DESCRI PTI ON HAT- TYPE STEEL SHEET PI LE Technical Field [0001]

The present invention relates to a hat-type steel sheet pile which is
used for an underground retaining wall, or a river enbanknment, etc.
In this description, the hat-type steel sheet pile neans a steel

sheet pile in which web portions are continuously forned at both ends
of an upper flange portion, and |ower flange portions are forned at
respective end portions of a pair of web portions, so that its whole
shape becones substantially hat-1ike shape. Background Art [0002]

As a performance indicator of a %@%ﬁﬁlgﬁiéy pile wall constructed by

fitting together joints o t S p'éf here is a geonetrica
nonment of inertia (I) mhi%%%§ﬁ§%% $$%#%ﬁ$ %$ %4§émall. I n general,
when th onetrijcal ment of inertia (1) becones |arge, an anount
of defoﬁﬁ%ﬁ?%ﬁp # ?H%ﬂgall body when sone | oad, such as earth
pressure fﬁof?ter pressure, is applied thereon beconmes snall

The geonE rical nmonment of inertia (I) can be nmade | arger by

: it th ke it |
!sﬂgretea;: Ing bﬁjil‘?ét E:‘;ijes%fh%eﬁn%hﬁeﬁls:?eié%e(ézgo herght +(Hk sze%ﬁ‘esﬁé%

cross-sectional area is desired to be nmde
snal | er ﬁﬂé‘%hti‘éhdf§ru%%'iﬁfé?%rﬁhﬁ@br?@bﬁﬂ&i rétlidimikhe  esonrom ¢ak
poi nt of view. [0003] On the other hand, when the size of stee
sheet pidfpaskeahey getle. penetrati on resistance (R) of the steel sheet
pile is made to be increased. The penetration resistance (R) is a

maj or i ndi cat din whiichdastetpsithe oy kab-tivpy épeaktstmdtopile means
performance) of the steel sheet pile, and is desired to be made

snal | . Nasgkeg]l siheet phé epbmetriahi web pesitdicascar¢ Rorits nawpalslLy fhemed
penetration speed of the steel sheet pile and the penetration

per f or negie P arle eade ¢b Po wppeovEiEnge porihenpepdrbeVen FbaRgEance
(R) of the steel sheet pile is mainly made of supporting force due to
ground rRRFEIANR &L ECFBEAtaY &EiSPEE IYe ARBRPIHEMRS e RiviporLi HeP
force due to_ground resi stance %&Lst I en56+ circunferential furface
fricti oOEE B af?i FHRF at b5 YoeT e 2R° SORECBRE eNtP By R ehipbl &ri | y

| owering the strength of the ground by using a suppl enentary

constru ?Bﬁl%%?h%%?p%UCh as a water jet construction nmethod. [0004]
On the other hand, the joint resistance is caused by frictional

resi stance between joints thenselves, or a joint and soil in the
joint. gpick | ¥+ because a gap of a fewmllinmeters or belowis
set between Joints, as long as a steel sheet pile is installed under
a state pfodejng conpletely parallel with the previously installed
steel sheet pile, theoretically, there nust be substantially no
friction betwged 4 heaj b Misnddemm@lyeSor of a stiyEveicettobild lyalhe
steel sheet pile is not a rigid body so that its cross section

gr adual | yordef ornasedyby hel tstipppriddgeg Hear geidites tod theedr ehadt piles,
resi stance so as to generate deflection. As a result, the joints are
br ought ti¢oe cbatacgeome¢briazh nothent sof asneéot janék at ehfichcshons

Note that, there is a nethod of applying lubricant on the joint for
decr easi npggithety rafcthened 1t esilst aroerabut whes @i eermes riicpilt gment
because the lubricant is exfoliated by the friction wth the joint or
soil. of ingiehia he)j besonessilardfc el SRt fledefiofdrd o pér FRE a
vicious circle that the steel sheet pile is inclined so as to further
i ncrease¥#hk PPt YA some lepde Sueh P cPOHE CPFEFRUREsCheBAeT
generated, it is difficu#ie%o correct, the sane. cordingly, for

exanpl e, P*&° Ut e +7a SERCFOPT pPeV e P g he” st eel sheet pil e

to be install from bei ng i.nclined, i.f. .an i-nclinati r

m sal i gnment iefsjn% egén(??crtl%ealsﬁlgrél Sgh%ég%ﬁ tel%} S(I&{:%%S’:é()&%d%ﬂéﬁ@ger

'nStallquaQEEfEasing the steel sheet thickness (t} and height (H) of
the steel sheet pile, but the cross-sectional area (A) is

desired to be made smaller so as to decrease the steel weight



[ 0005] Wth respect to such inclination or msalignnment of the
steel sheet pile, there is a way to suppress the joint resistance by
strictly setting the standard of working managenent, but this

si mul t aneously causes | owering of the working performnce. Moreover,
the cause of increasing the frictional resistance due to the
deformati on of the cross section of the steel sheet pile has not been
renoved yet, and even when the pulled out steel sheet pile is
installez ag robl em cannot be addressed. [0006] As
ment i one G%m F ﬁa?gPﬂ@m%ﬁ% sB?%FEg gfv%ﬁ@'cross-sectional shape
of steel SSQEL pile, the economc efficiency and the workability
shoul d bé n into account, and in this regard, sone nethods of
setting the cr ectj.ona apey, of e hat-type st eel ile
are descri bed (?ést oroeehxeécrrp %I&’t He PO%F%W the Fa/ﬁtaen © Ei aet uPéRe *fo

S. [0007énl r edraégﬂétfé{fgﬁlfg§§s€aﬁag ﬁioﬁng%QE %%%EogﬁeQE 8116

setti ng a shape alning a Cross-sec per OI’ mance superi or

- to those; ofnL@uentieonalridakpe steglpshieetaPide s aliroad sigelis a
sheet pile by satisfying both newy d%flned rel ati onal expressions,

one is aheybrtheditange whidth £BfdcepdihbewstkastiiveyWigbRe{BltiaRd
the other 1s about the geonetrical nonment of inertia (lI), the height

(H), andpthecehfircti wef whet fité¢d) .sHBA0Bl1e, and @3 tbeietHefo hantlade
Patent Literature 3 describes a hat-type steel sheet pile whose
penetr at soaltesiddmice @Ren shei penezedt bynlresistanddeRjangesnalihe
web angl e U based on a relational expression of the geonetrical

moment ofthéneenébrgtion Speetlapfyth@aseael | sheent pibebaddsthebes a
hat-type steel sheet pile which ensures the penetration perfornmance
whose sePenfBratippdeesscaBanee sare shgda F@I%@lbﬁﬁ¥oéﬁére55|on of the
geonetrical noment of inertia (1), the effective width and t he
unit wei ght (\Whe penetratignagsistangenR) ofefheusées déEEFFbEélé
hat -t ype, st eel _sheet %ée havi n an enhanced, econonm ¢ effici ency

whi CB cahslé‘@%ﬂtyaf“ﬁga SIURPP fg EBbER T &P B 5dSEiIFBIE 2Bfle
1.t 1 1 1

:(\S/\) 2of ”aﬂﬁaﬁt?%?é’éa@?%% Re ey e SidpdiGdd St JF edg&%ef

herti o SrouhN:ghiLhenDl kareL ol obd) + 206 LOREOEONEL L1 CBULFRIENL ©F

about thErféEf&ﬁ VS?M‘ﬁéhaﬁﬁa 9@9a1f9 i&a@95gw%gt$ ﬁéﬁé té9908%he

These hat-type s ee eet p| are directe ose aV|ng

effeCt'VgeM%Qfgriﬁ% PéngQnéOtﬂgogtﬂghgﬁﬁeohetﬂgtgfbﬁn@fbﬁbﬁgin OQ to

350mm and the geonetrical nonment of inertia (1) of about™ 10,00
20, 000 cs¥pplerbhbhipncbhstribet eoh héteoaf usech08403 water E-atent

Literature 1: Japanese Patent Application Laid-CQpen(JP-A)
No. 2008- 669681uPat entméthedat ure
[0004]

On the other hand, the joint resistance is caused by
frictional resistance between joints themselves, or a joint and
soil in the joint.

Usually, because a gap of a few millimeters or below is
set between joints, as long as a steel sheet pile is installed
under a state of being completely parallel with the previously

installed steel sheet pile, theoretically, there must be

substantially no friction between the joints themselves.



2: Japanese Patent No. 4069030 Patent Literature 3: Japanese Patent
No. 3488233 Patent Literature 4: Japanese Patent No. 3458109 Patent
Literature 5: JP-A No. 2005-213895 Summary of Invention Technical
Probl em [0011] The above-nentioned Patent Literatures 1 to 5
are focused on one of the economc efficiency and the penetration
performance (workability) in setting the cross-sectional shape of

hat -type steel sheet pile, and their considerations are specialized

t herein. However, these nethods of settinq1a,shape of, st eel
sheet pile do HHNCEPEi ACFEHIhERRHE t@@ﬁn%lﬂr?%t Srflicct BmQF afd Fiskbody

kabi lit d I t. f h t i t or
Lor bl HSS  SLER o2AROERl A5, L1 SR R PESPEDE LINERI P

ile wh ] ffici kabi | | j nt it ]
o vnogs:SEARO.S S e B AR L PRE JNSH L He BBl

the steeh el ol per i 9595881 FORIL BT BLmGs shaul 4. he. Jdecheased

as | ow as possi and"there 1's consrrdered a net ecreasi ng

the steef,shget thirkpess whileignl arging the cross section. However,
it is apparent that the penetration resistance during working

increases if the-&ndss, SeEEFON d & REBtRGGRE aNF&?QM@rluBfiém Hreehe
sheet thickness is thinned, damages, such as [ocal buckling, nay be

caused dubing fwr Keagecakiagnviey ancest isthadlhatst Beapeef asumrics effebe
steel sheet pile may be deteriorated. [0013] The present

i nvent i ons i lsininttesh thed atie esdhe el ubrel cdoy é-smertobnetegrimbltéms frantdion
provide a hat-type steel sheet pile whose economc efficiency and
wor kabi | wiyhatkebpohnbpornéeed; and integrity is al so ensured.

When the joint resistance is generated, there is formed
a vicious circle that the steel sheet pile is inclined so as
to further increase the friction.

Once such vicious circle has been generated, it is
difficult to correct the same. Accordingly, for example,. a
guide frame is used for preventing the steel sheet pile to be
installed from being inclined, and if an inclination or an
misalignment is caused, the steel sheet pile is pulled out and
installed again.

[0005]

With respect to such inclination or ﬁisalignment of the
steel sheet pile, there is a way to suppress the joint resistance
by strictly setting the standard of working management, but this
simultaneously causes lowering of the working performance.

Moreover, the cause of increasing the frictional
resistance due to the deformation of the cross section of the

steel sheet pille has not been removed yet, and even when the

pulled out steel sheet pile is installed again, this problem



Sol ution to Probl em[0014] The present inventor thought of

i ntroduci ng econom c efficiency indicators which are defined as A/l
or WI, where Ais the cross-sectional area per 1 mof wall wdth, W
is the weight per unit wall area, and | is the geonetrical nonment of
inertia per 1 mof wall wdth. For the econom c efficiency, these
econom c efficiency indicators are desired to be nmade as small as
possi bl e. Nanely, taking into account manufacturing cost etc., a
cross-sectional are %é% and a unit weight (W necessary for

obt ai ni ngPANYF VRR @@% $¢¢al nonent of inertia (1) becone nore
econoni ¢ 0@@?” the econom c efficiency indicators thereof are nade
smal | er. Note that, while the conventional O-type steel sheet

pile of Ill-ty. i.t.h ! = 6 = 8.9 X
10-3, the enl azgsgex#%%gndé’&é%%&%hgﬁoggﬁ%féﬁ%lwﬁ%e&vﬁfﬁ&ée wi dt h
of 600 m = 13 4 = 4 . The noml
efficie2%§$%$a§%%¥+%??%r§é%§ebggns?%%go%%%g?gp%%ghﬁgggtﬁgﬁﬁ%%hgled in
conmpari sepri8i they f ohdBhe [AMRIi 11ty MADURNLEORELaboMeo LEcHASE,
cross-sectional performance of the steel sheet pile wall (the

geomet ri gad iRDORNE xgd MEr bbAe(Moti¥dd be seeting thedutyss{£3dtisnbe
sane, as the weight per unit wall area (W becones | ower, the

econom cskefpé coenehye imf-uridersteqlr et the esheel deateibabl wej ghtr
Wi th respect to the sane cross-sectional performance is decreased).
Nanel y, éefamphbe, nenef ol lowigg chasteperLinetateirghtliscthe sane, as
the wei ght per cross-sectional performance (W1) becones |ower, the
econonic[%$57biency is further inproved. On the other hand, if
t he wei ght per cross-sectional performance (W) decreases, the
cross-secti onafasente loftarpt utase|l shce grEeribrenerheesi 0& ARHERNEB)
and the height (H)) increases, and the steel sheet thickness (t).
decr eased. SIEPa TUs At 2 &% foGRPSE SGETAPRALI BRTSPTIRBCSt 88PEEhREt

ile durj Ki i that the.installati b
i 111 cul £ CREBG O AGFY SPuRBRoW - 14T 8FGeL T Bt kBBTT R By A6 §658L
when W1 STReRrTs Bt e AT R et T LT s d et pae L

penetratl ré§§i§z&§f‘ﬁ@@é 1@3 (fsatd ytﬁ@“ﬁ%a%@e WOr ki ng £eptdndnef gases.

On the contrary, e I ncreases, t penetration resistance (R)
decreasesg s NaPBLY, w¥tn apg) R hayerfe rotRbHoNshipo0f AL 1 HOMYetrical

Therefore, 1t is inportant for optimzing both the economc

ef fici engymaned dthenwerkabiti] iidaleikow W) , asnd R91Le0RBREEve width
efficiency indicator and R as the workability indicator should be

bal anced(gs] 0016] The present invention has been nmade taking
into account the above-nentioned findings so as to have foll ow ng
speci fic[eod®i gurations. [0017] (1) The present invention

provi des a hat-type steel sheet pile in which web portions are .
continuously f@m etk attlnt hardis Rftent uppeerdturye’ pes¢oibean

| ower flange portions are formed at respective end portions of a
pai r of beb-pvpeidirel sheet phépeyinoas reangtorsing ramdgance (R) 1is
geonetrical npnent of inertia | per 1 maof wall width (¢cnd/ m when
formi ng BiBtBEFed el igiitdnmmithe FapgegRE bBE ek t2nmte Shpageg/ on a

Gy s b Lk

Torax 1 S n8le5by odeireblehl bbbt 3 es GoT60 ST S5 Lrie S HEde. BooT. <

To-ax 1 245 BEEGTI0A GUR EBhpedaiypp bbbl HREse700:E1R0
1s made so as to satisfy a relational expression of the
geometrical moment of inertia (I), the effective width (B), and

the unit weight (W).



67 < 080 (80,000 :5_ 1 < 200,000) [0018] (2) The present

invention provides a hat-type steel sheet pile in which web portions
are continuously forned at both ends of an upper flange portion, and
| ower flange portions are fornmed at respective end portions of a pair

of web portions, wherein a relationship anong a geonetri cal
monent of inertia |l per 1 mof wall wdth (cmd/ m when formng a
steel sheet pile wall, a weight per unit wall area W(kg/nR), a

23232;3&;3252. LT Brr SRropyBrraEiee % fepber B3t okl Phhbertron
provi aes ﬁ?gé Zﬁygagéggo?%Q§ﬁ}sc%¥iScoﬂomﬁlC? ¥§91880§kﬂﬁ_ c%a.be

conti nuous orne an upper ange tl on

over 11 8962s RORUPNSa B Erl O BELAL FEPRELLiNP eid-POLILO0S Oloaspair

of web portions, relationship anong a geonbtrlc

nmonent %bb@@rﬁﬁégéoﬂéﬁricﬂ%oﬂ@{ﬂ o ﬁﬁ@r{fﬂﬂ(/ﬂ) aﬁ'ﬁearhé ﬂ'h@}tnigeﬁght
steel sheet pil , a weight per unit wall area W (kg/n2),

penet rat {pn gesi ﬁ&@neng st ahweh pﬂﬂé&ﬂ@uﬁﬁ ilsSs&etsd QisS@bl éi‘c&eébe
above expression group (B). [0020] (4) The present invention
provi desthded ihadar ypeastieal oshaed uiikewacghtd{mg dml any goenet ribel
above itens (1) to (3), wherein a relationship between the height (H)
and t he mebest eef sivedtiad Igknds$het wpnyanitdbned H-fgbkowmtagl sheet
expression. Htwe0.0 Advantageous Effects of Invention [0021]

In the ppedenttlimegheirohs abeat the sfifedt steetidihl éBhvand ithenfilengehe
rel ationship anong the geonetrical nonent of inertia | per 1 m of
wal | wi dfhd {%nﬁﬁﬁ) the wei ght per unit wall area W (kg/nR), the
penetratlon resistance R, and the web angle 0 (*), is set so as to
satisfy £ %0 3bove- nment i oned expre55|on groups (A) or (B).

Accor di ngl hat - t t h | de to hav
opt 1 i 260 o7 oSt RBE N o o e Ko Pg&{efsggegﬂ%ﬁe?ﬁ%ge&in%%e
i d th bi it d furt hance th b |

002z a8 1 PRl W fidh (T4 1 OLGRE om0t B npas TeLbht

ment i Oneg‘ﬂ f%Véﬁa %‘651? g \%&a‘dQE‘t?Q é;téopn%tt%%%ltln&ixgﬁ# g Jhﬁ@t and

t he web t hi ckness iIS'S SO as to sa
follomnngzgnge§§bgg 18 heobuek! 2 nodslef arvati on of the steel sheet
pile due to the penetration resistance during working can be
suppressed, thereby, a hat-type steel sheet pile whose integrity has
. been ensured can be provided. Htwe0.0 Brief Description of Draw ngs
[0023] citatfbg.Lists a schematic diagramillustrating a hat-type
steel sheet pile according to an enbodi nent of the present invention.
Fig. 2 iBategtaphtéostexpl ai ning a process for determ ning an

optim zed cross section in an enbodi nent of the present invention,

t he graph08hdWi ng the rel ationship between the geonetrical nmonent of
inertia per 1 mof wall width and the weight per unit wall area,

whi | e changi nquwmeﬁﬂgnﬂra(wr%rﬂd tJ@W%r@iT@W@)APW@ZJB?& 1400
mm tf = 16 nm and_t of which are constant.

Fig. 3 ik2ddgraph f%? %&p‘ﬂ%i m%eaoﬁ?%%%ss for determnining an

d f
the. oraph show HEPThe-T et B p%&%‘éﬁetéﬁﬂe@gﬁz i 4 hent of
. ti ,
:Agle{el 2hgﬁ5| nglg%%een%%tger%%req shee%ep%\r% e erﬁ“ ndﬁ@"g\:b
steel sheet tr@é%ﬁﬁ?SLfé&@atd%E”f% Japanese Patent WNeo. 3458108

Patent Literature 5: JP-A No. 2005-213895

Summary of Invention

Technical Problem



B = 1400 nmand H = 600 mm both of which are constant. Fi g.
4 is a graph for explaining a process for determning an optim zed
cross section in an enbodi nent of the present invention, the graph
showi ng the rel ati onshi p between the econom c efficiency indicator
and the web angle, where | =- 80, 000. Fig. 5is a graph for
explaining a process for determ ning an optim zed cross section in an
enbodi nent of the present invention, the graph show ng the
relationigégl etween the workability indicator and the web angl e,
where | = 7 000. Fig. 6 is a graph for explaining a process

pr esent | nvent TBR T RE QPR ERbu Aot ha T BRen! B b ks AoPHES
pre: Lre, T pbe e |
he web Shore: Wher o) SEORHRLoREER0ILALY, BRE EEETEMELELLLENTTY The

relation QEPOP@EH@@WQ&?%A#%EE&ﬂiEﬁ@éﬁ%ﬁﬁ&tﬁééfB?gﬂéééﬁﬁbﬁﬁf%ggpe

wal | width and the web angle, when the hat-type steel sheet p
accor di ngft@a@ﬂt@ﬁbﬁgt@@nts@éeﬁhsipé,e_sgﬂa tRyent LoRst gebsedoh hpoem a

steel sheet pile wall. Fig. 8 is a graph showi ng the

rel ati ongpepibeivweanthbeegeonetrical nmonent of inertia per 1 m of
wall width and the web angle, when the hat-type steel sheet pile
accordi ng to ahotéesr erhedienmathofist b qurasient ai shepé icoh siteelsedeto
forma steel sheet pile wall. Fig. 9 is a.graph showi ng the
rel ati onshlp Het meenophempeenetthcehe meoentmbds efifitiaenperaddntbé
wall width and the web angle, when the hat-type steel sheet pile
accor di ngorahhbdihEr ve@BH IR nehtabf conecptesdit Tawerh itde inragt to
forma steel sheet pile wall. Fig. 10 is a graph show ng the
rel at i onsRYPLbE WERAYE het hoFfal § 2@ béherphurenvhish s¢hpetosadi ag
wor ki ng naxinun1|oad% ﬂ%P45 anf the workability indicator R R45.
Fig. 11 PRLACYPEPATERLWRTEE N+ 81 BRPBRSAT P BBt feRhf 1 FeShoY mal i zed

penetration, resistance,durjng worKki ne ximum | oad) P/ P45 and the
web angl%oﬁk?ﬁ?il£y an%ib?£i§r+gyaaﬁgaé sﬂggi%bz?ﬁe rel ati onship

bet ween L@@lgﬁrnalized penetration resistance during working (nmaxinmum
| oad) P/ and the workability indicator R R67. Fig. 13 is a
graph show ng ty i e en r I ne t

resi stance dur%%ga%ﬁ%ﬁﬂﬁgQ?%E@f%ﬁ%??bggkggpgg7ggkgé?%gegébké%g%ggﬁl

(). weEhBt Jér T A sUaR1 19RAW parERenkghat iionst B.Pakween skheas
penetration resistance P during working and Htw which is the ratio

of hei ghtéwels bhkekBess.and therkl 9s cbhd i3 aphe SHOMoFIdEBLeasing
rel ati onship between the deformation anount of an experinental body
and H twhhi sheed dieet athio kofe Seimiiitl/aned laligdkaeshe Desesi petonont
Enbodi ment s [ 0024] Regardi ng the hat-type steel sheet pile
accor di ngovevehe idniedippatensf thiae phegmeetirateidn aesiilsitastceatieding
Fig. 1, a nmethod of determning its shape is descri bed. As
par anet everkong detaradstinglaties oyosscaervhah Sshepdashethe Hateoype,
steel sheet pile, there are the effective width (B), the height (FR,
the web ahdine copelithest dhdeknegehl ¢ ghinnath fpaagesstyeth sisebpca
t hi ckness tf%, and the web steel sheet thjckness (tw). When
these paPanetEng: dpaY dist EPHFREISUERRIVIE? HRIND AT GRRveNarCear €8 YT

and the geonetrical nonen f inertia,(l er 1 mo |] width are
inanb guBi8] B HES P G badit S Lha Y BargTaXpPRear bRt oF Lty +
EA x y2 Y%5¥§ (lo: geonetrical nonent of inertia; A cross-sectional
area; y: distTance fromcentroid axis; y: weight per unit vol une)

[ 0025] Lﬁygl I { 0. i foinertia (1)
of the steel s eetﬂ%??%r?gﬁrg&%%a%%}?s%euﬁ#c?%l%ﬁ%ﬁx{%eu}%i nt

portion iscéalruhel 6483566k Qitnd Ne AP MEVIRIY 1:0R8¢ -e¥BLeSELANSsRY¥et

using CAD data of the steel sheet pile cross section:
pile whose economic efficiency and workability are both

optimized, and integrity is also ensured.



However, when exam ning the cross-sectional shape of this enbodi nent,
or the like, nanely, when doing paranetric study, it is extrenely
conplicated to prepare CAD data every tinme before calculating I.
Therefore, the foll ow ng nmethod has been considered for cal cul ating
the geonetrical nmonent of inertia (I) of the steel sheet pile wall.
[0026] As illustrated in Fig. 1, the hat-type steel sheet pile cross
section was divided into three portions including the upper and | ower
fl anges and the webs so that a nmethod capable of sinply calculating I
was used, although it is a rough estinmate. However, this nethod does
not takesbgggl ﬁCan% 6Bfe oint portions so that the value of | is
calculated to e sma fer t ereby. According to a trial calculation

t he valugo@§4pbout 80 to 90% of the exact solution, but this is not a
probl em because this point is taken into account when the straight
l'ine defining tihe shapentreiivanesk behavghs set sitidete g fdddidighc

[ 0027] As nmentioned above, generally, the geonetrlcal nonent

of inertéhfitlecan hedexpressedhiash fadd @esfined als0A¥ IZArXWYy2, where
Here, when the hat-type steel sheet pile is divided into three

rect angl&sig ti9 crogs-sect(ional pras pelustmat®diall Fiiglthl, W is the
respective | is determned to be expressed as follows. Note that, (i)
is treateeliakt grer rUét:jt’CaW@Ilé Byeienckudi hgi s Réver gghmednd cadf moment of
rectangl es. _EEquatlon 1] = {Bf_ xtf 3 /12+ Bf x tf x (hlZ)ﬁ% = Bf x
12 x (if2renti2)pe¥ il KRl oridtiw xFRZ1khe sooronig efficieney,
x[h3/310/2 x2 =twxh316 xi/sit-10 [0028 Wth this, |I' per one
hat - type %?%%|e%§éﬁlcpﬁﬁ£lf:§eéﬁyrﬂe%% L_rs 55 ﬂsﬁﬂﬁsde&%rt&glﬁéﬁ as

Leometr | S L h B ED SRl ser { FAREHY s g sy o B oung el %s%%%%%d
he f fl f2/ 3+h2
i:ﬁssne?&ég\i\%g% Qr&s(%%) Sé&io ;%:(()gdé(ghg %))(; %;I&l(fls el;lzrbjr s‘z‘?% 1W
P I L e o e S T
t he fIanPg “b@é&néEiaretgﬁbﬁ$ﬁ@8§15&ﬁ@$ @N@eécéﬁBﬁf@qéﬁ?iéiéncfﬂg the

web steel sheet thickness (tw), which are paraneters defining

CFO_SS'Seﬁﬁcﬁ;Q@@&oﬁ@atﬂ@e@éofh@;@%ﬁa&é’pﬁnéiﬁ@f.Sheet pile. [0029]
Simlarly, the weight per unit wall area (W can al so be cal cul ated

by the expresgte €Bht, whWethBfconddntdi dnal Uwhsba0dtee? shetXpile
1000/B... (2) Note that, the flange width (Bf) is expressed as the
fol | ow ngf expr-esgomitdf a=wBH2h- ofi/ { @0 xmrt dr&d) W/A030L50/16,800 = 8.9
x 107°, the enlarged broad steel sheet pile of IIIw-type with
a width of 600 mm has W/I = 136/32,400=4.2 x 107°. The economic
efficiency of the latter has been improved to be more than
doubled in comparison to the former.
[0015]
As mentioned above, 1f the cross-secticnal performance
of the steel sheet pile wall (the geometrical moment of inertia
(I) or the section modulus (Z)) is the same, as the weight per
unit wall area (W) becomes lower, the economic efficiency is

further improved (the steel material weight with respect to the

same cross-sectional performance is decreased). Namely, if



Fig. 2 shows an exanple of | and Wobtained by a trial cal culation
using the expressions (1) and (2). In Fig. 2, the vertical axis
denotes the geonetrical nonent of inertial per 1 mof wall width
(cmd/m), and the horizontal axis denotes the weight per unit wall

area W (kg/ nR). In this exanple, B = 1400 nm tf = 16 mm and
tw=38.5m all of which are constant, and the height (H) and the
web angle (0) are changed. As shown in Fig. 2, it can be seen

goomet 11 A TRt wr oo M) S B Rt LR TG Ay hevaiant
the el i (Hlcgeeal by, AgS rBUEBS.LacL g,y 16! 825,01 Loy eggrori

efficien is e ectlve y en ance y |n reasSing ong as

st eel sheebnemhe eeﬁleeeﬁepU£eCEH£€Heraﬂﬂp§8veaErOpri ate workability
can be ensured. [O Mor eover, Fi @ ows an exanpl e of

and W obt ai nedo@ytﬁetcstlaér CRARY) &l F OPh&IShO0gh e EXPELSSE 08 £ LdnaNd
(2), where B = 1400 mm and H = 600 nmm bot h” of which are constant,
and the pkangemaheel (Bheptddduckiess id )crand e tanast eqlzesetfet;he
t hi ckness (tw) are changed. In Fig. 3, twis changed to 8.5 mm
9 nm 10sheellghest wmnd l4hemefdeditifvel sidbanged d4rod &% feaigBtmy) 10
mm 12 mm 14 mm 16 mm 19 mm and 22 mm under the condition tf >
tw. I n thecygeaphsofamkl ¢:he3 stemdhsbeetethhckhesbulid] elafraamames As a
extending upward to the right fromeach tw shows tf which can be

obt ai nedraéuilfe tgiayemount of dEfOFmaFign oFf, thastiasl abaebpidfe dheing
fl ange steel ,sheet thickness (tf) and the web steel sheet thickness
(tw) on VOEAHNBelRGRRTIT &F tRaketye Mital lptE onbecemesndl FEEcedDd-
nm bot h_ of ich are co due to the termof square of the

di st ance 9%“’8%%& e B B g & e the WaIpT ISy f qaRels namely,

geonetrlgg ease of the flange steel sheet

t hi ckness t??n?gfaffg F%%lﬁﬁﬁ??%i&ﬁgifi ﬁ%@i% | arge effect. For

o e’ L%C“Z%%%é’%%s@%&%%ﬁﬂ%ﬂ%ﬁhﬂé&m%%e T gOhePeer
hand, asgappasssk, fEereg Hetéatiohs £t ?éﬁéé{/gﬁth?ﬂgggl e%&garheg tw

i s changed. ore, can ect I ncrea
i ncreasi @Qrking%ﬂeﬁh%%%laggst W. o Q:Qr’g]:ontrary'\m}?eﬁ et 1ﬁ&r@a9é¥en
| on the vertical axes of Figs. 2 and 3 (for ekanple, I = 100,000

cmd/ m, the penézest dbn xesistieesent) mddidded i NeaneAGCoRdinghy, R
there can be found a variety of specifications of hat-type steel

sheet pihesewhi cdl ®xivhbitiip hef sarei rgeonet Theak fepeent cofisi DRpbLBaht)
according to the height (H, the web angle (0), the flange steel
sheet thfckmegsinitding aoth tthe sebnehiele fhedientdy skdade ¢dbnkability
Then, as a Eroduct configuration of the hat-type steel sheet pile,
assunm ngthabthehél/d apeths meangmiss eff fli ciepey0dodidet000and® 680 he
80, 000, 100, 000, 120,000, 140,000, 160,000, and 180, 000, based on the
par amet e¥STkabhhitY TaBieatcneskenbddbpebalaneed-. specifications
capabl e gBQférlbltlng respective | were determ ned. Note that, the
effectiv h (B) was set at 1400 to be constant here for
sinplificatio i s apparent  that th effect] can be
treated as a B%?%ﬁﬂ%ﬁ%’ FIEERNR 18R %erﬁﬁkh§al ghﬁ EPaﬁ?ﬁ??ﬁB
I's poss'\?ll)g abé\p %ﬁg‘éné ahblae fllncﬁn(gm%o ag )nave( 923110w1ng specific

configurations.

{0017]

(1) The present invention provides a hat-type steel sheet
pile in which web portions are continuously formed at both ends

of an upper flange portion, and lower £lange portions are formed



tf (mM tw (mm 1400 250 30.0 8.5 8.5 300 31.0 9.0 9.0 350 32.0
10.0 10.0 400 - (1PITCH 12.0 12.0

at respective end portions of a pair of web portions,

wherein a relationship among a geometrical moment of
inertia I per 1 m of wall width (cm’/m) when forming a steel
sheet pile wall, a weight per unit wall area W (kg/m?), a
penetration resistance R, and a web angle 0 (°) is set to satisfy
one of following expfession'groups (A and (B).

the expression group (A):

(W/I) x R £ 0.004 and

2.65 x 107" x I +22<6<2.80x10"x T+ 48 (20,000 <1
< 80,000)

2.65 x 107*x I + 22 <6 <70 (80,000 < I < 180,000)

the expression group {(B):

0.004 < (W/I) x R £ 0.0075 and

2.80 x 107" x I + 44.6 < 8 < 80 (20,000 £ I < 80,000)

67 < 6 < 80 (80,000 £ I < 200,000)

[0018]

(2) The present invention provides a hat-type steel sheet
pile in which web portions are continuously formed at both ends
aEanupperfiangeportion,andlowerflangeportionsarefbrmed
at respective end portions of a pair of web portions,

wherein a relationship among a geometrical moment of
inertia I per 1 m of wall width (cm’/m) when forming a steel
sheet pile wall, a weight per unit wall area W (kg/m?), a
penetration resistance R, and a web angle 0 (°) is set to satisfy
the above expression group (Af.

[0019]

{3) The present invention provides a hat-type steel sheet



450 88.0 14.0 14.0 500 89.0 16.0 550 90.0 19.0 (twtf) 600 22.0

[ 0034] Regarding the thus determ ned multiple specifications
of the hat-type steel sheet piles nentioned above, the follow ng
exam nation was performed in order to set the cross-sectional shape
of the hat-type steel sheet pile such that both the economc
efficiency and the workability were optim zed. Fig. 4is a
graph showi ng the rel ationship betmeen the econom c efficiency

i ndi cato ad, t £9) t .0 ( 0,
550, 8000 %vo])‘) ggggnd?%( 23 %‘i"a}%tels ) £8x F‘%d SR ﬁﬁgg .

80, 000 (mel)opeand ;ﬁ%retﬂralcgf‘]m.@ﬁ' Sa\rgfﬁ.‘S&rS?. flré ég%cgtRPﬂS fz;f 5’:‘8?%%&1

i ndi cator (WI ori zont axl s denot angl e
In the gaapheshowniv8 Ehg- 6rti@ﬁsr8§p§C%EY§ brapgs sbeghonbget
t hi ckness (tf) shown in Ta% 1, while the web angle (0) is gradually
i ncreased, theynebe 5 2l reheei oh §h LK NESSHd t V) gd Smétee! €85 fomset t hat
t he meight is decreased while ensuring | =
inertia I per 1 m of wall width (cm?/m) when forming a steel

sheet pile wall, a weiéht per unit wall area W (kg/m?), a
penetration resistance R, and a web angle 8 (°) is set to satisfy
the above expression group (B).
[0020]

(4) The present invention provides the hat-type steel
sheet pile according to any cne of the above items (1) to (3),
wherein a relationship between the height (H) and the web steel
sheet thickness (tw) satisfies a following expression.

H/tw £ 60.0

Advantageous Effectslof Invention
{0021)]

In the present invention, when the steel sheet pile wall
is made, the relationship among the gecmetrical moment of
inertia I per 1 m of wall width (cm*/m), the weight per unit
wall area W (kg/m?), the penetration resistance R, and the web
angle 6 (°), is set so as to satisfy the above-mentioned
expression groups (A) or (B). Accordingly, the hat-type steel
sheet pile is made to have an optimized cross-sectional shape
so as to satisfy both the economic efficlency and the
workability, and further enhance the workability.

[0022]
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80,000 (cm4/m). Then, when | - 80,000 (cnmd/m could not be ensured,
tf was ranked down to the next tf, and tw was ranked up, and this
process was repeated. Therefore, the graph of Fig. 4 becones a
sawt oot hed graph downward to the right. According to the graph
of Fig. 4, when focusing on the straight line for each tf, there is a
tendency that as the web angle (0) increases, the economc efficiency
i ndicator (WT) decreases, so that the economc efficiency is
i mproved. i A C ngd. | 0 rel ationsh

nt kér%g ﬁ%nld-h%]neclo% ti% 58&%&& G d %Eoﬁﬁi Ig%rt‘ng:lgone

[
e
bet ween t he web™ angl e ecdnom ¢ eTficiency |

(WI1). [ %@%gi %ﬁ% il] i ndi o
(penetra{tgrlggoﬁé'r éasﬁc&uasr?(%h%g?%gf% [ eg y t%g{:b%lq}l%wﬂn% Qﬁp%ggs?%%
(3) . The.expressi onedB)thscianesxamle 0f SXPression: show Ngrfhene
penetration resistance obtained by an in-house installation

experi mefd1 Dw n§t &ebr SHeBdn Pi tige MOEEK1 1 /dd HerRboVs Nent{pdestce
Patent Literature 3 also describes the simlar expression. R = tan0 x
H x 2/ Bf{i3et pile dBy tebske Ui tihe iexpresssoantd)dutier generialg eas
of the follow ng phenonena can be under st ood. - When the web
angl e (Meiswppasesedl hehewdby, ) seshap;tibereinel tdleecarphlpredsssee | S
concentrated in the groove of the steel sheet pile so that the steel
sheet pilrtdpecomeshas reragidyredfoamete pheredsd] owering the

penetration perfornmance. - When the height (H) increases, the
ground resi st dahde& isn&%dses, thereby |owering the penetration
per f or mance. - Wen the flange wdth (Bf) increases, the

above-nentioned earth pressure in the groove can be easily rel eased,
t hereby | nproving the penet i on, performance. [0036] As

par anet eéé?%‘ﬁf%#%ﬁlqﬁorbe?étaﬁﬁ‘f ?% esi stance (R), as shown in the
expressi,\f@q%ﬁ, there are the web angle (0), the height (H), and the
fl ange Bf ). Simlar to Fig. 4, Fig. 5 is a graph
showi ng the relationsh H@%}-t ! il i.ndi. _
(penetration ?Lelzgf'sgail?e%(%e% an ltﬁgil\/\v%{)%ggﬁlel%ﬂ&ddajtﬁ ga;pheac%it\yé)e
hei ght s = : 48 ; XA -

sheet pi%ﬂ}eﬁ%\%e?%%%?%%% (crrr;lﬂé ﬁ)‘{oa%l VI ew ng%&%g.?féky?fpfigﬁand
that theiywehanghe 0 () which minimzes the penetration resistance
(R) exists. [0037] As nentioned above, because both the

econonmi ¢ ef fi @iency indigaipt FOWddp bath i awordedd 4 ifby dekeri®wing R
closely relate to the web angle 0 (), these two indicators can be
conbi necant comeieel zediagd s | seltcadorin Byn damingd sentbadh thhe meonent c
efficiency and the workability can be evaluated by the single

i ndi cat oknvention Asthe nmptdpid sfowiondi rhegre het soosivin doefiean erley
indicator (WI) and the workability indicator éR)" t he net hod of

mul ti pl yFeRyne el grok ROomABE ¢Hlt onert bgeciel mpkvadbptisth ¢rdsheveight
efficiency indicator) x (workability indicator) = a XHéWI) X p x (R
Here, a R Yidr ¥atdi §herng Pate oFRA1SING Hd e d@ighite (Hef Agi BReywatnd

the workabilit respectjvel te that,_ here, the nethqd_of
it o1 AL ot ReE P at Y Thettor 8 WMo £ amdts b e, all
assuned that, a As the econom c efficiency indicator

= = 1.
(W1) ant t‘ﬁél%r%ebi??ﬁ/t?rh%i cator (R) decrease, the economc
FEi i 1 S .
C111 Chency andAdie sl kAl ¥ ohosee, Iy, eRRlLeN oresmettitely
bot h t hear‘?c&g%’iﬁfz% ;df%%cé’e@&ﬁoﬁ he, ok kahid iera{errgfrb@ecﬂﬁggf%sé& be

excel | ent. Is a graph showi ng t at1ons et ween

the nmul tipldeatdon ©fe t%eaﬁyog}mfnﬁfﬁﬂ@iﬁmi&@% PedWd) @l the
(R, i.e., (

wor kabi ity i ndi cator l)xR, and the web angle 0 () at

respect i ygoret S5l fblnenbE 166011 5@r A5k 400) Wikitthéngase wdpdht =
80,000 (cmt/ m. [0038] As nentioned above, in the graph of Fig.

per unit wall area, while changing the flange steel sheet

thickness (tf}) and the web steel sheet thickness (tw), where

11



Note that, in the conventional hat-type steel sheet pile, the

mul tiplication value of both indicators becones about 0.0081 at 10H,
and about 0.0097 at 25H. Accordingly, the steel sheet pile shape has
not necessarily been nmade so as to optim ze both the econom c
efficiency and the workability. [0039] Based on the
above-nentioned definition, in Fig. 6, when the range of web angle 0
() was determ ned by determ ning the range of horizontal axis in the

ha th 0, 007 bel = 80, 000_(cmd/
" he web andf B0t 2adtt SuhBo stbetah PEuRy el ake abonr<as (o 77

oo 1 0 ORd g7 e DAl 008 5260008105 £1L4 o SAGULB0G N POLERY K'Y

(penetration performance orn

exam nat Qnopei fodeWhil-6s§aggt ngnt g éﬁvgﬁb&?&lﬁeﬁe 89 £ﬁé9§£§9 nt

there can be determ ned an optim zed cross-sectional shape can

bal ance Lhee@@@6@p1@h@f@r@p@nguo@ﬂﬂgthﬁew@ék@@ibﬁgulpaﬁgt§ééh8£uethe
respective | to be required. |l e shows a resul

preferabéeonamgeSeﬁflme@n@@giﬁdi@atéﬁraﬁ@S@ﬁ@twaﬁ én@bé?hwﬁéﬁe I =
obtai ned by doing a simlar exam nation based on a simlar procedure
as nenti ®bed0@bove. [0040] [Table 2] I(cmd/ m OPTIM ZATI ONO() 20, 000
32 to 69 40,000 40 to 70 60,000 46 to 75 80,000 49

Fig. 5 is a graph for explaining a process for determining
an optimized cross section in an embodiment of the present
invention, the graph showing the relationship between the
workability indicator and the web angle, where I = 80,000.

Fig. 6 is a graph for explaining a process for determining
an optimized cross section in an embodiment of the present
invention, the graph showing the relationship between the
indicator taking into account workability and economic
efficiency and the web angle, where I = 80,000. -

Fig. 7 is a graph showing the relationship between the
geometrical moment of inertia per 1 m of wall width and the web
angle, when the hat-type steel sheet pile according to an
embodiment of the present invention is used to forma steel sheet
pile wall.

Fig. 8 i1s a graph showing the relationship between the
geometrical moment of inertia per 1 m of wall width and the web
angle, when the hat-type steel sheet pile according to another
embodiment of the present invention is used to forma steel sheet
pile wall.

Fig. 9 is a graph showing the relationship between the

geometrical moment of inertia per 1 m of wall width and the web

12



to 77 100,000 52 to 78 120,000 56 to 79 140,000 62 to 78 160,000 69
to 79 180,000 78 [ 0041] Fig. 7 is a graph in which the
result of Table 2 is shown, while the vertical axis denotes the web
angle 0 (*), and the horizontal axis denotes | (cmd/m. In Fig. 7,

t he upper and lower [imt values shown in Table 2 are plotted, and
fitted by straight |ines.

angle, when the hat-type steel sheet pile according to another
embodiment of the present invention is used to form a steel sheet
pile wall.

Fig. 10 is a graph showing the relationship between the
normalized penetration resistance during working (maximum
load) P/P45° and the workability indicator R/R45°.

Fig. 11 is a graph showing the relationship between the
normalized penetration resistance during working (maximum
load) P/P45° and the web angle 6 (°).

Fig. 12 is a graph showing the relationship between the
normalized penetration resistance during working (maximum
load) P/§67° and the workability indicator R/R67°.

Fig. 13 is a graph showing the relationship between the
normalized penetration resistance during working (maximum
load) P/P67° and the web angle 0 (°).

Fig. 14 is a graph showing the relationship between the
penetration resistance P during working and H/tw which is the
ratio of height/web thickness.

Fig. 15 is a graph showing the relationship between the
deformation amount of an experimental body and H/tw which is

the ratio of height/web thickness.

Description of Embodiments
[0024]

Regarding the hat-type steel sheet pile according to the
embodiment of the present invention illustrated in Fig. 1, a

method of determining its shape is described.

13



Note that, as nentioned above, the sinplified cal cul ati on nethod of
t he geonetrical noment of inertia | used here provides val ues of
about 80 to 90% of the exact solution, so that (WI) x R shown in
Fig. 6 is bigger than the exact solution. Wen taking into account
the fact that the graph of Fig. 6 is convex downward, the optinum
range has been judged to be narrower than the case of exact solution
because the sinplified cal cul ati on net hod was adopted. Therefore, as
shown in Fig. p i i fi c i th

is fitted wit hngslp\ré%?gﬁt%?isngg% &s%écrféeﬂ?@e‘%‘ﬁ%o#?er% %‘%&%‘Jé%éée%%hbgg)te ‘?ge
fitted photplias gpd & aRPr GBEhAd Jie. exfckcsalul kB 8¢ LBRAtyLNGIfchS
no problem [004 The straight Tines showmn in Fig. Tare
formul at edy ps:Hoheawht 2665 ¥nd Qb |an?l%2Q§p, (2% 30Qhqe 480cR00%s) ,
70080 (180, 0001 < 200,000)... (4) [0043] As mentioned above,

t he expressifindgl shas1bsrsetutiei dlakd (itdhQ agaotmd W BrkBe sheet
econom c efficiency and the workability, and the hat-type steel sheet
pil e satisigkmgss$ hétwhnge of expression (4) is excellent in both the
econom ¢ efficiency and the workability. [0044] Not e t hat,
dependi ng on tWeercthdisei pnr afietdres greutaterminedi chet heldat peypenit
steel sheet pile is to be installed (hardness indicated by N val ue
etc.), tWelhoricdi(®)t pngafhpegaeret rrpot teonenthaf timeddendd) cper 1
efficiency, or vice,versa. . Nanely, when the ground is hard, it
may be jBdged'dbl b‘@l%‘élée%%%blﬁ%arﬂhaﬂagwmfefbe%ﬁwm reased apreeths
decr ease i ,_prder to maximze the possibility of installation, and
t he wei ght ?@Vl?% THRT233LW o sone extent. On the other hand, when
the ground is qut LtEHBX be judged to be advantageous that the

wei ght (W is decreased, evén if the penetration resistance (R) is
increased to spne tent. Then, there are described bel ow an
opti mum shape sett'ing when the workability is considered to be nore
i nportanty .a i e setijngwhen.t 0 ] i ci.ency
IS consig%%egg¥%ﬁﬁgﬁﬁggg%kﬁgggtg%t?hfggﬁé? QCaggogﬁ gﬁ?%%oﬁéik%%?$ity
is nmore ynp@ié@ddce from MePrdne or&abi:l ek gk %ﬂﬂ?ﬁﬂﬁﬁ?QMﬁgmgﬁ
nore inportant within the range defined by the abdve-nentione
expressi pmoZ%), the value of 0 needs to be decreased, as can be
understood by referring to the expression (3) (R =tan0 x H x 2/Bf)
whi ch defi nes e Moy kakighirtly ngQrhé e opichteri daandomeherof ehertiag(tp
Fig. 6 which shows the relationship between the workability/economc
ef fi ci encl thmdsthel wizengliée), it ecantbeo lntdeos tiocod udiatg deer pashing
the value of 0 is equivalent to |owering the threshold val ue.

Then, aspearhapdssedicnlawpdbasns aorikebabivg-mentdrsiedesepress bens
more inportant, an exam nation simlar to that mentioned above was
done whe?P¥ $HENG HrAR AR vaf uehofstegl )sheqt il e oo RtBlRn Tabl e
3 shows a calculation result of the web angle 0 () for respective, |
when (W1) x RYPEGHesYERE SHEHANINaICFOSsT sebdenal doass of bl @

3] 1 (cmil ) YER ANGLE O() YEEN (W1, x RLS THRESFOLD VALLE 0,004

it is extremely complicated to prepare CAD data every time
before calculating I.

Therefore, the following method has been considered for
calculating the geometrical moment of inertia (I) of the steel
sheet pile wall.

[00Z286]

As illustrated in Fig. 1, the hat-type steel sheet pile

14



20, 000 49 40, 000 56 60,000 62 80,000 64 100,000 66 120,000 67 140,000

67

[ 0047] Based on the calculation result shown in Table 3,

the foll owi ng expression group (A) is defined. Expression Goup (A):
(WI) x R0O.004 and 2.65 x 10-4x | + 2202.80 x 10-4x | + 48 (20, 000l
80, 000) 2.65 x 10-4x I + 22070 (80,0001 < 180,000) [0048] Fig
8 shows a graph which is nade fromthe expression group (A). [0049]

cross section was divided into three portions including the

upper and lower flanges and the webs so that a method capable

of simply calculating I was used, although it is a rough estimate.

However, this method does not take into account the joint
portions so that the value of I is calculated to be smaller
thereby. According to a trial calculation, the value is about
80 to 90% of the exact solution, but this is not a problem because
this point is taken into account when the straight line defining
the shape mentioned below is determined by fitting.
[0027]
As mentioned above, generally, the geometrical moment of
inertia (I) can be expressed as follows.
I = I+ ZA x y?
Here, when the hat-type steel sheet pile is divided into
three rectangles ((i), (ii),{(iii)) as illustrated in Fig. 1,
respective I is determined to‘be expressed as follows. Note
that, (i) is treated as one rectangle by including the right
and left rectangles.
[Equation 1]
(D) s T ={Bf xtf* 112+ Bf xtf x (h/2)*} x2
= Bf xtf 12x(tf* I3+ B*)
Giy:I= [ [(Ah/sinfxow)xh*]x2x2
= 2xtw/sindx[p? 13} x2
=twxh’/ 6 x1/sinf
[0028]
With this, I’ per one hat-type steel sheet pile is

expressed as a following expression.

15
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<Case in which economc efficiency is nore inportant> When t he
econom c efficiency is considered to be nore inportant, the economc
efficiency indicator (WI1l) needs to be decreased. As can be
understood by referring to Fig. 4, the econom c efficiency indicator
(WI1) can be decreased by increasing the web angle (0). On the other
hand, by referring to Fig. 6 which shows the relationship between
the workability/economc efficiency and the web angle 0, it can be

understood thats i-ncgeasiyg/d he madye of 1) i 5 ggui wd ANty 1o J;p@reasi ng
the threshold value. Then, as a shape setting when the economc

efficiency is xonsi@aigry | ahe gamR irRAN! #Bhendn o@xaﬁe%&gomi\/g&ar
to that nentioned above was done where the threshold value of (WI) x
Ris in theofangkl ofid@h004 d:xp b assthasdla dlefriqexbhe skobhow ng
expressi on group Expression Goup(B): 0.004 <(WI)x R0.0075 and (B)
2.80x 10-1x | +4#. @&x@ 52 8ACZ0/BOM?)<8AK00BT/ 6 671 A ) x8®AO3® 000 |
< 200, 000) [0050]
(1)
According to this expression (1), the geometrical moment
of inertia (I) can be easily calculated from the effective width
(B) , the height (H=h + tf), the web angle (8), the flange width
(Bf), the flange steel sheet thickness {(tf), and the web steel
sheet thickness (tw), which are parameters defining the
cross—-sectional shape of the hat-type steel sheet pile.
[0029]
Similarly, the welght per unit wall area (W) can also be
calculated by the expression (2).
W= (Bf x tf + h x tw/sinf) x 2 x vy x 1000/B... (2)
Note that, the flange width (Bf) is expressed as the
following expression.
Bf = B/2 - h/(2 x tanb)
[0030] |
Fig. 2 shows an example of I and W obtained by a trial
calculation using the expressions (1) and (2). 1In Fig. 2, tﬁe
vertical axis denotes the geometrical moment of inertia I per
1mof wall width (cm'/m), and the horizontal axis denotes the
welght per unit wall area W (kg/m?).
In this example, B = 1400 mm, tf = 16 mm, and tw = 8.5

mm, all of which are constant, and the height (H) and the web

angle (0) are changed.
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Fig.9 shows a graph which is made fromthe expression group (B)

[ 0051] As mentioned above, when setting a cross-sectional shape
of a hat-type steel sheet pile (especially the web angle (0)), the O
region can be used properly, while basically making the econonm c
efficiency and the workability conpatible with each other (expression
(4)), and considering the workability nore inportant (expression
group (A)), or the economc efficiency nore inportant (expression

group (B)) . no sibliftod ¥ steel; shegt woi Lo satialying the range,of

t he expressi Ol’l I'S EXCE econom cC e i Cl'enc

the wor kel 144y tn‘é %tb tayae%eswﬁ' 3056 P/ |he YRt Ne lhﬁo&@ﬂsaeogf

t he expressi.on group ( s excel Tent econom
ef fici enﬁﬂeé‘f‘ﬂat vmd@etaéééy s ifrurtahary, | %etc%s\éortls@bhleu;xt )
hat -t ype st eel eet pile satisfying the range of the expression

group (Bjré@t@(cebﬂn@ﬁibuﬂegotdﬂ the ecepeate sffici engyeadiohbe
wor kability, and further in the economc efficiency. [0052]
efficiency is effectively enhanced by increasing H, as long as
the steel sheet pile can be manufactured, and an appropriate
workability can be ensured.
[0031]

Moreover, Fig. 3 shows an example of I and W obtained by

a trial calculation using the expressions (1) and (2), where

= 1400 mm and H = 600 mm, both of which are constant, and the
flange steel sheet.thickness (tf) and the web steel sheet
thickness (tw) are changed.

In Fig. 3, tw is changed to 8.5 mm, 9 mm, 10 mm, 12 mm,
and 14 mm, and tf is changed to 8.5 mm, 9 mm, 10 mm, 12 mm, 14
mm, 16 mm, 19 mm, and 22 mm, under the condition tf 2 tw. 1In
the graph of Fig. 3, each curve in the bundle of curves extending
upward to the right from each tw shows tf which can be obtained
at the given tw.

In Fig. 3, the influences of the flange steel sheet
thickness (tf) and the web steel sheet thickness (tw) on I can
be identified. Namely, while B = 1400 mm and H = 600 mm, both
of which are constant, due fo the term of square of the distance
y from the centroid axis in the expression of the geometrical
moment of inertia, the increase of the flange steel sheet
thickness (tf) far from the centroid axis has a large effect.

For example, focusingon 6 = 90° at tw=8.5mm, I = 95,000

17



<Ensuring of Integrity> In the present invention, in addition
to those nentioned above, because the relationship between the height
(H) and the web steel sheet thickness (tw) is set so as to satisfy
the foll owi ng expression, the buckling/deformation of the steel sheet
pile due to the penetration resistance during working can be
suppressed so that a hat-type steel sheet pile whose integrity has
been ensured can be provided. Htwe0.0 [ Exanple 1] [0053] As an

exanpl e OLuthin REESENLe LONSY b AN 1 yRe Shgel shogs pi gchavhpo

the follow ng sp i cations wa¥ desi gned. 0O nmnw O

= 750, Inm, 1% 848 S Mhand, ad %p%%eﬁ@nffémg’mﬂ &e£5%%mgggem£¥2?n

steel sheet pile-having the above-nentioned specCifications

the rangenhghgédgli §a60T hERNEL 0DE0-RDRYET . When t he
above-nenti oned specifications of the hat-type steel sheet pile are
applied to therexps®ssd O cdh 880 t fe-©XPs BS Sindt <HRUP byBlnct88sing
results are as follows. Expression (4): 2.65 x 10-4x | + 22 S0 S 80
(20, 000 &f)] an@0PeONOIs2nG5tw. 104x | + 22 = 2. 65 x 10-4x 114,810 + 22
= 52.4 52.4 <0 =75< 80, then, O is within the range of expression
(4) Expr&&@3dh Group (B): 67 < 0 S 80 (80,000 S| < 200, 000),
0 = 75 of the above-nentioned hat-type steel sheet pileis 67 <0 =
75 < 80, thenNatr thadresdi enggrenpl (B ke smitsifdadd axes of Figs. 2
Therefore, it can be found that the hat-type steel sheet pile of the
above- neftd ohebl @% aPPPBP1:: ekcel et O9% ehe/Woortdif draxifasitade 2 e
the workabjlit an in the econom ¢ efficiency thereo

f.
[ Exanpl el%ef%%%ﬁ]m&g%f HHFexamCO TSR Ny / pt8&&Rt CRRVERL FBANA a2
T 3 R L B

i ) = = = ! = X
Wh h - i 1.1, i f, . - |
bt e ar eSO L RS RSB PRy bRotdBEREEETIN SReepitey
h ; | . i N2 - + 2 S

80° (20, 000 & LB R Bl by Zshe $138 s tedt St
+ 22 = 46 BchFeds <(OfF, 7Ans Bl &éghst@eissﬂ\éé@i@hi&&ééé‘gﬁﬂ.

expression (4) Expression Goup (
Then, as a product configuration of the hat-type steel

sheet pile, assuming that there are nine types of I = 20,000,
40,000, 60,000, 80,000, 100,000, 120,000, 140,000, 160,000, and
- 180,000, based on the parameters shown in Table 1 described
below, the specifications capable of exhibiting respective I
were determined. Note that, the effective width (B) was set
at 1400 to be constant here for simplification, it is apparent
that the effective width (B) can be treated as a parameter for

examination as long as its manufacturing is possible.
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67 <0 S 80 (80,000 S < 200,000), 0 = 75 of the above-nentioned
hat -type steel sheet pile is 67 < 0 =75 < 80, then, the expression
group (B) is satisfied. Therefore, it can be found that the

hat -t ype stee

in the economc efficiency and the workability,
[ 0055]
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Regarding the thus determined multiple specifications of

the hat-type steel sheet piles mentioned above, the following

examination was performed in order to set the cross-sectional

shape of the hat-type steel sheet pile such that both the

economic efficiency and the workability were optimized.

Fig.

economic efficiency indicator

respective heights (H =

hat-type steel sheet pile having I = 80,000 (cm®/m)

600,

(W/I)

550, 500

and the web angle

450)

r

4 is a graph showing the relationship between the

() at

for an example of

. The vertical

axis denotes the economic efficiency indicator (W/I), and the

horizontal axis dencotes the web angle

(6).

In the graph shown in Fig. 4, for respective flange steel

sheet thickness (tf) shown in Table 1, while the web angle (0)

is gradually increased, the web steel sheet thickness (tw) is

decreased, so that the weight is decreased while ensuring I =
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In the above-nentioned
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but the both indicators can
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80,000 {(cm*/m). Then, when I = 80,000 (cm'/m) could not be
ensured, tf was ranked down to the next tf, and tw was ranked
up, and this process was repeated. Therefore, the graph of Fig.
4 becomes a saw-toothed graph downward to the right. |

According to the graph of Fig. 4, when focusing on the
straight line for each tf, there is a tendency that as the web
angle (B) increases, the economic efficiency indicator (W/I)
decreases, so that the economic efficiency is improved.

Like this, there can be found a close relationship between
the web angle (8) and the economic efficiency indicator (W/I).
[0035] |

On the other hand, the workability indicator (penetration
resistance (R)) is definedby the following expression (3). The
expression (3) is an example of expression showing the
penetration resistance obtained by an in-house installation
experiment of a steel sheet pile model, and the above-mentioned
Patent Literature 3 also describes the similar expression.

R = tanb x H x 2/Bf ... {(3)

By observing the expression (3}, the generations c¢f the
following phenomena can be understood.

~ When the web angle (8) increases, the web rises up,
thereby, the earth pressure is concentrated in the groove of
the steel sheet pile so that the steel sheet pile becomes to
be easily deformed, thereby lowering the penetration
performance.

- When the height (H} increases, the ground resistance

increases, thereby lowering the penetration performance.
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- When the flange width (Bf) increases, the
above-mentioned earth pressure in the groove can be easily
released, thereby improving the penetration performance.
[0036]

As parameters defining the penetration resistance (R),
as shown in the expression (3), there are the web angle (8),
the height (H), and the flange width (Bf}.

Similar tc Fig. 4, Fig. 5 is a graph showing the
relationship between the workability indicator (penetration
resistance (R)) and the web angle 6 (°) at respective heights
(B =600, 550, 500, 450) for an example of hat-type steel sheet
pile having I = 80,000 (cm’/m). In view of Fig. 5, it is found
that the web angle 8 (°) which minimizes the penetration
resistance (R) exists.

{0037]

As mentioned above, because both the economic efficiency
indicator (W/I) and the workability indicator (R) closely
relate to the web angle 6 (°), these two indicators can be
combined to make a single indicator. By doing so, both the
economic efficiency and the workability can be evaluated by the
single indicator.

As a method of combining the economic efficiency
indicator (W/I) and the workability indicator (R), the method
of multiplying the both indicators together was adopted.
(economic efficiency indicator) x {(workability indicator) = o
x (W/I) x B x (R)

Here, a and P are weilghting factors for the economic
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efficiency and the workability, respectively. Note that, here,
the method of multiplying the both indicatoxrs together is
adopted, and it is assumed that o« = B = 1.

As the economic efficiency indicator (W/I) and the
wofkabilityindicator(R)decrease,theeconomicefficiencyand
the workability become more excellent, respectively.
Therefore, when the multiplication value of the indicators
decreases, both the economic efficiency and the workability can
be judged to be excellent.

Fig. 6 is a graph showing the relationship between the
multiplication of the economic efficiency indicator (W/I) and
the workability indicator (R), i.e., (W/I)xR, and the web angle
B8 (°) at respective heights (H = 600, 550, 500, 450, 400) in
the case that I = 80,000 (cm®/m).

[0038]

As mentioned above, in the graph of Fig. 6, the economic
efficiency/workability are judged to be more excellent as the
value on the vertical axis decreases, and the point is that how
the upper limit (threshold wvalue) should be set.

As a result of examination on this point, an investigation
of the above-mentiocned steel sheet pile model experiment etc.
revealed the value of about 0.004 to 0.0075. Therefore, the
web angle 8 (°) of about 0.0075 or below is defined as a
specification which can ensure both the economic efficiency and
the workability.

Note that, in the conventional hat-type steel sheet pile,

the multiplication value of both indicators becomes about
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0.0081 at 10H, and about 0.0097 at 25H. Accordingly, the steel
sheet pile shape has not necessarily been made so as to optimize
both the ecconomic efficiency and the workability.

[0039]

Based on the above-mentioned definition, in Fig. 6, when
the range of web angle 6 (°) was determined by determining the
range of horizontal axis in the case that the vertical axis is
0.0075 or below, at I = 80,000 (cm*/m), the web angle 8 (°) was
found to be desirably set at about 49° to 77° in order to optimize
both the economic efficiency and the workability (penetration
performance) (refer to Fig. 6). By doing this examination
method while changing the level of I to be targeted, there can
be determined an optimized cross-sectional shape which can
balance the economic efficiency and the workability, and
satisfy.the respective I to be required.

Table 2 shows & result of preferable ranges of web angle
(0} for respective I which was obtained by doing a similar

examination based on a similar procedure as mentioned above.
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[0040]

[Table 2]
I{cm"/m) OPTIMIZATIONS (°)
20,000 32 to 69
40,000 40 to 70
60,000 46 to 75
80,000 49 to 77
100,000 52 to 78
120,000 56 to 79
140,000 62 to 78
160,000 69 to 79
180,000 18

[0041]

Fig. 7 is a graph in which the result of Table 2 is shown,
while the vertical axis denotes the web angle 0 (°), and the
horizontal axis denotes I (cm'/m). 1In Fig. 7, the upper and
lower limit values shown in Table 2 are plotted, and fitted by
straight'lines.

Note that, as mentioned above, the simplified calculation
method of the geometrical moment of inertia I used here provides
values of about 80 to 90% of the exact solution, so that (W/I)
x R shown in Fig. 6 is bigger than the exact solution. When
taking into account the fact that the graph of Fig. 6 is convex
downward, the optimum range has been judged to be narrower than
the case of exact solution because the simplified calculation
method was adopted. Therefore, as shown in Fig. 7, when the
plot by the simplified calculation method is fitted with

straight lines, some deviation may be caused, but the fitted
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plet has more approached the exact scluticon so that there is
no problem.
[0042]

The straight lines shown in Fig. 7 are formulated as
follows.

2.65 x 10 x I + 22 <0 < 80 (20,000 £ I < 180,000)

70 £ 6 < 80 (180,000 £ I < 200,000) ... (4)

[0043]

As mentioned above, the expression (4) has been made
taking into account both the economic efficiency and the
workability, and the hat-type steel sheet pile satisfying the
range of expression (4) is excellent in both the economic
efficiency and the workability.

[0044]

Note that, depending on the condition of the ground info
which the hat-type steel sheet pile is to be installed (hardness
indicated by N value etc.), the workability may be more
important than the economic efficiency, or vice versa.

Namely, when the ground is hard, it may be judged to be
acceptable that the penetration resistance is decreased in‘
order to maximize the possibility of installation, and the
welght (W) is increased to some extent. On the other hand, when
the ground is soft, it may be judged to be advantageous that
the weight (W) is decreased, even if the penetration resistance
(R) is increased to some extent.

Then, there are described below an optimum shape setting

when the workability is considered to be more important, and

25



[ 0059] Tabl e 5 conpares the penetration resistance during
wor ki ng (rmaxi mum | oad) P, and a val ue of P/ P45 which is obtained by
normal i zing the penetration resistance during working (maxi num | oad)
P.with the penetration resistance (nmaxi num | oad) P45 of the case (2)
(0 =45) , to the workability indicator R and a val ue of R R45 which
I s obtained by normalizing the workability i ndi cator Rwth the

wor kability indicator R45 in the case that 0 = WORKABI LI TY

o S R 0 50 os 00 TR e B o2 o0

considered to be more important.
[0045]
<Case in which workability is more important>

When the workability is considered to be more important
within the range defined by the above-mentioned expression (4),
the value of B needs to be decreased, as can be understood by
referring to the expression (3} (R = tanf x H x 2/Bf) which
defines the workability. On the other hand, when referring to
Fig. 6 which shows the relationship between the
workability/economic efficiency and the web angle 0, it can be
understood that decreasing the value of 8 is equivalent to
lowering the threshold wvalue.

Then, as a shape setting when the workability is
considered to be more important, an examination similar to that
mentioned above was done where the threshold value of (W/I) x
R is 0.004 or below. Table 3 shows a calculation result of the
web angle 0 (°) for respective I when (W/I) x R becomes the

threshold wvalue of 0.004.
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[0046]
[Table 3] _
I(cm”/m) WEB ANGLE 6 (°) WHEN (W/I) x R IS THRESHOLD
VALUE 0.004
20,000 49
40,000 56
60,000 62
80,000 64
100,000 66
120,000 67
140,000 67
[0047]

Based on the calculation result shown in Table 3, the
following expression group (A) is defined.

Expression Group (A):

(W/I) x R £ 0.004 and

2.65 x 107" x I +22<0<2.80x10%x I + 48 (20,000 < T
< 80,000)

2.65 x 107*x I + 22 <6 < 70 (80,000 < I < 180,000)
[0048]

Fig. 8 shows a graph which is made from the expression
group (A&).
[0049]
<Case in which economic efficiency is more important>

When the economic efficiency is considered to be more
important, the economic efficiency indicator (W/I) needs to be
decreased. As can be understood by referring to Fig. 4, the
economic efficiency indicator (W/I) éan be decreased by

increasing the web angle (8). On the other hand, by referring
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to Fig. 6 which shows the relationship between the
workability/economic efficiency and the web angle 0, it can be
understood that increasing the wvalue of 8 is equivalent to
increasing the threshold value. Then, as a shape setting when
the economic efficiency is considered to be more important, an
examination similar to that mentioned above was done where the
threshold value of (W/I) x R is in the range of 0.004 to 0.0075,
so as to define the following expression group (B).

Expression Group (B):

0.004 < {(W/I) x R £ 0.0075 and

2.80 x 107" x I + 44.6 < 9 < 80 (20,000 < I <80,000)

67 < 6 £ 80 (80,000 £ I < 200,000)
[0050]

Fig. 9 shows a graph which is made from the expression
group (B}.
[0051]

As mentioned above, when setting a cross-sectional shape
of a hat-type steel sheet pile (especially the web angle (8)),
the B region can be used properly, while basically making the
economic efficiency and the workability compatible with each
other (expression (4)), and considering the workability more
important (expression group (A)), or the economic efficiency
more important (expression group {(B)).

A hat-type steel sheet pile satisfying the range of the
expression (4) is excellent in both the economic efficiency and
the workability. A hat-type steel sheet pile satisfying the

range of the expression group (A) is excellent'in both the
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economic efficiency and the workability, and further in the
workability. A hat-type steel sheet pile satisfying the range
of the expression group (B) is excellent in both the economic
efficiency and the workability, and further in the economic
efficiency.
[0052]
<Ensuring of Integrity>

In the present invention, in addition to those mentioned
above, because the relaticnship between the height (H) and the
web steel sheet thickness (tw) is set so as to satisfy the
following expression, the buckling/deformation of the steel
sheet pile due to the penetration resistance during working can
be suppressed so that a hat-type steel sheet pile whose
integrity has been ensured can be provided.

H/tw < 60.0
[Example 1]
[0053]

As an example of the present invention, a hat-type steel
sheet pile having the following specifications was designed.

B = 1400 mm, H = 540 mm, & = 75°, I = 114,810 cm'/m

It was confirmed whether the hat-type steel sheet pile
having the above-mentioned specifications was within the range
of indicators mentioned above.

When the above-mentioned specifications of the hat-type
steel sheet pile are applied to the expression (4) and the
expression group (B), the results are as follows.

Expression (4}:
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[ 0061] Fig. 10 shows the rel ationship between the nornalized
penetration resistance during working (maxi mum | oad) P/ P45and the
normal i zed workability indicator RRR45. The two correspond to each
other well so that the present workability indicator has been
confirmed to be valid. Fig. 11 shows the rel ationship between
the normalized penetration resistance during working (maxi mum | oad)
P/ P45 and the web angle 0 (). Wiile in the range of the present

invention (36.5 85634+  he .penets af o asigsihance UL GowRpkNg in

the experinent is relatively suppressed, in out of the rangé of 'the

present inventz ogs (0 75 1B3) 2ot beopemekr aptoR 1e5] signcexgduLi By 4
wor ki ng i ncreases, so that the present invention has been confirned

to be valid. [&Exasple=4]5 (@262¢then, 0 iAwidAIQXAHE PahORXAPPESsion
regardi ng the nethod of setting the workability indicator R of the
present (#&yention, there is described an exanple of nodel working
experinment in which a one-twelfth steel sheet pile nodel (100 cmin
| ength) is presgedesanton GgrauntBiade by Silica sand No.5 with a
constant speed so as to be installed. Regardi ng the

i npl ement ati onttased o Godd0 M Kishd ex @08, Pabsl €56 efolbeshapes
whose scal es are converted to the actual sizes, and the economc

ef fi ci en@yovadrent bpned \Walid itfe SksrlasiertyPi i tat®r <R vihi’ch <af8:
determ ned therefrom Note that, the_shapes are_set so that the
geonetriE%?nnDF%ﬁtexBFe?ﬁ%?¥i%??u%eth A BFLtAfsSexperinental body

o e, S SRR I B2, 00 Lo VO L DL TR,
| WENT! QN EXBE551 CN G2 B).CNEORNED. EXRERY QSRR Blonoms.c
efficiency and the workability, and more in the economic
efficiency thereof.
[Example 2]
[0054]
As an example of the present invention, a hat-type steel
sheet pile having the following specifications was designed.
B = 1400 mm, H = 540 mm, § = 75°, I = 81,454 cm*/m
When the above-mentioned specifications of the hat-type
steel sheet pile are applied to the expression (4) and the
expression group (B), the results are as follows.
Expression (4):
2.65 x 107" x I + 22 <0 < 80 (20,000 < I < 200,000)
2.65 x 107 x I + 22 =2.65 x 107" x 81,454 + 22 = 43.6

43.6<0=75<80, then, 0 is within the range of expression

Expression Group (B):

67 < 6 < 80 (80,000 < I < 200,000), 6 = 75° of the
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above-mentioned hat-type steel sheet pile is 67 < 6 = 75 < 80,
'then, the expression group (B) is satisfied.

Therefore, it can be found that the hat-type steel sheet
pile of the above-mentioned example is excellent in the economic
efficiency and the workability, and more in the economic
efficiency thereof.

{OOSSj

In the above-mentioned descriptions, the economic
efficiency indicatcr and the workability indicator are
multiplied with each other, but the both indicators can be added
to each other to be used as an indicator.

In this case, when adding, the weights of both indicators
are considered as follows.

(economic efficiency indicator) + (workability indicator) = «
x (W/I)‘+ B x (R)
[0056]

Because the manufacturing cost and the cross-sectional
performance per wall weight (I/W), and the working cost and the
reciprocal number of the penetration resistance (1/R},
respectively have relationships of conflicting with each other,
I/W and 1/R can be used as indicators of the economic efficiency
and the workability.

[Example 3]
[0057]

As an examination example regarding the method of setting

the workability indicator R of the present invention, there is

described an example of model working experiment in which a
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one—twelfthsteelsheetpilenmdel(lodcxninlengun is pressed
into a ground made by Silica sand No.5 with a constant speed
so as to be installed.

Regarding the implementation case of model working
experiment, Table 4 shows shapes whose scales are converted to
the actunal sizes, and the economic efficiency indicator 1/W and
the workability indicator R which are determined therefrom.
Note that, the shapes are set so that the geometrical moment
of inertia I per 1 m of this experimental body for every case

becomes about 55,000 (cm®/m).
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[0059]

Table 5 compares the penetration resistance during
working (maximum load) P, and a value of P/P45° which is obtained
by normalizing the penetration resistance during working
(maximum load)} P with the penetration resistance (maximum load)
P45° of the case (2} (B = 45°), to the workability indicator
R, and a value of R/R45° which is obtained by normalizing the
workability indicator R with the workability indicator R45° in

the case that 6 = 45°,
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WORKABI LI TY | NDI CATOR ZLEZ 8ZS' Z LEO E SOUL PENETRATI ON RESI STANCE
DURI NG WORKI NG ( EXPERI MENT) NORVALI ZATI ON P/ P67 00' T 660 83T 083
PENETRATI ON RESI STANCE ( MAXI MUM LOAD) P(kN) SL 0 D UO 36 0 TZ Cl11

rx1C. 7c.

[0061]

Fig. 10 shows the relationship between the normalized
penetration resistance during working (maximum load) P/P45° and
the normalized workability indicator R/R45°. The two
correspond to each other well so that the present workability
indicator has been confirmed to be wvalid.

Fig. 11 shows the relationship between the normalized
penetration resistance during working (maximum load) P/P45° and
the web angle O (°). While in the range of the present invention
(36.6° £ 0 <63.4°), the penetration resistance during working
in the experiment is relatively suppressed, in out of the range
of thé present invention (6 = 75°, B82°), the penetration
resistance during working increases, so that the present
invention has been confirmed to be valid.

[Example 4]
[0062]

As an examination example regarding the method of setting
the workability indicator R of the present invention, there is
described an example of model working experiment in which a
onentwelfthsteelsheetpilenmdel(100(3ninlength)is;messed
into a ground made by Silica sand No.5 with a constant speed
so as to be installed.

Regarding the implementation case of model working
experiment, Table 6 shows shapes whose scales are converted to
the actual sizes, and the economic efficiency indicator 1/W and
the workability indicator R which are determined therefrom.

Note that, the shapes are set so that the geometrical moment
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of inertia I per 1 m of this experimental body for every case

becomes about 82,000 (cm?/m).
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[ 0066]

Fi g.

12 shows the relationship between the normalized

penetration resistance during working (maxi mum | oad) P/ P67 and the
R/ R67. The two correspond to each

normal i zed workability indicator

ot her wel |

confirmed to be valid.
the normalized penetration resistance during working (maxi mum | oad)

Fi

g.
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[0064]
Table 7 compares the penetration resistance during

working {(maximum load) P, a value of P/P67° which is obtained
by normalizing the penetration resistance during working

{maximum load) Pwith the penetration resistance {maximum load)
P67° of the case (6) (B = 67°}), the workability indicator R,
and a value of R/R67° which is obtained by normalizing the

workability indicator R with the workability indicator R67° in

the case that 6 = 67°.
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[0066]

Fig. 12 shows the felationship between the normalized
penetration resistance during working (maximum load) P/P67° and
the normalized workability indicator R/R67°. The two
correspond'to each other well so that the present workability
indicator has been confirmed to be wvalid.

Fig. 13 shows the relationship between the normalized
penetration resistance during working {maximum load) BP/P67° and
the web angle 6 (°). While in the range of the present invention
(67° £ 06 £ 80°), the penetration resistance during working in
the experiment is relatively suppressed, in out of the range
of the present invention (0 = 85°), the penetration resistance
during working increases, so that the present invention has been
confirmed to be valid.

[Example 5]
[0067]

As an example of the present invention, there is described
an example of model working experiment in which a 1/8.5 scale
steel sheet pilemodel (110 cmin length) is pressed into a ground
made by Silica sand No.7 with a constant speed sc as to be
installed.

Regarding the implementation case of model working
experiment, Table 8 shows shapes whose scales are converted to

the actual sizes, and the penetration resistance value P.
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G2 (T) (3) (B (i7) [ 0069] Fig. 14 shows a relationship

bet ween the penetration resistance P during working and the

hei ght/web thickness ratio Htw. The penetration resistance increases
at around 60 of the height/web thickness ratio Htw. Accordingly, the
def ormati on can be controll ed by suppressing the height/web thickness
ratio Htw at around 60, and there is no fear of lowering the

wor kabi lity. [0070 ] Fig. 15 shows the relationship between the
def or mat if@mesmyount of the experinmental body and the hei ght/web
thickness ratio Htw. The deformati on anount of the experinental body
shows the anougtigof 1eahahgesoh trkeatibesdaet begwaeg € heetpween rishd omeb
and the flange. The deformation anmount of the experinental body
becones Ira&isge tancar Buhor ire wealkiegoindthef helighlidivght £ ivebkhds s kregsiso
rati o. The deformati on anmount can be controlled by suppressing the
hei ght / wéllf tvhi cRhepenefiialign Resd shroardl Borea ARV 2o A AL efgde

st eel - sheet %ﬁle in which web portions are conti nuous formed at

|
bot h end$§<edEhid vebpleh i ¢kagge Ip6A0; %ﬁFWan&qmiqq%gégﬁﬁqﬁ%%
forned at respective_end portions of a pair of we ortiops, i

wher oi n_ §2Par e OB SR SaOR S R BT eaTrG Bae Neglit " FREFERSSE TRio

f I i dt_h i/ f ' t eel_. sheet_ pil |1,
wei ght pl/ SUnPE REACnE S WACROFREFS SopSRor Rt o NEAFErRRd!R and
a web angle,Q %&i&% set to satisfy one of follow ng expression groups
(A and %ﬁ%_ P g expression group (A): (WI) x RS 0.004 and 2.65 x

10-4x | $0830% 02.80 x 10-4x | + 48 (20,000 S| < 80,000) 2.65 X
10-4x | + 22 0 S70 (80,000 S| < 180,000) the expression group

(B): 0.004 < (W) x5ROnOPS SN0 B0 on i odtwedt the@eIAation

(20,000 S I < 80,000) 67 <0S 8Q (80, 000 _ | < 200, 000) 2.The

hat -t ypeasbe@lk shethepékpeatwOfithNOod@y CAdrdd Mhls height/web thickness
ratio H/tw. The deformation amount of the experimental body
shows the amount of change of the intersecting angle between
the web and the flange. The deformation amount of the
experimental body becomes large at around the value of 60 of
the height/web thickness ratio. The deformation amount can be

controlled by suppressing the height/web thickness ratioc H/tw

at around 60.
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wherein the relationship is set to satisfy the expression group (A).
3. The hat-type steel sheet pile according to claim1, wherein the
relationship is set to satisfy the expression group (B). 4.The
hat -t ype steel sheet pile according.to any one of clainms 1 to 3,
wherein a relationship between the height (H and the web steel
sheet thickness (tw) satisfies a follow ng expression. Htw :5 60.0

CLAIMS

1. A hat-type steel sheet pile in which web portions are
continuously formed at both ends of an upper flange portion,
and lower flange portions are formed at respective end portions
of a pair of web portions,

wherein a relationship among a geometrical moment of
inertia I per 1 m of wall width (cnﬁ/m) when forming a steel
sheet pile wall, a weight per unit wall area W (kg/m?), a
penetration resistance R, and a web angle 8 (°) is set to satisfy
one of following expression groups (A) and (B).

the expression group (&4):

(W/I) x R £ 0.004 and

2.65 x 107" x I +22<0<2.80x10%x I+ 48 (20,000 <1
< 80,000)

2.65 x 107" x I + 22 <6 < 70 (80,000 < I < 180,000)

the expression group (B):

0.004 < (W/I) x R £ 0.0075 and

2.80 x 107" x I + 44.6 < 8 < 80 (20,000 < I < 80,000)

67 < 6 <80 (80,000 <TI < 200,000)
2. The hat-type steel sheet pile according to claim 1,
wherein the relationship is set to satisfy the expression group
{A) .
3. The hat-type steel sheet pile according to claim 1,
wherein the relationship is set to satisfy the expression group
(B) .
4. The hat-type steel sheet pile according to any one of

claims 1 to 3, wherein a relationship between the height (H)
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and the web steel sheet thickness (tw) satisfies a following
expression.

H/tw £ 60.0
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