Description [Title of the invention] Z-TYPE STEEL SHEET PI LE [ Techni cal

Field] [0001] The present invention relates to a Z-type steel sheet
pile used :in used rata structure, river bank protection structure and the
I'ike. in this specification, the Z--type steel sheet pile is a steel

sheet pile where a flange is forned on both ends of webs which are arranged
obliquely in a contiguous manner with the webs and the whol e shape of the
steel sheet pile is forned into an approxinately Z shape. [Background Art]

[ 0002] As one of indexes q{ mance of a steel sheet pile wal
constructed by joining joints of e st eél sheet piles by fitting
engagenent, the geonetrical, nonent inertia (1) indicative of rigidthe wall
is naned- In general t: Iarger the geonetrical nmonment of inertia (), the

smal | er a,ﬂhfor unt of ? wal I body on which a | oad such as an
earth preS5tres of %r %Y%%Eh?% acts becones. Al t hough the
geonetrical nonent of |nert|a can be increased by increasing a plate

thi ckness (t) and & hei ghtt (35 E PILE

[Technical Field]
[0001]

The present invention relates to a Z-type steel sheet
pile used in earth retaining structure, river bank protection
structure and the like.

In this specification, the Z-type steel sheet pile is
a steel sheet pile where a flange is formed on both ends of
webs which are arranged obliquely in a contiguous manner with
the webs and the whole shape of the steel sheet pile is formed
into an approximately Z shape.

[Background Art]
[0002]

As one of indexes of performance of a steel sheet pile
wall constructed by joining joints of the steel sheet piles
by fitting engagement, the geometrical moment of inertia (I)
indicative of rigidity of the wall is named. In general, the
larger the geometrical moment of inertia (I), the smaller a
deformation amount of a wall body on which a load such as an
earth pressure or water pressure acts becomes.

Although the geometrical moment of inertia (I) can be

increased by increasing a plate thickness (t) and a height (H)



of a steel sheet pile, it is desirable to decrease a steel weight by nmaking
a cross-sectional area (A) as small as possible froma vi ewoint of
econoni ¢ efficiency. FO0031 On the other hand, |arge-sizing of a
steel sheet pile leads to the increase in penetra on resistance (R) of the
steel sheet pile. The penetration resistance is a main index which

i nfluences the workability (panetration property) of a steel sheet pile and
hence, it is desirable to set the penetration resistance (R) as small as
possi bl e. i S, er . t. . i i .

of Bl d Sy shggﬁ}fﬁ%ﬁ Gy lhsedegggghgesﬂggeghgeegsﬁ@% 2Len

wor ki ng spee wor Ci ency eet piie are ‘enhanced.

The penetxat .Dn_resistance (.R) of.the, steel eet. pile,is mainl

constitut 0 5 BoEdboR Cror oo BT obgt: Srgtt Thy agr JUAdLr 45150 SHER and
joint resjstance.,K Here, the_support,. forge. brought about by ground

resistan ?%i%t%&e%Q%l?E-oﬁe?'5%%@%? %%ff%&%n ¥iction) can al so be
artificially lowered to sone extent by tenporarily |lowering strength of the

gr ound. usy %3hn auxi liary nethod such as a water jet nmethod_ (00041

On the other hand, the joint resistance is mainly brought about by the tion
resi stance betWerFjoidtenrhadwelardtiesioitd dhd el apecandslen the
joint. Usual Iy, a gap of several mmor less is fornmed between the
joints. Aczoiglicadiiye wherncehe gt peheshestionpid el 12 nRe u8n OEohpl Biety
parallel to a precedingly driven steel sheet pile, theoretically, friction
i's mni nedheeganerat ed Heetpwest tatel groimssi stance (R) Howeverain niadeact ual
driving operation, since the steel sheet pile is not a rigid body, a cross
section ofhidie istfdelerstweetthp Wwerksbgladyal(bgndéfretimed andpehéyst e€la sheet
pile is deflected due to the support force generated by the ground

resi stanceceds aheesulpild hengoitdiscaxe ibr aughtiesntrabdenttact switt htleach
other thus giving rise to a friction therebetween. " Al t hough a

met hod i o €he @i diidCatarice appld€dnl=q 1) 8k BSsd Q51 slecrensi ng, ttige
friction resistance may be available, the lubricant peels off due to a

friction generat edhd a tlilg jreisiRtc 23R@ Sehk hb¥esandsrronyhatedhe

fribtibn resistance decreasing effect is limted. . When the joint
resi stance,d s, gane{atad; dihs, Sf eel t@%egft_eeul gnksti pelbnefe| gading.40 an

even further increase in friction. at is, a vicious cycle of friction and
inclination OC%%&?penetration resistance (R) of the steel sheet pile
ismainly constituted of a support force brought about by ground
resistance and joint resistance. Here, the support force
brought about by ground resistance (distal end + peripheral
surface friction) can also be artificially lowered to some
extent by temporarily lowering strength of the ground using
an auxiliary method such as a water jet method.
[0004]
On the other hand, the joint resistance is mainly brought
about by the friction resistance between joints or between the
joint and soil and sands in the joint.

Usually, a gap of several mm or less is formed between

the joints. Accordingly, when the steel sheet pile is driven



Once such a. vicious cycle occurs, it is difficult to correct the cycle and
hence, a guide frane is used at the tinme of driving the steel sheet pile se
as to prevent as nmuch as possible the steel sheet pile from beina inclined,
and when the steel sheet pile falls or is displaced, the steel sheet pile
is pulled out and is driven in again. [0005] To cope with such falling or

di spl acenent of the steel sheet pile, It may be possible to adopt a nethod
whi ch suppresses the joint resistance by nmaking strict standards for
constructj I Thi th V. i t i f
construct#é#?£§€%£?éﬁ%?ﬂgﬁiyﬁg g ﬁ%(?¥§%£6lyQﬁhRQ%h§?%§},Eﬁﬁgkc g%g’of t he
friction rﬁsistgnce Peing Lngreased du%it%lﬁhe %@Eﬂﬁa QJQﬂan t he gross
section of 'the" %%%} %he F15|F8ni§sno el Fmi Hat®ed an ence,w?%%rg Bxists a
drawback that the vicious cycle cannot be corrected even when the steel
sheet pi|4°t8%Dulled out and is again driven in. [0006] As descri bed
above, with respect to setting of a. ¢ross section of a steel sheet_ pile,

it is necessar 6Tyt AR XGOEE SEAVIHA FRORT RO el Gt Lhef SBR®honi ¢
efficiency and workability. In this respect, with respect to a nethod of
setting aSkeosseksketiont shapeic Padhat 2t Gpesst eeftifrePipihe, skeadi es
have been made in the follow ng patent docunents | to 5, for exanple.

[0007]  sheet pptlentl degiateritlsl vl dedernedi seldosecasspapeskeeti pglaethod and
a hat-type steel sheet pile which allow the steel sheet pile to acquire
nor e excefl¢ehectedsgusetti ohal spepboitndrces tdfae dmeity onad Wroype st ee
sheet pile or large-width steel sheet pile by satisfying both a. newy.
-defined, reslatamnal flor rukashétweene a dlrangens drbupBt) ianhd amneffecti ve
width (3) and a new y-definedrel ati onal fornula between the geonetri cal
nonment ofwitlerddeh (dhem theisghti viHy andeBto[ H008iction thérebhdeweother hand,
patent docunent 3 discloses:a hat-type steel sheet pile which can m nim ze
the penetrati omresdsdlangeméRhobyihi whichgaa Inatge 0ft web angl ee® to a.
relational. formula of the geonetrical nonent of inertia (1). Patent

docunment 5o ah 6o r@irSed @5€$s Ang t&@te-fﬂﬂ@tﬁé@@bss;@@@hd@rhg;f,meé@ajlla&@,nd a
unit weight (W are set so as te satisfy a relational formula thus ensuring

penetrati o PIOPRIE¥nt peels off due to a friction generated between
the joint and soil or sands so that the friction resistance
decreasing effect is limited.

When the joint resistance is generated, the steel sheet
pile is inclined leading to an even further increase in friction.
That is, a vicious cycle of friction and inclination occurs.

Once such a vicious cycle occurs, it is difficult to
correct the cycle and hence, a guide frame is used at the time
of driving the steel sheet pile so as to prevent as much as
possible the steel sheet pile from being inclined, and when
the steel sheet pile falls or is displaced, the steel sheet
pile is pulled out and is driven in again.

[0005]

To cope with such falling or displacement of the steel



Further, patent docunent 4 discloses a hat-type steel sheet
enhance econonm c efficiency by satisfying both a rel ati onal
a geonetrical nonent of inertia |l and a unit. weight Wof a

pil e which can
formul a bet ween
hat -t ype stee

sheet pile which is set to exceed a linear relationship between a. unit

wei ghtand a geonetrical nonent of inertia (1) of an existing U-type steel
sheet pile and a relational formula between an effective wwdth (B) and a
flange width (Bf). [0009] Al'l these studi es have been nade on the

prem se ol tfe Batyop skeel SheglBiLe et e anoe! Loty

set to 70 m ™ a 'S Set to approxim

d i cal t of i ti 1) .1 t t i mat el 1
20, 000 GUT v FRT OF T 10 PhaUTEAT S PhPES PORGRGILT C FOOLOR et 2ht

made on tf
|y°§loovt”t”oéggso o

000 to

Docunent 1] JP- A-2008-069631_[ Pat ent Docunent Japanese Patent. 4069030
1 PAPRRT S Boc e

[ Pat ent Do £C81°3 af8RESB I Pat it S3 A4S

I9Y)28Ypanese

Pat ent 3458109 [ Patent. Docunent 5] JP-A-2005-213895

lowering of construction efficiency at the same time.

Further, the cause of the friction resistance being
increased due to the deformation of the cross section of the
steel sheet pile is not eliminated and hence, there exists a
drawback that the vicious cycle cannot be corrected even when
the steel sheet pile is pulled out and is again driven in.
[0006]

As described above, with respect to setting of a cross
section of a steel sheet pile, it is necessary to study the
cross section from a viewpoint of economic efficiency and
workability. In this respect, with respect to a method of
setting a cross—-sectional shape of a hat-type steel sheet pile,
studies have been made in the following patent documents 1 to
5, for example.

[0007]

Patent documents 1 and 2 disclose a shape setting method
and a hat-type steel sheet pile which allow the steel sheet
pile to acquire more excellent cross-sectional performances
than conventional U-type steel sheet pile or large-width steel
sheet pile by satisfying both a newly -defined relational
formula between a flange width (Bf) and an effective width (B)

and a newly-defined relational formula between the geometrical



[ Summary of the Invention] [Task to be Solved by the invention] [0011]

In the above-nentioned patent docunents 1 to 5, in setting a
cross-sectional shape of a hat-type steel sheet pile, either economc
efficiency or penetration property (workability) is focused on, and the
study has been -nmade by specifying the focused-on matter. However,
these studies are not directed to a nethod of setting a shape of a steel
sheet pile based on a clear concept of optimzing both econom c efficiency

and workabpility. . . as,+nvent sgnt invention know, there
has beenqﬁ%m%%%e?%t%r%éeﬂm%%chi )S’I s%lkgés%%l%g E@fy%égsfgéel sheet pile which can
optim ze ﬁh{ hree of the follow ng: economc efficiency, workability and

soundness: 12] To enhance economc efficiency, it is necessary to
decrease a steel weight per cr.oss-secti.onal rfor.mance as ch as

possi bl e, and é’rhjé{lﬁcﬁnt%ﬁ? E}ﬁnﬁec?ae%%ré% dgcblf“o’??l% éﬁlll gfé)ssfs ??aetv'i%? t hat
when a. cross section is enlarged, . the penetration re stance at the tine
of the coHt%uERR6h PELF e EAsean "Bt here thEanC e pF At Lo HiSTktsd C§ s
decreased, there exists apossibility that damage such as |ocal buornno wll
occur at tHebni hémotisgnstrandd oF vebainghe & iipeaofelaahepat thaionla hus
giving rise to a drawback concerning the performance of the steel sheet
pile. [00A3]the geOmethélﬁﬂeg@ﬁ@nﬁn@%n@ﬂ@ﬁthés(Eéen Priferen § loviEredEed such
drawbacks, and it is an object of the present invention to provide a Z-type
st eel sheetspidisalnsds carhaiptiype estmth Scoroiclefficienty Bimhd a

wor kabi lity, and al so ensure soundness, [Means for Sol ving the Probl enj
[ 0014] unit weight (W) are set so as to satisfy a relational formula

thus ensuring penetration property.

Further, patent document 4 discloses a hat-type steel
sheet pile which can enhance economic efficiency by satisfying
both a relational formula between a geometrical moment of
inertia I and a unit weight W of a hat-type steel sheet pile
which is set to exceed a linear relationship between a unit
weight (W) and a geometrical moment of inertia (I) of an
existing U-type steel sheet pile and a relational formula
between an effective width (B) and a flange width (Bf).
[0009]

All these studies have been made on the premise of the
hat-type steel sheet pile where an effective width (B) is set
to 700 to 1200 mm, a height (H) is set to approximately 200
to 350 mm, and a geometrical moment of inertia (I) is set to
approximately 10,000 to 20,000 cm®/m.

[Prior Art Document]

[Patent Document]



The ventors of the present: invention. have cone up with an idea of
defining A/1 or WI which is a val ue obtained by dividing cross-sectional
area per wall width of 1 m(A) or a weight per unit wall area (W by the
geonetrical nonent of inertia per wall width of | m (1) as an econonic
efficiency index. The smallertheinnex, the nore desirable the econom c
efficiency beconex. That is, this inp_ es that, to consider a manufacturing
cost or the like, the snmaller the cross-sectional area (A or e unit weight
w neceSﬁ(gﬁ/o]feor exhibiting with a certain geonetrical. nonent of inertia
(1), the re econom cal the steel sheet pile becones. Here, to show

an exanpl in.a conventional = typ i ILS.a U-type steel sheet pile

havi ng a %%E?P%fgﬁﬂﬁn?rml,PEV“FPT%_@(@QEQQ%@%W a forimla where

W 1=150/ 16, 800=8. 9x16- 3, jle in a 111w type i is a-ge-wdth steel
sheet pil ?%%%%H?O%uwra’i\ﬂﬂ%ww W*fe%g é&g?@gged by a formula where.
W 1- 136/ 32, 400-4. 2x10-3. Accordingly-, _econonic efficiency is enhanced
twice or Worteent ggasyment 31 Japyeeei bebcAbove88prdvi ded that the
cross-sectional perfor ances (geonetrical nmonents of ine/-..ia. or section
nmodul us (Bjatient Re@aneshebt é@p@%ﬁlgaaﬂteéééﬁ}oﬁhe smal | er grit
per unit waLl area (W, the nore econom cal the steel sheet pile wail
beconmes (iPrterdueedorcnt WeightAof08beel3fBberial for sane

cross-secil ohal performance) . That is, provided that a. manufacturing cost
per unit Veingary soequad, Inhenshah] er t he wei ght. per cross-sE)(:))..ional.
performance (WI1), the nore econom cal the steel sheet pile becones.

On the etheashand lad ohglwed hoy heheetneaseioh]t he wei ght per cross-sectional
eerformance (W) the cross-sec ion& size (effective wwdth (B), height (H))
of the stpedisheet pile is ncre.ased and a sheet. thickness (t) of the
steel sheet pile is decreased. As a result, a deformation anount of the

steel sheet eilm athéhepdvieenehtcrsld Usit &ft | Socneeeased apd hgncen
driving of the. steel sheet pile becomes difficult. Accordingly, it is safe

to say thattthey bargess Wdct henbetdelod e amskabibktythecanes: phat, is, the

smal | er-the penetration. resistance (R) becones. Accordingly, en

W I manuf LN ¢RSiNornlis: de e penetyationsfeshst £
(R)const?%:ﬁ%ﬂ cost) oinisl%i ncr%ggggggn&tyht he ot h%r han%l, it igﬁfﬁ%%ahs{ t hat

when W 1 B«dDeneasedy) terenatial GOr e et ANC S Ay | Ra A6l oASRLas THFLT S, Tt
y that | and" R are in the relationship of antinony-.
specifying the focused~-on matter.

However, these studies are not directed to a method of
setting a shape of a steel sheet pile based on a clear concept
of optimizing both economic efficiency and workability. So
far as inventors of the present invention know, there has been
no literature which discloses a Z-type steel sheet pile which
can optimize all three of the following: economic efficiency,
workability and soundness.

[0012]
To enhance economic efficiency, 1t is necessary to

decrease a steel weight per cross-sectional performance as much

as possible, and a method which decreases a plate thickness



Accordingly taking a bal ance between W1 which is an econom c efficiency
index and R which is a workability index is inportant for optimzing both
econonm ¢ efficiency and workability. [0016] The present invention has been
made based. on such a and has the follow ng constitution specifically.
100171 (1) A Z--type steel sheet pile according to the present
invention is a Zetype steel sheet pile hich includes: a web, flanges which
are formed on both edges of the web; an joints which are forned on portions

of 1ne 1 opots, MIFLeL e 0. ek i) olehlp Song, . geor! gl prent o

inertia pé a Vel per Wi ar'ea

(kg/ nmR2), penetration sistance (R4 _and a weh angle O when .a st eel

sheet pi I'€° W&l o{;ﬁ@h i@lesr?et so“a%°to ssea‘?bcijscfrg it h%ﬁ)llﬁﬁgegf a- %91 1 owi ng
group of fornulae (A and a follomjgglgrou of _formul ae Qﬁ?. G oup, of

formul ae RHSCIIN19%. BSPOAT2ARE SL65HF0- X% 22ke kDS 8GRIGF ALY IS
0005_1. <80, 000) 2.65x10-4x1+22.5)U. <70 (80, 000C: 180, 000) G oup of fornul ae
(R: 0,OOMQQWV4§§QF§:BQQDQ?rathen a plate thickness 1s decreased,

there exists a possibility that damage such as local buckling
will occur at the time of construction or at the time of
transportation thus giving rise to a drawback concerning the
performance of the steel sheet pile.

[0013]

The present invention has been made to overcome such
drawbacks, and it is an object of the present invention to
provide a Z-type steel sheet pile which can optimize both
economic efficiency and workability, and also ensure
soundness.

[Means for Solving the Problem]
[0014]

The inventors of the present invention have come up with
an idea of defining A/I or W/I which is a value obtained by
dividing cross-sectional area per wall width of 1 m (A) or a
weight per unit wall area (W) by the geometrical moment of
inertia per wall width of 1 m (I) as an economic efficiency
index. The smaller the index, the more desirable the economic
efficiency becomes. That is, this implies that, to consider
a manufacturing cost or the 1like, the smaller the

cross-sectional area (A) or a unit weight (W) necessary for



2.90x10- 4x1+44. 6<e<90 (30, 0005d<80, 000) 67<erc: 8080 000-1<200, 000) [001M
(2) The Z--type steel sheet pile according to the present invention ispe
steels beet pile which includes: a web; flanges which are formed on both
edges of the web; and joints which are formed on edge portions of the

fl anges, wherein the relationship anong- the geonetrical nonent of inertia
wdth of 1 ml (OP.4/R), a weight per unit wall. area W (kg/n2) penetration

res.istanoe (R) and a web angle 0 ('-') when a. steel sheet pile wall is
formed is_gset, so.as t tisfty t.he ve- r Qup: e(A).
[oo1e) o lblmgw‘“t% shetadopRenes TEar, ﬁﬁf@%e?d?f GTETTRE bt Leent

i nvention a e steel eet a_web; flanges which
are for mﬁh%ﬁn%ﬁ‘? hg'g%%rgl%?l ﬂkéev@geegnmfggnrf)% Fgﬁmgfse f or ned on edge
portions of the flanges, wherein the relati onshl Tg%f he aeonet.r: Loal
moment of iner ti% S p&P ST ANGRRW Bt DA an(’@? eVt ihe ? unit .
all. area W(y,,a 2) , penetration_resistance R) and a web angl e ( ) when
a steel sheet pitvwansrtescilsshepredlis R aagv%déréé’tf 4 TRe W/I
above-nentioned group of forrmulae (B). [0020] (4) Further t he

Z-type stexpreheed i kef @uvorainhgre. @/Ihé%r’ééeﬁﬁOFﬁvénﬂpon s ifhel Z- type
steel sheet pile described in the above-nentioned (3) and is set so as to
satisfy a folTwovivee gihogh 6éfs BotrubaevGdsbpsoeefosnafher{ & having a
0004<(W 1) xF0. 006, and

width of 600 mm, W/I is expressed by a formula where

W/I=136/32,400=4.2x1072. Accordingly, economic efficiency is
enhanced twice or more.
[0015]

As described above, provided that the cross-sectional
performances (geometrical moments of inertia (I) or section
modulus (Z)) of steel sheet pile walls are equal, the smaller
the weight per unit wall area (W), the more economical the steel
sheet pile wall becomes (the reduction of weight of steel
material for same cross-sectional performance). That is,
provided that a manufacturing cost per unit weight is equal,
the smaller the weight per cross-sectional performance (W/I),
the more economical the steel sheet pile becomes.

On the other hand, along with the decrease of the weight
per cross-sectional performance (W/I), the cross-sectional
size (effective width (B), height (H)) of the steel sheet pile
is increased and a sheet thickness (t) of the steel sheet pile
is decreased. As a result, a deformation amount of the steel

sheet pile at the time of construction is increased and hence,



2. 80x10xi +48<0<80 (30,000 I Hem)) 70.c:080 (80,000nc00, 000) (5) in
addition to the above, the Ztype steel sheet pile according to the present
invention is the Z-type steel sheet pile described, in any one of the
above-nentioned (1) to (4), wherein the relationship between a height (H)
and a web plate thickness) is set so as to satisfy a follow ng fornul a.
Htw C :60.0 [ Advantage of the Invention] [0022] According to the present
invention, the relationship anong the geonetrical nonent of inertia per
wall width of.l mT_(cnd/m, .the weight, per.unit wall area, W{kg/ M), the
penet rati%rrllYle%? st g3131%0e%‘l%eandﬁtehegL we }9%% I epf)EEO) b\(/?/r?éjﬁnetshe %JYJ% }g%JA%et pile
wall is forned. js set ,so.as to sati sf n ne of the ove- nment i oned

or oups. of ST GT RSB T AL (BATE R R WER e ngiarIah W3 peas: BT bTG
provide a Z--type steel sheet pile having a cross-sectional pe optim zed
for satisfyF MgHGH edohbRICOTERT i ER@hcyS ardSnePRABEFE e RfPTbra et her
enhanci ng workability. [0023] According to the present invention, in
addi tion %%Sla%%%?eti{r%)r PAEPBAShi pbet weent hehei ght (H) and the web plate
thickness -1 is set so as to satisfy the follow ng fornula and hence,

buckl i ng/ def or Fetd@miofglhe stlesmt Iheet (o | enaduefactoitiey comsstuction-ti ne

penefration rear stance can. be suppressed thus providing the Z ... steel
sheet pilédateabed@nsuhes peseindndss. 4wt [ BR) ef(=Desorstptuoniof t he
Dr awi ngs]

cost) i1s increased. On the otber'hand, it is thought that when
W/I is increased, the penetration resistance (R) is decreased.
That is, it is safe to say that W/I and R are in the relationship
of antinomy.

Accordingly, taking a balance between W/I which is an
economic efficiency index and R which is a workability index
is important for optimizing both economic efficiency and
workability.

[0016]

The present invention has been made based on such a
finding, and has the following constitution specifically.
[0017]

(1) A Z-type steel sheet pile according to the present
invention is a Z-type steel sheet pile which includes: a web,
flanges which are formed on both edges of the web; and joints
which are formed on edge portions of the flanges, wherein the
relationship among a geometrical moment of inertia per wall
width of 1 m I (cm®/m), a weight per unit wall area W (kg/m?),

penetration resistance (R) and a web angle 0 (°) when a steel



[0024.] Fig. 1 is an explanatory view of a Z-type steel sheet pile
according to one enbodi nent of the present invention. Fig

| anat on- vi ewof ast epi nwhi ch. anopti num cross section is induced in one

enbodi ment of the present invention, and is

al soagraphshow ngt her el ati onshi pheen the geonetrical nonent of inertia.

per wall width of 1 mand a weight per unit wall area when a hei ght (H) and
a web angle (0) are changed while setting an effective width (B) a flange

plate thi kneggg#*% Q%%lemujf%rme Ela%gt hickpess (1w fg éi%ﬁg val ues,
'S

that is, m an an ex%?anato
f whi_ch t t duced.In nmbodi t
of ‘the preadnEarioSEItoA T CHRIOT o b 38 o SR "ohBw Ay RS PR B FOrRh. tp

bet ween t he eonetrlcal nonment of |nert|a per wail width of I mand a

wei ght perCtRit2swal’?) area when the flange plate thickness (tf) and the web
pl ate thi ckness étmb are changed while setting the effective wwdth (B) and
the hei ghtr¢Hy ¢ f?&%@l%%l&%g that. is, B=700 nm end H=600 mm Fig
. 4 is an explanatory view of a step in which an optimum cross section is
i nduced in one EWbodiRENOWS, tdred present invention, and is also a. graph
showi ng the rel ationship between an econom c efficiency index and a web
angl e when t he Yyeonetd-Ldl+Iaxteiat. SOk l0ndxIird8 @l , WAIOKIwWSHLWOEf) 1 ml is
set to 100,000 (1=100,000), Fig, Sis an explanatory viee, of a step inch
an opti mum cr 0ss. &ecltl-otx I+ Adtdioed 8i0n coneIemsadionent of the present

i nvention, on, and is also a graph showing the rel ationship betwePn. a

wor kabi | iGyoumdex aamchmal aeb(angl e when t he geonetrical nonent of irertia
per wall width of 1 ml is set.. to 100,000 (I1-100,000) , Fig, is an

expl anatory vi ew @f4@(et Epkrd0 Wi gh 2t opti mum
2.80x10-4xI+44.6<0<80 (30,000<1<80,000)

67<6<80 (80,000<I<200,000)

(0018]

(2) The Z-type steel sheet pile according to the present
invention is a Z-type steel sheet pile which includes: a web;
flanges which are formed on both edges of the web; and joints
which are formed on edge portions of the flanges, wherein the
relationship among the geometrical moment of inertia per wall
width of 1 m I (cm?/m), a weight per unit wall area W (kg/mz),
penetration resistance (R) and a web angle 0 (°) when a steel
sheet pile wall 1is formed is set so as to satisfy the
above-mentioned group of formulae (A).

[0019]

(3) The Z-type steel sheet pile according to the present

invention is a Z-type steel sheet pile which includes: a web;

flanges which are formed on both edges of the web; and joints
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cross section is induced in one enbodi nent of the present invention, and is
al so a graph showi ng the relationship between an index which is set by
taki ng workability and ecol - efficiency into consideration and a web angle
when the geonetrical nmonment of inertia per wall width of 1 in 1 is set to
100, 000 (.1=100, 000). Fig. 7 is a graph showing the relationship

bet ween the geonetrical nonent of inertia. per wall width of I nend. a web
angl e when. the Z-type steel sheet pi .le in one enmbodinent of the present

I e tita rg %te% ﬁw%%e&npéé 4tlons of tgégflgn 8sd vgﬂgp%'i_ﬁr%ng the

relati ons Wween e geone rlca monment O |nert pber wa of 1
to and a

b an when the e steel heet ile i ot her of one
enbodi ni ent %J?l&f%él%taétko@ﬁt t%ﬁv% T%%rjr%af s%ee Q &.Pia ‘7%
Fig. 9is a r%“g show 4 rel ati onshi bet the e rical nmoment
of % ner t 1B Dot Mol kG BovananS heh SHg eﬁrF% Wﬁm@ st ool
sheet pile in still another node of one enbodlnent of the present invention
is a stedtentigeat N eafmigtance (R) apgga u@bl%n%l%rﬁadﬁ sHeRR Ny el
rel ati onship between the a-cornett cal nonment of in 3. per wall. width of I
to and a SEHFTangleéewtenl t hész-typeedt sl Sheetspi e |tr? SEREESANotHE? node
of one enbodi nent of the present invention is a steel sheet pile wall. Wgqg.
11 is a dHeavstow e geder i ohshvprbeioeeR) - st andar di zed
construction-tinme penetrationresi stance (Maxi num | oad) P/ 345" and a
wor kabi i 1603Gidex R/ R45. Fig. 12 is a view showing the relationship
bet ween st andardi zed construction-tinme penetration resistance (nmaxinmum
| oad) P/ P45' and)a fwetrrangl €M )z-type stefilg.shk3t pia.e \dmaw shiows ngo t he
rel ati onshi p between standardi zed construction-time penetration resistance,
(maxi mumircag)ycBehG7i naadt Aomark abiel I tyypadeed RGéet pile ddd@gridddi s a
view showi ng the rel ati onshi p between standardi zed construction-tinme
penetratiion tesi shateemcrgxonwd | @ad)aif 364" sand o web apgls2tCEfy a
following group of formulae (C).
Group of formulae (C):
0.004<(W/I)xR<0.006, and
2.80x107*xI+48<0<80 (30,000<I<80,000)
70<0<80 (80,000<I<200,000)
[0021]
{5) In addition to the above, the Z-type steel sheet pile
according to the present invention is the Z-type steel sheet
pile described in any one of the above-mentioned (1) to (4),
wherein the relationship between a height (H) and a web plate

thickness (tw) is set so as to satisfy a following formula.

H/tw<60.0
[Advantage of the Invention]
[0022]

According to the present invention, the relationship

11



Fig. 15 is a view showing the relationship between a deformati on anount of
a specinen and Fi/tw which is a. height/web thickness ratio. Fig. 16
is a view showing the relationship between construction-tine penetration
resistance P and Htw which is a height/web thickness ratio. [Mde for
Carrying Qut the Invention] [00251 Wth respect. to a Z-type steel
sheet pile according to one enbodi nent of the present invention shown in
Fig. 1, a method of deciding a shape of the Z-type steel sheet pile is

expl ai ned ect di ; P t ape of

t he Z-typaemos?%e hesﬁ%%%l e%ggﬁné@%%gt(%gi@m@%ﬁa (C%%)?Svééﬁgi%%?@h %EI)P a web
angle (0)_,.a flan width (lLif ) a flang a hi ck {tf and a
web platént%iéﬁﬁeé%F(tt eaW%lﬁgﬁEé*”: u$lt ﬁﬁghdégf |ﬁg PﬁiZ% bbr%%%ters, a
wei ght per unit wall area ( and the geonetrical nt. of inertia per

wai | wi dtReBFEA2FHOT |5€%%%A{ﬁ%8c%m@¢%wﬁaeﬂn%ﬁ%@g?5§Wfﬂm oWy ot nul ae.
= 1. 0+1, AX %2 w=yxA (the geonetrical nonent of jnertja, _A. Cc tss-sectiona

area, y: drethmkls réihdm feirded 1suset $61 BRetRefght§Ly any one of

the above-mentioned groups of formulae (A), (B) and (C).
Accordingly, it is possible to provide a Z-type steel sheet
pile having a cross-sectional shape optimized for satisfying
both economic efficiency and workability and for further
enhancing workability.

[0023]

According to the present invention, in addition to the
above, the relationship between the height (H) and the web plate
thickness (tw) is set so as to satisfy the following formula
and hence, buckling/deformation of the steel sheet pile due
to the construction-time penetration resistance can be
suppressed thus providing the Z-steel sheet pile which ensures
soundness.

H/tw<60.0
[Brief Description of the Drawings]

[0024]

Fig. 1 is an explanatory view of a Z-type steel sheet
pile according to one embodiment of the present invention.

Fig. 2 is an explanatory view of a step in which an optimum
cross section is induced in one embodiment of the present

invention, and is also a graph showing the relationship between

12



[ 0026] Usually, with respect to the geonetrical nonment of inertia
(I') of a steel sheet pile, a strict solution Lnhludi.ng a joint; por.[H on
:is ca lculated based on the above-nentioned fornula using CAD data on a
cross section of the steel sheet However, in carrying out the study
of the cross-sectional shape or the paranmetric study in this enbodi nent, it
is extrenely cunbersone to calculate the geonetrical nonent of ia (I) after
form ncl CAD data every tine. Accordingly, in the calculation of |
in geonetricq% n . dnertiac(J . I i [l,_inventors
T R N S L e Sl e Ltk

esent inven ave cone up- w W n 1S ne

al so applicable to a hat.-t steel sheet pil.e.hesides the Z-type steel
sheet pil®." per unit %gilsﬁﬁﬁﬁ ﬁ?%nﬁi%?%ﬁﬁﬁrﬁﬁ 8ﬁgbai%%3t£%%i%ts
a, d-,thoci_which can approxi mately but sinplycal culate the geonetrical.

nmonent of (§hers ahpngedaviyl g setdtied agnektepriee B Hhitvi(@) ng2al €109
section of the Z-type steel sheet pile into three portions consisting of

upper and®PldvertFidmfess did)a #86. 2 THER Mstfod rekeres, (G¥estAotixake a

joint portion into consideration and hence, a value of the geonetrical
nmonent ofVaheesi athat sigal Bul @f ed@mast&=Val U8 3hel F8rShy &R -anmpunt
corresponding to the joint portion. To nake a trial calculation oftne
geomet ri cal nonerd . 8f1d peradralanatdvey vakueo bbtwisrednbin ¢ acadbrulmtmon
met hod becones approxinmately 80 to 90% of the strict solution. However,
this poi mrésstakeniont dscamsivgercatironombeanbodsneaightt Itihwe pessenbed
| ater which defines the shaue is obtained by fittingandhence, there arises
no probl emv¢0O0R8}, andAss déser & bediphbeeying tgeneedbtibhehgeoretwecal
moment of inertia (1) is expressed by the following formula. 1=10.1-7Axy2
Her e, thetie typenst eetasheetept | €f i sndividedetr nto:]l tdit@eh rect anguhad shapes
(), (ii), (iii)) as showmn in Fig. 1, and geonetrical nonments of inert.a |
of respediiweidect@ngulalt Shepess s £ winshucetk asl frodd owsatd Fow Mkides s

(tf) and the web plate thickness (tw) are changed while setting

the effective width (B) and the height (H) to fixed wvalues,

that is, B=700 mm and H=600 mm.

Fig. 4 is an explanatory view of a step in which an optimum

cross section is induced in one embodiment of the present

invention, and is also a graph showing the relationship between

an economic efficiency index and a web angle when the

geometrical moment of inertia per wall width of 1 m I is set

to 100,000 (I=100,000).

Fig. 5is an explanatory view of a step in which an optimum

cross section is induced in one embodiment of the present

invention, and is also a graph showing the relationship between

a workability index and a web angle when the geometrical moment

of inertia perwall widthof 1m1I is set to 100,000 (I=100,000).

Fig. 6 is an explanatory view of a step in which an optimum

13



(|)(|||) | {13f x y' 3 /12 + By- x tie x (hl 2 =Bf x tf /2 x13 ) h
sin 0 x twxelx =2 x119 / sin 0 x/37]12 = twx h...3 /12x I/sin0 [00291
Due to these geonetrical nonents of inertia, the geonetrical nmonent of
inertia |I' per one sheet of Z-type steel sheet pa_e is expressed by the
foll owi ng formul a. P=Bfxtf]3+h2)+twxh3/12xi/sind Accordingly, the
geonetrical nonent of inertia per wall width of 1 in (1) is expressed by
the following fornmula (1), I-(Bfxtf/2x(tf2/3M)+twxh3,/12x1/sinel x1000/ E(1)

aasi |y corEurh EA Kaeaa B ThS ?‘féﬂf?‘%‘fﬁéré‘ﬁg{%d?ﬂ?ﬁ@i Re ﬁi%%eié*%&’%f??,be

thewebanlethefla ge_w-dth i k and
t he web er en%%?%kr?@ss V]\'II’?IOC% ra hp%r%%{ug%%ee P{??%]?lgg ihes oss se %I onal

i Ght _pet™ Wi EHar P 4Fos Y SEantHe B SO0 LT LR o Tt (2).
e (ZXBthfhféfggéyo%§£%}088£glggrat1on and a web angle when the
geometrical moment of inertia per wall width of 1 m I is set
to 100,000 (I=100,000).

Fig. 7 is a graph showing the relationship between the
geometrical moment of inertia per wall width of 1 m and a web
angle when the Z-type steel sheet pile in one embodiment of
the present invention is a steel sheet pile wall.

Fig. 8 is a graph showing the relationship between the
geometrical moment of inertia per wall width of 1 m and a web
angle when the Z-type steel sheet pile in another mode of one
embodiment of the present invention is a steel sheet pile wall.

Fig. 9 is a graph showing the relationship between the
geometrical moment of inertia per wall width of 1 m and a web
angle when the Z-type steel sheet pile in still another mode
of one embodiment of the present invention is a steel sheet
pile wall.

Fig. 10 is a graph showing the relationship between the
geometrical moment of inertia per wall width of 1 m and a web
angle when the Z-type steel sheet pile in still another mode
of one embodiment of the present invention is a steel sheet
pile wall.

Fig. 11 is a view showing the relationship between

14



Further, -he flange wdth (Bit-) can be expressed by the follow ng
formula. Bf-B/2-h/(2xtane) [0031] , 2 shows an exanpl e where the
geonetrical nonent of inert alandtheweight: TA are cal cul atedona trial basis
using the formula (1) and the formula (2). In Fg. 2, the geonetrical nonent
of inertia per wall width of 1 ml (cmd/m is taken on an axis of ordinates
and the weight per unit wall area W( kg/nR2) is taken on an axis of

absci ssas In this enbodi nment, the hei ght (H) and the web angle (0)

h t 1 fI | at
e S Y O, e
13=700 is

under st 00 ét“h%ft‘ulﬁl gm@dt/vl ?hpﬁg alrhgrged"é‘er}farpjtﬁztx I\i‘}r\{g%n]% gtti\/e‘o angl e (0)
th t | { d. .Si h
|areggue§"§o?1'tf?bt£€§e T6 Site 7 nt s N GRorcit | Co1 SroREAEIS FHEVEPR

patti oularly is_econom cally, effectl ve to increase the hei ght H so
Long as t%‘éarzi%%ez%@eelc%‘%@fu%ﬂ%nc%H“%e RERF ARt and® bt kaBFei ty
al l ows the manufacture of such a Z- type , , steel sheet pile. [0032]

Further, Fhgpimushbwedan? ekabblandirereeh hegreorfet®i-cal . noment. of inertia

i and the wei ght Ware calculated on a trial basis using the fornula (1)

and the fornul &¥2), ldhérseiaq vhev fShangePlelie thiekaesshiandoetiecorb pl ate

t hi ckness (tw) are changed. while setting the effective, width (B) and the

hei ght (Htamddicetedal ues)sthattien-BH760 rEen Sich H 600 mmesistance
(maximum load) P/P67° and a workability index R/R67°.

Fig. 14 is a view showing the relationship between
standardized construction-time penetration resistance
(maximum load) P/P67° and a web angle 6(°).

Fig. 15 is a view showing the relationship between a
deformation amount of a specimen and H/tw which is a height/web
thickness ratio.

Fig. 16 is a view showing the relationship between
construction-time penetration resistance P and H/tw which is
a height/web thickness ratio.

[Mode for Carrying Out the Invention]
[0025]

With respect to a Z-type steel sheet pile according to
one embodiment of the present invention shown in Fig. 1, a
method of deciding a shape of the Z-type steel sheet pile is
explained.

As parameters for deciding a cross-sectional shape of

the Z-type steel sheet pile, an effective width (B), a height
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a web plate thickness twis changed anong 8 mm 9 mm 10 mt, 12 nm 14 mm
and the flange plate thic.k.ne tf is changed anong 8.5 mMm 9 nmm 10 TM 12
mm 14 mn, 16 mMm 19 mmand 22 rimunder a condition of tf. ' lcrtw. In the
graph shown in Fig. 3 each curve in a bundle of rightward, and upwaxd
curves extending with respect to each web plate thickness tw the flange

pl ate thickness tf which can be taken in relation to the web plate

t hi ckness tw. FromFig. 3, the influence of the flange plate

t hi ckness, (tf and the_web plate thickness, (tw) erted.on th.-geonetri cal
noment of(é%@r%ige ERf e | ad?‘%%ﬁnq%,w%?§ o&8ﬁ¥th§ %ﬁ%&ﬁ%\ﬁi@&%th (B)
and the hei ght re set .to fixed valu hat is,3=700 nm_and 3n600 mm
due to a'f%f%_?%ggtﬁbgbdﬁ%?sadve%i%}%ﬁ%egéi?ﬁgﬁ§3 zEHQIaSFanWe e fornul a
on the geonetrical nonent of inertia, the effect _or the influence exerted
by the ncrease ThOERGORPENGeE BT & NhiERRess AT PEROFE f POt heSdont
roid | arge For exanple, to focus on a case where the web plate

t hi ckness(Ts a3 th (ISANK 5192 hrikPeet Wb HRyT el BSF 'abb Yt ofthe
geonetrical nmonment of inertia (1) is 95,000 ). (1=95,000 (cm4/ m )
when the ¥lfange p%R aniicdeelss c%etcflqeci PHEH fifh (A B qmo kil @e t he
geonetrical nonent of inertia (lI) is 155,000 md4/ " (1-155,000 (cmd/ m)
when the flangelplealdxfii ckness (tf) is 16 nm (tf=16 nm) On the ot her hand"
as can be understood from Fi geven when the web plate thickness twis
chanced, the geéofefirical nonent of inertia | is not changed | argely.
Accordingly, ir is ef-teotive for the increase in the geonetrical nonent of
inertia -(Io vekeedretiliargemphate dthickness, t4: targe-andttonmakerdde
webpl at e thi ckness tw smal|l. [0033] What nust be noted here is that
when one | ookSstdndder Bh ScOht Bbidsap: Wiriix respesd woigeefain cieonetricai

nonent of inertia |l (for exanple, 1=100,000 cnd4/E) taken on the axis
[0026]

Usually, with respect to the geometrical moment of
inertia (I) of a steel sheet pile, a strict solution including
a joint portion is calculated based on the above-mentioned
formula using CAD data on a cross section of the steel sheet
pile.

However, in carrying out the study of the cross-sectional
shape or the parametric study in this embodiment, it is
extremely cumbersome to calculate the geometrical moment of
inertia (I) after forming CAD data every time.

Accordingly, in the calculation of the geometrical
moment of inertia (I) of a steel sheet pile wall, inventors
of the present invention have come up with the following method.
This method is also applicable to a hat-type steel sheet pile

besides the Z-type steel sheet pile.

[0027]

16



ordinates in Fig, 2 and Fig. the geonetrical nonent of inertia |l intersects
with a plurality of lines and hence, it is understood that the various
specifications of the Z-type steel. sheet piles which can E .hibit the sanme
geonetrical lreraEllit of inertia (1) based on a height (H), a web angle
(0), a flange plate thickness (tf) and a web plate thickness (tw) are
present. In view of the above as the product constitution of the
Z-tv e steel sheet pile, 9 types of Z -type steel sheet piles having t he

trical f. : 0]
%ggngoglcizo Og%ngg& dgg%afg 06%uj?g888g6m§gg %ék @thﬁg speC|f|cat|
ons whi ch canFProduce t he ée pectl C%ﬁp rlc%hennnanéér £ nen%éa | are
i nduced 55?%3 gﬁﬂﬁim Ster H%W%P omnng 18 THO u%% t he
brevity. G a%?dﬁ'eégsﬁéz e e S b oK B S Shepr e O
effective mndth % as a paraneter can be nade provided that the 2--type

steel shediChite ¢hnthe %HF.MP%CFE?@& ShegE3BLIETARE (MHSRPAFIQHF n) 250

300 350 consisting of upper and lower flanges and a web. This method,
however, does not take a joint portion into consideration and
hence, a value of the geometrical moment of inertia I 1is
calculated as a value smaller by an amount corresponding to
the joint portion. To make a trial calculation of the
geometrical moment of inertia I, the value obtained by the
calculation method becomes approximately 80 to 90% of the
strict solution. However, this point 1is taken into
consideration when a straight line described later which
defines the shape is obtained by fitting and hence, there arises
no problem.

[0028]

As described above, in general, the geometrical moment
of inertia (I) is expressed by the following formula.

I=Io+>Axy?

Here, the Z-type steel sheet pile is divided into three
rectangular shapes ((i), (ii), (iii)) as shown in Fig. 1, and
geometrical moments of inertia I of respective rectangular
shapes are induced as follows.

[Formula 1]
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400 450 500 550 600 . O (o) 30.0 31-0 32.0 33 to 87 (at a pitch of 1") 88.0
89.0 90.0 tf

Xy : I ={Bf x4f* 112+ Bf xtf x(h/2)*} x2
= Bf xtf 12x(tf* 13+ h?)
Gi): 1 = flz[(Ah/sinextw)xhz]XZ
= 2xtw/sinfx[n* /3"
=twxh’[12x1/sinf

[0029]

Due to these geometrical moments of inertia, the
geometrical moment of inertia I’ per one sheet of Z-type steel
sheet pile is expressed by the following formula.

I’/ =Bfxtf/2x (t£?/3+h?) +twxh’>/12x1/sin0

Accordingly, the geometrical moment of inertia per wall
width of 1 m (I) is expressed by the following formula (1).

I={Bfxtf/2x (t£*/3+h?) +twxh®/12x1/5inB}x1000/B .. (1)

According to this formula (1), the geometrical moment
of inertia (I) can be easily calculated based on the effective
width (B), the height (H=h+tf), the web angle (8), the flange
width (Bf), the flange plate thickness (tf) and the web plate
thickness (tw) which are parameters defining a cross-sectional
shape of the Z-type steel sheet pile.

[0030]

In the same manner, a weight per unit wall area (W) can
be also calculated based on a formula (2).

W= (2xBfxtf+hxtw/sin@)xyx1000/B .. (2)

Further, the flange width (Bf) can be expressed by the

18



(mn) - O-D 9.0 10.0 12.0 14.0 16.0 19.0 22.0 [ 0035] Wth respect to

t henunber of induced specifications of the 7-type steel sheet pile the ol ow
ici study was nade so as to determ ne a. cross-sectional shape of the
Z-type steel sheet pile which optimzes both econom c efficiency and

wor kabi l ity as described previously. Fig. 4 is a graph show ng the
relati onship between an economc efficiency index (WIl) and a web angle ;0
for every height (H=600, 550, 500, 450) by taking a Z-type steel sheet pile

havi ng tr§%£%§&gﬁ§Lf$%mgP§ent of inertia 1 of 100,000 (1=100,000) ,unfm as

an exanpl e, ere e econom c ency index (WI) is taken on an axis of
i n on an axi s of absci ssas.
ordi nates, and B§=hBe/§Aﬁ-P/ @)gclaegeaske

[0031]

Fig. 2 shows an example where the geometrical moment of
inertia I and the weight W are calculated on a trial basis using
the formula (1) and the formula (2). InFig. 2, the gecmetrical
moment of inertia per wall width of 1 m I (cm®/m) is taken on
an axis of ordinates, and the weight per unit wall area W (kg/m?)
is taken on an axis of abscissas.

In this embodiment, the height (H) and the web angle (0)
are changed while setting the effective width (B), the flange
plate thickness (tf) and the web plate thickness (tw) to fixed
values, that is, B=700 mm, tf=16 mm, and tw=8.5 mm.

As shown in Fig. 2, it is understood that along with the
increase in the height (H) and the web angle (0), the
geometrical moment of inertia (I) is increased. Since the
height (H) largely contributes to the increase in geometrical
moment of inertia I particularly, it is economically effective
to increase the height H so long as the Z-type steel sheet pile
can be manufactured and workability allows the manufacture of
such a Z-type steel sheet pile.

[0032]

Further, Fig. 3 shows an example where the geometrical

moment of inertia I and the weight W are calculated on a trial

basis using the formula (1) and the formula (2), wherein the
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In the graph shown in lie. 4, for every flange plate thickness (tf) in
Table 1, a we-- plate thickness is decreased while gradually increas g the
web angle (0) thus decreasing a weight while ensuring the geographical
nonent of inertia | of 100,000 (cmdThen, when the Z--type steel, sheet pile
cannot satthe geographical nonent of inertia | of 100,000 (=4/m the flange
plate thickness tf is |eled dowmn by one rank and the web plate thickness tw
is leveled up by one rank, and this operation is repeated_ Accordingly, the

graph sho in Fig.. 4,.th ra hi_bi,t ri.gh rd.and downward
P Pl i R e g =an aRou T A A ARGy

saw-t oot ccor ph shown in.
ai ght line foLéevery flan lLate .t hickn t_al ong

. e ess_t it is der od th

W e theieEPaaYE o Reb  BHGTE Poy ceEREPeiAtrs (HUgle EREPATRAC the
econom c efficiency index (WI) is decregzgg SO t hat 126 econoni ¢
ef fici enclii st@nhisfedd’alues, that ntEndin?! TRe2f ods°r Rl BFancy is
recogni zed between the web angle %0) and the econom c efficiency index
(WI1). [0036] In Fig.Gh,theest RérCRanY CEpes fwrkalsi FRe)IrAdeRCBehet rati on
resista. (R)) is defined gg t he follomjng formula (3), This formula is one
exanpl e dima & efpull8 BRprssithg ldhampepser B¢ ohl 3283 Stlaice Wbtaes by
i ndoor driving experinment of a steel sheet pile nodel, and a simlar
formul a i%f iimdickaned dabksionigns . patent 9 docunghtng L@t moduéédnmpr byimous! y.
R-tanOxHx1/ 3f s. (3) The occurrence of the foll ow ng phenomenon can
be under stdpach bydabsenvingethi soherimiloa of tf>tw Whem ahwebrapglehdw) i s
increased, a web is raised so that an earth pressure is concentrated in the
i nsi de ofiraFgnoo¥e cafchacsteelirshéeinqiid e fwheylebyatdenst eevastesirpide i s
l'iable

extending with respect to each web plate thickness tw indicates

the flange plate thickness tf which can be taken in relation

to the web plate thickness tw.

From Fig. 3, the influence of the flange plate thickness

(tf) and the web plate thickness (tw) exerted on the geometrical

moment of inertia I can be read. That is, although the

effective width (B) and the height (H) are set to fixed values,

that is, B=700 mm and H=600 mm, due to a term of two powers

of distance y from a centroid in the formula on the geometrical

moment of inertia, the effect or the influence exerted by the

increase in the flange plate thickness (tf) remote from the

centroid is large.

For example, to focus on a case where the web plate

thickness (tw) is 8.5 mm (tw=8.5 mm) and the web angle (0) is

90° (6=90°), the geometrical moment of inertia (I) is 95,000

(cm?/m) (I=95,000 (cm?/m)) when the flange plate thickness (tf)

is 8.5 mm (tf=8.5mm), while the geometrical moment of inertia
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defornmed thus | owering penetration prop When a height (1) is

i ncreased, ground resistance is increased so that penetration property is

| onered. When a flange width (If) is increased, an earth pressure t he

i nside of the above-nentioned groove can be easily released so that the
penetration property is enhanced. [0037] par anmeters which define
the penetration resistance as alicumin the fornula (3) ,web angle (0) ,
the height (H) and the flange width (Bf) are named. Fig. 5 shows, in

t he same ner cas f.ing 4, 1 re) ationship b %meen
wor kabi | i [‘r@n ndex’ é@)@r{ t'y g??ér#_gg’s%’sotoggi%m()ﬂ}% )) Wgﬁ tglewg agﬁﬁlél%t?' ) for
every height (M 600, 50,n£g0, 4%3%_by t akin -type steel sheet pile
havi ng t he teoret?i &’ momeRt b Ginert R of %’6&%%8%&5 Bp (PSS, Ho
(cm4/m as an exanple, Proni this dramﬁng, it is understood that there
exi sts a NeB I T Hr Whérd t e FERBt FAET ohR? eétR tRae® ()1 Peedns
m ni mum [ 0038] As descri bed above, both the econom c efficiency
i ndex (WH¥)ianghereeder k&S (999 Stidee | RoReRE cPbsergrfékPevants tPthe web
angle 0 ()a nd hence, one index can be nade by conbining these two indexes,
and by suehrrdedi etdohy- both the economic efficiency and the workability
can be eval uat ed usi ng one index. As a method of conbining the
economi ¢ ef fi ciZermyrdindeky { Wi ) iandffhetiwwekdbirl ithe ilndee(sR) it hehgresent
ton adopts a nethod where both indexes are nultiplied by each other. (econ
mef ici e ggomeidekya Xbinbineyti ndexinert{Mli Y xop makder ehea famchge grkatwei ghti ng
fact orseconom c

thickness tf large and to make the web plate thickness tw small.

[0033]

What must be noted here is that when one looks at the

axis of abscissas with respect to certain geometrical moment

of inertia I (for example, I=100,000 cm?/m) taken on the axis

of ordinates in Fig. 2 and Fig. 3, the geometrical moment of

inertia I intersects with a plurality of lines and hence, it

is understood that the various specifications of the Z-type

steel sheet piles which can exhibit the same geometrical moment

of inertia (I) based on a height (H), a web angle (B), a flange

plate thickness (tf) and a web plate thickness (tw) are present.

In view of the above, as the product constitution of the

Z-type steel sheet pile, 9 types of Z-type steel sheet piles

having the geometrical moment of inertias I of 20,000, 40,000,

60,000, 80,000, 100,000, 120,000, 140,000, 160,000, 180,000

are estimated, and specifications which can produce the

respective geometrical moments of inertia I are induced based

on parameters shown in the following Table 1. Although the
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eff iciency index and workability index respectively. Here, a nethod where
both indexes are nmultiplied by each other is adopted, and a and p are set
to 1l (a==1) Wth respect to the economc efficiency index (WI)
and the workability index (R) the smaller these values the nore excell ent
econom c efficiency and the nore excellent workability the steel sheet pile
possesses. ccordingly, also with respect to a product of faultication of
.these paraneters, when a. multiplication value is :sma 1 1 it is possible
to eval ua : e el _pi i in.b e opomi ¢
effici enc%/fgél%@%%ée%@t}gbk?ft%? é%("eli&?/\hiféﬁf%és&t aeilger o%?%ééc])fh%%%nggnrc
efficiency index a t he. wor kabi. it and a_weh .angle O f r_every
el ght - ( 1188002580 500" B0y kPR S SLpeit oY o 8 hox " EEE Y1 el
sheet pile has th netrical ,nonent. of jinerti | of 100,000 (cm 4im)
(12300 000178 0at The EEERL: HR OB Hod Bir 801 RAAANS T A@TgPEpEShomn i n
Fig. 6, although the smaller a value taken on an axis of ones, the nore

e. &, eLl PTPVECTASHRAL SR &1 by watabr NPT el $ €881 Pe st U iR Fe pedsesses,
setting of an upper limt value (threshold value) of econom c efficiency .
wor kabi 1 i t§034] i nport ant . In view of the above, the inventors of the
present invention have studied this point. Wen the investigation is nmade
usino a st®aplehkkt pile nodel experiment explained previously or the Iike,

economn c refficiency workabitity isapproxipatety Q. 0047to 0.006. According
web. anglie 07 (*) aE}V@i econont c effi:ieﬁg§ wpr k ity becones 0.006 or
|eSS (m) mm (0) ( ) (m)
700 250 30.0 8.5 8.5

300 31.0 9.0 9.0

350 32.0 10.0 10.0

goo |>3Fe87latal ., 4 12.0

pitch of 1°)

450 88.0 14.0 14.0

500 89.0 16.0

550 90.0 19.0 (twstf)

600 22.0

[0035]

With respect to the large number of induced
specifications of the Z-type steel sheet pile, the following
study was made so as to determine a cross-sectional shape of
the Z-type steel sheet pile which optimizes both economic
efficiency and workability as described previously.

Fig. 4 is a graph showing the relationship between an
economic efficiency index (W/I) and a web angle (0) for every
height (H=600, 550, 500, 450) by taking a Z-type steel sheet
pile having the geometrical moment of inertia I of 100,000
(I=100,000) (cm?/m) as an example, wherein the economic

efficiency index (W/I) is taken on an axis of ordinates, and
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defined as the specification by which both the economc efficiency and the
wor kability can be secured. In the existing hat-type steel sheetthe val ue
obtai ned by nultiplying both i ndexes becones approxi mately 0.0081 at 1011
and approxi mately 0.0097 at 25H so that it is understood that the existing
hat -t ype steel sheet pile does not always have a steel sheet pile shape by
whi ch both the economic efficiency and the workability are optim zed.
Based on the above-nentioned definition, in Fig. 6, a range of the axis of
absci ssas_when t he vglu? on,the axis of ordinate set to 0.006 or |ess
ni %

i
i s obtai ned®thTR 3bBF g B°rahge oft e WRbHSaR I%gﬁcfsfésrt i s found that
the web angle 0. ('), is preferably set to approximtel 52 .to 76' to, optimze
both the econon%r.( c‘)'}é?fgg?%}ﬁcfiggﬁﬁ the "wdr %i’l ity (peret rzfa]ﬁrb%e p?i)%g?ty)
when the geonetri cal ment of jnertia |l of the steel sheet pjle is
100, 000(c*|%1913t negfs 1(56,%8001“, oﬁaﬂ mrL) éséﬂéeQbFi %fa%%. %glCineséy ¥ ot i ng
such a study nethod by changing the |evel of the targeted geonetrical
nonent of d¢@epdsed|vhite|grpdasi by elporaefing opei welinregbSs{@bcthonal
shapes which can bal ance the economi c efficiency and workability and. can
satisfy VvAPTHRRStRyuestéghievhit fiat i ioheits groprephiigall moment offgpl e 2
shows preferable ranges of the web angle (0) obtained with respect to

respect i vingeohetlr£al0Omd®enten'ofn) - Thena Whayy tperd orviagtelkd sheetar

studies in accordance with steps simlar to the steps described. above.
FO0411 [ Table @ann¢00d@iisfy the geographical moment of inertia I of

100,000 (cm®/m), the flange plate thickness tf is leveled down
by one rank and the web plate thickness tw is leveled up by
one rank, and this operation is repeated. Accordingly, in the
graph shown in Fig. 4, the graph exhibits a rightward and
downward saw-tooth shape.

According to the graph shown in Fig. 4, to look at a
straight line for every flange plate thickness tf, it is
understood that along with the increase in the web angle (6),
there is a tendency that the economic efficiency index (W/I)
is decreased so that the economic efficiency is enhanced.

In this manner, the close relevancy is recognized between
the web angle (8) and the economic efficiency index (W/I).
[0036]

On the other hand, the workability index (penetration
resistance (R)) is defined by the following formula (3). This
formula is one example of a formula expressing the penetration
resistance obtained by indoor driving experiment of a steel

sheet pile model, and a similar formula is indicated also in
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Wth respect to the result shown in Table 2, a graph where the web angle O
(8) is taken on an axis of ordinates and the geonetrical nonment of inertia
T (CROT) is taken on an axis of abscissas is showmm in Fig, 7. In Fig. 7,
upper and lower |imt values shown in Table 2 are plotted and fitting is
made by a straight |ine. As descri bed previously, values which are
obtained by a sinplified cal cul ating: nethod of the geonetrical nonent of
inertia | used here are approxinmately 80 to 90% of strict solutions and
hence, ( X ol i ;S an the strict solution.
Further,%%%g?% ed$%%£$§€t3t£%f}$%%g%§agkgg%§gﬁ&?h Fig, 6 is a. downwardly
convex graph into consjde %iion, since the sinplified calculation nmethod is
adopt ed, an opt%Tﬁﬁﬁé%ﬂ%igﬁ - @”narrOM/conpared to an optimumrange in a
case where the strict solution is adopted, Accordingly, as shown in Fig. 7,
al t hough some di'spl &CEMERE Ry ‘ngé?]ﬁl a]g%lm@hn@i 1 TPt 08 0bPRi ned by
the sinplified calculation nethod is made by a straight |line, the val ues
nerely beddmer eFoerPy oo pergtrd cthsdl PFBRs2and hence, there arises no

probl em [0043]. To fornulate the straight line shown in Fig.. 7, the
straight |ine i%haxpr essedbyla (Ol [igwiingforsad a.a 2E5x10-2x1s22S505. 80
(30, 000C<180, 000) 70<01, _(30 (180,000200,000) (4) [0044] As descri bed

above, thiehdopmearidpres ssatehys AlonsErotia norhe énpiidkencyp ameove

wor kability into consideration, and the Z-type steel sheet pile which

sati sfi esof e stawge sheatheifler mhkacpy) that seEéssheeh ecbaohs cleihlei ency
and workability. [0045] Here, depending on a condition of a soi

i nt o whi cte the Zefypeest eelis sheetrpnyepesetdravenn( hardresy.usi ng an N val ue
or the like as an index), there nmay al so be a case where workability is
nor e enphasi zeditosn & evetgiet y(Heconodne rebkied, eney ursl s emphasi zed cut .
of workability and econom c efficiency. That is, when the ground is

hard, it imyrdes@osss btieat opsmkertheolepeppnali 08 thaktrthe penetration
resistance CR) is decreased to maxim ze driving possibility, and sone

increase in weiygdn bsrunayeidablie. (@) the thelsd@ndn whepnthe-gsouad is
soft, thedeterm nationthatthe reduction of weight (W is advantageous nay
be made alf houghihBeqpengt nald ULIRSIHLANLEASA | BERBRECL 0 KRPNBa £X eNt
released so that the penetration property is enhanced.
[0037]
As parameters which define the penetration resistance
(R), as shown in the formula (3), the web angle (8), the height
(H) and the flange width (Bf) are named.
Fig. 5 shows, in the same manner as the case of Fig. 4,
the relationship between a workability index (penetration
resistance (R)) and a web angle 6 (°) for every height (H=600,
550, 500, 450) by taking a Z-type steel sheet pile having the
geometrical moment of inertia of 100,000 (cm?/m) (I=100,000
(cm®/m)) as an example. From this drawing, it is understood
that there exists a web angle 06 (°) where the penetration

resistance (R) becomes minimum.
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Accordi ngly, hereinafter, optinmum shape setting when workability is nore
enphasi zed and opti num shape setting when economc efficiency is nore
enphasi zed are expl ai ned, [0046] npnasis on workability> To pl ace
nore enphasis on workability within a range defined

byt heabove- nenti onedformula (4) neans that the value of O is decreased as
can be understood by reference to the formula (3)

(R=t anOxHxI / Bf ) whi chdefi nesworkability. On the other hand, by reference to
Fi g. 6whi,\£(go§é1 ws the rel ationship between workabilitp& onom c efficiency
and the angie 0, it is understood that the decrease of the value of 0

is equivalent to | pweri.n f . the threshpld val ue. . . Accordingly, in
shape setting v@serd(e%% ad?laibtoyel’sg@%hgisl?zee%?rtl%neu%t%f yl%lu récf‘}énjtri“g?%/y equal
to the ab -mentioned. study,js carried t by setti a threshol d val ue
of (W1 xR e5 onaion TRt ikErEnaSt o) 2e d it Tha ¢ Bnlol tP val ue
of (WI1)xR becones 0.004 are calculated with respect to respective

geomet ri care mekerd bt 8 her 8nd hengid ohRel P&%ICE 0P S ERXUP T VP I BLBBOoWn i n

Table 3. [0047] [Table 31 I (cnNm) 20,000 40, 000
these two indexes, and by such combination, both the economic

efficiency and the workability can be evaluated using one
index.

As a method of combining the economic efficiency index
(W/I) and the workability index (R), the present invention
adopts a method where both indexes aremultipliedby each other.

(economic efficiency index) x (workability index) = o
x (W/I) x B x (R)

Here, o and [P are weighting factors of economic
efficiency index and workability index respectively. Here,
a method where both indexes are multiplied by each other is
adopted, and a and B are set to 1 (aa =B = 1).

With respect to the economic efficiency index (W/I) and
the workability index (R), the smaller these values, the more
excellent economic efficiency and the more excellent
workability the steel sheet pile possesses. Accordingly, also
with respect to a product of multiplication of these parameters,
when amultiplication value is small, it is possible to evaluate
that the steel sheet pile is excellent in both the economic
efficiency and the workability.

Fig. 6 is a graph showing the relationship between (W/I)
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60, 000 80,000 100,000 120,000 140,000 Wb arigle Q) at which
"threshold value of (WI1)xR becones 0.004 49

x R which is the product of economic efficiency index (W/I)
and the workability index (R) and a web angle 0 (°) for every
height (H=600, 550, 500, 450) with respect to a case where a
Z-type steel sheet pile has the geometrical moment of inertia
I of 100,000 (cm?®/m) (I=100,000 (cm®/m)).

[0039]

As described previously, in the graph shown in Fig. 6,
although the smaller a value taken on an axis of ordinates,
the more excellent economic efficiency - workability the steel
sheet pile possesses, setting of an upper limit wvalue
(threshold wvalue) of economic efficiency : workability is
important.

In view of the above, the inventors of the present
invention have studied this point. When the investigation is
made using a steel sheet pile model experiment explained
previously or the like, economic efficiency - workability is
approximately 0.004 to 0.006. Accordingly, a web angle 0 (°)
at which economic efficiency-workability becomes 0.006 or less
is defined as the specification by which both the economic
efficiency and the workability can be secured.

In the existing hat-type steel sheet pile, the wvalue
obtained by multiplying both indexes becomes approximately
0.0081 at 10H and approximately 0.0097 at 25H so that it is
understood that the existing hat-type steel sheet pile does

not always have a steel sheet pile shape by which both the
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62 64 66

economic efficiency and the workability are optimized.
[0040]

Based on the above-mentioned definition, in Fig. 6, a
range of the axis of abscissas when the value on the axis of
ordinates is set to 0.006 or less i1s obtained thus obtaining
a range of the web angle 6 (°). It is found that the web angle
0 (°) is preferably set to approximately 52 to 76° to optimize
both the economic efficiency and the workability (penetration
property) when the geometrical moment of inertia I of the steel
sheet pile is 100,000 (cm®/m) (I=100,000 (cm/m)) (see Fig. 6).

By performing such a study method by changing the level
of the targeted geometrical moment of inertia I, it is possible
to define optimum cross-sectional shapes which can balance the
economic efficiency and workability and can satisfy various
requested geometrical moments of inertia I.

Table 2 shows preferable ranges of the web angle (0)
obtained with respect to respective geometrical moments of
inertia I by performing the similar studies in accordance with
steps similar to the steps described above.

[0041]

[Table 2]
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I (cm*/m) Optimized 0 (°)
20,000 32 to 67
40,000 40 to 68
60,000 46 to 74
80,000 49 to 75
100,000 52 to 76
120,000 56 to 77
140,000 62 to 76
160,000 69 to 77
180,000 76

[0042]

With respect to the result shown in Table 2, a graph where
the web angle 0 (°) is taken on an axis of ordinates and the
geometrical moment of inertia T (cm?/m) is taken on an axis
of abscissas is shown in Fig. 7. In Fig. 7, upper and lower
limit values shown in Table 2 are plotted and fitting is made
by a straight line.

As described previously, values which are obtained by
a simplified calculating method of the geometrical moment of
inertia I used here are approximately 80 to 90% of strict
solutions and hence, (W/I) x R shown in Fig. 6 is larger than
the strict solution. Further, to take the fact that the graph
shown in Fig. 6 is a downwardly convex graph into consideration,
since the simplified calculation method is adopted, an optimum
range is set narrow compared to an optimum range in a case where
the strict solution is adopted. Accordingly, as shown in Fig.
7, although some displacement may take place when fitting of

plots obtained by the simplified calculation method is made
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67

by a straight line, the values merely become closer to the
strict solutions and hence, there arises no problem.
[0043]
To formulate the straight line shown in Fig. 7, the
straight line is expressed by a following formula.
2.65x107*xI+22<0<80 (30,000<I<180,000)
70<0<80 (180,000<I<200,000) .. (4)
[0044]
As described above, the formula (4) is set by taking both
economic efficiency and workability into consideration, and

the Z-type steel sheet pile which satisfies the range in the

formula (4) satisfies both economic efficiency and
workability.
[0045]

Here, depending on a condition of a soil into which the
Z-type steel sheet pile is driven (hardness using an N value
or the like as an index), there may also be a case where
workability is more emphasized or, reversely, economic
efficiency is more emphasized out of workability and economic
efficiency.

That is, when the ground is hard, it may be possible to
make the determination that the penetration resistance (R) is
decreased to maximize driving possibility, and some increase
in weight (W) is unavoidable. On the other hand, when the

ground is soft, the determination that the reduction of weight
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[ 0048]

(W) 1is advantageous may be made although the penetration
resistance (R) is increased to some extent.

Accordingly, hereinafter, optimum shape setting when
workability is more emphasized and optimum shape setting when
economic efficiency is more emphasized are explained.
[0046]
<Emphasis on workability>

To place more emphasis on workability within a range
defined by the above-mentioned formula (4) means that the value
of 8 is decreased as can be understood by reference to the
formula (3) (R=tan OxHx1/Bf) which defines workability. On the
other hand, by reference to Fig. 6 which shows the relationship
between workability-economic efficiency and the web angle 0,
it is understood that the decrease of the value of 0 is
equivalent to lowering of the threshold value.

Accordingly, in shape setting where workability is
emphasized, the study substantially equal to the
above-mentioned study is carried out by setting a threshold
value of (W/I)xR to 0.004 or less. Web angles 6(°) at which
the threshold value of (W/I)xR becomes 0.004 are calculated
with respect to respective geometrical moment of inertia I,
and the result of calculation is shown in Table 3.

[0047]

[Table 3]
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The follow ng a oup of fornulae (A) are defined based on the result of
cal cul ation shown in Table 3. Goup of formulae (A):
2. 65x10- 4x14- 22s: 0<2. 80x10- 4x1148 (30, 000<I <80, 000) 2.65x10-4x1+225:0S:70

(80, 000C<180,000) C 4_
100501 <Enphasis on econom c efficiency 1)

f or m of

a gradh.

Fig. 8 shows the group of formulae (A

(WI1)xXRS; 0.004, and

in the
To pl ace

nore enphasi s on econom c efficiency neans to decrease an economnc

efficiency index (W),

As can be understood by refer

angle (O
On the o
bet ween

) nay be 1 nc
t her (gmna) b

workabilitve

ﬁ@%]%{g& d?@r sesmtéhetﬁge@ﬁaue
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under st
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(W1)xR
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deTlme@@ t

he result. of Lgte study. G oup

0, 004: (
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[0048]

The following group of formulae

(A)

ence to Fig. 4, the web
efficiency index (WI),
the relati onshic_
angle 0, it is

qui valent to the

pe setting where

ly equal to the

t hreshol d val ue of
owi ng group of formul ae
of fornul ae (B)

are defined based

on the result of calculation shown in Table 3.

Group of formulae
(W/I)xR<0.004,
2.65x107xI+22<0<2.80x10 *xI+48

2.65x107*xI+22<0<70

[00409]
Fig.
a graph.

[0050]

<Emphasis on economic efficiency

8 shows the group of formulae

(A) :

and

(80,000<I<180,000)

(1)>

(A)

(30,000<1I<80,000)

in the form of

To place more emphasis on economic efficiency means to

decrease an

understood by reference to Fig.
increased to decrease the economic efficiency index (W/I)

the other hand,

economic efficiency index

4,

by reference to Fig.

(W/I).

the web angle

As can be
(8) may be

On

6 which shows the

relationship between workability-economic efficiency and the

web angle 6,

it is understood that the incre
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2. 80x10M 1+44. 6<051: 80 (30, 000<I <MD, 000) 67<0<80 (80, 000ffl <200, 000 )
[0051] 9 c.it.s the group of fornmulae (8)th:3. formor a Gaph. [0052]
<Enphas s on econonic efficiency (2)> In the above-nentioned
<Enphasi s on economc efficiency (1)> a lower limt value of the web angle
0 in a range of 80, 000<I<200,000 is set to 67', To consider the actual

manuf acture of the Z-type steel sheet pile, it may be thought that the
nunerical value is too | so that the control of the lower limt value

becones difficult. To take tpe gﬁsiness of nanu% ctﬁye cgptr | i£to

consi der a1 oh, - SHBE LRl ST hg Ghbl GOGRBATE eff ererty 5 GbHLSI 180 may be
o Tt oS e Lot ng LUt pLifar pHLe (oo SIS At Larer
G f f I Cs): .0.004 1 xR-S: 0. 006, d 2. 80x10l &.+48. 0s- 00
(38?808806,10%1’&)3r WSJ?e :?3(?11@30, % ,Y..?(Fggég?ﬁgéf‘ﬁg equat” 234% e

above-mentioned study is carried out by setting the threshold
value of (W/I)xR to 0.004 or more and 0.006 or less. The
following group of formulae (B) was defined as the result of
the study.
Group of formulae (B):

0.004<(W/I)xR<0.006, and

2.80x107"xI+44.6<0<80 (30,000<I<80,000)

67<0<80 (80,000<I<200,000)
[0051]

Fig. 9 shows the group of formulae (B) in the form of
a graph.
[0052]
<Emphasis on economic efficiency (2)>

In the above-mentioned <Emphasis on economic efficiency
(1)>, a lower limit value of the web angle 0 in a range of
80,000<I<200,000 is set to 67°. To consider the actual
manufacture of the Z-type steel sheet pile, it may be thought
that the numerical value is too fine so that the control of
the lower limit value becomes difficult. To take the easiness
of manufacture control into consideration, shape setting where
economic efficiency 1s emphasized may be defined by the

following group of formulae (C) by setting the lower limit value
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[005'-] 1.0 shows the group of fornmulae (C in the formof a graph. [0054]
As described above, in setting a cross--sectional shape (particularly web
angle (0)) of the Z-type steel sheet pile, the Z-type steel sheet pile can
basi eal | yacqui e both economc efficiency and workability mp (4)), and

al so can use the region of 0 differently dependi ng on whether workability
i s enphasi zed nore (group of formulae ' A econom cal efficiencies is
enphasi zed nore (group of formulae (B) or group of fornmulae (C)). Further,

St 51 e 0battE SEbhaRod P LT GRED S i o Ly £) CSTRECS CCpeCstBal Sheet

pil E which atisfies the ran set in the group of fornulae ( satis es both
SFAT Shet Rab

econoni ¢ &ffii® Oﬁﬁﬁlﬁﬁr flity and is More excellent in workability,

and the Z-type steel sheet bile which satisfies the range set in the group
of fornul ae” (B)? dtV4hel Atk dt0%ordnfl ae satisfies both econonic
efficiency and morkabhlitl and is nore excellent in economc e...ficienb
100551 <Secur i my SotAtne5658<0<80 (HurQHerI<&HEcH?t U ng-to the present
invention, in addition to the above, the rel ationship between the hei ght
(H and the web/ pI&EEd t (HGKHESS (AX), G )set so as to satisfy the follow ng
formul a, Accordingly, buckling/deformation of the steel sheet pile due to
the -onstfUe¥¥bn-time penetn: ion resistance can be suppressed whereby it
is possible to provide the Z-type steel sheet pile which ensures soundness
Htws:60.0 [0056] 10 shows the group of formulae (C) in the form of

a graph.
[0054]

As described above, in setting a cross-sectional shape
(particularly web angle (8)) of the Z-type steel sheet pile,
the Z-type steel sheet pile canbasically acquire both economic
efficiency and workability (formula (4)), and also can use the
region of O differently depending on whether workability is
emphasized more (group of formulae (A)) or economical
efficiencies is emphasized more (group of formulae (B) or group
of formulae (C)).

Further, the Z-type steel sheet pile which satisfies the
range set in the formula (4) satisfies both economic efficiency
and workability. The Z-type steel sheet pile which satisfies
the range set in the group of formulae (A) satisfies both
economic efficiency and workability and is more excellent in
workability, and the Z-type steel sheet pile which satisfies
the range set in the group of formulae (B) or the group of

formulae (C) satisfies both economic efficiency and
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[ Exanpl e 11 As an exanple of the present invention, a Z- type steel
sheet pile having the follow ng specification was desi gned_ 5=700 cam
5=540 nm 0=75, 14-114, 810 It was confined whether or not the Zet e
steel sheet pile having the above-nentioned specification falls Tgithin the
above- nenti oned ranges of indexes. Tothe above-nentioned speciticat.ionof
the Z-type steel sheet pile into the fornmula ;4 and the group of fornul ae
(©, the formula (4) and the group of forrulae (0) beconme as Tak LOAS

g%ﬂﬁzﬂ@?ﬁ‘%@&ﬁ%@iilgrg‘%é‘goﬁx L9ERE21R0c0No o prricions S 0 falls

(80, 00015 015300, 050) wher ei n. 0 of "the above menti oned 2 type Steel
) s , , ype steel sheet
pileis <Securing soundness>

Further, according to the present invention, in addition
to the above, the relationship between the height (H) and the
web plate thickness (tw) is set so as to satisfy the following
formula. Accordingly, buckling/deformation of the steel
sheet pile due to the construction-time penetration resistance
can be suppressed whereby it is possible to provide the Z-type
steel sheet pile which ensures soundness.

H/tw<60.0
[0056]

[Example 1]

As an example of the present invention, a Z-type steel
sheet pile having the following specification was designed.
B=700 mm, H=540 mm, 6=75°, I=114,810 cm‘/m

It was confirmed whether or not the Z-type steel sheet
pile having the above-mentioned specification falls within the
above-mentioned ranges of indexes.

To put the above-mentioned specification of the Z-type
steel sheet pile into the formula (4) and the group of formulae
(C), the formula (4) and the group of formulae (C) become as
follows.

Formula (4):

2.65x107*xI+22<0<80 (60, 000<I<200,000)
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(0=75) and hence, a formula 70<0=75<80 is established whereby the Z-type
steel sheet pile satisfies the group of formulae (C). Accordi ngly,
it is understood that the Z-type steel sheet pile o.if this enbodi nent
excel lent in both economc efficiency and workability., and is nore
excellent in economc efficiency, [Exanple 2] [0057] As the exanple
of the present invent on, a 3-type steel sheet pile having the follow ng
speci fication was designed. 0=700 nm 11- :0 nm 0=750, 1-81,454 cm4/ m

To pi t the abave- tibonod, specifjcation _Z:type steel sheet pile
into the fornul -@5¥1huﬁi¥é?@§o§%%%§aéﬁgﬁrgio%gﬁyngﬁe formula (4) and the
group of fornulae (C baoron follows. Fornula _(4): 2.65x1Q 4x1+22<0<80

(60, ooocéﬂw,%b)f’éz: %%e%ma%,a ! g5 4 fajgl@)@@zt‘bg}n diH U3, <0=75<80
and hence, O falls mj%hin the range of the forma (4). The group of

formul ae (9 : T%M88d (80, 000. f 1 <200, 000) wherein 0 of the above -neal toned

Ztype steel sheet. pile
The group of formulae (C): 70<6<80 (80,000<I<200,000)

wherein, 0 of the above-mentioned Z-type steel sheet pile is
75° (6=75°) and hence, a formula 70<0=75<80 is established
whereby the Z-type steel sheet pile satisfies the group of
formulae (C).

Accordingly, it is understood that the Z-type steel sheet
pile of this embodiment is excellent 1in both economic
efficiency and workability, and is more excellent in economic
efficiency.

[Example 2]
[0057]

As the example of the present invention, a Z-type steel
sheet pile having the following specification was designed.
B=700 mm, H=540 mm, 6=75°, I=81,454 cm'/m

To put the above-mentioned specification of the Z-type
steel sheet pile into the formula (4) and the group of formulae
(C), the formula (4) and the group of formulae (C) become as
follows.

Formula (4):

2.65x107*xI+22<0<80 (60,000<I<200,000)

2.65x107*xI+22=2.65x107%x81,4544+22=43.6

wherein 43.6<6=75<80 and hence, 0 falls within the range of
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75 (0=75") and hence, 70<0=75<80 whereby the Z-type steel sheet isfies the
group of fornulae (0) . Accordingly, it. is understood that. the 2Y-type
steel. pile of this enbodinent. is excellent in both econom c efficiency
andwor kability, and is nore excellent in economc efficiency, 10058]

In the above-nmenti oned expl anation, the econom c efficiency index and the
wor kability index are nmultiplied by each other. However, it is also

possi ble to use an addition value of both indexes as an index. In
this case,,_ in i econonmi ¢ efficiency index and the workability

i ndex, tot?%k%gﬁg?g%tggg'of bot h i ndexes into consideration, the addition

maybe expressed as follows, (economc efficje index)4-)rkalyili.ty

i ndex) ax(W1I) ﬁ@@($$°T%O%§]é°rmulaeFU?lhef¢<@%§}e&% 4iq l¥ﬁ%pae%99}oca

rel ati between a manufacturing cost and cross-sectional perfornmance per wan
wei ght . (Yrered bl vidert e st et orierd ZandrRhes tfverslee punbbte of s

penetration resistance (1/R) respectively
75° (6=75°) and hence, 70<B=75<80 whereby the Z-type steel sheet

pile satisfies the group of formulae (C).

Accordingly, it is understood that the Z-type steel sheet
pile of this embodiment 1is excellent in both economic
efficiency and workability, and is more excellent in economic
efficiency.

[0058]

In the above-mentioned explanation, the economic
efficiency index and the workability index are multiplied by
each other. However, it is also possible to use an addition
value of both indexes as an index.

In this case, in adding the economic efficiency index
and the workability index, to take weighting of both indexes
into consideration, the addition may be expressed as follows.
(economic efficiency index) + (workability index) .
ox (W/I)+Px(R)

[0059]

Further, there exists the reciprocal relationship
between a manufacturing cost and cross-sectional performance
per wall weight (I/W) and between a construction cost and the
inverse number of penetration resistance (1/R) respectively

and hence, I/W and 1/R may also be used as an index of economic
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and hence, I/Wand 1/H may al so be used as an index of economic efficiency
and an i ndex of worcabilicy [0060] [Exanple As a study case relating
to a method of setting the workability index R according to the present

i nvention, exenp e is an exanple of a nodel construction tEss C where a
to--)t pile nmodel 2:: 1/12 ra nni cn (1.))inmTL.h: 100c n) is driven into a
ground prepared using silica sand No. 5 by pushing at a fixed speed.

Wth respect to cases carried out in the nodel construction test, shapes

converted_j . C | __sir nd-e i fficiency indexes

v ki woih £ ane? aetRaea b At HEP RISt eshovni | nrabl 6 3. The.
shapes of[ ngipecinens are set such that the geonetrical nonents of
inertia l % peci man of | m beconmes approximtely 55, 000 (cmi/ in al

cases. [Oﬁgéimﬁfgbﬁf Cases carried out in nodel construction test [00

As a study case relating to a method of setting the
workability index R according to the present invention,
exemplified is an example of a model construction test where
a steel sheet pile model of 1/12 magnification (length: 100cm)
is driven into a ground prepared using silica sand No. 5 by
pushing at a fixed speed.

With respect to cases carried out 1in the model
construction test, shapes converted into an actual size and
economic efficiency indexes 1/W and workability indexes Rwhich
are decided based on the shapes are shown in Table 3. The shapes
of the specimens are set such that the geometrical moments of
inertia I per specimen of 1 m becomes approximately 55,000
(cm*/m) in all cases.

[0061]
[Table 4]

Cases carried out in model construction test

Model shape Various indexes
(converted into actual size) (converted into actual size)

Name Web/ Evaluation on
of flange Web , Flange| . Economic np Integrated |
- platge angle Height widtgh Width Bt feieney WOL.‘k;iiblllty Fie ]4: colmpatlblllty

thickness|g (°) H (mm) B (mm) B (mm) index W/T index R W/IXR (cm®/m) w1'th prelsent
invention
t (mm)
(1)-1 9.6 36 636 185 624 0.0016 1.179 0.00194 |54,181 good
(1)-2 9.6 36 636 185 624 0.0016 1.179 0.00194 |54,181 good
(2) 9.6 45 576 227 576 0.0017 1.270 0.00216 |54,398 good
(3)-1 9.6 60 516 262 516 0.0018 1.707 0.00322 | 54,200 good
(3)-2 9.6 60 516 262 516 0.0018 1.707 0.00322 |54,200 good
(4)-1 3.6 17/i5} 480 267 480 0.0021 3.355 0.00698 |56,032 bad
(4)~-2 9.6 75 480 267 480 0.0021 3.355 0.00698 |56,032 bad
(5)-1 9.6 82 456 293 456 0.0022 5.544 0.01230 |54,292 bad
(5)-2 9.6 82 456 293 456 0.0022 5.544 0.01230 |54,282 bad
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In Table 5, the construction-tinme penetration resistance (maxi mrum ad) (P)
the workability index R which is a value of P/ P45 which. obtained by
standard in the construction-time penetration resistancewith the
penetration resistance (maxi num | oad) P45" in the case (2) =45"), and
R/'R45" whicn is obtained by standardizing the workability index. Rwth the
wor kabi lity i ndex R45 when 0=45" are shown in conparison. [00631 [ Tabl e 5]
Conpari son between penetration resistance at construction tine and

wor kahi litV index in nodel construction test [ 0064]
Thecorrespondencebet weent hest andar di zed construction-tinme penetration
resistancg éazfinun1load) 1 P45 and the standardi zed workability index
RR45 i s 5h

In Table 5, the construction-time penetration resistance
(maximum load) (P), the workability index R which is a value
of P/P45° which is obtained by standardizing the
construction-time penetration resistance (P) with the
penetration resistance (maximum load) P45° in the case (2)
(6=45°), and R/R45° which is obtained by standardizing the
workability index R with the workability index R45° when 0=45°
are shown in comparison.

[0063]

[Table 5]

Comparison between penetration resistance at construction
time and workability index in model construction test

Construction-time
Evaluation on penetration.resistance Workability index
Name of [compatibility Hes Rl o)
case to present anglelpenetration . .
IR N 0 (°) | resistance [Standardized|Workability|Standardized
(maximum P/P45° index R R/R45°
load) P (kN)
(1)-1 good 36 0.67 1.19 1.179 0.90
(1)-2 good 36 0.7 1.24 1.179 0.90
(2) good 45 0.46 1.00 1.270 1.00
(3)-1 good 60 0.49 1.33 1.707 1.34
(3)-2 good 60 0.42 1.14 1.707 1.34
(4)-1 bad 75 0.78 2.62 335 2.69
(4)-2 bad 75 0.73 2.45 Sieis 0D 2.69
(5)-1 bad 82 1.08 3.84 5.544 4.46
(5)~-2 bad 82 1.29 4.58 5.544 4.46
[0064]
The correspondence between the standardized

construction-time penetration resistance (maximum load)

P/P45° and the standardized workability index R/R45° is shown
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in Fig- 11. Since both the penetration resistance P/ P45 and the

wor kabi lity index RIP.45" well. correspond to each other, the valid: L.ty of
the workability index of the present invention is confirned. 12 shows the
rel ati onshi p between the standardi zed construct-tinme penetration resistance
(maxi mum | oad) P/ P4,5 and the web angle 8 (c) The construction-tine
penetration resistance in the experinent is suppressed to a relatively
smal | value within the range of the present invention 6":(ALc63.4") , while

t he construct.ion- _ting,penetratiqgn resistance is increased _w thin the range
of the pribanis s tent Eoheraeret 9 PR BI R EhE R PAEto ot he
present invention is confjrmned. }00@5] [.Exanmpl e i% As a study case
rel ating t/of a’ORER bt bf SREEF iy Fhre WErKatid5aSPHHYE X R SROrefi Myt o t he
present inventiaon, exenplified is an exanple of nodel constructjon test
Wher o a STHRSHEUEIpPF & HoUEr KGP1IAES MRORTISCAPFOR €FBREUITVIDOLAT | s
driven into a ground prepared using silica sand, No. 5 by pushing at a
fixed speed.confirmeqyth respect to cases carried outinthe nodel const
ruction u shapes converted into an actual size and econonmic efficiency

i ndexes 1/ N andibr REbsNPry iriéréstRopsinclp Beevaesi Hed Havethohltde size
are shown in Table S. The shapes of the specinens are setsuch that the
geomnet ri cadnsionent son nekné¢ a peprrrapeet nereofstamedecomesitppr okéadl el y
82000 (cmd/m in all cases. [0066]
P/P45° and the web angle 6 (°). The construction-time
penetration resistance in the experiment is suppressed to a
relatively small wvalue within the range of the present
invention (36.6°<0<63.4°), while the <construction-time
penetration resistance is increased within the range of the
present invention (6=75°, 82°). Accordingly, the validity of
the present invention is confirmed.
[0065]
[Example 4]

As a study case relating to a method of setting the
workability index R according to the present invention,
exemplified is an example of a model construction test where
a steel sheet pile model of 1/12 magnification (length: 100cm)
is driven into a ground prepared using silica sand No. 5 by
pushing at a fixed speed.

With respect to cases carried out in the model
construction test, shapes converted into an actual size and

economic efficiency indexes 1/W and workability indexes R which

are decided based on the size are shown in Table 5. The shapes

39



[ Tabl e 6] [0067] The construction-tinme penetration resist.

(P),

the workability index F. which is a val ue of P/ P67

¢ (maxi mum | oad)
whi ch i s obtained

by standardi zing the constriction :me penetration resistance (P) with the

penetration resistance (maxi num pad) P67
whi ch is obtained by standardi zing the workability index Rwith the

P/ R6T'

wor kabi lity index P67

when 0-67'

in the case (6) (0= 67),

and

are shown in Table 7 in conparison.

[ 0068] :Table Conparison of construction-tine penetration resistance and
wor kabi | i ind [ e o] r ' e C -
Thecorre§%%ﬁ%g%%§gggwg§%thgét%%%é#%#%gﬁa§ogéﬁr%%8%%Ff%ﬁ%lﬁgﬁg ?g i%%

resi stance dmum | pad 2/567' .and t ardi zed _wor kahi

i's shown }Qﬁgﬁh%e?

i i Re7'
oief 2pEcilRg: [ RrRrBerahER T BRI | K0l

markahili{ %ﬁgex.FV 7' well correspond to each other, the dity of the
wor kabi | i %hi exToff ithé&35iEsent invention is confirned. 14
shows the rel ati onship between the standardi zed construction-tine
penetrati )66 ksi stance (maxi mum | oad) P/P6 ' and the web angle (p). The

construction-tinme pane resistance in the experinment

is suppressed to a

rel ativel yT&we# 1%Val ue within the range of the present invention

(67' S' esT)yo0"), whiteutdesegustruction-time penetration @slesstance 1S
i ncreased wi|t hipevéreed sngectopfl tihe present | nvépbicorrd 0~ 5L, siAgcor di ngly
. b . . . . "
the vali di:tS) ofiofhe oresent | inventipp is;confirmed! [0070] Evaluation on
Height A Width .y Workability . I compatibility
case plate angle H (mm) width B (rm) efficiency index R index (cmt/ ) {th <
thickness|0 (°) . Bf (ram) i index W/I W/IxXR I Wl, Pr?sen
£ (mm) invention
compatible
(6) | 9.6/16.8 | 67 496 246 | 696 0.0018 2.372 0.00433 |82,028| WYith only
group of
formulae (B)
compatible
(7) | 9.6/16.8 | 70 484 263 | 696 | 0.0019 2.528 0.00475 |81,781 |With groups of
formulae (B)
and (C)
compatible
(8) | 9.6/16.8 | 75 468 288 696 0.0020 3.037 0.00594 |81,615|"tth groups of
formulae (B)
and (C)
(9) | 9.6/16.8| 85 444 329 | 696 0.0021 7.705 0.01618 |B81,567 bad
[0067]
The construction-time penetration resistance (maximum

load) (P), the workability index R which is a value of P/P67°

which is obtained by standardizing the construction-time
(P)

penetration resistance with the penetration resistance

(maximum load) P67° in the case (6) (6= 67°), and R/R67° which

is obtained by standardizing the workability index R with the
workability index R67° when 6=67° are shown in Table 7 in
comparison.

[0068]

[Table 7]
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[ Exanpl e 5] As ananple of the present invention, exenplified. is an
exanpl e of a nodel construction test where a ste i sheet pile nodel. of
1/8.5 magnification (length: 110ca) is driven into a ground prepared using
silica sand No. 7 by pushing at a fixed speed. Wth respect to cases
car.ried out in. the nodel construction test, shapes converted into an
actual size, penetration resistance values P in the test and deformation
guantities of a cross section of the nodel are shown in Table 8. [0071]

[ Tabe 8] Casmciasaon edf oodbnsnrnodébneonser pehicbmatest kW@lstance and 15
shows t hevaetati binshi ndxet wee med def osmat roat aomunésand a hei ght/ web

t hi cknesg ratijo Htw of[resperti veorsp:eculér(}enls The defornmation anourjt. of
the spec| men indicatessa ghange St ofenan TNt ef sectT Y "agl"e™ ti -1
angl e: nr“@lf;ﬁef pifesi?elrfjté web a apern&eatinan & —The result of the test shows
that the| defor maticon.ambunt of thesspe rFé?Pde&;DszeF aW‘q “onhen (fitelyalel of the
hei ght/ web t hiickness ratio H t\ﬁaw&m to 84" and det'or mat t 6{*°anoynt can
be supprgssed|byetxppr essieng [ he tomsckness(bur.o or 10@7331 1.00

(7) good 70 0.74 0.99 2.528 1.07

(8) good 75 0.92 1.23 3.037 1.32

(9) bad 85 2.1 2.80 7.705 3.34

[0069]
The correspondence between the standardized

construction-time penetration resistance (maximum load)
P/P67° and the standardized workability index R/R67° is shown
in Fig. 13. Since both the penetration resistance P/P67° and

the workability index R/R67° well correspond to each other,
the validity of the workability index of the present invention
is confirmed.

Fig. 14 shows the relationship between the standardized
construction-time penetration resistance (maximum load)
P/P67° and the web angle 6 (°). The construction-time
penetration resistance in the experiment is suppressed to a
relatively small value within the range of the present
invention (67°<0<80°), while the construction-time penetration
resistance 1s increased within the range of the present
invention (06=85°). Accordingly, the validity of the present
invention is confirmed.

[0070]

[Example 5]
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Fi g. 16showsthe-.1.ati Oris. betwen:.the ton st.spoti.O- tAsais pone t sati ow
t OS Chen.tel..gniywe.b. thickness rat toThe Op.:i.c.iThho., where the

hei hti.*: COb,..th:1C. Rna. ratio. Hit.wwas Set to 64 ezhibitti the increase
In ptvetration.ihorta.tt the' pinet].rot..ieh resist an on is oetioideTed
to be bniught-aOot by The increase in

.ad. ... fl'ormat.i.c>n..anp."4rt....Pf across. OO Qi....c.in O the
spocirien (see Fiq. 15),.A Qoidingly, It is kih*light that the

defb.tnmhtion c be .. o L= i = Y. essi P .

10 Cetgarn e Bod B 5 Eiei ey S RIS M e 1y,

d ai ns 1 7--type steel sheet pile conpri.sing:. a web: flanges

whi ch ar et o%%%?‘@% %%t%né cé?ns?tﬁ%u%@b?n ane § &Ih%%eqvﬁ‘lisctne 1%t ed on
edge portions of the flanges, wherein the relatiqnship anong a geonetri cal
Toment ofS Tertide batt vl - AT GTL B A G (g, SEUagnts Hervami ¢ val |
area g (kg/ nR2) penetration resistance P. and a web angle 0 (') when a steel
sheet pi | Wid WG RGPS esk 154598116 C8abRrEYNS - f Ol PO YR HRDuUPL of
formul ae (AE' or a follow ng group of formulae (B) G oup of fornul ae
(W1)xRs:T. >d g 2d 65x10- 4x1+22<0<2, 80x10- 4x1+49 (30, 000<1<80 0 )

2. 65x10-4x1+22<0<70 (80, 000<i : 180, 000)
With respect to cases carried out in the model

construction test, shapes converted into an actual size,
penetration resistance values P in the test and deformation

quantities of a cross section of the model are shown in Table

8.
[0071]
[Table 8]
Case carried out in model construction test
Model shape (converted into actual size) Test result )
Name Flange b Height/ g Evaluail:ltl)n. on
e Wel? plate Slave We Height Fl.ange Wl:mle web Pene.tratlon Deformation colmpatlblllty
thickness ® angle width |width } resistance with present
pase Tw (mm) Eieness 0 (° H (mm) Bf (mm) |B (mm) [Fielei value P (kN) amount (°) invention
tf (mm) ) ratio H/tw
(1) 8.5 17.0 75 544 276 700 64.0 16.28 15.2 bad
(2) 9.0 17.0 75 544 276 700 60.4 14.22 6.6 good
(3) 10.2 17.0 75 544 276 700 53.3 13.68 2.5 good
(4) 12.8 17.0 75 544 276 700 42,7 13.51 5.1 good
(5) 16.0 17.0 /5] 544 276 700 32.0 13.24 0.9 good

[0072]

Fig. 15 shows the relationship between a deformation
amount and a height/web thickness ratio H/tw of respective
specimens. The deformation amount of the specimen indicates
a change amount of an intersecting angle (initial angle: 75°)
between the web and the flange. The result of the test shows
that the deformation amount of the specimen was large when the

value of the height/web thickness ratio H/tw was set to 64,
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G oup of formulae (B): 0.004<(W1)xR0.006, and 2.80x10-4x1+44. 6<e<80

(30, 000<I <80, 000) 67.0.80 (80, 000<i<200,000). 2. The 7-type stee
sheet .LLe aocording to claimwherein the relationship is set. so as to
satisfy the group of formulae (A). 3. The 7-type steel sheet pile

according Lc claiml, whers,n the relatYonship is set so as to sabisfy the
group fornulae (B). 4, The 2-type steel sheet pile according to claim3
wherein the relationship is set so as to satisfy a foll ow ng

2 tvi erst 84 HShelt T qaddionfalrd iy SRS Y HIPAEIRE Ine ThE
height/web thickness ratio H/tw to approximately 60 or less.
[0073]

Fig. 16 shows the relationship between the
construction-time penetration resistance P and the height/web
thickness ratio H/tw. The specimens where the value of the
height/web thickness ratio H/tw was set to 64 exhibited the
increase in penetration resistance. This increase in the
penetration resistance is considered to be brought about by
the increase in a deformation amount of a cross section of the
specimen (see Fig. 15). Accordingly, it is thought that the
deformation can be suppressed by suppressing the height/web

thickness ratio H/tw to approximately 60 or less thus obviating

the possibility of bringing about lowering of workability.
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AtainS, | to 4, wherein the reisti Onshdo bAt Veeb. A sheet pile Is set
ast.o satisfy a ter:toying. formle.

Claims

1. A Z-type steel sheet pile comprising: a web; flanges

which are formed on both edges of the web; and joints which

are formed on edge portions of the flanges, wherein the

relationship among a geometrical moment of inertia per wall

width of 1 m I (cm*/m), a weight per unit wall area W (kg/mz),

penetration resistance R and a web angle O (°) when a steel

sheet
group

Group

Group

pile wall is formed is set so as to.satisfy a following
of formulae (A) or a following group of formulae (B)
of formulae (A):

(W/I)xR<0.004, and

2.65x107*xI+22<0<2.80x10 *xI+48 (30,000<I<80,000)
2.65x107*xI+22<0<70 (80,000<I<180,000)

of formulae (B):

0.004<(W/I)xR<0.006, and

2.80x10%xI+44.6<958O (30,000<1I<80,000)

67<6<80 (80,000<I<200,000).

2. The Z-type steel sheet pile according to claim 1,

wherein the relationship is set so as to satisfy the group of

formulae (A).

3. The Z-type steel sheet pile according to claim 1,

wherein the relationship is set so as to satisfy the group of

formulae (B).

4. The Z-type steel sheet pile according to claim 3,
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wherein the relationship is set so as to satisfy a following
group of formulae (C).
Group of formulae (C):

0.004<(W/I)xR<0.006 and

2.80x107*xI+48<0<80 (30,000<I<80,000)

70<6<80 (80,000<I<200,000)

5. The Z-type steel sheet pile according to any one of
claims 1 to 4, wherein the relationship between a height (H)
and a web plate thickness (tw) of the Z-type steel sheet pile

is set so as to satisfy a following formula.

H/tw<60.0

45





