

4. A method of selecting combination of a combined steel sheet pile having a
hat-shaped steel sheet pile and an H-shaped steel, wherein

the combination is selected such that a minimum yield point ratio oy/cys of a
minimum yield point oy of the H-shaped steel and a minimum yield point oy of the

hat-shaped steel sheet pile is 1.105 or more.
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