Description [Title of the Invention] Z-TYPE STEEL SHEET 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, th&®gsomagitdairmoment of inertia (1) indicative of rigidity of the
wall is named. In general, the larger the geometrical moment of inertia (1), 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 inerti_aél can be increased by increasing a plate thickness (t) and a
height (H) of adttEF3Ge@Tnil St iLDEIEE ) decrease a steel weight (W) by making a cross-sectional
area (A) as small as p g@gl}f{r%% ie i cgﬁ_clg)nomic efficiency. [0003] On the other hand,
large-sizing of a steel sheet pile leads to the increase in penetration resistance (R) of the steel sheet pile.
The penetrationyesistanea (R} is fdpain index which influences the workability (penetration property) of a
steel sheet pile and hence, it is desirable to set the penetration resistance (R) as small as possible. That
is, the smaller the@@hkEtration resistance, the more a working speed and working efficiency of the steel
sheet pile are enhanced. The penetration resistance (R) of the steel sheet pile is mainly constituted of
a support force brought BBoB By gRdudaYeaittriter&l@fsint fsitafcty PRret@RIs S5 force brought
about by ground r sistan((:i‘e(distal p'd + ﬁeriﬁheral sturfa%gifriction can glsa(be a%ificigllé lowered to
some extent byp[é epc'i’rseﬁl y 161w%"’r‘i'ﬁ% stength 'S e gFéJuCn Egihgr o Ruxifia) y RIENGG SU2R as a water jet
method. [0004] ¢+, 2PJPE othar AR gtigioint 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 fqineth betwpes ilfd jaitis Accardimgitypecs tee btegisheq pile is slriven
completely parallel to a precedingly driven steel sheet pile, theoretically, friction is minimally generated
between the joiatssteel Hilwetem id anvdwuel divihgngeragoifogined the dwedisestpilefis not a rigid
body, a cross section of the steel sheet pile is gradually deformed and the steel sheet pile is deflected due

to the support f¥fRSgURLERRS ME YreGFRLY I AR 2rEQNEEEYRHIEAERFlibkPinto contact
with each other,t us igiggariae af %thon élp]%r getwq:% Qlth gh n]ethogl ' err‘]l'cdh a lubricant is
tF (5% i %tﬁe fiction o Sy 'Sﬁﬁe,&%'lugriéanfo %

applied to joints for decreasing the friction resistance may be availa peels off due to a
friction generatqehpgtwigen the iifhatd pRilorsagsts so that the friction resistance decreasing effect is

limited.

[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 (1)
indicative of rigidity of the wall is named. In general, the
larger the geometrical moment of inertia (1), 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 (1) can be

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



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 sheet pile, it may be possible to adopt a method which suppresses the
joint resistance bf aekewl Shelettarickr (S o sastriciibheeotud cFhisguetad dbweivghtbrings about
lowering of construction efficiency at the same time. Further, the cause of the friction resistance being
Increased due toMhddefsHsiab R of IRe Trees tdaist ornea s(éal ascempild iaadresifihd®d and hence,
there exists a dr%awback that the vicious (;é%le cannot be corrected even when the steel sheet pile is pulled

out and is agairf GAVeR i {BHBBI "t RE fLnBBY GV GhRIMSpect to setting of a cross section of a

steel sheet pile#&)g cessary 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 haveRegpanaerdir thahalloiaggeatent daguaenis 4ot ferexeniael0007]
Patent documents 1 and 2 disclose a shape setting method and a hat-type steel sheet pile which allow

the steel sheet peads doqtive Mmureesse lienp eressrsdatmn abpdstanarceR tvdntdensdetdnal U-type
steel sheet pile or large-width steel sheet pile by satisfying both a newly -defined relational formula
between a flang&'@FdthB¥eand 4l cFeERId Akder(BeastPhasfy GoXinkel /ol8fdihl ¥BFRla between the

geometrical moment of inertia (1), a height (H) and B. [0008 On the other h n(é,Qp ent document 3
diacioses a har e BN EThS FREN AR ARARE L Hetnetsiition BoRea gk by imiting a range
of web angle 0 iya s¢latignal forgia ofihe grametricalmaaeniat ipeiipd!) (Batgpidogyment 5 also
discloses a hat-type steel sheet pile where I, B'and a unit weight (W) are set so as to satisfy a relational

formula thus ensgnegRareirates psapeity (R) bureealnaienpdesimpat 4 tisstodes ahat-type steel
sheet pile which can enhance economic efficiency by satisfying both a relational formula between a

geometrical mosigkksfinEhen panetr atitaveihs Ve bhndeat-tpe sreeeshcso bidnghishdsdet to exceed a
linear relationship between a unit weight (W) and a geometrical moment of inertia (1) of an existing U-type

steel sheet pile 2Ml YFEIE AR TIhNIEBMREALER SHR&VSHRRL B U PESIHTYEARRRA (B7). [0009]

All these studies have n the premise,of th Ly I pi ere.gn effective width
(B) is set to 700 to 120%%%155,% a% %iﬁ%ﬂﬁ;ﬁs%%?%tgg&gox t§|§ }ﬁg t§g%%tlmgrﬁfg;e%d élgléometrical
moment of inerja hhipR} D ABRPRIRSEEHFLD Or40F0 e M iNg N iab s\t BOcy PRl [Patent
Document] [0010] [Patent Document 1] JP-A-2008-069631 [Patent Document 2] Japanese Patent

4069030 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 i1s driven



[Patent Document 3] Japanese Patent 3488233 [Patent Document 4] Japanese Patent 3458109 [Patent
Document 5] JP-A-2005-213895 [Summary of the Invention] [Task to be Solved by the Invention] [0011]
In the above-mentioned patent documents 1 to 5, in setting a cross-sectional shape of a hat-type steel
sheet pile, either economic efficiency or penetration property (workability) is focused on, and the study
has been made by 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 warkpbgite ISofaras leletwrs pitdecpriasghy iovdnen koeed thkeee basillegn no literature
which discloses a Z-type steel sheet pile which can optimize all three of the following: economic
efficiency, worktibgRy ahliclhdneEsipbion is mandihbe assirrakestiibehegen ikhecessary to
decrease a steel weight per cross-sectional performance as much as possible, and a method which
decreases a pld8%Hitkness while enlarging a cross section is considered. However, it is evident that
when a cross section i larged, the ign [es| C Ime Qft fructian is increased.
Further, when a plate mgﬂﬁ\e%ﬁsi egggz?s%tfdﬁ,%lc!ecr(e? E{flijtg a8 gég%%ﬁ@ fh%ft' ﬂgﬁ(gg% sgch ggs local buckling
will occur at thegfijse©fpnstiuctisonal g tmsoaltransppeatiosdbits @iviog rigeetseslgwback
concerning the performance of the steel sheet pile. [0013] The present invention has been made to
overcome suchsireebarkbeand i imdoablsctisfibhengdsantimentsirewlpsived goi-tgpe steel sheet pile
which can optimize both economic efficiency and workability, and also ensure soundness. [Means for
Solving the ProBhE@Bad) due TaetheefBrPBr thefprecendfirriibacthave dbipeUPHWA an idea of
defining A/l or W/l which is a vaI/%e obtaine?tby igg1vidi118c;_cross-secgonal ar a_%%r1 wall idt[} of 1 m(A)ora
weight per unit Wan's %'Kﬁ)‘by ﬁeaggg%% feal o AR &P ta 6&”\%6\ widh? of 4" aﬁ) as an
economic efficigrgnindex, WigaPaiandng ifder PeaBors desHapis bk earapaye affiiancy becomes.
That is, this implies that, to consider a manufacturing cost or the like, the smaller the cross-sectional area
(A) or a unit weight (Wnaeersssiy somexhdultirichwilh i hedainugaaoaticai sreippitietinedia (1), the more
economical the steel sheet pile becomes. Here, to show an example, inaconventionalllltypewhich is a
U-type steel shdetipilss Hirdes veamsi o0400entmi 9¥A o0 axgsesten oy aavieudyahkable,
W/I=150/16,800=8.9x10-3, while in a lllw %&e which is a large-width steel sheet pile having a width of 600

mm, W/l is expreidelURr 4 ¢artureRher oW/ 1946682 2odEA o%16m IREES ARSIy PEddiRsHic efficiency is
enanced WiCSRETRTNE YR oo fF disulberlabeve ppvdad fialpraIopeseckapaLPeriomances
(geometrical moments of inettia (B or section modulus of steel sheet pile walls are equal, the smaller

the weight per ypitpaldsrrg (MOrdeq Mmaelgeananical 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 étneal, tine Sjodiietr theswsigh eric agsrsrcited)] perostaede W@EL the more
economical the steel sheet pile becomes. On the other hand, along with the decrease of the weight
per cross-sectidhd aForAfdideedWpaeHa 8rbeRsrYieRduiAd earrkeave angth TH helghTH)) of the steel

heet pile is i d and a sheet thickness (1) of the steel sheet pile is.d d. A It,
Gotormation amDUFE ot neLURF A0SR S NPT VIS 6FBGH B AFEACED e,

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



driving of the steel sheet pile becomes difficult. Accordingly, it is safe to say that the larger W/I, the better
the workability becomes, that is, the smaller the penetration resistance (R) becomes. Accordingly,
when W/l (L- manufacturing cost) is decreased, the penetration resistance (R) (L- construction cost) is
increased. On the other 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/l and R are in the relationship of antinomy. Accordingly,
taking a balance between W/l which is an economic efficiency index and R which is a workability index is
Important for optheizingdackb ecanomiayefflmencyseicbWwerkabilityd¥16h metHuprel@shinvention has
been made based on such a finding, and has the following constitution specifically. [0017] QA
Z-type steel sh&peescasidifg thothatpresaftanasiby iBak Fng setsitet Sfangmedshfeincludes: a
web, flanges which are formed on both edges_of the web; and joints which Ere_formed on edge portions of

the flanges, whERST U SHLABN SAPERANg a'JHomAEERPon D Shertil P FAIARRIE of 1 m |
(cm4/m), a Weiq q[riL@'rt W@II (’a(;ﬁgé/ydgglma), Eéw%;eﬂstﬁqge é@,)nénfé ﬁn}g_eb angle 0 () when a
er

steel sheet pile wall is formed Is set so as to satisfy el ne of a following group of formulae (A) and a

following group of formplaer{fdr Creve obfarawlanr (An&VWAPIRE 104, ped Kstapxt0-A8THg24K2
80x10-4x1+48 (30, 0001<80, 000) 2 . 65x10-4x1+2270 (80, 0001<180, 000) Group of formulae (B):

0.004<(W/1)xRO.008case@ d86x10-Axtie-4k EaERSB0I (30, DDAkE0c 008 63e4H301(8010001€200,000)
[0018] (2) The Z-type steel sheet pile according to the present invention is a Z-type steel sheet pile
which includes:SE@@b; SREGESRAAR & RFnfdd BATERR RS BetHeeweEaha @irts tmidh are formed

on edge portions of the fla es, V{/H‘lerein the relatior;.shi amo)umgathe geome rical moment of inertia per
wall width of 1 RTAERHTM), EWeldht YEEIRT WA &éa VRGMIT, FERET&IGT rEYRIaNCER) and a web

angle 0 () whenggstegl sbpet pile vgiipdoiaed it Al S8.AS tnsRtiRlY e Phoypw)entigped group of
formulae (A). [0019] (3) The Z-type steel sheet pile according to the present invention is a Z-type

steel sheet pile pguok jncludes: 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 well dégtardibech algenia/ml iXvdigeppetutn \eetiiew\o tkg/mepgenetration

resistance (R) and a web angle 0 () when a steel sheet pile wall is formed is set so as to satisfy the
above-mentionéﬁﬁfdlﬁ)ﬁ‘ Ocpfoﬁnagge(b)_sheet pile, 1t 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



[0020] (4) Further, the Z-type steel sheet pile according to the present invention is the Z-type steel
sheet pile described in the above-mentioned (3) and is set so as to satisfy a following group of formulae
(C). Group of formulae (C): 0.004<(W/1)xR0.006, and 2. 80x10-4x1+48<EK80 (30, 0001<80, 000) 70.4K80
(80,0001<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 formuteot#tvt6 @0 [Mayabiaga o) thealrtveidion] [QORHAE®@rding to the present invention, the
relationship among the geometrical moment of inertia per wall width of 1 m | (cm4/m), the weight per unit
wall area W (kgl®298the penetration resistance R and the web angle 0 () when the steel sheet pile wall is

formed is set so as to satisfy any one of the above-mentioned groups of formulae (A), (B) and (C).
Accordingly, it is possits8 gﬁrf?é'agra@%e%?&?I%%PH"@H%\%@&%F@&%& ] 'Ié}‘ré?)e optimized for

satsiying both eqanqnie eieney AR HOEKAPHbN IR Jor ass sopemey kgl 40023)

According to the present invention, in addition to the above, the relationship between the height (H) and

the web plate thigkng$s (Wi EisR) 2L PGSBS b eaiy Pwin g foran vy ara beaferbHeLlIRg/deformation
of the steel sheet pile due to the construction-time penetration resistance can be suppressed thus

providing the Zafedhsheestqpikstwhichlensnestsadfhdmesd H/t(E6) .0 [BegEDesdaptioet the Drawings]
[0024] Fig. 1 is an explanatory view of a Z-type steel sheet pile according to one embodiment of the

present inventicH SO dERE bogesm axprFatomaviehesta shasth whkd ¥hRinfumBer@dad stction is

induced in one embodiment of present jnvention, and is also a gra howi e relationship
potwoen the QU NEEATHonAIE B Rttt e ARI Gt BT ZnEeYRELE SEOUER area when a

height (H) and g yygb @H@@r@%&%&h‘é‘ﬂﬂ&@ i"(‘ﬂW'%?EE@W effective width (B) , a flange plate thickness

(tf) , and a web plate thickness (tw) to fixed values, that is, B=700 mm, tf =16 mm and tw=8.5 mm.
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 (1) of an
existing U-type steel sheet pile and a relational formula
between an effective width (B) and a flange width (BT).
[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) i1s 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]



Fig. 3 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 the geometrical moment of
inertia per wall width of 1 m and a weight per unit wall area when the flange plate thickness (tf ) and the
web plate thickness (tw) are changed while setting the effective width (B) and the height (H) to fixed
values, 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 relftonsjp between an economic efficiency index and a web angle when the geometrical
moment of inertia per wall width of 1 m | is set to 100,000 (1=100,000). Fig. 5 is an explanatory view of a
step in which alRptiaitnRecsseptidd isIMdicdddR dHeS&dbodiment of the present invention, and is
also a graph sh win%the relationshipﬁ'lfletween a workabilit@i index and a web angle when the geometrical

moment of inerttd PEF WIPRHASIY Al idRE§3B0GHE (I 1RP888P. Fig. 6 is an explanatory view of a

step in which argpg{igpﬁn[)g@&rﬁé{aftl% iﬁéla%lﬁ%%%igggqg % of the present invention, and is
ichis set

also a graph showing the relationship between an index w y taking workability and economic
efficiency into cppgigigftion anded webjangisareer the gepneirsghimoment of inertia per wall width of 1
m | is set to 100,000 (1=100,000). Fig. 7 is a graph showing the relationship between the geometrical
moment of inerj& ptemialDoclihaft mladP a/wadehghl 88@h 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 beth@¢MREYg&dmEttal AYGMEAPBHinertia per wall width of 1 m and a web angle when the
Z-type steel sh ile ip another mode pf one embodiment of the present invention is a steel sheet pile
wall. Fig. 9% %%(ra A &eovvg‘l?wg]\{ ger%?ét%a%mpnggﬁv]%éw e geometrical moment of inertia per wall
width of 1 m angds\ep 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 momentrof tireytialpevavalianiciboéd pateha webangia veen the Z3ypd ateel 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 tigetdiatignaisipassweent inasihsinnsadf RVPas abype whaehineritiol RFR45. Fig.
12 is a view showing the relationship between standardized construction-time penetration resistance

(maximum load¥ Wbﬂﬁ_ an&%%@@ h?\gle.?ﬂ;.icl'erﬁé'. 139§ a vREPERERAPthe rBEBBRERY between
standardized co&ﬁwg&pit%e eir'%eui%tlcounsre(fl%tgncg qﬂ@ug%&%ad)hdg@ 76ng n%qgrlé pility index

R/R67. Fig."14is a view stfowing the relationship between standardized construction-time penetration

resistance (Madpui {9ahP /AR #oedwebsnglaPer. 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 relatievship tbtveees tod$tractior-tinoe pHnetratenh tesistarcehBdradfH/tw which is a
height/web thickness ratio. [Mode for Carrying Out the Invention]

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, it is necessary to

decrease a steel weight per cross-sectional performance as much

as possible, and a method which decreases a plate thickness



[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 (H), a web angle (0), a flange width (Bf), a flange plate thickness (tf) and a web plate thickness
(tw) are named. By deciding these parameters, a weight per unit wall area (W) and the geometrical
moment of inertia per wall width of 1 m (I) are univocally decided based on following formulae. I=10+/Axy2
W=yxA (lo: thewgeidvetsicbh ngdmgnaot insstia sActinss-dectomas ideaed diskowe/kem dantroid, y: unit
volume weight) [0026] Usually, with respect to the geometrical moment of inertia (1) of a steel sheet
pile, a strict soldgoneididaniy atbak pofien iPcakifaed Basdd on tHeaVbar@atoncth®rmula using

CAD data on a cross section of the steel sheet pile, However, in carrying out the study of the
or0ss.sectional KRBT UG A ERIA LT AR (HR% I ht TR SARTHENhABerSme to

calculate the QW?EQQLmom%GWHQ?m%)eﬂﬂ%T fﬁrmi&g %Pc%?s%veﬁ%.ﬂ@@creaé% ordingly, in the
S 0

calculation of the geometrical moment of inertia (1) of a steel sheet pile wall, inventors of thHe present

invention have ¢pResUp¥iidtthe fpbewingi Meioendkizaeijeddsatsaanrlisab!s deiiaigtype steel
sheet pile besides the Z-type steel sheet pile. [0027] As shown in Fig. 1, this embodiment adopts a

method which canldpprogimrately bithiesintphyecabdulaterthrgenmetricalrmametivef inenta bdf a Z-type steel
sheet pile by dividing a cross section of the Z-type steel sheetJ)iIe into three portions consisting of upper

and lower flangEE&HPR WeH: HHls FREh S \Hoe TS /Ide? Aof IR FHnE PRFESH A8 BHideration and

hence, a value of thf eometrical mement of [nertia | is ca!culated as a value smaller by an amount
corresponding fh Ojgf'ﬁ?'b%?tig 10% {eegtrigpgéﬁgu%ﬁ fiof the geometrical moment of inertia I, the
value obtained pyhgfalculation method becomes approximately 80 to 90% of the strict solution.
However, this point isTaken into consideration when a straight line described later which defines the
shape is obtained by fitting gnckBenae, itheem iisds haProblain MAde8to As/desoikedabave, in general,
the geometrical moment of inertia (1) is expressed by the following formula. I=10+/Axy2 Here, the
Z-type steel shebpilesiskdivideddnibtthise asctahgaizk shptBe ( preisen)) ervsindwnin £y. 1, and
geometrical moments of inertia | of respective rectangular shapes are induced_as follows. r[]Formula 1]

(0(111): | ={Bf RIFPYIH® Rerdqitis) sresds Shasty Bidehgch can optimize bot

economic efficiency and workability, and also ensure
soundness.

[Means for Solving the Problem]

[0014]

The 1nventors of the present invention have come up with
an idea of defining A/1 or W/I which 1s 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 (1) 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 Qlike, the smaller the

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



(R): 1= 12R1X hisinex tw)x h21x2 = 2x tw/sinex[h3 /3r2 =twxh3/12x1/sin0 [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(tf2/3+h2)+twxh3/12x1/sin0 Accordingly, the
geometrical moment of inertia per wall width of 1 m (1) is expressed by the following formula (1).
|=IBfxtf/2x(tf2/3+h2)+twxh3/12x1/sin0fx1000/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 (0), inerfidrige widthi(G1) aheeffarde plaientbiokineas (Hpaadthefvibgraiatiie¢Bness (tw) which
are parameters defining a cross-sectional shape of the Z-type steel sheet pile. [0030] In the same
manner, a weigb®eharf eaPaasH 01 chhestrelcsibated bhscherraesmula (2).

W=(2xBfxtf+hxtw/sin0)xyx1000/B ... (2) Further, the flange width (Bf) can be expressed by the following
formla Bi=B/2-/(2x TR To0HE oW Ay 3 SHBNE ah WHENENR ARE e o DUE A Kiment of merta |

and th weioh Y ajcalple B LSS HSSRUIBPATYIRAA) 0108 U211 Fig. 2 he

geometrical moment of inertia per wall wi cm is taken on an axis of ordinates, and the

weight per unit wall,areadfy (OANE imiakeNINB RS P5EPSEISERB=3 . o-HIiS GRPRLImENt, the height
(H) and the web angle (0) are changed while setting the effective width (B), the flange plate thickness (tf)

and the web platelthicknegsetwh icfixéd \alllesgbal ) B Aeeimstied € mnd cahewing.;:amm. As
shown in Fig. 2, it is understood that along with the increase in the height (H) and the web angle (0), the

geometrical moféHibf AErti&QP isReredddd. EhcEd BerRd (HMargefebntibutc¥8%Re increase in
geometrical moment of inertial ﬁarticularl i Iseconomijcallyeffective to Increase the height H so long as

the Z-type steeléHeerFie3 B8 Hant L tired G5 WOHREN Yy SHOMAHE FIIAFAERSY dfsuch a Z-type
steel sheet pile JJA03%deqd FHEREH Fighotshows an example where the geometrical moment of inertia |

and the weight W are calculated on a trial basis using the formula (1) and the formula (2), wherein the
flange plate thigkmesstf) and the web plate thickness (tw) are changed while setting the effective width
(B) and the height (H) to fixed values, that is, B=700 mm and H=600 mm.
As described above, provided that the cross-sectional
performances (geometrical moments of inertia (1) or section
modullus (2Z2)) of steel sheet pile walls are equal, the smaller
the weight per unitwall 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 i1s equal,
the smaller the weight per cross-sectional performance (W/1),
the more economical the steel sheet pile becomes.
On the other hand, along with the decrease of the weight
per cross-sectional performance (W/1), the cross-sectional
size (effective width (B), height (H)) of the steel sheet pile
iIs 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 iIs increased and hence,



In Fig. 3, a web plate thickness tw is changed among 8.5 mm, 9 mm, 10 mm, 12 mm, 14 mm, and the
flange plate thickness tf is changed among 8.5 mm, 9 mm, 10 mm, 12 mm, 14 mm, 16 mm, 19 mm and
22 mm under a condition of tftw. In the graph shown in Fig. 3, each curve in a bundle of rightward and
upward curves 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 | can be
read. That is, aliirdwudimthe effectiieewiddté&@landtieeiteigpi fd) atecsrintodixed ivBfiies kbat 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 mohe&afrstinedy, the dfcsadetie infyehbatdreed aNanE tloatbenRERige plate
thickness (tf) remote from the centroid is large. For example, to focus on a case where the web plate
thickness (tw) i$8%5"R LBy, RS CRERe HBtaAGe t0FisE8 e ot R P§a5HER A Moment of
inertia (1) is 95, (ﬁS, 4/m)) when the flange plate thickness (tf) is 8.5 mm
(tf=8.5mm), while t ‘ggéﬁ’r%etr cal rﬁggqéﬁngcgoT inertia (1) is 155,000 (cm4/m) (1=155,000 (cm4/m)) when
the flange plate thicknegsd&fi-if A Ipm (HiH& MM On {Re ofheiFareas RgN Reodrgersiod from Fig. 3,
even when the web plate thickness tw is changed, the geometrical moment of inertia’'l is not changed
largely. Accdedingbséids effretiyectar tire ticease #i fngeeméRicalmomenttofuoeianl to make the
flange plate thickness tf large and to make the web plate thickness tw small. [0033] What must be noted

here is that whé&iPs#ka b3 & #eS8ds ofUbEHie<ENfkN@3Pect tolGkBRHEBIIEREN MSOent of inertia |

(for example, 1=1Q00,000 cm4/m) taken on the axis af ordinates. in Fig. 2 and Fig. 3, the geometrical
moment of nerl | e BEIS AR SIS G LAl e et IS o B P LR Garious

specifications offha Z4ype stpelshestiiesyvhichonr eXpirkthp S3Me LIRS HicRb marmpnt of inertia ()

based on a height (H), a web angle (0), a flange plate thickness (tf) and a web plate thickness (tw) are

present. In vievodf tetdlpows; .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 | of 20,000, 40,000, 60,000, 80,000, 100,000,
120,000, 140,000, 160/A0cr néonady ard-akintted bad@spechictiiens Whithwahgbrotisicarthe respective

geometrical moments of inertia_l are induced based on parameters shown in the following Table 1.
Although the €conomic 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 iIs 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 6 (°) when a steel



effective width (B) is set to a fixed value of 700 here for the sake of brevity, it is needless to say that the
study which also adopts the effective width (B) as a parameter can be made provided that the Z-type steel
sheet pile can be manufactured. [0034] [Table 1] B (mm) H (mm) 0 (c) tf (mm) tw (mm) 700 250 30.0 8.5
8.5 300 31.09.09.0

sheet pile wall is formed is set so as to satisfy either one
of a following group of formulae (A) and a following group of
formulae (B).

Group of formulae (A):

(W/1)xR<0.004, and

2.65x107x1+22<0<2 .80x10"*x1+48(30,000<1<80,000)

2.65x107*x1+22<6<70 (80,000<1<180,000)
Group of formulae (B):

0.004<(W/1)xR<0.006, and

2.80x107*x1+44.6<6<80 (30,000<1<80,000)

67<6<80 (80,000<1<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/m?),
penetration resistance (R) and a web angle 6 (°) when a steel
sheet pile wall is formed iIs 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

10



350 32.0 10.0 10.0 33to 87 (ata 400 pitch of1) 12.0 12.0 450 88.0 14.0 14.0 500 89.0 16.0

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/m?),
penetration resistance (R) and a web angle 6 (°) when a steel
sheet pile wall is formed is set so as to satisfy the
above-mentioned group of formulae (B).

[0020]

(4) Further, the Z-type steel sheet pile according to
the present invention is the Z-type steel sheet pile described
in the above-mentioned (3) and is set so as to satisfy a
following group of formulae (C).

Group of formulae (C):

0.004<(W/1)xR<0.006, and

2.80x107*x1+48<6<80 (30,000<1<80,000)

70<6<80 (80,000<1<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



550 90.0 19.0 (twtf) 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 | of 100,000 (1=100,000) (cm4/m) as an example, wherein the economic
efficiency indexaféhpistiakegerman viis df aulivate sy ainthére ielpanglea(D) g iakgn off an axis of
abscissas. In the graph shown in Fig. 4, for every flange plate thickness (tf) in Table 1, a web plate
thickness (tw) i§ ddcréasednyhildheadvalighitcreasingrtht wed Angieq®) thubkatiehsirkhg weight while
ensuring the geographical. moment of inertia | of 100,000 (cm4/m). Then, when the Z-type steel sheet pile

cannot satisfy tREYRbERAIIRRY %tﬁ@ﬁ?ﬁ?i%ﬁ@lUF%@(EB@T‘&H4M?}H@“%§Q%I§ ﬂﬁ_ckness this
leveled down b)é Qg{akph%n%lﬁ wls-e%) Plﬂtﬁ]é@lckgegé{wslg Iﬁgeexﬁgj gBPySqnﬁfW%ﬁ é)r?i%d 5t|=|s operation is

repeated. Accordingly, in the graph shown in Fig. 4, the grap Ibits a rig downward

saw-tooth shapghe ah6gerdigtqdnedraphspevinin Fgrduiabooksy a geyghidime ¢enevery flange

plate thickness tf, it is understood that along with the increase in the web angle (0), there is a tendency
that the econonicadiiciengy yndant (\W41) pe sie thdasacbsp toatitthe ecahdiyjeeefitemkbyskeahanced. In
this manner, the close relevancy is recognized between the web angle (0) and the economic efficiency

index (W/1). [00B&f € havkth@ fOSEasE GhtARekHimpSnaek (paredafioh 2aktadod (9)) is defined by

the following formula (3). This formula is one example of a formyla expressing the penetration resistance
obtained by ind%S%‘ari\ﬁ 8 %%'Béﬁmeen OF A& s%rg%t val erﬁ?obo'é*,'&(d g%(ifm arﬁ‘oerJlﬁE fndicated also

inpatent docugAL ARRGIHEF KRR\
[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 inwhich an optimum
cross section is induced in one embodiment of the present

invention, and is also a graph showing the relationship between

12



R=tanOxHx1/Bf ... (3) The occurrence of the following phenomenon can be understood by observing

this formula. When a web angle (0) is increased, a web is raised so that an earth pressure is
concentrated in the inside of a groove of a steel sheet pile whereby the steel sheet pile is liable to be
deformed thus lowering penetration property. When a height (H) is increased, ground resistance is

increased so that penetration property is lowered. When a flange width (Bf) is increased, an earth
pressure in the inside of the above-mentioned groove can be easily released so that the penetration
property is enhaneedyO608T) i caAsnmaameters \hahtdefipe thevpkbetratioh refistancafid), as shown in
the formula (3), the web angle (0), the height (H) and the flange width (Bf) are named. Fig. 5 shows,
in the same marke EBhthededseol Figad irredatibeship beteddh HdoashiatyvrRies@etration
resistance (R)) and a web angle 0 () for every height (H=600, 550, 500, 450) by taking a Z-type steel
sheet pile havirPthé gedienkas Hbhkasttd At 3 RIF66E tvimarAd (i -G, 0o eREgm)) as an
example. From thi jag, |t is.un toQ e exi I netration
SRR idsy ﬁ)ﬁo@g] %‘&E‘aéébﬁsgﬁge’%g %@f@%%%& %W"L‘%{eﬁﬂ‘?e%e

resistance (R) becomes minimum. the economic efficiency index
(W/1) and the worRRilEY intext (REarecinselynre]edntite the el apgies0) and hence, one
Indexcanbemadebycombining these two indexes, and by such combination, both the economic efficiency
and the workability canAdey e\&a s tedl esiripoatamyexi ew oAz atrapthodvbi chralbimipg khaneconomic
efficiency index (W/I) and the workability index (R), the present invention adopts a method where both

indexes are muftiflied BESAAPBthE?. 1nduetdndmiCBRicRTRYINIER BlorkaBiliBr BRRRF= a x (WI) X p
X (R) Herei a ancr#1 are weighting, factors of conomjc effti ienc ign]fex and workability index
respectively. /ey 5 THEIbGSIRCIE BAROHELEE Lre RN by EART LOUS W BEHE nd a and p are
settol (a=p b geondiPiesieridndie erPraBFIcEIPRIPINURAYFe waskgpilly index (R)
the smaller these values, the more excellent economic efficiency and the more excellent workability the

steel sheet pile pogseghes paeceidinglywadlboavita respecttnea Pletiirs qf rwdiptipditkmetthese
parameters, when a multiplication value is small, it is possible to evaluate that the steel sheet pile is
excellent in botl{ tf9 esshshecnsfiadiakeatiitlenesk{iliy aFig.adrngegaphidso st #ngrelationship
between (W/1) x R which is the product of economic efficiency index (W/I) and the workability index (R)
and a web anglEte(EBFRGEAY RelgHi HR=6Bd, 380, 508, Q@b?ﬁhh@&pﬁ& T3 58d@IHER: a Z-type steel
sheet pile has t@ﬁ eggon;etr 1765)% nt %fdinﬁg' bof %Q0,000 (cm4/m) (1=100,000 (cm4/m)). [0039]

ica
As described preV|ous1y, mﬁﬁe grapﬁ shown mgélg. rg although the smaller a value taken on an axis of

ordinates, the more exgs Dhe@mﬁﬁﬁﬁﬁ%ﬁ’%é@i@? H’@t%%ei sheaidilamepEnmgs. setting of an
upper limit value (threshold value) of economic efficiency workability is important. In view of the

above, the inveatars ©f flee pieseni snviandioodtavienstad e dethisopldinenithef third énvastigatian is made
using a steel sheet pile model experiment explained previously or the like, economic efficiency
workability is agidreRitd@n, R004® dleos AsendingRY Bngdiangtd at[ eRsiHerPedsRsic efficiency
workability becomes 0.006 aqr less ';_de_fined as the specification by which both the econpmic efficiency
and the workabfily GFPBSERErEAT SISl he ARG ALy Be IERI SHEE Bile i valFobtained by

multiplying bm*qlé‘&lﬁ%ﬁ? P@&P%ﬁ}ﬁ@ﬂ?r%mﬂsb‘@&%ﬁ&%wﬁ ﬂﬂ&}ii‘ﬁ% ingfejy POQRAE at 25H so that
it is understoodthat the existing hat-type steel sheet pile does not always have a steel sheet pile shape
by which both the acon@oE ¢fficEneycund)the workability are optimized. [0040]
Fig. 5 is an explanatory view of a step inwhich an optimum
cross section iIs induced in one embodiment of the present
invention, and is also a graph showing the relationship between
aworkability index and a web angle when the geometrical moment

of inertiaper wall widthof1ml is set to 100,000 (1=100,000).

Fig. 6 is an explanatory view of a step inwhich an optimum

13



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 is obtained thus obtaining a range of the web angle 0 (). 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 | of the steel
sheet pile is 100,000(cm4/m) (1=100,000 (cm4/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 shagpses sdith ean ixlanciuttedeaononie edfitioddynand vodrkabidityparedean satisfy various
requested geometrical moments of inertia I. Table 2 shows preferable ranges of the web angle (0)
obtained with rédpéittd esspabtvisgebateiodippbpeard bpitdeid ¢ by pershindetvsifilar studies in

accordance with steps similar to the steps described above. [0041] [Table 2] 1(cm4/m) Optimized 0()
20,000 32 to 67°40,808% t\@f%[@o,bﬁoﬁ%ﬁo 4%566919W[’3‘a“"ty And“Beanbric

efficiency into consideration and a web angle when the
geometrical moment of inertia per wall width of 1 m I is set
to 100,000 (1=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



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

standardized construction-time penetration resistance
(maximum load) P/P45° and a workability index R/R45°.

Fig. 12 i1s a view showing the relationship between
standardized construction-time penetration resistance
(maximum load) P/P45° and a web angle 6(°).

Fig. 13 is a view showing the relationship between
standardized construction-time penetration resistance
(maximum load) P/P67° and a workability index R/R67°.

Fig. 14 i1s 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

15



[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 | (cm4/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 | 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 sy dayvnwardingraverpdraph iftiaagesidesdtion(sifye the planbiepealeslation method
is adopted, an optimum range is set narrow compared to an optimum range in a case where the strict
solution is adopt&d ckbes@lidif )agsHownalrigl 2taltHbigkeeRte dityhreMames take place when

fitting of plots obtained by the simEllifi;Elé:alculation method is made_ by a stra,ight ”InF’ the values merely
become closer to the sE-CSSRHING FNERERL AEECL Foel WE 1HBHERT 8BRSV I R mulate the

straight line showR in Fig.£. th ightlineyi S ing.fo e x1Q-4xT+2280 (30,
0001<180, 000) <o%<ﬁs% &séo,ggé&z}gof%)?ﬂ?%ﬁqg? wgé;g}e@gggéé gt}bgovvt,vfﬁgiﬁrré%—la (4) is set by
taking both ecomnomig gfficipaCyiRidorarnkppiliis digeerridedtion. PORIBRIATY AR Bieal sbeet pile which
satisfies the range in the formula (4) satisfies both economic efficiency and workability. [0045] Here,
depending on a conditior hf+& 8eiyinto 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 efiléiertty is more emphasized out of workability and economic efficiency. That
is, when the gro rlr? hard, it mﬁy_be Possible to fake the dex_rmination that the %ﬁnetration resistance
&rlviﬁg e ‘L(

d
(R) is decrease o Qﬁrﬁ?z%m Cabo%"s%ﬁi?f N B5hE Re ascer%sﬁélsg% Mnls uRLY8idable. on the

other hand, wh tt&ei ﬁ{%%l%&’ t@grptqlgriraina%loqjm t%{ﬁggcmngm?ight (W) is advantageous
t ' ‘e (F e ext

may be made although the penetration resistance (R) is increased to so ent. Accordingly,
hereinafter, optipogmeghape 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 disualdahility Withinre saegd définethisy eaaistuel arehtionee idrnafa (4) means
that the value of O is decreased as can be understood by reference to the formula (3) (R-tan OxHx1/Bf)

which defines WoIREEHiR (b e BREPRLRNSF Y dtbIcncd BHIECE RAIMWANRLYEERBnship between
workability.economic.ef iCih%‘H{ and tPe \gg? anglg Oy itk% un egﬁ]to%ﬂ éh%tot?@ ed_%]c?[ﬁ%%% S the value of O is
u

. .0 e
equivalent to Iowe{lng of the threshold value. ccordingly, In shape setting where workability is

emphaSiZedath@l%k*ﬁhlﬁfllépﬂé'i‘H@'KRQU@HQH‘%ﬁbQVér@S‘%ﬁQ@éﬂ iSHAY 1S eREIeq Ol bywateng a threshold
value of (W/I)xR to 0.004 or less. Web angles 0() at which the threshold value of (W/I)xR becomes 0.004

are calculated wiill eespect to respective geometrical moment of inertia |, and the result of calculation is
shown in Table 3. [0047] [Table 3]

However, In carrying out the study of the cross-sectional
shape or the parametric study iIn this embodiment, It 1is
extremely cumbersome to calculate the geometrical moment of
inertia (1) after forming CAD data every time.

Accordingly, in the calculation of the geometrical
moment of inertia (1) of a steel sheet pile wall, inventors
of the present invention have come up with the fol lowing method.
This method is also applicable to a hat-type steel sheet pile
besides the Z-type steel sheet pile.

[0027]
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I(cm /m) WebangleO() atwhichthreshold value of(W/I)xR becomes0.004 20,000 49 40,000 56 60,000 62
80,000 64 100,000 66 120,000 67 140,000 67 [0048] The following group of formulae (A) are defined
based on the result of calculation shown in Table 3. Group of formulae (A):

As shown in Fig. 1, this embodiment adopts a method which
can approximately but simply calculate the geometrical moment
of Inertia 1 of a Z-type steel sheet pile by dividing a cross
section of the Z-type steel sheet pile into three portions
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 | 1iIs
calculated as a value smaller by an amount corresponding to
the joint portion. To make a trial calculation of the
geometrical moment of inertia 1, 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 (1) is expressed by the following formula.

I:I0+ZA><y2

Here, the Z-type steel sheet pile is divided into three
rectangular shapes ((1), (i1), (i11)) as shown in Fig. 1, and
geometrical moments of inertia 1 of respective rectangular
shapes are induced as follows.

[Formula 1]
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(W/1)xR0.004, and 2 . 65x10-4x1+224K2 80x10-4x1+48 (30, 000I<80, 000) 2 . 65x10-4x1+2270 (80,
000I1<180, 000) [0049] Fig. 8 shows the group of formulae (A) in the form of a graph. [0050]
<Emphasis on economic efficiency (1)> To place more emphasis on economic efficiency means to
decrease an economic efficiency index (W/I). As can be understood by reference to Fig. 4, the web angle
(0) may be increased to decrease the economic efficiency index (W/I). 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 increase in the value of O is equivalent to the increase in the threshold value.
Accordingly, in sh&péiétting et &LbAomRit etficiéhéd)id &riphasized, the study substantially equal to
the above-mentioned study is gagrigd-outhy seitipg, the threshold value of (W/)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<(\\{1) R_Of@g( a 2 2 ..80x10-4x1+44 6<0so (30, 0001<80, 000) 67.4K80
(80,0001<200,000) [Ogég])j — MFi AQF ﬁ%gsxlw ’éfbjff gf formulae (B) in the form of a graph. [0052]

<Emphasis on economic effi:cigr;%(v >9><Lh3|/n3 @ above-mentioned <Emphasis on economic efficiency
(2)>, a lower limit value of the we angrfe 0'in a range of 80,0001<200,000 is set to 67. To consider the
actual manufacture of the Z-type.stee| sheetipife. 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 is emphasized may be defined by the following
group of formulé8 é?])y setting the lower limit value of the web angle 0 within a range of

80,0001<200,000 to 70D GFOL{p of{%rmulae C): 0.004<(W/)xR0.006, and 2. 80x10-4x1+48<080 (30,
0001<80, 000) ue 1o ese geofmetrica oments’ of ‘Tnertira, the

geometrical moment of inertia I’ per one sheet of Z-type steel
sheet pile is expressed by the following formula.
1 *=BFxtf/2x(tF?/3+h?)+twxh3/12x1/sind
Accordingly, the geometrical moment of inertia per wall
width of 1 m (1) is expressed by the following formula (1).
1={BFfxtf/2x(tF?/3+h?)+twxh3/12x1/sin®}x1000/B .. (1)
According to this formula (1), the geometrical moment
of inertia (1) can be easily calculated based on the effective
width (B), the height (H=h+tf), the web angle (6), 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.
[00301]
In the same manner, a weight per unit wall area (W) can
be also calculated based on a formula (2).
W=(2xBFfxtF+hxtw/sin0)xyx1000/B .. (2)

Further, the flange width (Bf) can be expressed by the
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70.4K80 (80,0001<200,000) [0053] Fig. 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 (0)) of the
Z-type steel sheet pile, the Z-type steel sheet pile can basically 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 formufa A)osatigjiefdroib kconomic 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 woB&HBItY-hid2h&ahbpe 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 workability and is
more excellent ﬁpgg’&rj]omic efficiency. [0055] <Securing soundness> Further, according to the

present invention, in addjtion o e fi ' | the-web plate
thickness (tw) is set soqfajlis%tb gaﬁ@@?ﬁg bolﬁ)g\(/h%rqrgi%r%ﬁ%%@tg:%@%%gg%ig%%a%%n of the steel
sheet pile due tpibe€PRrARHOPHETMR PGALIIAHPR ESIKaNet 6abRaStPPAASEad ieEayit is possible to
provide the Z-type steel sheet pile which ensures soundness. H/tw60.0 [0056] [Example 1] As an
example of the pres€atrimvkat(dn)), arkitype Stwehghaaid)le hawikg theXolldvarypepedifisatdn was
designed. B=700 mm, H=540 mm, 0=75, 1=114,810 cm4/m It was confirmed whether or not the
Z-type steel sh@&MSRthafiny@EtdsoPe muaddned dpacikatidh Tall i e XJRInhtioned ranges

of indexes. To put the abgve-mentione ecificatiop of the Z-type steel sh ile into the formula
(4 e e ot QPR o G T UL A5 ek oty T AL IeE 6 BECBHAE follows.
Formula (4): 2 .{85%10:A%1 522980 463 OQF <200 §Q) 2. 65x10-4x1+22=2 65x10-4x114,810+22=52.4

wherein 52 . 4<0=75 < 8 0 and hence, 0 falls within the range of the formula (4) . The group of

formulae (C): 70<EK80)BGHHID ksl PR #herainh 8 Ririite@boxadnentionssl Zriype gyl sheet pile is
75 (0=75) and hence, a formula 70<0=75<80 is established whereby the Z-type steel sheet pile satisfies

the group of foramgaen@)ged whadeoriidiyna ithm@frEessd tratthdthtyBo st&besiidengie of this

embodiment is excellent in both economic efficiency and workability, and is more excellent in economic
efficiency. 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 iIn the height (H) and the web angle (6), the
geometrical moment of inertia (I) is increased. Since the
height (H) largely contributes to the increase in geometrical
moment of inertia I particularly, i1t 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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[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, 0=75, 1=81,454 cm4/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 . 65x10-4x1+22080
(60, 0001<200, 000) 2. 65x10-4x1+22=2 65x10-4x81, 454+22=43 . 6 wherein 43.6<0=75<80 and hence, 0
falls within the range of the formula (4). The group of formulae (C): 70.4K80 (80,0001<200,000)
wherein O of thef hhnge-peatienet itkypesstaet Bhemtgilehs e Dpl)tant hincioes F6<0EVP<80 whereby
the Z-type steel sheet pile satisfies the group of formulae (C). Accordingly, it is understood that the
Z-type steel shédtepfibaiged whdripaditiisekbelehfrridiectbAbn(Baracidfdiedreil@bikability, and is
more excellent in economic efficiency. [005 In the above-mentjoned explanation, the economic

efficiency index@Rd e WreShiNGiHGEx H0uliBed B LM oMY, HohVeMt is also possible to use
an addition value of bo%i e%asaa\ﬂéﬂdﬁffa[}:e tjlﬂ Hﬂﬁ&géet\m iaéjg:iﬂgr{gsoe%% i%(_egiciency index

and the workability index, to take weighting of both indexes into consideration, the addition may be

expressed as follpws (Reonaimefficieny, indexinwerkability irdexgax (Y dxel HRIKABSE] Further,

there exists the reciprocal relationship between a manufacturing cost and cross-sectional performance
per wall weight tifW\isacthdegedeansogn8tréiction cdstrandLthenimyek8enmumbér rofi peh@tration resistance
(1/R) respectively and hence, I/Wand 1/R may also be used as an index of economic efficiency and an
index of workaligynmoasd] 22 xamprdey a casdidiely edstfekiing do)athr@bamdt SaEND the workability

fa model é:onstruction test where
n

index R accordinlg |t:0 the reser}%lrinvlgngonh %x mrpli‘:]gd [ 'an %éampglg on i«
a steel sheet pil'e mdodel 5t 1915 %Lén\ﬁ‘lcétion Egn th: P0oCABNISHRNE R ougvgvj%uncduﬁr\épared using silica

sand No. 5 by RUSPInG #hg Hie%h SRESSEct 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
(tfF) and the web plate thickness (tw) exerted on the geometrical
moment of inertia | can be read. That is, although the
effective width (B) and the height (H) are set to fixed values,
that i1s, 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 (6) is
90° (6=90°), the geometrical moment of inertia (1) is 95,000
(cm*/m) (1=95,000 (cm*/m)) when the flange plate thickness (tf)

i1Is8.5mm (tf=8.5 mm), while the geometrical moment of inertia
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With respect to cases carried out in the model construction test, shapes converted into an actual size and
economic efficiency Indexes I/W and workability Indexes R which 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 | per
specimen of 1 m becomes approximately 55,000 (cm4/m) in all cases. [0061] [Table 4] Cases carried out
in model construction test Name of case Model shape (converted into actual size) Various indexes
(converted into actual size) Web/ flange plate thickness t(mm) Web angle 0() Height H(mm) Flange

(1) is 155,000 (cm*/m) (1=155,000 (cm*/m)) when the flange plate

thickness (tf) is 16 mm (tf=16 mm). On the other hand, as can
be understood from Fig. 3, even when the web plate thickness
tw is changed, the geometrical moment of inertia I is not
changed largely.

Accordingly, it is effective for the increase in the
geometrical moment of inertia | to make the flange plate
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 1 (for example, 1=100,000 cm*/m) taken on the axis
of ordinates in Fig. 2 and Fig. 3, the geometrical moment of
inertia | intersects with a plurality of lines and hence, it
iIs understood that the various specifications of the Z-type
steel sheet piles which can exhibit the same geometrical moment
of inertia (1) based on a height (H), a web angle (6), a flange
plate thickness (tf) and aweb 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

21



width Bf(mm) Width B(mm) Economic efficiency index W/l Workability index R Integrated . Index W/IxR |
(cm4/m) Evaluation on compatibility with present invention (1)-1 9.6 36 636 185

effective width (B) is set to a fixed value of 700 here for
the sake of brevity, it is needless to say that the study which
also adopts the effective width (B) as a parameter can be made

provided that the Z-type steel sheet pile can be manufactured.

[0034]
[Table 1]

B H 0 tf tw
(mm) (mm) @) (mm) (mm)
700 250 30.0 8.5 8.5

300 31.0 9.0 9.0
350 32.0 10.0 10.0
33 to 87 (at a

400 pitch of 1°) 12.0 12.0
450 88.0 14.0 14.0
500 89.0 16.0

550 90.0 19.0 (tw<tf)
600 22.0

[0035]

With respect to the Jlarge number of i1nduced
specifTications 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/I1) 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 I of 100,000
(1=100,000) (cm*/m) as an example, wherein the economic

efficiency index (W/1) i1s taken on an axis of ordinates, and
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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

the web angle (6) is taken on an axis of abscissas.

In the graph shown in Fig. 4, for every flange plate
thickness (tf) in Table 1, a web plate thickness (tw) is
decreased while gradually increasing the web angle (6) thus
decreasing a weight while ensuring the geographical moment of
inertia | of 100,000 (cm*/m). Then, when the Z-type steel sheet
pile cannot satisfty 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 i1s a tendency that the economic efficiency index (W/1)
iIs decreased so that the economic efficiency is enhanced.

In this manner, the close relevancy is recognized between
the web angle (6) and the economic efficiency index (W/I1).
[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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0.0017 1.270 0.00216 54,398 good (3)-1 9.6 60 516 262 516 0.0019 1.707 0.00322 54,200 good (3)-2 9.6
60 516 262 516 0.0019

patent document 3 introduced previously.

R=tanbxHx1/Bf .. (3)

The occurrence of the following phenomenon can be
understood by observing this formula.

When a web angle (0) is increased, a web is raised so
that an earth pressure is concentrated in the inside of a groove
of a steel sheet pile whereby the steel sheet pile is liable
to be deformed thus lowering penetration property.

When a height (H) is iIncreased, ground resistance 1is
increased so that penetration property is lowered.

When a flange width (Bf) is increased, an earth pressure
in the inside of the above-mentioned groove can be easily
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 (6), 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) (1=100,000
(cm?*/m)) as an example. From this drawing, it is understood
that there exists a web angle 6 (°) where the penetration

resistance (R) becomes minimum.
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1.707 0.00322 54,200 good (4)-1 9.6 75 480 267 480 0.0021 3.355 0.00698 56,032 bad (4)-2 9.6 75 480
267 480 0.0021 3.355

[0038]

As described above, both the economic efficiency index
(W/1) and the workability index (R) are closely relevant to
the web angle 6 (°) and hence, one index can be made by combining
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/1) and the workability index (R), the present invention
adopts a method where both indexes are multiplied by each other.

(economic efficiency index) x (workability index) = a
x (W1 x B x (R)

Here, o and B 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 o and  are set to 1 (o = B = 1).

With respect to the economic efficiency index (W/1) 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 amultiplicationvalue issmall, 1t ispossible 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/1)
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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

x R which is the product of economic efficiency index (W/1)
and the workability index (R) and a web angle 6 (°) 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
1 of 100,000 (cm*/m) (1=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 value
(threshold value) 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 6 (°)
at which economic efficiency - workability becomes 0.006 or less
iIs 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 value
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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54,292 bad [0062] 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) (0=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 Name of case Evaluation on
compatibility to geesentioverftiidc idiebyargld B € anaticbdhittyepanaiationitesisiance (experiment)
Workability index
[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 is obtained thus obtaining
a range of the web angle 6 (°). It is found that the web angle
06 (°) i1s 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) (1=100,000 (cm*/m)) (see Fig. 6).
By performing such a study method by changing the level
of the targeted geometrical moment of inertia l, 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 iInertia |I.
Table 2 shows preferable ranges of the web angle (6)
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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Penetration resistance (maximum load)P(kN) Standardized P4P45 workability index R Standardized
R4R45 (1)-1 good 36 0.67 1.19 1.179 0.90 (1)-2 good 36 0.7 1.24

1 (cm*/m) Optimized 6 (°)
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 6 (°) is taken on an axis of ordinates and the
geometrical moment of inertia I (cm?/m) is taken on an axis
of abscissas is shown in Fig. 7. In Fig. 7, upper and lower
lLimit 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 | used here are approximately 80 to 90% of strict
solutions and hence, (W/1) 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 adownwardly 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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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

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*x1+22<0<80 (30,000<1<180,000)

70<0<80 (180,000<1<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 i1s 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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(4)-1 bad 75 0.78 2.62 3.355 2.69 (4)-2 bad 75 0.73 2.45 3.355 2.69 (5)-1 bad 82 1.08 3.84 5.544 4.46
(5)-2 bad

(W) is 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 0 is decreased as can be understood by reference to the
formula (3) (R=tan 6xHx1/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 6,
It Is understood that the decrease of the value of 6 1is
equivalent to lowering of the threshold value.

Accordingly, 1in shape setting where workability 1is
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/1)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.

[0o047]
[Table 3]
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82 1.29 4.58 5.

544 4.46 [0064] Thecorrespondencebetweenthestandardized construction-time

penetration resistance (maximum load) P/P45 and the standardized workability index R/R45 is shown in

Fig. 11. Since

both the penetration resistance P/P45 and the workability index R/R45 well correspond to

each other, the validity of the workability index of the present invention is confirmed. Fig. 12 shows
the relationship between the standardized construction-time penetration resistance (maximum load)

P/P45 and the

web angle 0 (). The construction-time penetration resistance in the experiment is

suppressed to

a r.elewgyngn aliVehanakaifGhe atngt shisk resbeddinvention (36.663.4), while the

construction-time penetration regikdacefs (HefbdsBdlngaiese 9aR§é of the present invention (0=75, 82).

Accordingly, the vadIit}Q§ the |present invention i¢€onfirmed. [0065] [Example 4] As a study case

ethafbi$¥ting ithe workability indeXOR according to the present invention, exemplified is an

relating to a

example of a modddM & uction test where a steBPsheet pile model of 1/12 magnification (length: 100cm)

is driven into

cases carried

efficiency indiﬁim
The shapes

becomes appr

grnﬁﬂr’l Bpared using <|I|ra sand¥o_5 hv pushing at a fixed speed. With respect to
j D an actual size and economic

d on the size are shown in Table 6.
pents of inertia | per specimen of 1 m
oximately 82000 (CM4/m) in aII cases. [0066] [Table 6] Name of case

[0048]

The following group of formulae (A) are defined based
on the result of calculation shown in Table 3.
Group of formulae (A):

(W/1)xR<0.004, and

2.65x107*x1+22<0<2.80x10"*x1+48 (30,000<1<80,000)

2.65x107*x1+22<0<70 (80,000<1<180,000)
[0049]

Fig. 8 shows the group of formulae (A) in the form of
a graph.
[00501]
<Emphasis on economic efficiency (1)>

To place more emphasis on economic efficiency means to
decrease an economic efficiency index (W/I1). As can be
understood by reference to Fig. 4, the web angle (6) may be
increased to decrease the economic efficiency index (W/1). On
the other hand, by reference to Fig. 6 which shows the
relationship between workability-economic efficiency and the

web angle 6, it is understood that the increase in the value
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Model shape (converted into actual size) Various indexes (converted into actual size) Web/ flange plate
thickness t(mm) Web angle 0() Height H(mm) Flange width Bf(mm) Width B(mm) Economic efficiency
index W/I

of 06 is equivalent to the increase in the threshold value.
Accordingly, iIn shape setting where economic efficiency is
emphasized, the study substantially equal to the
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/1)xR<0.006, and

2.80x107*x1+44.6<6<80 (30,000<1<80,000)

67<6<80 (80,000<1<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 6 in a range of
80,000<1<200,000 is set to 67°. To consider the actual
manufacture of the Z-type steel sheet pile, 1t 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 is emphasized may be defined by the

following group of formulae (C) by setting the lower limit value
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Workability index R Integrated . Index W/IXR | (cm4/m) Evaluation on compatibility with present invention
(6) 9.6/16.8 67 496 246 696 0.0018 2.372 0.00433 82,028 compatible with only

of the web angle 6 within a range of 80,000<1<200,000 to 70°.
Group of formulae (C):

0.004<(W/1)xR<0.006, and

2.80x107*x1+48<6<80 (30,000<1<80,000)

70<6<80 (80,000<1<200,000)

[0053]

Fig. 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 (0)) of the Z-type steel sheet pile,
the Z-type steel sheet pile can basically acquire both economic
efficiency and workability (formula (4)), and also can use the
region of 06 differently depending on whether workability is
emphasized more (group of formulae (A)) or economical
efficiencies i1s 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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group of formulae(B) (7) 9.6/16.8 70 484 263 696 0.0019 2.528 0.00475 81,781 compatible with groups
of formulae(B) and(C) (8) 9.6/16.8 75 468 288 696 0.0020 3.037 0.00594

workability and is more excellent in economic efficiency.
[0055]
<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/Z/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°, 1=114,810 cm*/m

It was confirmed whether or not the Z-type steel sheet
pile having the above-mentioned speciftication 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*x1+22<0<80 (60,000<1<200,000)
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81,615 compatible with groups of formulae(B) and(C) (9) 9.6/16.8 85 444 329 696 0.0021 7.705
0.01618 81,567 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
penetration resistance (P) with the penetration resistance (maximum load) P67 in the case (6) (0= 67),
and R/R67 which is obtained by standardizing the workability index R with the workability index R67 when
0=67 are shown in Table 7 in comparison. [0068]

2.65x107*x1+22=2.65x107%x114,810+22=52 .4

wherein 52.4<6=75<80 and hence, 6 falls within the range of
the formula (4).

The group of formulae (C): 70<6<80 (80,000<1<200,000)
wherein, 6 of the above-mentioned Z-type steel sheet pile is
75° (6=75°) and hence, a formula 70<6=75<80 is established
whereby the Z-type steel sheet pile satisfies the group of
formulae (C).

Accordingly, it isunderstood 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.

[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°, 1=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*x1+22<0<80 (60,000<1<200,000)

2.65x107*x1+22=2_65x1074x81,454+22=43_6

wherein 43.6<6=75<80 and hence, 6 falls within the range of
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[Table 7] Comparison of construction-time penetration resistance and workability index in model
construction test Name of case Evaluation on compatibility with present invention Web angle 0 ()
Construction-time penetration resistance (experiment) Workability index Penetration resistance
(maximum load) P(kN)

the formula (4).

The group of formulae (C): 70<6<80 (80,000<1<200,000)
wherein 6 of the above-mentioned Z-type steel sheet pile is
75° (6=75°) and hence, 70<6=75<80 whereby the Z-type steel sheet
pile satisfies the group of formulae (C).

Accordingly, it isunderstood that the Z-type steel sheet
pile of this embodiment 1is excellent i1n 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 1index) =
ax(W/ 1D +Bx(R)

[0059]

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

and hence, 1/W and 1/R may also be used as an index of economic
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Standardized P/P67 Workability index R Standardized R/R67 (6) good 67 0.75 1.00 2.372 1.00 (7) good
70 0.74 0.99 2.528 1.07 (8) good 75

efficiency and an index of workability.
[0060]
[Example 3]

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 magniftication (length: 100cm)
iIs 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 I/W and workability indexes R
which 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 | 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 Webs i
R Evaluation on
of | flange | Web |, ;. |Flange| ;. | Economic | niriey|!M8Orated| | ompatibility
case plate jangle H (mm) width B(mm) efficiency index R index (cm*/m) | with present
thickness|o (°) BF(mm) index W/1 W/ IxR th pre:
t(mm) invention
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
(@) 9.6 45 576 227 576 0.0017 1.270 0.00216 |54,398 good
3)-1 9.6 60 516 262 516 0.0019 1.707 0.00322 |54,200 good
3)-2 9.6 60 516 262 516 0.0019 1.707 0.00322 |54,200 good
(4)-1 9.6 75 480 267 480 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 |54,292 bad
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0.921.23 3.037 1.32 (9) bad 85 2.1 2.80 7.705 3.34 [0069] Thecorrespondencebetweenthestandardized
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 0 (). The construction-time penetration resistance in the
experiment is suppressed to a relatively small value within the range of the present invention (6780),
while the construction-time penetration resistance is increased out of the range of the present invention
(0=85). AccordihgB62e validity of the present invention is confirmed. [0070] [Example 5] As an
example of the present invention, exemplified is an example of a model canstructign test where a steel

sheet pile model of 1/8_."5”%38 ficibh ISHB&?E&%EW%HW/%H%‘BQBMrp?rﬁbﬁﬁ?d]ﬁging silica sand
No. 7 by pushlngg%ga ﬂéﬁdﬁﬁ'ﬁff' gp) V\gﬂymgq F@s\%%%dépiwpénei@oge\llfﬁai;ugtructlon test,

shapes converted Into an actual’size; penetration resista n the test and deformation

quantities of a 5gss seasiesrof tha yaadel pre shaye ihdable§y 00Z¢hRtaRaBling  the

construction-time penetration resistance (P) with the
penetration resistance (maximum load) P45° in the case (2)
(6=45°), and R/R45° which i1s 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
Sy Web (experiment)
Name of|compatibility angle [Penetration
case tionvpernetsieonnt 6 (°) | resistance Standardized Workability Standardized
(maximum P/P45° index R R/R45°
load) P(kN)
(-1 good 36 0.67 1.19 1.179 0.90
(1)-2 good 36 0.7 1.24 1.179 0.90
[@A) 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 3.355 2.69
(4)-2 bad 75 0.73 2.45 3.355 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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Case carried out in model construction test Name of case Model shape(converted into actual size) Test
result Evaluation on compatibility with present invention Web plate thickness Tw(mm) Flange plate
thickness tf(mm) angle 0() Height liimm) Web Flange width Bf(mm)

in Fig. 11. Since both the penetration resistance P/P45° and
the workability index R/R45° well correspond to each other,
the validity of the workability index of the present invention
iIs confirmed.

Fig. 12 shows the relationship between the standardized
construction-time penetration resistance (maximum load)
P/P45° and the web angle 0 (°). The construction-time
penetration resistance In the experiment iIs suppressed to a
relatively small value within the range of the present
invention (36.6°<06<63.4°), while the construction-time
penetration resistance iIs iIncreased out of 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 i1s an example of a model construction test where
a steel sheet pile model of 1/12 magnification (length: 100cm)
iIs 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 I/Wand workability indexes Rwhich

are decided based on the size are shown in Table 6. The shapes
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Whole width B(mm) web thickness ratio 11/tw Penetration resistance value P(kN) Deformation amount()
(1) 8.517.0 75 544 276 700 64.0 16.28 15.2 bad (2)

of the specimens are set such that the geometrical moments of
inertia | per specimen of 1 m becomes approximately 82000

(cm*/m) in all cases.

[0066]
[Table 6]
Model shape Various indexes
(converted into actual size) (converted into actual size
Name web/ Evaluation on
of flange Web - Flange |, - Economic - Integrated S
case| plate |angle :62%2; width gzg;g efficiency Wo:ﬁgg;léty index (cn#/m) 3&E§?t:2;;;ﬁy
thickness|0 (°) BF(mm) index W/1 W/ IxR h pre:
t(mm) invention
compatible
) |9.6716.8| 67 | 496 246 | 696 | 0.0018 2.372 0.00433 |82,028| With only
group of
formulae (B)
compatible
(7) |9.6716.8| 70 | 484 | 263 | 696 | 0.0019 2.528 0.00475 |81,781 |Vith groups of
formulae (B)
and (C)
compatible
(8) |9.6/716.8| 75 | 468 | 288 | 696 | 0.0020 3.037 0.00594 |81,615 |"Ith groups of
formulae (B)
and (C)
(9) |9.6/16.8 85 444 329 696 0.0021 7.705 0.01618 |[81,567 bad

[00671]

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
penetration resistance (P) 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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9.017.0 75544 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

Comparison of construction-time penetration resistance and

workability index in model construction test
Construction-time
penetration resistance Workability index
(experiment)

Evaluation on Web
Name of | compatibility

~ angle 0 Penetration

case | with present %o) resistance |Standardized | Workability |Standardized
Invention (maximum load) P/P67° index R R/R67°

P(kN)

(6) good 67 0.75 1.00 2.372 1.00

[@) 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
iIs 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 iIs suppressed to a
relatively small value within the range of the present
invention (67°<6<80°), while the construction-time penetration
resistance iIs iIncreased out of the range of the present
invention (0=85°). Accordingly, the validity of the present
invention is confirmed.

[o0701]

[Example 5]
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17.0 75544 276 700 42.7 13.51 5.1 good (5) 16.017.0 75 544 276 700 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,

As an example of the present invention, exemplified is

an example of a model construction test where a steel sheet
pile model of 1/8.5 magnification (length: 110cm) is driven
into a ground prepared using silica sand No. 7 by pushing at
a fixed speed.

With respect to cases carried out in the model
construction test, shapes converted iInto an actual size,
penetration resistance values P iIn 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 Height/ Evaluation on
of Wﬁt-) Elate plate a\r/]VetlJe Height Fl_adnghe Wk_]glﬁ web Pene_tratlon Deformation co_mtphatlbllltty
case|thickness thickness go H (mm) width |widt thickness resistance amount (%) with presen

Tw(mm) tF(mm) 0 () BF(mm)|B(mm) ratio H/tw value P(kN) invention
[€D) 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
A) 10.2 17.0 75 544 276 700 53.3 13.68 2.5 good
4) 12.8 17.0 75 544 276 700 427 13.51 5.1 good
5) 16.0 17.0 75 544 276 700 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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and deformation amount can be suppressed by suppressing the height/web thickness ratio H/tw to
approximately 60 or less. [0073] Fig.16showstherelationshipbetweenthe 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 anpptEsEingntia baigihtovelttiiaknéss tatppHavstadapyreimately Sihor iEss thus obviating
the possibility of bringing about lowering of workability. Claims 1. A Z-type steel sheet pile
comprising: a wel aakjwshyitizhcrasssmeditd® bt e de 2eptreptady jphtewlieisre formed on
edge portions of the flanges, wherein the relationship among a geometrical moment of inertia per wall
width of 1 m | (c!;ﬂg rﬁi a weight per unit wall area W (kg/m2) penetration resistance R and a web angle O

() when a steel sheet p all is,;form ets gg r (A) or a
following group of formﬁ?a%{(B)%roup%q}%muI}eﬁg QE Rgﬂwgnd 25%@8%?4)( 82<02
80x10-4x1+48 (FHhHPPIERG I Dide Q%ﬁ@t4&ﬂ%%79d§93999&130a@@%rﬁéi’gﬂfVWBwae (B):
0.004<(W/1)xR0.006, and 2 . 80x10-4x1+44 6<EK80 (30, 0001<80, 000) 67.4K80 (80,0001<200,000).

2. The Z-type stdel ckeespileattordidgvio claime 1spawreanthevetatoridiep ve eeso bstibesatisfy the
group of formulae (S\g@é 3. The Z-type steel sheet pile according to claim 1, wherein the relationship is

set so as to sat Ytk Shiskiifigs (BREI0O HY EphavaspRistka) §I4e§?ﬁ5h!é’&$€6’roﬁ*i@to claim 3,
wherein the relatlonsh is set so as 1L1 a%@%a followtébggé formulae (C %g Group of formulae (C):
0.004<(W/)xR0 066 % Saez "YhxA BT 0'@0'0 000} 0<tR&H 785 Dobi<2H4 000)
penetration resistance iIs 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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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/tw60.0

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/m?),
penetration resistance R and a web angle 6 (°) when a steel
sheet pile wall i1s formed is set so as to satisfty a following
group of formulae (A) or a following group of formulae (B)
Group of formulae (A):

(W/1)xR<0.004, and

2.65x107x1+22<0<2.80x10"*x1+48 (30,000<1<80,000)

2.65x10™*x1+22<0<70 (80,000<1<180,000)
Group of formulae (B):

0.004<(W/1)xR<0.006, and

2.80x107*x1+44.6<6<80 (30,000<1<80,000)

67<6<80 (80,000<1<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/1)xR<0.006 and

2.80x107*x1+48<6<80 (30,000<1<80,000)

70<6<80 (80,000<1<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
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