SPECI FI CATI ON COMBI NED STEEL SHEET PI LE, EAR TH RETAI NI NG WALL FORMED BY
COMBI NED STEEL SHEET PILE, AND METHOD OF SELECTI NG COVBI NED STEEL SHEF, T
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 conbi ned
steel sheet pile, and a nethod of selecting the conbined steel sheet pile.
In parti eWar, 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 fromcollapsing at the tinme of construction of harbor wharf
facilities, reclamation and hank gumetieetid@onwvor ks, under ground excavati on
wor ks and the |i ke BACKGROUND ART [0002] inthe field of civil

engi neering and construction, steel sheet piles are generally used as a
steel nenber of underground continuous walls, which are nainlé used in an

ear t h-r et ai niGOIRRYED FEPEL SEEERRTRE, BARTHRH I NG WALLHGRNEB® ol | apsi ng,

and a bank- i al | | Ver I et piles
Ml ude a1 FOMERED STERL seer nt B Avp MER BRI SPLeR AR G RER B e < e
of the civil engineering and congtgpcdin®r peEks, joints of adjacent steel
sheet piles are interlocked with each other, and are installed into the
ground, whereby the underground continuous walls (wail body) are integrally
formed. genesal, the strength of the wall body can be enhanced by increasing
the cross- JECHNRAL BELD of each steel sheet pile to increase
cross-secti&ﬂﬁl properties, or using a conbined steel sheet pile in which
an H-shape& steel or CT sa Pl is mnted to the steel sheet piles having
the U shape, therg: 58aRGnvdnBn FIAls WaRoRPRARSsed] Biechile, BhaRG Bhisdfe |1 ke by
wel di ng and the |1 Ke. [0003] As related arts,” Patent Docunents 1 and
2, for exanplldorneiddeltiesmndinednter deapile aad aietiodws sahedtihg tiicogbaed onbi ned
steel sheet pile. The arts disclosed in Patent Docunents 1 and 2 enploy a
hat - shaped stseledeet e e tIn pritisulpsn; grerambiped sigelisheso pile @, theegsiiretainingfwatinge
portions provided nti nupusly. to respectjve ends .of .t he webh portion, a
ot of - ar AEPES 51 W o Btioh B ERRBRRI TR DU s Bt Bein "o ¢ he
fl ange por t5,9N%i 1G4 ¥a¥s &Mkﬁg : t he
arras. Thetrflt0 an i g%a%gigqgﬁ%fﬁg{ﬁsdu%bx{i ne f/\ﬁlaﬁ?fhﬁlehﬁﬁgg&sﬁ%%gggag eel sheet
pil e. The Hashaptectisiverks, hadergroeeidxcalativeyorketid tha Jikand a pair of flange
portions (first flange portion and second flange portion) provided at the
respect ends of the central web portion. Mre specifically, the hat-shaped
steel shee i H shaped steel are conmbined with each other such
that the s%%§#§§$§gﬁgggggrtion of the H shaped steel is fixed by welding on
the outer ggyohpce of the web portion of the hat-shaped steel sheet pile.
Note that, in the present invention, the inner side is defined as ail M
pore.on side of Inhke fidd oftivipeckisdering aslheaitruptibe sicelehes piteh 85d gedally i tS Cross

section), whereas the outer side is defined as a web portion side
( pr ot r udi ngsesiaga siepl memabes phuRdcrEend sAYtNUPYOTA]s, which arepaiplspsdddubmr , t he.

nbi ned steel sheet pi h i gh i,Nng.. ri.gi di inst th t I
RO B B A R S LSS D At e
direction @)!ﬂﬁé}lgréieh?&x' WA elqin*vex@..t ' ?ﬁ@shaﬂ_ég%'fﬁlfe@]éef@l hEQHENhA Q@gﬁhﬁ combi ned

steel sheet pile is usually used as a cut-o or selft- i ng

ear t h-r et aZrdhage, wéht-web-shape and a hat-shape. At the time 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. 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



RELATED ART DOCUMENTS PATENT DOCUMENTS [ 0005] Pat ent Docunent 1:
Japanese Unexam ned Patent Application, First Publication No. 2002-212943
Pat ent Docunent 2: PCT international Publication No, W20081029835

DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE LNVENTI 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-oft wakly ﬂ{e@Fegg%X%t?hgsl Iragﬂgﬁgé@%gﬂ;;eﬁle ZSRERL ﬂﬂiﬂa?wrs}?s}%ggl oy a

hi gh-yi el d-poi nt stee e ped steel. [0007 ‘ther, as

for a self ustiandiapgoede like belvadnikaad Mallike. t he cross-sectional shape is
ined in accordance with the anount of displacenent of a head portion of the

eart h-retai[®l0d3y§ wall, and is not determined in accordance with the bending
nmonment occurring due to an_earth pressure or. hydrauljc. pressure. Therefore,
a hi gh-vyi el d- poi 11 re&tiedeArts st Dgf en&‘n]dallq-%ifﬁﬁgﬁn P CI‘{%%F% not required
for the. self-standi L N b : Lhed steel
sheet pil e.%n%%%ﬁ@ﬁ“%&gn&%E#éagﬁlg}lghg%%%sﬂ%tﬁ %r}u%%{@gél gh%%?sn@%@%ﬁcyl , of

t he hat - shapged: 5é®alens NQ8H 2 RinpRyaNAt-tHaGed dtees Bapelesh@aling &Reb forttbd)i MIM
yield point ratio Gyhirtys of the conmbi nation of the hat-shaped steel sheet

pil e and t hoatos Haggegogiveebrovided catimsously taresparbivniends of ke iwebipetiongi | e f or ned
by a hat-shaped steel sheet pile (8YW29 and a h d_steel (SMA90A).
Further, ada¥ef Wﬁlﬁ@ﬁé@éﬁ%@#}“ﬂﬂ%%@r&? RE#?#%F&% &Dtge it and the

.um vyield j i . | a LA a

thi ckiess. SPrisge bl Hogcs WA ERLAE, Y ksl MORER MRS, e

steel and the] iB3bmBihePREh m&a&&m&{w@&epﬂka piiee TiermRBhpay stadlthas 4 @nfahavi ng
al nost the sane strength as each other. Theyield point of the H shaped

st eel 8M49G¥b pogtidnnandhagairaf fangsfportions (first flange portion and second flange

portion) provided at the respect ends of the central web portion. More specifically, the
hat-shaped steel sheet pile and the H-shaped steel are combined with each other such
that the second flange portion of the H-shaped steel is fixed by welding on the outer
surface of the web portion of the hat-shaped steel sheet pile. Note that, in the present
invention, the inner side is defined as an arm portion side of the hat-shaped steel sheet
pile (recessed side in its cross section), whereas the outer side is defined as a web
portion side (profruding 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]



315 to 325 Nm®2, and the mninmumyield point of the hat-shaped steel sheet
pile 8 YW295 is 295 Ninun2 From Table 1, it can be seen that the yield
point ratios LT yhelf Yys, which are obtained separately for each of the

H shaped steels having the flange with a thickness over 16 mm and t he
flange wth a thickness of 16 mmor lower, is 1.102 in the case of the

H shaped steel having the flange thickness of 16 trimor lower, and is
1,068 in the case of the li-shaped steel having the flange thickness of
over 16 mm From t hese dat a, the yield point ratios csyhipo is about 1.1 at

t he nost, regardless f th ze of et R S t he H shaped

steel . [0009] [Tgﬁtlelét aga?eﬁl gilﬁ}gag’sm s%oégﬁls%tgg&l F% ramor 1 | ower

of Over 16 ficahERlo. g@zezllzgjfg, standard (JI'S standard) M ninumyield point
P?; p

G yh (Mon®) 325 3151 SMAQ0A H shaped st eel
Patent Document 2: PCT International Publication No. WO2008/029835

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

In general, a cut-off wall is required to have a bending rigidity only at the time
of installation, and hence, in most cases, the cross-sectional shape of the cut-off wall is
not determined based on the stress acting on a steel material after the installation.
Therefore, it was not necessary for the cut-off wall formed by the combined steel sheet
pile to employ a high-yield-point steel sheet pile and H-shaped steel.

[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 oys, oyn 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



295 295 SYW2 2) M ninmumyield pointof hat-shaped steel sheet pile Yield

poizil ratio i Tyl by, L102 1.068 [ 0010] However, in addition to
the self-standing earth-retaining wall, the conbined steel sheet pile is

al so used for an anchored earth-retaining wall, which is used in the

| ar ge-si zed harbor structure and the |ike. The anchored earth-retaining
wall is formed by supporting the steel sheet pile conbined with jointed

steel sheet piles and H-shaped steels in the vicinity of the respect head
portions thereof, for exanple, by a tie rod or other pulling nenber, and

car t her ot aFIG m e TR e AT B Pl & SRS i BN L0

speci al supes {oofzistwm&rz%d%hezmﬁllﬂﬁﬂﬁ9ie1%%o%ﬁlof&{mﬁ{-smbé@stéem%J@ﬁ: been
subjected to a hot-rolling process. [0011]

SYW295 is 295 N/mm>. From Table 1, it can be seen that the yield point ratios oy/cys,

which are obtained separately for each of the H-shaped steels having the flange with a
thickness over 16 mm and the flange with a thickness of 16 mm or lower, is 1.102 in the
case of the H-shaped steel having the flange thickness of 16 mm or lower, and is 1.068
in the case of the H-shaped steel having the flange thickness of over 16 mm. From
these data, the yield point ratios oyn/oys is about 1.1 at the most, regardless of the size of

the flange thickness of the H-shaped steel.

[0009]

[Table 1]
Flange thickness of Steel material
H-shaped steel standard (JIS
16 mm or Over 16 standard)
lower mm

Minimum yield point 6y, (N/mm®) of | 325 315 SM490A

H-shaped steel

Minimum yield point oys (N/mm?) of | 295 295 SYW295

hat-shaped steel sheet pile

Yield point ratio oy/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]



Tabl e 2 shows conparison results of section nodulus and steel materi al

wei ght ase where a necessary section nodulus per 1 mof quay wall is
about 4000 enB. in the exanple of the conmbined steel, sheet pile in Table
2, a 10H hat-shaped steel sheet pile is conbined with an H shaped st eel
having a length froma bottom surface of the lower flange to a top surface
of the upper flange of 700 mm a. flange width of 200 mm a web thickness
at the center of 9 mm and a flange thickness of 12 nun Further, as a
conparati ve exanple, a Z-shaped steel sheet pile that has been subjected to

the hot-rolling process is given. From.Table 2, .it ca t the
conbi ned st eel sjf%@l?tz HPYRC H?FIB‘?“(@S‘gﬁs%%ﬁcg?mlé’og‘gﬁseanﬁés{%gggg%ﬁgv égigta?on

nmodul us (=. 4000 c - shaned i W8l i t4oe0 sheel wei ghts
t hereof art ‘f%‘%@neeqég%&gﬁ%%\e@éer, ?ﬁgﬁﬁgﬁ%?ﬁ%qﬁkgglh?&g‘gt p(i)l e requires

fixing thephat ohamest Bs contlinsahest shpitipfle W Tibld he IBHIhagededitetheby wel di ng
and the like, resulting in the |arge working cost. Therefore, the conbined
st eed sheepilgislcemtineswibtn Hrsbepedsteahyavingadength Sepetpemnsyiaseef thehe 1- shaped
steel sheet pile, [00121 [Table 2 0SS tion of ste %et pile
Conbi ned staser flarggde p tqp; spgface.of B %?0’%7.%?5@1“1”0‘8"%?“’“&{10 I'M™i ew of
the problens describe PLASShal AYRALE 8 A besAnFBde. A
obj ect of ?ngglp@%ng%stagfh%\%gﬁrl{ rloofrr?q’?[g’{ng %@%g’g asconbi ned steel sheet pile
capabl e of .gahi-aKeRdaiilk B -sHagelLIGEd] eievipild thatiiad nicabutijegediedessary section
modul us, and. providing special superiority against a conventional 1-shaped
st eel sheehotpiolling poycessiiggivén. c dnerh T ablaBr iboanhy seenethet thsepihinegisicehdett of a
conbi ned steel sheet pile fornmed by a hat-Shﬁ$§Q4 ecelg ssnﬁek_s ileg and an
H shaped sPEerxbiESaERoshiefansngeRsay e oRRg e fe FOSELAE TrTShitcon i s
applied to_a anchored earth-retalnj Hifedule Hokgler, @0d to provide an
eart h-ret aisﬁf'lrfg‘c%ﬂ?’ @%Fﬁﬁtﬁ%db‘gél g%{rl?g%ﬁ\%gglhe c%qﬁll'bi ned steel  sheet pil es.
MEANS FOR Sl MinbGstddiihd2 <k 8R4 kheTot-stiepudstédh ehepr i veith thbove, t he
present invention uses the foll ow ng neasures, .

H-shaped steel by welding and the like, resulting in the large working cost. Therefore,

the combined steel sheet pile does not provide any special superiority over the Z-shaped

steel sheet pile.

[0012]

[Table 2]

Cross section of steel sheet | Characteristic of cross section per 1 m of wall

pile Section modulus Steel material weight
| Combined steel sheet pile | 4061 cm’ 193 kg

Z-shaped sheet pile 4000 cm’ 191 kg

[0013]

In view of the problems described above, the present invention has been made.
An object of the present invention is to provide a combined steel sheet pile capable of
achieving weight reduction while maintaining necessary section modulus, and providing
special superiority against a conventional Z-~shaped steel sheet pile, by significantly
improving the flexural strength 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

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



A first aspect of the present invention is a conbined steel sheet pile
havi ng a hat-shaped steel sheet pile and as H shaped steel, The hat-shaped
steel sheet pile has 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 ofjoint
portions each fornmed at respective ends of the pair of arm portions. The
|1 -shaped steel sheet pile has a central web portion; a first flange
portion provided at one end of the central web portion; and, a second

fl ange 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 FOReES L PN R i mumyield point rati o Ways bet ween
a nininun1$@%$ﬁhpoint %¥y$% H?Eﬁ“ﬂ??%gged steel and a mininmumyield :point
rry, of theohat-shaped steel sheet pile is 1.105 or nore, [0015] In
t he conbi ned steel sheet pile according to (1) above, the m ninmumyield
poi nt ratio oyht Yyyaveihg peblempbote thearessntgpventiameses fiefeliving measgies (3) A

second aspect of the prese invention is an_earth-r.etainin |1 enployin
T or ot & kot -SeEet gy aob BasPatRE Cet e Bt R ove” Tn
the earth- rh%{-ﬁ{aﬂécf@eey\%{e!étgilbeﬁtﬁ% étggl-gsﬁﬁﬂkﬁ ste€l. mThE’%ﬁtIsh%éﬁ sREl shbe ppondhiizned st eel

sheet pil es are conne ot her, [00 ( A third aspect of the
present i nugbtdofidni Spatr sretahgepRfiosek@ddddngbab ridsndthieorcbafortoncopdi ofed st eel
sheet pile having a %at-shaped steel sheet pile and an H-shaped steel. In
t he sel ect iaon prstohoeich proaided ablesnaetiverenisofdhs pait i dlaagrcrerionst 24 #PH num yi el d

i nt ti [ b i Ni N ' ' ilL.of t H shaped
Clecl and SHRNRHTSPEPORBA AL e bt e HepoufiapBiotioBy Dheet pite i s
1.105 or ”%@hapgggtgﬁﬁeg{iﬁleﬂé %%Jn%m ib Q1B flange portCRbHEALLt O the

L )
configurations din and (4) above, it 1s possible to enhance

the flexurajneshd 6ngé kenehl Wétepoetuib ime d s@bedflarpkeettiopiptaidedyt hebtieng t he
ratio rtybicry, to 1.105 or rnore, where CA" is the mninmumyield. point of
th. e H shaped oftheskntiahwelhportionbi Thatspeond Seregs Posinads fipid e agytside of the t he

m ni mum yi el d point of the hat-shaped .ste sheet pi.l.e. . . Agcording to
the confi gu‘?"ﬁ’tROB‘ilP“dgé}&?r}iaﬁgﬁpF#t?eé?}%ﬁg% (S fln}llélmﬁﬁdo §?1§P%m¥ e 81”‘? er
reliably a ' "f%ﬂﬂﬁﬁ f | ¥idnaknStOst O bt PhidiRemGMIPhHED st eel
sheet pileq%?%QhQﬁ% CcCO g@ﬁgnggwfhe conf?gu?ation déscribed Fn (éf above,
it is possidpe H@sebtaiel bhet gRris hi0gbanoieng wai | forned by the conbined

steel sheet pile having further enhanced flexural strength. As
descri bed alf6id, according to the present invention, it is possible to

D1 e, by T 1] et PECHINPHY R ILr I ar e foly Fgede BARRERTE e -
necessary S}?o%tir&ﬂ) é;r,}l}gyl;' l‘rh‘@ be in the range of 1.109 to 1.559.

[0016]

3) A second aspect of the present invention is an earth-retaining wall employing

two or more combined steel sheet piles according to (1) or (2) above. In the

earth-retaining wall, the adjacent joint portions of the combined steel sheet piles are

connected with each other.

[0017]

4 A third aspect of the present invention is a method of selecting combination of
a combined steel sheet pile having a hat-shaped steel sheet pile and an H-shaped steel.

In the selection method, the combination is selected such that a minimum yield point



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019] FIG us a front view of a
conbi ned steel sheet pile according to an enbodi nent of the present
invention. FIG 2 is a perspective view of the sane conbi ned steel sheet
pile. FIG 3 is a side view of the sane conbined steel sheet pile.

FIG 4 is a front view of an undergound conti nuous wall body configured by
connecting plural conbined steel sheet piles according to an enbodi nent of
the present invention. FIG 5 is a. perspective view of the sane
under ground conti nuous wall body, FIG 6 is a diagramillustating val ues of

y/1-1 of 194 types of conbined steel .sheet,pi . Eivi]l vl ENTS. OF THE

| NVENTI ON [F&{y2d}/oys betweerg mignyg Wﬁ‘gp‘ﬁ}fﬁo‘m 8%‘83 hﬁ%@%ﬁsﬁeaf %{‘gc:??vE‘%‘fm?‘ﬁ‘é present
inventors paid attenty f s b ral strength of a

conbi ned styéeé(?p%lﬂte(@f O%ﬁﬁ?}é&i%}slgpgg\s/%%%%ﬁtg@égl'rr}ggte)%li%gflé type of an H shaped
steel, rather than by a material type of a hat-shaped steel sheet pile. The
conbi ned steel sheet pile. is fornmed by fixing the H shaped steel wth the
hat - shape SRFECTSHeRTHRIIN®EDYIAN| di ng and the |ike. Therefore, the material
types of the Hshaped steel and the hat-shaped steel sheet pile can be

sel ected i d8@&i¥éndent|y of each other. Mre specifically, based on the

properties of th C‘%Eﬁrﬁiﬁqa{ggf%&(%{!‘ﬁogﬁ F@ggg@?gd@mquﬁg bsitaged steel

sheet pile, it iS§7poSs ona the’ conbi nation of a.

mi ni mum yi eld. REk flokul stRhgth Betbsibmedstsd] eilet piflbasating theriyioglad; poi nt
ay, of the hat-shaped steel sheet pile, and a ratio thereof cyklal,s. Then,
t he presenttoilr¥ént ows:, vbernd tihte nitimusn yeldgpbit ef theHobaredsteehia thear ger

flexural strength, by setting the m ninumyiel oint.ayl,,of .t H shaped
steel hi ghetombisHoR pel §hsst AR el 135 SR ¥lelgfpg‘r“ﬁ%ft ‘R%%J:téh%}’ﬁéa{églt eel sheet
pile. Furthsﬁr ¢ tlhe present inventors found that a ratiodoes not reach 0,5,
and it isp Ség}g’ble that the ratio of ylki be about 0.475 at npbst as
described | ater, sb&asghb ihs cofig@ngibh déseaibadin (Dabbait supdssible tofurther ar m
portion of the hat-shaped steel sheet pile to an upper surface of a first
fl ange of tdabalty sthisfredy stheade, thafickura) sirength dfdhrprombined meelibediptle bm St al ke of

the armportion to a neutral

of th i.ned steel t pile. Th
present i nvent or AECHIREHP 6‘51"%‘?%.‘?"6‘3?GESCngd[QLH”Zé)pBEPYCZ‘t%el?-?ssgﬁg%?)ﬁ%“ﬁg 194e

types of the conbined s i : : sed 101i
hat - shaped @Fggﬂy?g%né?g pfﬁfggﬁ%\n%tthg?J)rg%‘aé%%é@%g%%fg%g%%%eyrmss- secti onal
area 110 et g ZlfaheeLuraidBengi@ment inertia: 9430 exifilpiece) or 2511

hat - shaped steel sheet piles (wdth; 900 nm height: 300 nm )
cross-sectional axsskscribddlabbve méqilieg & thepresentriyveriion; i srropgble womogde

cmd/ pi ece), and H-shaped steels hayi hej ght .in the r e of 400 mmto
1000 mi n * HAsCiEhWPFHERARRAPSsE %@W@l‘ﬁ&%&'&@?edﬂﬂ?& ?H?ﬁttﬁﬂﬁgtﬁ @ﬁﬂﬁég 6ed above,
speci fic H ghaped, st.eel.s_havi.ng. | i .G nore than 30 mm
which is us'iia“@béfﬂs“ﬁ?W%?%%@%&‘%ﬂ%ﬁ%%@E%’?‘B?ﬁ‘éﬁ‘él?%el sheet piles and the

H shaped steel, values of a so-called plate thickness-wdth ratio (t/d) are
set for the purpose of achieving a predeterm ned cross-sectional

per f or manceBRIEEDESORETIONOK EHESRAWINGE y/ 1/1 of the conbi ned steel sheet
piles are distributed in a certain. range. As illustrated in FIG 6, the

| ower |init[®E9% he val ue of of the conbined steel sheet piles in the range
descri bed above igs-about. 0, 3.7 (o 1 | s about O0.48.
At the tune of acbeLCfaPls eféclméﬂlle‘ﬁgo?gg? ﬁlp@e%g{gegis%%eteﬁ%eéacéégﬁfgg?é ?ﬂurt her

econom cal ggpbiined FiRPheséi@Blenttid. €s t hrough ot her conbined steel sheet
piles, lathe case of thé conbined steel sheet pile in the vicinity of the
upper limt. For EGany sperdphaive et dithamehs|cambingd eBohest pile3/ m and t he st eel
material weight is 266 keen? in_the case of the conbined steel sheet pile
having the y/ 14 VECud isgrsids gy ahige sapseeartigedsicel ¢ pe steel sheet pile

and the H shaped st egh N 0R, 216} 8k BlntB0: T, Bt ba0OBAEGLIE! 250 mm

and a flange thi nm wever, this can wth. a
combi ned st @frlne(?t urRl b HRY 8 BB RERTAT LA enfioSEens60hd PBsent t h a
section nodulus of 5186 cM hn and a steel material weight of 253 kg/m and
fouil ed. byidbeickOHt 1pe steel sheet pile and the Ilshaped steel having a
hei ght of 500 M 171, a flange width of 250 mm and a fl ange thickness of 25
3XLM in this case, the value of the y/Tl of the conbined steel sheet pile
is 0.467. However, fromthe viewpoint of productivity and availability of
the H shaped steel, it is desirable to secure nore varied conbi nations, The
present inventors determned that it is desirable that the upper limt of
the yin be set to be 0.475, which is close to the upper Iimt obtained by
the investigation results described above. This is because that, by
enploying this setting, the value of the y/H can be set close to the upper



flexural strength is determ ned dependi ng on an edge stress of the H shaped
steel. [00211 At the tine of selecting the cross section of the

conbi nati on of the H shaped steel and the hat-shaped steel sheet pile, the
shape of the cross section should be selected such that a ratio (Hy)iy of
the length (Hy) fromthe neutral axis of the conbined steel sheet pile to
t he upper surface of the first flange of the H shaped steel relative toy
is equal to or nore than the ciyhtuys from viewpoi nt of preventing the
stress at the end portion of the Cross section fron1reaching, the yield
point. At this t]

t y larger
t han the above- d@gﬁ%}aﬂme’f Y \?%)&O%h%fméﬁ%a eorun% Q%gougﬁﬁaalﬁo@ ‘essarily
hi gh strength e Y58l GG ARS of FPOST 19U EPed bonthRad blsey) 1y 'S
al nost equal e%?{% S%a&) ﬂ%%? po§S|bIe to%@hppress the stress
occurring ahﬁibmg perlpheral edge of the hat-shaped steel sheet pile to the
mnimumyield point or | ower of the hat-shaped steel sheet pile with the
m ni nrum steel material strength, even when. the beading nonent that. vyields
t he peri pheral teel. acts. Therefore it is possible
to achieveE@ﬁ@oﬁﬂ%§§3%63“ﬁ%ﬁ?§gﬁﬁﬁﬂ? n of th.e cross section of the
conbi ned stﬁgh sheet pile. [002. 2] By paying attention to the point
that the CJ %ation of ayh and isy, should be selected so as to generally
satisfy (Hy)/y %Fosélvothshidbensakisibyd stgve ke predeat inonsdrs paidhitdotioy)d y 2t he

present inventors found that it is possible to obtain a design guideline of
t he conbi nebk Geigbdt tehitaxurapitteagihas e gowbingd Beel cist Ptﬁtlégqvémeﬂrbﬁﬁer ty, by

Cr ose. soet BHEARL DI he TreRrretrn =gt 1o fup meshat QBES AP P LT T Cad on
concer ni ng %%epﬁ@t efHe%L Birn cﬁ?ﬁEél)éhég{ pifR GRS by W{fn tﬁerH@ @éktgél vaii del i ne,

it I's possi to prOV| e conbined steel sheet pile having extrenely
reduced st gpd hfBhBkiskb] s\hedt ohé by weldaigmad dfe likhe Tenefoethd ngrinbypstof by
setting the yield point ratio oyhloys to 1,105 or nore. [0023] Bel ow, as a

preferred ehbUdhmedistealond i gshaped ficed sheebgilerpen ?’%“é‘?ﬁqddﬁiepa“déb ?fned st eel

heet le 1 I ta

descr i bed” sEBh: | MyomRrCheRt pE S orRsies of SRl bt S FhL

combi ned St%%gﬁﬁﬁ@ﬂat@h;l 8 beBSROK 010G il osaBR SBDEHIPAecDhe NE present
6Erspect|v

i nvention 1S a vi ew t hereo and FIG 3 is a side view

t her eof [ 0QR&ibinkhen sfaRinfeEn Sichbpoishgesf thé Hehipeh asclanbatrisiapegelst eel sheet
pile 10 and an H shaped steel 20.
point oys of the hat-shaped steel sheet pile, and a ratio thereof oyn/cys.  Then, the

present inventors found that it is possible to obtain the larger flexural strength, by
setting the minimum yield point oy of the H-shaped steel higher than the minimum
yield point oys of the hat-shaped steel sheet pile. Further, the present inventors found
that a ratio y/H does not reach 0.5, and it is preferable that the ratio of y/H be about
0.475 at most as described later, where H is a length from a bottom surface of an arm
portion of the hat-shaped steel sheet pile to an upper surface of a first flange of the
H-shaped steel, and y is a length from the bottom surface of the arm portion to a neutral
axis of the combined steel sheet pile. The present inventors investigated a value of the
ratio y/H concerning 194 types of the combined steel sheet piles formed by generally
used 10H hat-shaped steel sheet piles (width: 900 mm, height: 230 mm, cross-sectional
area: 110 cm’/piece, and moment inertia: 9430 cm */piece) or 25H hat-shaped steel sheet

piles (width: 900 mm, height: 300 mm, cross-sectional area: 144.4 cm®/piece, and
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[ 0026] The hat-shaped steel sheet pile 10 has a web portion 11, a pair of
flange Port!" 011S 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 1,1.. Further, the pair
of armportions 13 connect -with arid extend fromleading 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 |eading ends of the respective arm portions
13. As for the pair of joint portions 14, cross sectional shapes of one
joint 14 and the ot.her joOi nd _.porti r LNt - I ormed with
each ot her moﬁlgﬁﬂn%’%la?%gb?)%? mlgcﬁéiraf‘?g[ﬁséé ¥ segg%gﬁéﬁglé@?ﬁg;t& ?Lgl iogt erl ock
with a joiggo ARYhi1060 hth, OfFrd BrcadkidpeNicdORRE AR the hRBlatishERE Rl € 1, and
interl ocking strength of both of the joint portions 14 are increased in
order not tvbespegfiabhhabetstaisdadhg oflheye teisipess allnhore than i3 g, rvhaehl iocki ng.
(0027] Further, the hat-shaped steel sheet pjle 10 enployed jn the present
i nvention P@dfmﬂﬂbﬁgﬁa’(%‘éﬁ@d{ ol orithrsiest healgales anddhe Heshpprdritech 3eltsson 14

thereof is forned i |l icated..s e, a S 1ner st rengt h.

[ 0028] ota Sor?‘?gle‘il&g%a{%glg%gsf%#h 540 ?tZ‘B ﬁeosaﬂ C re%%lw}p gger %ﬁ?iﬁ%ﬁgéé ocess. The
H shaped s @-sCERhAHerRRnBOT tiheRfo2d thefled oPak K/10bf the ange
portions 2%%%?%@2@?&?@ po?Jtei on) and 22b (second Iovverryfl ange portion)
provi ded atomesgkaid iecepilds asfdidtibugedde aterddin wepe. pdrstillostad in Fiik 6Range
portion 22b (lseco_nq fl ange porti on%lp of the H shaped steel 20 is fixed. to
an niter stheflawe Lt efithe st 9o7iE pbe combiged sterd shegt Dilep dhBg @Eeel sheet pile

10. The fl gnge rtion 22 ec f | ange. t fy tohe ed steel 20
may be fi xga"%{%gdfaﬂ?8v%}éﬁg"d‘g9§3i SRR drpR etﬁ’%e-"gﬁ%%%“ el ATRRRAR °Si le 10,
for exanpl g, AV dBARS i1Qf pdibfl B 9elc@ ORI %norb&hﬁwrdbln‘é@%ﬁeel%ﬁée@}%lesnal | or the
i ke, Note ttﬁat, Fn. the follow ng description, an exanple will be given in
whi ch a wekigbuf qogs corabin@lstées sHeexgits,tin thelvesesd tiednibimd geelpbedt pidnin22b

t hrough wel di ng. The wel di ng portion 27 may be either welded intermttently

at gi ven i theerisaitsofghe yerdléaitc ofrrienyprie] the Seplirpapetultsds POt (rrwhl

o ecti o0 (et Pl on s Sion ool LD aRey o) 20 g |1 oty ot
F‘SBVZS{ fi Xh&vhﬁ%ﬁlt@hﬁbm &k BAesla reheatbyRhd BELOpask khe: didanaimped steel 20.

£
e conbi ned steel shéet pile | described above, it is
desi rabl e thataptees Bodiph hdight g4 5antn] oflari@2lwidth of BE) tksdvdpdbingt eel 20 be
brought into surface contact with the outer surfw e of the web jlaorti on 11
of the hat thitknsescpigBaun. dhewqvepithiscapde replagef @ithjagamgined sfelishest Bllsst r uct ur e
in which the hat-shaped steel sheet pile 10 is fijx ' B to the
H shaped st@8p8 ?&Or"’l%f)goniugﬁt%ocsﬁﬁesc on F?c(r%laflﬁné)d?lﬁggt‘séelggﬁglﬁ%‘ﬁﬁe portion

22b into Slé{ehgrﬁﬁe&@%iagﬁ{ of¥s8 ol en@WrBkd SHfA08 tPfe dhesHBfhiRARY ten 11 of
ape I s

t he hat-sh Stee eet pife 10, when the conbined steel sheet pile |
recei ves arH-gper fiadl hivdngcehagit lof 560 hynds Aadgeovifthes 350 @mm arde fhinge shaped st eel
sheet pile 10 and the H shaped steel 20 can function_as an integral

structure tlicknessef25mine. cltthis Aege. therates offthy 1/H thy qombined sisel spped Pilg)
sty 2o gkt SNaRad.shesl 0. b A LU0 el Ag oL shaped st col
proceed thepweldi Qg APE A0 10 EARMore 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 results 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
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FIG 4 and FIG 5 illustrate an exanple of an underground continuous wal |
body 5 configured by jointing the conbined steel sheet piles 1 having the
configuration as descri bed above with each other. The underground
continuous wall body 5 is formed as one wall body by jointing the conbined
steel sheet piles | with each other by way of the joints 14. Further, the
under ground conti nuous wall body 5 is configured by sequentially arranging
t he sane conbi ned steel sheet piles 1. (0031.-] Next, a detailed
configuration of the conbined steel sheet pile 1 according to this

enbodi rent wi ||l be Farther described. In_ the %ogbi Elggl steel sgee pile |
accordi ng obihe hemsbiardas shestpilevm 815 DPRE STRTHE Rl Py EARSA A PR H shaped

steel 20 is %gqg&v%gogis%%g&h% b%@gg&p%ﬁlﬁrﬂ%ioq%r 0ifHerefdre tihe hat - shaped

st eel sheef®Pi e ratio thereof ayday, is set so
as to be 1 21 Qe IR 8-defelfiRed ddpendiR€oas@oyhiesseot the Hishgped steess t han 1. 105,
the flexural strendgth of the conbined steel sheet pile cannot be

suf fici entlpoz2iprproved. Therefore, in order to obtain a desired section
nmodul us, it is necessary to increase the 'S secti.onal .a of, the steel
material, :resulAfthgtingof sriacEng Beicrpst F?é“?‘t():‘lf\g\‘e%@? 1°B#@ﬁ§%‘f’%eéjl materi al .
Accordingly, in th se where the. oyhl ES | Aalhbuii@e, the conbined
sheet pil _e,s"'es\;fﬁnéﬂ‘erq@' ap‘é{g?eighc\ﬁgmgf%1831\!;%%2#%80%%%%&60 i ntegrate thorn
becones di $adyant 298.ASrA0Ma59H ofihb fenkihHCGN Vont honalralashaied st eel sheet
pile. In this respect, according to the conbined steel sheet pile | of the
present i nweRbineMsted] Bigenpitean itlad uppér sitfecehdtheshraifatzsefabt Hehered sistl e | 0 and

the material of the Hshaped steel 20 are sel ected sfuch tthat the ciyhiciy,
i s L105 or relmiics tay ivkaseltp seamorybiidhe Tisdfeh BEWpHRt ¢IREGPHIE e ¥Efgt h of the

conbi ned, steel sheet pile can he fur | . sWh hd :d S possible
to provide afﬁléegiB@ﬁ?rb&tbﬁ/c%ispSg%oa t#)f/ﬁ %? &f“%tﬁ% ?%eﬁﬁ%%mérr%f%%{%é’ %ﬂhe conbi ned
steel sheety Djf ¢ O4teeh Br thet @k Bbdvg-dsedribed 5RO333 steel | t
shoul d be h%%@je}phgtg S%%aﬁ%%gr li %B?Hgf the oyhicry, is n}gt %speci fied, and,
may be set hferaldBktanknfiecehiilythighsstiehgh.u pideweder, iy selefting e rpagejsgchohat he

m ni mumyield points of the hat-shaped steel sheet %l le s?rgd t he .H shaped
steel underthe G- Yt is @lmossecakia e, ov/Fiei S RPEITS/LO SERRERSSithe S5 CEPRRNRr d f or

the steel material, does n XL St ] '

conbi nat i or?tmﬁﬂplﬁ"ﬁle s‘)(%itt}ée F'%‘ag?&éot\e/er efc)g@}'f&gg%t Ee F‘E‘gﬁg”%’@%ﬂ"ga havi ng
the high yigld. /Rl 638 Reel BRROMESHith 0 @3dnum steel mbRriplaktighileaen i n the
present invention, the ratio crytioy, between the mninmumyield point ayi,
of the H shapadhsbading anthdnhargidinthapstimkal gizenf hydl-grapehycet pde| sheet
pile may be adjusted so as to he in the range of. 1,%189 to 1.559,f 32

descri bed | Hteesfore;Thispopsitilet ehicpndis cHedive aof%@rl@EO?B & B0 SR y
achieve the increase in the flexural strength of the conbined steel sheet
pile 1. [00¥sPIE Steelﬁlb@?tpfe'with reference to FIG 1, sizes of the combined
st eel sheet[og'bi]e 1 according to this enbodinment will be described. As
illustratedin"FIG 1,11 represents a length fromthe bottom surface of the
arm portion 13 ofgytfaginpattersioapetic sviechatsheamipidtion 0bomend peshoplldre sur f ace

of the first flange portion. 22a of the I—l-shgglg?d s,t&el. Fu[aig.he
represents seldctsAge s Poresnareliesaiely (B my¥ rowdes §1U¢ LS BORESHMPF Y o t he

neutral axis of the conpined steel sheet, pi.l hSidd i@ ratio of a
length (H y§ 1Yo Fﬁ}é:’ysn thengﬁé%egtogt}% ]t'%det%ctéﬁ%g’%ses@tlest%)?gﬁng%eeltgnpi le Ito the
upper surfa fastinfd angendeesild ARd228 &f tht hatcHashaped, st eel rel ative
y 1's expr esggglaﬁlflto?ﬁey@yl? [t may ft))lge1 possi ble to select the shape of the
Cross secti apasiug helllaitatioh BE(H ag)iyo> (05 conpémpingdhd depreol theneapsstserélopwi ny, . By
determ ning the shapes of the hat-shaped steel, sheet ilﬁ 10 ar?ﬁ t he

H shaped st eth tiz0insitetian phat/cis el - Foze WBICM%&WF%PO%O’PC&F‘&&f ¢ H4lf"Bhe oyht uys,

it is possible to suppress.ihe stress. ogCUrL] . i edge of
t he bat-shaﬁ@ﬁe@t‘éftséﬁyﬁglﬁe:\%ﬁbﬁ%&f@ntggd%ﬁ%e’ Lt‘ils msjlﬁqlte;‘ir’ gﬁ% éﬂgg}}eﬁpﬁg . 4o the
steel sheet pil ' ’ O tgcbendi AR GRS thdamst r ess of
t he peri phe?tg?lsg%fgéﬂéo}%%ew&?@s? fl gmge portei on 22a of the H shaped st eel

20 corr espoRgidg henéheyetibgtnyydle banpeiintynfoytto 1d05 bhmold- shaped steel 20
acts on the conbined steel sheet pile 1, This nmakes it possible to further
increase the flexural strength of the donbined steel sheet pile 1. As a
result, it is possible to further reduce the weight while satisfying the
necessary section nodul us, whereby it is possible to provide the special
superiority against the conventional Z-shaped steel sheet




pile, [0036] Next, conbination of the conbined steel sheet pile | according
to this enbodi nent of the present invention will be described in detail.
Bel ow, description will be made of conbination in, which the ratio

cryi,/ays between the mnimumyield point chi,

the mninumyield point ay, of the hat-shaped steel sheet pile is

nmere. [0037]
steel sheet pile 1 with the hat-shaped st eel

3=120,

of the I-1-shaped steel and

1, 105 or

Tabl e 3 shows a conbi nati on exanpl e of the conbi ned.

sheet pile 10 and the H shaped
[0038] [Table 31 Mninmumyield point oyi,i ,:ciNfittnill of

H 4.thaped steel 20 Mnimumyield point a,, (Mum) ahat-shaped steel slice

pile 10

. [OORBlaxtuln EYleldPO a ratio ct."

Below, as a preferred embodiment according to the present invention, a
combined steel sheet pile 1 applied to an earth-retaining wall and the like will be
described in detail.

[0024]

FIG. 1 is a front view illustrating the combined steel sheet pile 1 according to

one embodiment of the present invention; FIG. 2 is a perspective view thereof; and FIG.

3 is a side view thereof.
[0025]

The combined steel sheet pile 1 has a hat-shaped steel sheet pile 10 and an
H-shaped steel 20.

[0026]

The hat-shaped steel sheet pile 10 has a web portion 11, a pair of flange
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 formed in a
complicated shape, and has increased strength.

[0028]
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Steel standard of H shaped steel 345B SMA90YAl 345355 1 295295 1, 1

L203 20 SIv1570 460 295 1 1,559 [0039] In the comnbination exanpie iﬁ69
Table 3, SYW95 of ITS A 5523 is enployed for the hat-shaped steel sheet
pile 10. The SYW295 has a minimumyield point of 295 Nimm2. Further, in the
conbi nati on exanple in Table 3, B4513 of the Chinese Standard OBl T1591
SMA90YA of M5 0 3106 and 3Mb70 of HS 03106 are enployed for the H-shapea
steel 20. In the table, the m xtimumyield points ayb and. ay, of the

;fzrapid s{ei; 20 and the hat-shaped steel sheet pile 10 are shown. From
able 1, 1
The H-shaped steel 20 is produced by a rolling process. The H-shaped steel

20 has a central web portion 21, and a pair of flange portions 22a (first flange portion)
and 22b (second lower flange portion) provided at respective ends of the central web
portion 21. The flange portion 22b (second flange portion) of the H-shaped steel 20 is
fixed to an outer surface of the web portion 11 of the hat-shaped steel sheet pile 10.

The flange portion 22b (second flange portion) of the H-shaped steel 20 may be fixed to
the web portion 11 of the hat-shaped steel sheet pile 10, for example, by means of
welding, adhesion, bolt, tivet, screw, nail or the like. Note that, in the following
description, an example will be given in which a welding portion 27 is fixed to the
second flange portion 22b through welding. The welding portion 27 may be either
welded intermittently at given intervals or welded continuously, toward the longitudinal
direction (installation direction) of the H-shaped steel 20 as illustrated in FIG. 3. By
welding as described above, it is possible to easily and firmly fix the hat-shaped steel
sheet pile 10 and the H-shaped steel 20.

[0029]

In the combined steel sheet pile 1 described above, it is desirable that the
second flange portion 22b of the H-shaped steel 20 be brought into surface contact with
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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can be seen that: the cyyatays is 1,169 in the case where (B45B is used as
the standard for the H shaped steel 20; the ayhioy, is 1.203 ii the case
where 3MA90YA is used as the standard for the H shaped steel 20; and, the
nybktys is 1,559 in the case where 3Mb70 is used as the standard for the
H shaped steel 20, [0040] Further, in Table 4, another conbination
exanpl e of the conbined steel sheet pile 1 with the hat-shaped steel sheet
pile 10 and the H shaped steel 20 are shown. [0041] ['Fable 4] M ronmum
yield point a;th (1\I/nu) of I-shaptad steel 20 Mnimumyield point Gys

(Nan') of hat-sh S S L [ i el dinRQisanr ati o

chi hk]ys [0042] AREA LB S Gaelh sftile Rfaglpfetgl&s@eoél?{ 20 SVASOYA3NB70
355460 320328, 4 cdfihre3$ jointing the comtineliaebsitet B3 00K thé benfiguraapean
standard EN 10248 i's used as the standard for the hat-shaped steel sheet
pile 10. ThedS-3RALb3R wiziscaah nthai. mike yidirgropol eentinfougwell Wdnis Furt her

SMA90YA and SMb70 are enpl oyed for the H shap steel . 20 as. e les. in
Tabl e 4, t Hemeidak pumivall eqdy by doiRng the epmbingy s&e@gﬂestfpﬂmwmgﬁwﬁ%em 20

d the hat-shaped steel sheet pile 1 . jt b
Soen that v e s S PFrdh Bl SRR R AR e O

standard f t |5ﬁ9§%q 18 8Am&dmbaid steeNgbedtypilbay.s is 1.438 in the ease
wher e SI\/B?g’E(iSs&]%]sl%%@as thrééstandard for the H shaped steel 20,

[0031]

Next, a detailed configuration of the combined steel sheet pile 1 according to
this embodiment will be further described. In the combined steel sheet pile 1
according to this embodiment, when the minimum yield point of the H-shaped steel 20
is denoted by Gy, and the minimum yield point of the hat-shaped steel sheet pile 10 is
denoted by oys, the ratio thereof oy/oys is set so as to be 1.105 or more.

[0032]

In the case where the oy/cys 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 Gyn/oys 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
Gyn/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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[ 0043] As descri bed above, by enploying the hat-shaped steel sheet
pile 10 and the H shaped sleet 20 with the standards shown in Tables 3 and
4, it is possible to obtain the oyhtcy, in the range of about 1.109 to
1.559, arid to increase the flexural strength of the conbined steel sheet
pile 1. However, there are variong standards for steel materials other
than the standards descri bed above, and hence it nmay be possible to
optionally conbine the hat-shaped steel sheet pile 10 and the H shaped
steel 20 within the range that the mninumyield point ratio tryhitTr, of
t he conbi ned steel sheet pi

ile 1 is 1.1Q05 or nore. 044 Bel ow,
description wil It eulddgaotst thet theopRe JBL o dhe Y"/gﬁésp%’%%elcigffi’ea&d%ag%et hat the
Tulip (Hy)/ f t l.ength (H - : - L i t onbi ned
st eel sheeﬁe%‘i ﬁ%é’“‘t Eg’t‘m}&gjﬁg?rupgﬁrrlﬂ%zé{tg{qaiﬂﬁgf@?#glgﬁ% I aBnS% pg%l}stdiﬁfg}\ecZZa of
the H Shapﬁﬁ-sﬁlaﬁ‘eﬁ'steéleéhéét;pﬂ@aﬁ&hymﬁlaﬁeﬂrs&eruxﬂbﬂﬁe blitenestgaypsl Based on
the di nensions of the hat-shaped steel sheet pile 10 and the H shaped st eel
20 i || ust r afcRidnialy,Fekv& if The standard fpobsittel eatesialoiveninet exisk itineaydetpossitle om t he
bottom surface of the armportion 13 to the npeutral axjs ?f Hgg.conbined
steel sheeto pipley & cimbipstionevhEsgPessioht Pryveh ?"6\}6}3%&? I?fﬁ@’.e plEFiopving .
(2,Alths 1- . Atith) /2, t/(As -1- )....Expression (1) [0045] Were ha:
hei ght of #Wéuwlglgﬁ%‘gﬁmﬂeé)é?&ug dggt pile 10 (see FIG 1) 4: height of the
H shaped s&&gh 20 (see FIG 1) As: cross-sectional area per sheet of the
hat - shaped "steel sheet pile 10 Ah. cross-sectional area gfr_piece of the
H shaped steel 2@ paftR0filn the preserfimvehigom, thehaioydyioe hrwben OB IANABE t hr ough

cal cul ati on based on the 'expression (2). below  y/L-I+ hl As) / +
( Ah1As)) }/ Zield Piprese tbenH(sQ?ppe[i otyaland tlge n)ungnum yleldy point Gys o(f'fahe stee? sh(eélt

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 stee! 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 oyn/oys. By determining the shapes of the hat-shaped steel sheet pile 10 and the
H-shaped steel 20 such that the ratio (H - y)/y is larger than the Oyn/Oys, 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 oy of the H-shaped steel
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Further, the ratio (Hy)/H of the length (Hy) fromthe neutral axis of the
conbi ned 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 the neutral axis of the conbined steel sheet
pile Ito the bottomsurface of the ann portion 13 of the hat-shaped. steel.
sheet pile 10 relative to 11 can he expressed by yild. Then, the Expression
(3) bel ow expresses that the ratio of the expressions above (1 -
(3111))/(y/F1) is equal to or larger than the ratio of the mnimumyield

E)c:ipptezs?BLS({ %}fs}lgf’?\@if %@4§Zééﬁ@1¢ét Fi&g?fai#gl{]?%%é{%g :1on%f itnﬁrgasr?e-ur'? (raal axi s
L0, Lhe uPPEL bRyl of AEcliiifla 1006 202, OhshiGult iEhaasbistoe) 20

relative t romihe neutr Is to the bottom surface of the
mu porti ongl@eabatdend\xliglt hane datiiyeel the heeisaiskaioh nibdulisgwieadbgrit ishan or
equal to the ratio of the m ninmumyield points nywoy,. [0049{ Then,
t he Expr espassible(td prdvleahe sparitl shperivhitidgnizgt thyconyerionglf-shaged il ShgPlue from
the Expression (2) into the Expression (3) and developing it. (2 - (0-13/1)
-h (Ahl As)pilet + (Ahl As)))/((fis/1-1) + (AhlAsS)/(1 (AilAs))

itiyhiayri ﬁﬁégi ession 0) [0050] Then, by making cal cul ation for Ah/As
with oh/as'p,"the follow ng Expression (5) can be derived, A/As- (1
f3)-(hs1l: 1))/ ( West lotbimfidAsH td comblled steeFokpst@is il accofdipg {oGR5 1] Nbr e

specifically, it Is possible to obtain the ratio Ahl As of the |
er 0ss- sect epbalimanied il freseft itveatith whkpaldsaibedin degile nBEleyedesriPtioRe conbi ned

steel sheet pile 1 relative to th ross-sectjonal .area.As of . 1he
hat - shaped “élfé@maémfépmbmﬁféonm Vﬁﬁgktﬁ%faﬂagv rotet P d ‘“Béf%e%‘%%%“ti n the

Expression (5). 1052 Ig@ggi SREG igglltl,s fﬂXthSs%H]i‘i@'d@Q: fdeethei ghts of
t he hat-shgﬂ‘é}éﬂglgégaplé’%%%?laﬁﬂhe and)%![ﬂrtz}éJ H-s%gped st ee 206i n the

conbi ned stgels shgek wkd.e 1, and further assuming the yield points of the
hat - shaped "steel sheet pile 10 and the H shaped steel 20, it is possible

[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] |

i Steel standard of H-shaped steel 20

Q345B SM490YA | SM570

Minimum yield point Gyn 345 355 460
(N/mm®) of H-shaped steel 20
Minimum yield point Gys 295 295 295
(N/mmz) of hat-shaped steel sheet

| pile 10
Minimum yield point ratio cyn/oys | 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 yield point of 295
N/mm®  Further, in the combination example in Table 3, Q3458 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 6y, and oy, of the

H-shaped steel 20 and the hat-shaped steel sheet pile 10 are shown. From Table 1, it
15



to obtainratio (hsill) of the height (hs) of the hat-shaped steel sheet
pile 10 and the height (H) of the conbined steel sheet pile |, and the
ratio p etr; oyhi Gys) between the yield points of the Hshaped sled | 20
and the hat-shaped steel sheet pile 10. Therefbre, it is possible to set

t he reasonabl e cross-sectional shape on the basis of the conbination of the
cross section (Ahl As) of the hat-shaped steel sheet pile 10 and the

H shaped steel 20 that satisfies the Expression (5). [0053] Mor e
specifically, by selecting t he conbi nation of the hat- shaped steel sheet

pile 10 and the H- teel a (5), it

i s possi bl g2y b5 g ‘3&& ?Yélgde%?l vtgleggsgts\@esg%%%%ﬁsa apes sucﬁﬂ)trhat t he
ratio (Hy eaHééa@éwﬁé&bsmoYhﬁsﬁ@H’@kﬂﬁd steel
sheet plleh%M% thaﬁ%gggig r&%gttggaghe first flange 22a of the H shaped
steel 20 i stah@k@fr theshadpbestea D and( thayhtogyis ) .Shintbernse whergiSMIOpoi nt s of
the H shaped steel 20 and the hat-shaped steel sheet pile 10. Consequently,
even if thesmmwﬁ@ndﬁﬁ@nth%ﬂtﬁhﬁmésieﬁ]ezostress correspondi ng to the nini num
yield point o of the H shaped steel 20 at the peripheral edge of the
first flan é bition 22a of the H shaped steel 20 actually acts on the wall
body formed by tReqCPEPTARIs ShERL: ShBGHhtio L@mble dfthd Brbasaiskbiant® suppress
the stress occurring’at the peripheral edge of the hat-shaped steel sheet
pile 10 to pjibe wihthabaRshtped stegGhaat pitd 10t dvel theall-shdpap etdel$0eed shoeet pile 10
itself or Tower, whereby it is possible to formthe effective

cross-sect (o4l shape of the conbined steel sheet pile 1 for increasing the
fl exural strﬁgga [ 0054] Next, an apptoatth nmethod for selecting a
cross- sect ilo khape of the conbin d steel sheet pile 1 will he described.
Table 5 shows data on cross section |Gteet siendaaltof$heippell %¢tcd@) |sheet pile 10
used for explalnlng t he approach met| kaghooVabl e § S\MMMs dat a jon cross

section of DRI 0)1 355 As tHheghat - shaped steel sheet
pile 10, 3 hap ste eet pile 10 [shown in Table 5 is used.
The 10H ha

SR e .& B, hras—a—w L'i herght, —|cr oss- sect i onal
area As, n%@ﬁ’i“’mﬁ@l l?oantloss éﬁ‘a‘ ee Prat eri al 8ht as shown in Table 5.

Further, dewemapgdues] diectmle 10 shaped steels 20 Having-different

cr 0ss- sect |iMmathumryiibpoiitatar en/prepar ddl09The H- s dd%@ steels 20 have a si ze,
cross-sectlgﬁ area Ah, nonent inertia h and steel materi al wei ght as
shown in Ta[ . [0058] Table 7 shows a list of the conbined steel
sheet piles | obtaraesds Bp2eEPbi he Bgrobbe: statlard Eaf1624 &t esdd as eatangirie 10
shavin in Table 5 with the various types of the H shaped_ steels 20 shown in
Tabl e 6. [ (59} hatfshagpdetc?] shaspilbil®a %/heo’ﬁﬂOGP 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 oys 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
641/0ys is 1.109 in the case where SM490YA is used as the standard for the H-shaped
steel 20; and, the oy/cys 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 6yn/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 steel

16



nunber .41'1/As - (2-(y/1-1))/(yin) Z (cnis) w (kg/piece) ob. (14./mar
1 0.247 0.375 : ( : (kalp : ( :

materials other than the standards described above, and hence it may be possible to
optionally combine the hat-shaped steel sheet pile 10 and the H-~shaped steel 20 within
the range that the minimum yield point ratio oy/cys of the combined steel sheet 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 oyn/cys.

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-Ah'hs + Ah-hy)/2}/(As + Ah) ...Expression (1)

[0045]

Where

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

by: 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 + (Al/As)/(1 + (Al/As))}/2 ...Expression (2)

[0047]

Further, the ratio (H - y)/H of the length (H - y) 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 relative to I can be expressed by (1 - (y/H)). The ratio of the length y from
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1,667 3660 174 213 2 1,15 0247 0.391 1358 4190 186 223 Conpari son on
m ni mum guaranteed 3 1.75 0, 247

the neutral axis of the combined steel sheet pile 1 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/cys.
(1 - (y/H)/(y/H) > oyn/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 neutral 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 cyn/cys.
[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) + (Ah/As)/(1 + (A/As)))/((hs/H) + (AW/As)/(1 + (Al/As)) >
Oyn/Cys ...Expression (4)

[0050]

Then, by making calculation for Ab/As with oyn/cys = B, the following
Expression (5) can be derived.

AWAs < (2 - (1 +B)(hs/H))/ (B + (1 +B)ths/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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0,402 1.488 4590 195 239 yield point of steel sheet pile 4 1
1. 3155650 225 270 P P 01 02470432

to 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 p (= oyn/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 (Ab/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 (= oyn/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 oy, 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
steel 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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2.10 0.2470.462 1.165 7360 268 305 >295 2.21 0,247 0,468 1.137 7670 277
31.3 > 295 7

[0055]
[Table 5]
Type Width Heighths | Cross-sectional | Moment Steel
area As inertia Is material
weight
10H 900 230 mm 110 cm*/sheet | 9430 86.4
mm/sheet cm”/sheet kg/sheet/m
[0056]
[Table 6]
Combina | Height | Flange | Web Flange Cross-secti | Moment Steel
tion hy width | thickness | thickness | onal area inertia Ih material
mumber | (mm) | (mm) | (mm) {mm) Ah (cm®/ piece) | weight
(cm’/piece) (kg/m)
i 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 various types of the

H-shaped steels 20 shown in Table 6.

[0059]
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237 0.247 0.475 1.105 8213 291 321 >295 . .... [ 0060]
[Table 7]
Combina | AlWAs | hs/H | yH | (1-y/H)/(y/H) Z W s
tion (cm®) | (kg/piece) | (N/mm®)
number
1 1.01 0.247 | 0.375 1.667 3660 174 213
2 1.15 | 0247 | 0391 1558 4190 186 998 | Comparison
on minimum
gl.zaranteed
3 125 | 0247 | 0.402 1.488 4590 195 239 yleld point
of steel sheet
pile
4 1.61 0.247 | 0.432 1.315 5650 225 270
5 2.10 | 0.247 | 0.462 1.165 7360 268 305 > 295
6 2.21 0.247 | 0.468 1.137 7670 277 313 > 295
7 237 0.247 | 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 number 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/HD)/(y/H). Further, Table 7 also shows: a
section modulus Z (cm?) 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 Os (N/mmz) occurring at the outer edge of the steel sheet pile 10 in the case where
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The conbi nation, nunbers in Table 7 correspond to the conbinati 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 conbi nation. nunber 1
in Table 6 with the hat-shaped steel sheet pile 10 shown in Table, 5.
Incidentally, for each conbination nunber, Table 7 shows a ratio Ah/As of
the cross-sectional area Ah of the U shaped steel 20 relative to the
cross-sectional area. As of the. hat-shaped steel sheet pile- 10; a ratio

hsifl of the height ha.of. the .hat-shaped. i the hei ght

ol the chis LA sy ittt fRRFYEbPEL i RRk Rl fusth he LhE hel 9

bot t om Sur%@t&e&‘ldgg F&&é?leé%éﬂfﬁﬁbrﬁr%mbnéé@zat)efﬂabﬁ-élﬁpédrs@delz(xi s of the conbined
pi rela

steel shee ive to the height H of the conbined steel sheet
pile 1; anthodiXl - (y/H)/(y/fl). Further, Table 7 also shows: a section
modulus Z (cm) per a piece of conbined sheet, pile deternined dependi ng on
the edge stress WithinHee ¢lassindipdiths cearTingrisss i Bencrbmprpatiogtidaiesheet pil e

1; the stee] material wejght. kalpi J i ned st eel
Sheet pi | comsnerim g et ds oA i RE reREl G MR B BRABPEY" 05007
the steel, (ANEet bl fie 10 chdbd dieaif%S WARHR DRoWHE BfficDALASRMAGEBY 1O L he

mnimmu yield point o | -1-shaped steel acts on the outer edge (outer
edge of thenfsiksto,bbangs 4 2a)ouat eddeeftheshafbdgsiZalf 1R0]-shpeddpel, and
the elastit, limt, the occurring stress isq%enerally proportional to the

di stance f tematitd {elD)ayHodites distwse of B acutrdh axig rlg‘ét%ﬂ’%‘tb*r?ﬁﬂw ng at the
outer edge of Che_steel sheet, bl e 1060115, 001 NGB HPLIE o e

fol |l owi ng réss ah~occurring -at the outer

edge of the e%%dlg%pglhg@%:ﬁgg%%n@%et- d pbighaped steel, and the ratio (1 -

(y11-1))/( tance of the neutral axis. Note that it is assuned
that this eygession can be applied even if the stress cs; occurring at the
outer edge of the steel :sheet pile 10 falls beyond the . yield poipt. [0062]
I't should be not Bdhewidbe natedibet, sipcejitis asumas Hhat ha PUpART YiFlA PART % Of el d poi nt

of 't he. 11 Al pad s BF SRapte s ur i S ApOLTE b RO niee DR ML T F0°
(y/ T-1)) : I—f-gtgapédlgteéﬁs G:hu_lg',ya. (Yili))kY/ 1-0) [0063]
on:os=(H-y):y=(1-(/H): (/)
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/mm?) for the H-shaped steel
20, and 295 (N/mm?) for the hat-shaped steel sheet pile 10.  Further, the yield point

ratio oyp/oys is 1.20.

[0064]
[Table 8] _

[ Minixoum yield point oy, (N/mm®) of H-shaped steel 20 355
Minimum yield point Gy, (N/mm?) of hat-shaped steel sheet | 295
pile 10
Minimum yield point ratio Gy/Oys 1.20
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Further, Table 8 shows the m ninumyield points of the H shaped steel 20
and the hat-shaped. steel sheet pile 10, which are conbined in Table r, and
the mninumyield point ratios. The mninmumyield points are 355 (N mMmR)

for the H shaped steel 20, and 295 (Nittun2) for the hat-shaped steel sheet
pile 10. Further, the yield point ratio tryhlcyy, is 1.20, [0064] [[able 81
yi el dpoi nt (Mum ) of H shaped steel 20 Mninmumyield point ay,, (Nintail of
hat - shaped steel sheet pile 10 .1', /holm y< pot It ratio c>ys. [ 0065]
[ Table 9] aybi ) I Maxi num 0. 247 1.70

[0065]

[Table 9]

hs/H | Gyn/Oys (= B) Maximum Ah/As
0.247 1.20 1.96

[0066]

Further, Table 9 shows the ratio Ah/As of the cross-sectional arca Ah 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 Table
8, the hs/H is 0.247 and the yield point ratio oyn/oys is 1.20, whereby the area ratio
Ah/As is 1.96.

[0067]

At the time of actually selecting the cross-sectional shape of the combined steel
sheet pile 1, it is possible to select the cross section such that the ratio (1-(y/H))/(y/H) is
more than or equal to the ratio oyn/oys of the minimum yield points, by selecting the
cross section of the combination so as to have Ah/As of 1.96 or lower from the
Expression (5) and Table 9. Therefore, by setting the cross-sectional shape with the
combination numbers 1 to 4 in Table 7, it is possible to suppress all the stresses o
occurring at the outer edge of the steel sheet pile 10 to the minimum yield stress (295
N/mm?) or lower of the hat-shaped steel sheet pile 10, even in the case where the stress
corresponding to the minimum yield point of the H-shaped steel acts on the outer edge
of the H-shaped steel 20. In fact, as shown in Table 7, the calculated stresses o
occurring at the outer edge of the steel sheet pile 10 are 213 N/mm? for the combination
number 1, 228 N/mm? for the combination number 2, 239 N/mm? for the combination
number 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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| 1.96 [0066] Further, Table 9 shows the ratio Abl As of the
cross-sectional area Ah of Cue H shaped steel 20 relative to the
cross-sectional area As of the hat-shaped steel sheet pile 10, which is
obt ai ned through the Expression (5). Table 9 shows that, from Table 8, the
WMis 0.247 and the yield point ratio ayhicsi" is 1.20, wle'.eby the area
ratio AWAs is 1.96. [0067] At the tine of actually selecting the
cross-sectional shape of the combined steel sheet pile 1, it is possible to
sel ect the cross section such that the ratio (1-Cy/HD/ (y/IT) is nore than

or equal to the ratio syblo v ef ol he i MUk ekds Pt ks, 0pyspel ecti ng

the cross secti ation S0 as to have Ahil As of "1.96 or |ower
fromthe ExpressiQhediddlyantechtRl 1069 whithey @fcared fyn SeBkbigsishis).

Cross-sectl onai?ﬁ’s{]g Toel V\ny’th fiehg%con‘f)i nation nunbers 1 to 4 in Table 7, it is
possi bl e t pushtpphesssel b, dchariap neths egerdgooftbe steel ghest pilehd) a8 edge of the

steel sheet pile 10 to the mninmumyield stress (295 Nm2) or l.ower of the
hat - s hapedNémJ@%forsﬂtiﬂé@mbmatl@l &Wbeé\?e%?’lw% f‘?:ratg%"%ﬁ%?f’émf‘ ?rrgeaélg
correspondin 0 1 he.m ni rum.yi el i_nt . apaf, ctks On the
out er edge%?N%nPfE %—rg’r‘?ﬁﬁlgg}#@?%’e?m%m’laﬂ of g@c?@g%eggﬁ%m i n‘ﬁlﬁ‘gﬁ*de& @& t he

cal cul at ed sfr GHidel BelBhedt Bife Ot BMheREGE aBhodghenstigepomheet pile
10 are 213(%%%\23&?2? t%g&%orﬁgi na%i 0?1 Eun‘oer 1,e 228 Ni?mﬂ fo$ t he

conbi nat i 0Bf fhe Moehapdf, steRBH Insidhseans ¢onfrarcdtwith thoyibidpetit ohthnbatsbaped, and 270

Ninra2 for the conbi nation nunber 4, and are suppressed.to .the m ninmum
yi el d pai nste¢l288t bilé 20vitdy ngmopsiile o epfoyiedvaRiase h ApIBERL: dheet pile 10.

Therefore, it can he seen that it.is SSi i 1 r

ef fective 8??‘%?%@3?‘?"5 f SeEhH °‘%‘flust"ﬁ r%grotr?‘g!l édsggge g&?ésg%%gft?e %ﬁ&é‘ﬂﬁ in MM
of increasi M) oS Ikt e hitQRERH stebloney gils 10.han kit i 0s Ah/ As of

t he conbi n;/%?doé]&%l}%sgﬁs 5)t00 7 are eé. 10 Eg%dsg. 37, rgespecti vel y, exceeding

1. 96, whi chbbe-deadribedl ahbalihen] e tipeodek preéodiforseledjng thueokeiectianhe st r esses

a, occurring at the outer edge of the steel sheg% pile 10 are1 3 Ni rnrn2

for the combipsaf fhesombirpdstedl shest pilak pashrer GrcrRe O¥ SiYMISFRFBRPAGHDEr 6 and

321 /Vann f th nbi nati.on nu r 7 | f i ﬁgﬁ% m ni mum

yi el d poi nt18{{f§%°elﬁi%'grl?’?§5’&1%?el?lﬁegpwgétbs-%gwg;i)neﬁabg %el S eg]grt’gpl eqi%é.}gdi'her ef ore,

al t hough t hedidip ol &1 f5: haReIdknsd 9Ré uskd inl e beabiasd asl siespar ed
with the y?gef}%hg%%ﬁl?mg to‘ta%:E(elpltr(éit-shaped stee? sheet pile 20, it is not

possi bl e t @jlenj oYoridkampld)iaRitpageble GomgbauetitH-type hat-shapedsteebdastpile o | ower t he
section nodulus in order to suppress the stresses to (tghe T ni2}mm yield

poi nt (295 hinvinep vodth oHMImes beight of 300 Bapess-Stirl ARt it T PES n t he
above-descriaed enb.odi.rrepé bhm{)ﬁr oach nmethod for selecting the
cross-sect % g}onéeﬁ%l‘B%m?)P %98 & °fed steel sheet pile 1 has been descri bed
by gi ving BO%anpl e of the 10Htype hat-shaped steel sheet pile shown in
Tabl e 5. I—é\/\ev r, other hat-shaped steel sheet pile may be enployed for the
steel sheet pil eTugedo iivwishie: cairbiciphtredt@rh efbdof thpicheventiorEbexamplnpl e, it
is possible to enploy a 25Htype hat-shaped steel sheet pil % having a width
of 900 ramanHdieghampl of(he prAvPItdrEEEQNsia £l @Ffavhess g nptesseanyaldngpi pi ece, and
moment inertia of 22000 ipi,.cce. [0069] Tabl e 10 shows the

st eel - wei grﬁepﬁ%éﬁlﬁ’@ﬁeﬁﬁséﬁogé\h'g’@fwctehe conventional exanple and the exanple
of the present invention in the case Wiere the necessary yiel ding bendi ng
nonent is 1450 | c: Nan/piece. [0070] [Table 10]
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M ni munE Yi el d point of steel

and H shaped st eel

st eel

mat eri al

{1:47m n2) Applied steel

sheet pile

Section nmodulus Z (ciii3/piece) Yield nonent

(1i Ntai piece) Sate: nmaterial weight (tepiece) Steel sheet 295 11 shaped
315 Steel sheet .1311c., 1011 H shaped steel 700s200v9x 4590 1450
(00701
[Table 10]
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 | stcel | pile
Conventional | 295 | 315 10H | 700x200x9x1 | 4590 1450 195
Example | 9
Example of | 295 | 355 10H | 700x200x9%1 | 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
315 N/mm>. In order to satisfy the necessary yielding bending moment of 1450
kN-m/piece, it is necessary for the conventional example to have 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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195

9

295 355 101U700x20089x1 4190 1.490 186

6

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) | (kKN-m/piece) | weight
(N/mm?) (kg/piece)
Steel | H Steel | H shaped steel
sheet | shaped | sheet
pile | steel pile o
Conventional | 295 | 315 10H | 700x250%12x1 | 5650 1780 225
Example 9
Example of | 295 | 355 10H | 700%200x9x16 | 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
11
12
13
14
20

Hat-shaped steel sheet pile

Web portion

Flange portion

Arm portion

Joint portion

H-shaped steel
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[0071] In the conventional exanple, the nininmumyield point of the
hat - shaped steel sheet pile 10 is 295 NInn2, and the m nimumyield point
of the H shaped steel 20 is 115 Ninm2 In order to satisfy the necessary

yi el di ng bendi ng nonent of 1450 ki Nm piece, it is necessary for the
conventional exanple to have the weight of the steel material of 195
kg/ pi ece, whereas it is possible for the exanple of the present invention
to achi eve the above-described requirenment only by the weight of the steel
material of 186 kg/piece. Therefore, the exanple of the present invention
can achi eve the i ght. reduction. by about 59/a as conpared with. the
conventi onal exa Ie.cfﬁﬁgﬁTzfggwg Table Il shows the steel-we ix
t-reduetion effegt, of ghenmeoygnbd onal exanple and the exanple of the
present invention. in the case where the necessary yielding bendi ng nonent
is 1490 kI +m pi ezzb | rpecsmdelangoopstadn sfy t he necessary yiel di ng betiding
nmonment of 1490 kl ?frui pieee, it is necessary for the conventional exanple
to have the wei ght of Wedingpedlonmmt eri al of 225 kg/ pi ece, whereas it is
possi ble for the exanple of the present invention to achieve the
above-descri bed requirenent only by the weight of the steel material of 186
kg/ pi ece. Therefore, the exanple of the present invention can achieve the
wei ght reduction by about 17% as conpared with the conventional exanple,
[007,3] [Table 11] | NDUSTRI AL APPLI CABILITY [00741 According to the
present invention, it is possible to significantly inprove the flexural
strength of a conbi ned steel sheet pile funmed by conbi ni ng a hat-shaped
steel sheet pile and an H shaped steel, and to achi eve wei ght reduction of
t he conbi ned steel sheet pile, whereby the industrial applicability is
great. EXPLANATI ON OF REFERENCE NUMERALS 10075] 10Hat - shaped steel sheet
pile
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11Web portion 12Fl ange portion Arm portion 14joint portion 20H shaped st eel
Central web portion 22aFirst flange portion 22bSecond fl ange portion

27\l di ng portion CLAIMS |I.A conbined sled sheet pile 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; CLAIMS

1. A combined steel sheet pile 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 hat-shaped steel sheet pile being a 10H hat-shaped steel sheet pile,
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 sheet pile, and
a minimum yield point ratio 6,4/0ys of a minimum yield point o, of the
H-shaped steel and a minimum yield point o, of the hat-shaped steel sheet pile is

in the range of 1.109 to 1.559.

24 An earth-retaining wall employing two or more combined steel sheet piles

according to claim 1, wherein
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a pair of armportions each provided at respective ends of the pair of
fl ange portions; and a pair of joint portions each forned at
respective ends of the pair of armportions, the hat-shaped steel sheet
pile being a | OH hat-shaped steel sheet pile, the H shaped steel sheet
pile conprises: a central web portion; a first flange portion provided at

one end of the c&KkupialPafiass phthe p@acentaembined gegd sepet nilsh e cpmreEbithr ovi ded at

t he ot her epgnhekhethe central web portion, t he second fl anze portion
is fixed on an outside of the web portion of he hat-shaped steel shed:
pile, and a mninumyield point ratio ayilay, of a mnimumyield
point oyi, af the rh%tﬁ&?&%&ie@tﬁa@%bm@iﬂﬂloﬂ offh BdrBIRadstee] s‘ﬂe@@ilé‘ﬁavﬂlg% of the

hat - shaped steel sheet pile is in the range of 1. to 55

eart h-ret ai h?tr\*@aﬁ&ﬁls‘leeléh‘iﬁ BYA a4g 2p Woshenedﬁtsﬁ'eWb%ﬁlﬁ ﬂh?éxat-@}ta@@l steghdat pll?n es
accordi ng t ¢ £iof KQ- Q-hapé’mée?bﬂb Fid the joint port:ions of the adjacent

conbi ned steel sheer g es are connected with each other. A net hod
of selectitsg coffsicARPIBENGS selecked By thidd minigwm Yarlaeinplico,WayPiey a

hat - shaped %11%9th%@5019£‘ Jylh faRd Rk dpedstad @Mmﬁﬁ@ﬁ% yleW}%til{t:Bl offi¢ hat - shaped

steel sheet pile i's a at-shaped steel pile, and t he conbi nation
i s sel ect edhausbeped gige! Sheeﬁi"llﬂ ﬁmﬁl?TaéngOfddloﬂlto &% o tyyh/o,,8 of a mininum
yield point Go of the H shaped steel and a m nimumyield poi nt ay, of the
hat - shaped steel sheet pile is in the range of 1.109 to 1.559.
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