
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 used rata structure, river bank protection structure and the
like.        in this specification, the Z--type steel sheet pile is a steel
sheet pile where a flange is formed on both ends of webs which are arranged
obliquely in a contiguous manner with the webs and the whole shape of the
steel sheet pile is formed into an approximately Z shape. [Background Art]
[0002]        As one of indexes of performance of a steel sheet pile wall
constructed by joining joints of the steel sheet piles by fitting
engagement, the geometrical, moment inertia (I) indicative of rigidthe wall
is named- In general, t: larger the geometrical moment of inertia (I), the
smaller a deformation amount of a wall body on which a load such as an
earth pressure or water pressure acts becomes.        Although the
geometrical moment of inertia (I) can be increased by increasing a plate
thickness (t) and a height (H) 



of a steel sheet pile, it is desirable to decrease a steel weight by making
a cross-sectional area (A) as small as possible from a viewpoint of
economic efficiency. F00031        On the other hand, large-sizing of a
steel sheet pile leads to the increase in penetra on resistance (R) of the
steel sheet pile. The penetration resistance is a main index which
influences the workability (panetration 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 penetration resisance, the more a.
working speedand working efficiency of the steel sheet piie are enhanced.
The penetxat Dn resistance (.R) of the steel sheet pile is mainly
constituted of a support force brought. about by grqund resistance and
joint resistance. Here, the support force brought about by ground
resistance (distal end .1- 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_ (00041
On the other hand, the joint resistance is mainly brought about by the tion
resistance between joints or between the joint and. soil and sands in the
joint.       Usually, a gap of several mm or less is formed between the
joints. Accordingly when the steel sheet, pile is driven  completely
parallel to a precedingly driven steel sheet pile, theoretically, friction
is minimally generated between the joints  .        However, in an actual
driving operation, since the steel sheet pile is 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 force generated by the ground
resistance. As a result, the joints axe brought into contact with each
other thus giving rise to a friction therebetween.        'Although a
method in which a lubricant is applied to joints for decreasing the
friction resistance may be available, the lubricant peels off due to a
friction generated between. the joi.nt and soil flY sands so that the
fribtibn resistance decreasing effect is limited.        When the joint
resistance is generated, the steel sheet pile is inclined leading to an
even further increase in friction. That is, a vicious cycle of friction and
inclination occurs. 



Once such a. vicious cycle occurs, it is difficult to correct the cycle and
hence, a guide frame is used at the time of driving the steel sheet pile se
as to prevent as much as possible the steel sheet pile from beina inclined,
and when the steel sheet pile falls or is displaced, the steel sheet pile
is pulled out and is driven in again. [0005] To cope with such falling or
displacement of the steel  sheet pile, It may be possible to adopt a method
which suppresses the joint resistance by making strict standards for
construction control. This method, however, brings about lowering of
construction efficiency at the same time.        Further, the cause of the
friction resistance being increased due to the deformation of the cross
section of the steel sheet pile is not eliminated and hence, there exists a
drawback that the vicious cycle cannot be corrected even when the steel
sheet pile is pulled out and is again driven in. [0006]        As described
above, with respect to setting of a. cross section of a steel sheet pile,
it is necessary to study the cross section from a viewpoint. of economic
efficiency and workability. In this respect, with respect to a method of
setting a cross-sectional shape of a hat-type steel sheet pile, studies
have been made in the following patent documents I 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 (3) and a newly-definedrelational formula between the geometrical
moment of inertia (I), a height (H) and B. [00081        On the other hand,
patent document 3 discloses:a hat-type steel sheet pile which can minimize
the penetration resistance (R) by limiting a range of web angle 0 in a.
relational. formula of the geometrical moment of inertia (1). Patent
document 5 also discloses a. hat-type steel sheet pile where 1, B and a
unit weight (W) are set so as te satisfy a relational formula thus ensuring
penetration property. 



Further, patent document 4 discloses a hat-type steel sheet pile which can
enhance economic efficiency by satisfying both a relational formula between
a geometrical moment of inertia I and a unit. weight W of a hat-type steel
sheet pile which is set to exceed a linear relationship between a. unit
weightand a geometrical moment of inertia (I) of an existing U-type steel
sheet pile and a relational formula between an effective width (B) and a
flange width (Bf). [0009]        All these studies have been made on the
premise of the hat-type steel sheet pile where an effective width (B) is
set to 700 to 1200 mm, a height (H) is set to approximately 200 to 350 mm,
and a geometrical moment of inertia (1) is set to approximately 10,000 to
20,000 cur/m. [Prior Art. Document] [Patent Document]  [0010] [Patent
Document 1] JP-A-2008-069631 [Patent Document 2] Japanese Patent 4069030
[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 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  is evident that
when a. cross section is enlarged,  the penetration re stance at the time
of the construction is increased, Further, -ben a plate thickness  is
decreased, there exists apossibility that damage such as local buornno will
occur at the time of construction or at the time of transportation thus
giving rise to a drawback concerning the performance of the steel sheet
pile. [0013]        The present invention has been made to overcome such
drawbacks, and it is an object of the present invention to provide a Z-type
steel sheet pile which can optimize both economic efficiency and
workability, and also ensure soundness, [Means for Solving the Problem]
[0014] 



The  ventors of the present: invention. have come up with an idea of
defining A/I or W/I which is a value obtained by dividing cross-sectional
area per wall width of 1 m (A) or a weight per unit wall area (W) by the
geometrical moment of inertia per wall width of I m (1) as an economic
efficiency index. The smallertheinnex, the more desirable the economic
efficiency becomex. That is, this imp_ es that, to consider a manufacturing
cost or the like, the smaller the cross-sectional area (A) or e unit weight
(W) necessary for  exhibiting with a certain geometrical. moment of inertia
(I), the more economical the steel sheet pile becomes.        Here, to show
an example, in.a conventional= type which is a U-type steel sheet pile
having a width of 400 inn, W/I is expressed by a forimala where
W/1=150/16,800=8.9x16-3, while in a 111w type which is a -qe-width steel
sheet pile havinri a width of 600 mm, W/I is expressed by a formula where.
W/1-136/32,400-4.2x10-3. Accordingly-, economic efficiency is enhanced
twice or more. [0015]           described above, provided that the
cross-sectional perfor ances (geometrical moments of ine/-..ia. or section
modulus (a) 1 of steel sheet pile walls are equal, the smaller         grit
per unit waLl area (W), the more economical the steel sheet pile wail
becomes (the reduction of weight of steel material for same
cross-secilohalperformance) . That is, provided that a. manufacturing cost
per unit weight is equal, the smaller the weight. per cross-sE)(:))..ional.
performance (W/I), the more economical the steel sheet pile becomes.
On the ether hand along with the decrease of the weight per cross-sectional
eerformance (WI) the cross-sec ion& size (effective width (B), height (H))
of the steel sheet pile is ncre.ased and a sheet. thickness (t) of the
steel sheet pile is decreased. As a result, a deformation amount of the
steel sheet eile at the time of construction is increased and hence,
driving of the. steel sheet pile becomes difficult. Accordingly, it is safe
to say that the larger WIT the better the workability becomes, that is, the
smaller-the penetration. resistance (R) becomes. Accordingly, when
W/Imanufacturing cost) is decreased, the penetration resistance
(R)construction cost) is increased. On the other hand, it is thought that
when WI is increased, thepenetrationresistance (R) is decreased. Thetis, it
is safe to say that W/I and R are in the relationship of antinomy-. 



Accordingly taking a balance between W/I which is an economic efficiency
index and R which is a workability index is important for optimizing both
economic efficiency and workability. [0016] The present invention has been
made based. on such a and has the following constitution specifically.
100171        (1) A Z--type steel sheet pile according to the present
invention is a Zetype steel sheet pile hich includes: a web, flanges which
are formed on both edges of the web; an joints which are formed on portions
of the !lenges, wherein the relationship among a geometrical moment of
inertia per wall width of 1 m 114/m), a weight per will- wall area W
(kg/m2), penetration resistance (R4 and a web angle 0 () when a steel
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/I)x.0.004, and 2.65x10-4x1+22<e<2.80x10-4x1+48 ( )
0005_1.<80,000) 2.65x10-4x1+22.5)U.<70 (80,000C:180,000) Group of formulae
(R): 0,004<(W/I)x-Rf=0.006, and 



2.90x10-4x1+44.6<e<90 (30,0005d<80,000) 67<erc:8080 000-1<200,000) [001M]
(2) The Z--type steel sheet pile according to the present invention ispe
steels beet pile which includes: a web; flanges which are formed on both
edges of the web; and joints which are formed on edge portions of the
flanges, wherein the relationship among- the geometrical moment of inertia
width of 1 m I (0P.4/R), a weight per unit wall. area W (kg/m2) penetration
res.istanoe (R) and a web angle 0 ('-') when a. steel sheet pile wall is
formed is set so as to satisfy the above-mentioned group of formulae (A).
[0019]         (3) The 3-type steel sheet pile according to the present
invention is a 2-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 aeomet.r:Loal
moment of inertia. per  all. width of I 7. I (C7,4/M), a weight per unit.
all. area W (y,,a 2) , penetration resistance R) and a web angle 0 (') 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 stenl sheet pile according t.o 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 Group of formulae (C):
0004<(W/I)xF0.006, and 



2.80x10xi+48<0<80 (30,000 I Hem)) 70.c:o80 (80,000nc00,000)         (5) in
addition to the above, the Ztype steel sheet pile according to the present
invention is the Z-type steel sheet pile described, in any one of the
above-mentioned (1) to (4), wherein the relationship between a height (H)
and a web plate thickness) is set so as to satisfy a following formula.
H/tw:C.:60.0 [Advantage of the Invention] [0022] According to the present
invention, the relationship  among the geometrical moment of inertia per
wall width of I m T (cm4/m), the weight per unit wall area W (kg/M2), the
penetration resistance R and the web angle 0 (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), (EA) and (C). Accordingly, it is possible to
provide a Z--type steel sheet pile having a cross-sectional pe optimized
for satisfying both economic efficiency and workability and for further
enhancing workability. [0023]        According to the present invention, in
addition to above, therelationshipbetweentheheight (H) and the web plate
thickness -1 is set so as to satisfy the following formula and hence,
buckling/deformation of the steel sheet pile due t.o the construction-time
penefration rear stance 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
lanaton-viewofastepinwhich.anoptimum cross section is induced in one
embodiment of the present invention, and is
alsoagraphshowingtherelationshipheen  the geometrical moment of inertia.
per wall width of 1 m and a weight per unit wall area when a height (H) and
a web angle (0) are changed while setting an effective width (B) a flange
plate thickness (tf ) , and a web plate thickness (tw) to fixed values,
that is, B=700 /TMI, tf=16 mm and =8.5 mm,              3 is an explanato
view of a step in which an optimum cross section induced In one embodimen.t
of the present invention, and is also a graph showing the relationsh.tp
between the geometrical moment of inertia per wail width of I m and a
weight per unit wail 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 end H=600 mm-        Fig
. 4 is an explanatory view of a step in which an optimum cross section is
induced in one embodiment of the present invention, and is also a. graph
showing the relationship between an economic efficiency index and a web
angle when the geometrical moment of inertia. per wall width of 1 m I is
set to 100,000 (I=100,000), Fig, S is an explanatory viee, of a step inch
an optimum cross section is induced in one embodiment of the present
invention, on, and is also a graph showing the relationship betwePn. a
workability index and a web angle when the geometrical moment of irertia
per wall width of 1 m I is set.. to 100,000 (I-100,000) , Fig, is an
explanatory view of a step in which an optimum 



cross section is induced in one embodiment of the present invention, and is
also a graph showing the relationship between an index which is set by
taking workability and ecol - efficiency into consideration and a web angle
when the geometrical moment of inertia per wall width of 1 in 1 is set to
100,000 (.1=100,000).        Fig. 7 is a graph showing the relationship
between the geometrical moment of inertia. per wall width of I mend. a web
angle when. the Z-type steel sheet pi .le in one embodiment of the present
i e titan 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
to and a web angle when the Z-type steel sheet pile in another mode of one
embodinient or. the present invention IS a steel sheet pile. wall.
Fig. 9 is a graph showing the relationship bet-.wee the geometrical moment
of inertia per wail width of I to 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 a-cornett cal moment of in 3. per wall. width of I
to 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. Wig.
11 is a view showing the relationship between  standardized
construction-time penetrationresistance (Maximum load) P/345' and a
workability index R/R45.        Fig. 12 is a view showing the relationship
between standardized construction-time penetration resistance (maximum
load) P/P45' and a web angle O().        Fig. 13 is a. view showing the
relationship between standardized construction-time penetration resistance,
(maximum load) P/F67' and a workability index R/R67.        Fig. 14 is a
view showing the relationship between standardized construction-time
penetration resistance (maximum load) P/367' and a web angle CT'). 



Fig. 15 is a view showing the relationship between a deformation amount of
a specimen and Fi/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] [00251        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 (Iif ) , 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
wail width of 1 in (I) are univocally decided based on following formulae.
= 1.0+1,Ax y2 w=yxA (the geometrical moment of inertia, A: c tss-sectiona
area, y: distance from centroid, y: unit volume weight) 



[0026]         Usually, with respect to the geometrical moment of inertia
(I) of a steel sheet pile, a strict solution Lnhludi.ng a joint; por.[H on
:is ca lculated based on the above-mentioned formula using CAD data on a
cross section of the steel sheet         However, in carrying out the study
of the cross-sectional shape or the parametric study in this embodiment, it
is extremely cumbersome to calculate the geometrical moment of ia (I) after
formincl CAD data every time.         Accordingly, in the calculation of [
in geometrical moment of. inertia (I) of a steel sheet pile wall, inventors
esent invention have come up- with the following method. This method is
also applicable to a hat-type steel sheet pile besides the Z-type steel
sheet pile. [0027]         As shown .in Fig. 1, this embodiment adopts
a,d-,thoci which can approximately but simplycalculate the geometrical.
moment of inertia I 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 I is calculated as a value smaller by an amount
corresponding to the joint portion. To make a trial calculation oftne
geometrical moment of inertia I, the value obtained by the calculation
method becomes approximately 80 to 90% of the strict solution. However,
this point is taken into consideration when a. straight line described
later which defines the shaue is obtained by fittingandhence, there arises
no problem. [0028]    As described above, in general, the geometrical
moment of inertia (I) is expressed by the following formula. I=I0.1-7Axy2
Here, the Z-type steel sheet pile is divided into- three rectangular shapes
( ), (ii), (iii)) as shown in Fig. 1, and geometrical moments of inert.a I
of respective rectangular shapes are induced as follows. [Formula 



(i)(iii): I {13f x y`3 /12 + By- x tie x (h1 2 =Bf x tf /2 x13  )        h
I sin 0 x tw)xelx = 2 x119 / sin 0 x/37j12 = twx h...3 /12x I/sin0 [00291
Due to these geometrical moments of inertia, the geometrical moment of
inertia I' per one sheet of Z-type steel sheet pa_ e is expressed by the
following formula. P=Bfxtf]3+h2)+twxh3/12xi/sind        Accordingly, the
geometrical moment of inertia per wall width of 1 in (I) is expressed by
the following formula (1), I-(Bfxtf/2x(tf2/3M2)+twxh3,/12x1/sinelx1000/E(1)
According to this formula (1), the geometrical moment of inertia (I) can be
easily calculated based on the effective width (B), the height (Ii=h+tf),
the web angle the flange width (Ef), the flange plate thickness (tf) and
the web plate thickness ( which are parameters defining a cross-sectional
shape of the 2-type steel sheet pi_e. [0030]     In the same manner, a
weight per unit wall area W) can be also calculated based on a formula (2).
Ic-(2xBfxtfhxtw/sin0)x7x1000/9(2) 



Further, -he flange width (Bit-) can be expressed by the  following
formula. Bf-B/2-h/(2xtane) [0031]            , 2 shows an example where the
geometrical moment of inert aIandtheweight:TA are calculatedona trial basis
using the formula (1) and the formula (2). In Fg. 2, the geometrical moment
of inertia per wall width of 1 m I (cm4/m) is taken on an axis of ordinates
and the weight per unit wall area W ( kg/m2) is taken on an axis of
abscissas        In this embodiment, the height (H) and the web angle (0)
are changed:while setting- the effective width (B), the flange plate
thickness (tf) and the web plate thickness (tw) to fixed values, that is,
13=700 mm, tfa -; mm, and tw=8.5 mm.        As shown in Fig. 2, it is
understood that along with the increase in the (N) and the web angle (0),
the geometrical moment of inertia. (I) is increased. Since the height (H)
largely contributes to the increase in geometrical moment of inertia I
patti oularly, it is economically effective to increase the height H so
Long as the Z-type steel sheet pile can be manufactured and workability
allows the manufacture of such a Z- type ,_, steel sheet pile. [0032]
Further, Fig. 3 shows an example where the geometrical. moment. of inertia
i and the weight W are calculated on a trial basis using the formula (1)
and the formula (2), wherein the  flange plate thickness (and the web plate
thickness (tw) are changed. while setting the effective, width (B) and the
height (H) to fixed values, that is, 3=700 ram and H-600 mm. 



a web plate thickness tw is changed among 8 mm, 9 mm, 10 mit, 12 mm, 14 mm,
and the flange plate thic.k.ne tf is changed among 8.5 mm, 9 mm, 10 TM 12
mm, 14 min, 16 mm, 19 mm and 22 rim under a condition of tf.'Icrtw. In the
graph shown in Fig. 3 each curve in a bundle of rightward, and upwaxd
curves extending with respect to each web plate thickness tw the flange
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 th.-geometrical
moment of inertia I can be read. That is, although the effective width (B)
and the height (H) are set to fixed values, that is 3=700 mm and 3m600 mm,
due to a tern_ of two powers of distance y from a cent/ oid in the formula
on the geometrical moment of inertia, the effect or the influence exerted
by the ncrease in the flange plate thickness (i-f) remote from the cent
roid large,        For example, to focus on a case where the web plate
thickness is 8.5 mm (twr-8.5 ) and the web angle (0) is 900 (0= ) , the
geometrical moment of inertia (I) is 95,000        ) (1=95,000 (cm4/m) )
when the flange plate thickness (tf ) is 8.5 nun (tt=8.5 mm) while the
geometrical moment of inertia  (I) is 155,000 m4/m1' (I-155,000 (cm4/m))
when the flange plate thickness (tf) is 16 mm (tf=16 mm)On the other hand"
as can be understood from Figeven when the web plate thickness tw is
chanced, the geometrical moment of inertia I is not changed largely.
Accordingly, ir is ef-teotive for the increase in the geometrical moment of
inertia - to make the flange plate thickness tf large and to make the
webplate thickness tw small. [0033]        What must be noted here is that
when one looks at the axis of ab. sas with respect to certain cieometricai
moment of inertia I (for example, 1=100,000 cm4/E) taken on the axis 



ordinates in Fig, 2 and Fig. the geometrical moment of inertia I intersects
with a plurality of lines and hence, it is understood that the various
specifications of the Z-type steel. sheet piles which can E .hibit the same
geometrical IreraEllit of inertia (I) based on a height (H), a web angle
(0), a flange plate thickness (tf) and a web plate thickness (tw) are
present.        In view of the above as the product constitution of the
Z-tv e steel sheet pile, 9 types of Z.-type steel sheet piles having 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 specificati
ons which can produce the respective geometrical moments of inertia I are
induced based on parameters shown in the following Table 1. Although the
effective width (B) is set to a fixed value of 700 here for the s.a ke 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 2--type
steel sheet pile can be manufactured.  [0034] [Table (mm) 700 1] (win) 250
300 350 



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



(min) - 0-D  9.0 10.0 12.0 14.0 16.0 19.0 22.0   [0035] With respect to
thenumber of induced specifications of the 7-type steel sheet pile the olow
ici 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 1 of 100,000 (1=100,000) ,umfm, as
an example, wherein the economic ency index (W/I) is taken on an axis of
ordinates, and  the web angletaken on an axis of abscissas. 



In the graph shown in lie. 4, for every flange plate thickness (tf) in
Table 1, a we-- plate thickness is decreased while gradually increas g the
web angle (0) thus decreasing a weight while ensuring the geographical
moment of inertia I of 100,000 (cm4Then, when the Z--type steel, sheet pile
cannot satthe geographical moment of inertia I of 100,000 (=4/m) the flange
plate thickness tf is leled down by one rank and the web plate thickness tw
is leveled up by one rank, and this operation is repeated_ Accordingly, the
graph shown in Fig. 4, the graph exhibits a rightward and downward
saw-tooth shape. According to the qr. ph shown in. Fiato look at. a st
aight line for every flange plate thickness t it is understood that along
with. the increase in the web angle (0), there is a teneki.,-y that the
economic efficiency index (W/I) is decreased so that the economic
efficiency is enhanced_        Inthismanner, the close relevancy is
recognized between the web angle (0) and the economic efficiency index
(W/I). [0036]        On the other hand, the workability index (penetration
resista. (R)) is defined by the following formula (3), This formula is one
example of a formula expressing the penetration resistance obtanea by
indoor driving experiment of a steel sheet pile model, and a similar
formula is indicated also in  patent document 3 introduced. previously.
R-tanOxHx1/3f s. (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 



deformed thus lowering penetration prop        When a height (1) is
increased, ground resistance is increased so that penetration property is
lowered. When a flange width (lf) is increased, an earth pressure     the
inside of the above-mentioned groove can be easily released so that the
penetration property is enhanced. [0037]         parameters which define
the penetration resistance as alicum in the formula (3) ,web angle (0) ,
the height (H) and the flange width (Bf) are named.        Fig. 5 shows, in
the same manner as the case of ing 4, the relationship between a
workability. index (penetration resistance (R) ) and a web angle 0 (') for
every height (M-600, 550, 500, 450) by taking a y -type steel sheet pile
having the geometrical moment of inertia of 100,000 (cm 4/m) (I-a co, Ho
(cm.4/m) ) as an example, Proni this drawing, it is understood that there
exists a web angle 0 (a) where the penetration resistance (R) becomes
minimum,  [0038]        As described above, both the economic efficiency
index (W/I ) and the workability index (R) are closely relevant to the web
angle 0 ()a nd 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/I) and the workability index (R)  the present
ton adopts a method where both indexes are multiplied by each other. (econ
mef icie -y index) xbility index) = (Wii) x p x Here, a and p are weighting
factorseconomic 



eff iciency index and workability index respectively. Here, a method where
both indexes are multiplied by each other is adopted, and a and p are set
to 1 (a = = 1)        With respect to the economic efficiency index (W/I)
and the workability index (R) the smaller these values the more excellent
economic efficiency and the more excellent workability the steel sheet pile
possesses.ccordingly, also with respect to a product of faultication of
.these parameters, when a. multiplication value is :sma 1 1 it is possible
to evaluate that the steel eet pile is excellent in both the. economic
efficiency and the workab lity.  x R which is the product of economic
efficiency index and the workability(R) and a web angle 0 () f r every
height (11e600, 550 500, 450) with respect to a case where a Z- type steel
sheet pile has the geometrical moment of inerti I of 100,000 (cm.4im.)
(1=100,000 (c [0039]        As described previously, in the graph shown in
Fig. 6, although the smaller a value taken on an axis of ones, the more
e.&c,eLlerit economic efficienbyworkabilitythe 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
usino a steel sheet pile model experiment explained previously or the like,
economic efficiency workability is approximately 0.004 to 0.006. According
web. angle 0 (*) at whi economic efficiency  workability becomes 0.006 or
less 



defined as the specification by which both the economic efficiency and the
workability can be secured. In the existing hat-type steel sheetthe value
obtained by multiplying both indexes becomes approximately 0.0081 at 1011
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  economic efficiency and the workability are optimized.
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 approximatel 52 to 76' to optimize
both the econond.c efficiency and the wor bility (penetration property)
when the geometrical moment of inertia I of the steel sheet pile is
100,000(cm4/m) (I-100,000 ;o1114/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 optimuum cross-sectional
shapes which can balance the economic efficiency and workability and. can
satisfy various requested geometrical moments of inertia I.        Table 2
shows preferable ranges of the web angle (0) obtained with respect to
respective geometrical moments of     rtia I by performing the similar
studies in accordance with steps similar to the steps described. above.
F00411 [Table 21  [0042] 



With respect to the result shown in Table 2, a graph where the web angle 0
(8) is taken on an axis of ordinates and the geometrical moment of inertia
T (CRO/T) 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:nethod of the geometrical moment of
inertia I used here are approximately 80 to 90% of strict solutions and
hence, (11/1.) 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 a. downwardly
convex graph into consideration, since the simplified calculation method is
adopted, an optimum range is set narrow compared to an optimum range in a
case where the strict solution is adopted. Accordingly, as shown in Fig. 7,
although some displacement may take place when fitting of plots obtained by
the simplified calculation method is made  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. 2.65x10-4x1+22S.05.80
(30,000C<180,000) 70<01,_(30 (180,000200,000)(4) [0044]        As described
above, the formula (4) is sotbytakingboth economic efficiency and
workability into consideration, and the Z-type steel sheet pile which
satisfies the range in the formula (4) satisfies both economic efficiency
and workability. [0045]        Here, depending on a condition of a soil
into which the Z-type steel sheet pile is driven (hardness using an N value
or the like as an index), there may also be a case where workability is
more emphasized or, reversely, economic efficiency is more emphasized cut.
of workability and economic efficiency.        That is, when the ground is
hard, it may be possible to make the determination that the penetration
resistance CR) is decreased to maximize driving possibility, and some
increase in weight is unavoidable. On the other hand, when the ground is
soft, thedeterminationthatthe reduction of weight  (W) is advantageous may
be made although the penetration resistanceis 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] mpnasis on workability>        To place
more emphasis on workability within a range defined
bytheabove-mentionedformula (4) means that the value of 0 is decreased as
can be understood by reference to the formula (3)
(R=tanOxHxl/Bf)whichdefinesworkability. On the other hand, by reference to
Fig. 6which shows the relationship between workabilitp&-onomic efficiency
and the web angie 0, it is understood that the decrease of the value of 0
is equivalent to lowering of the threshold value.        Accordingly, in
shape setting where workability is emphasized,the study substantially equal
to the above-mentioned. study is carried out by setting a threshold value
of (W/I)xR to 0.004 or less. Web angles 0(*) at which the threshold value
of (W/I)xR becomes 0.004 are calculated with respect to respective
geometrical moment of inertia I, and the result of calculation is shown in
Table 3. [0047] [Table 31   I (cnNm) 20,000  40,000  



60,000 80,000  100,000  120,000  140,000  Web arigle O() at which
'threshold value of (W/I)xR becomes 0.004      49    



62 64 66 





67      



[0048] 



The following a oup of formulae (A) are defined based on the result of
calculation shown in Table 3. Group of formulae (A): (W/I)xRS;0.004, and
2.65x10-4x14-22s:0<2.80x10-4x1148 (30,000<I<80,000) 2.65x10-4x1+225:0S:70
(80,000C<180,000) C 4_        Fig. 8 shows the group of formulae (A) in the
form of a qradh. 100501 <Emphasis on economic efficiency 1)        To place
more emphasis on economic efficiency means to decrease an economic
efficiency index (WI), As can be understood by reference to Fig. 4, the web
angle (0) may be increasecito decrease the economic efficiency index (W/I),
On the other hand, by reference to Fig 6 which shows the relati onshic_
between workabilityeconomic efficiex.cy and the web angle 0, it is
understood that the Increase in the value  of 0 is equivalent to the
increase in the threshold value. Accordingly, in shape setting where
economic efficiency is emphasized, 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 Lite study. Group of formulae (B):
0,004:(W/I).006, and 



2.80x10M(1+44.6<051:80 (30,000<I<M0, 000) 67<0<80 (80,000ffl<200,000 )
[0051] 9 c.it.s the group of formulae (8)th:3. form or a Graph. [0052]
<Emphas s on economic efficiency (2)>         In the above-mentioned
<Emphasis on economic efficiency (1)>, a lower limit value of the web angle
0 in a range of 80,000<I<200,000 is set to 67', To consider the actual
manufacture of the Z-type steel sheet pile, it may be thought that the
numerical value is too l 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 grout) of formulae (C.) by setting the lower
limit value  of the web angle 0 within a range of 80, 000~i<200,000 to 70.
Group of formulae (Cs): 0.004<(W/1 xR-S:0.006, and 2.80x10l&1+48.0s-00
(30,00080,000) 7O<OS:80 (80, 000,...I<200,000) 



[005'-] 1.0 shows the group of formulae (Ci 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
basieallyacqui e both economic efficiency and workability mip (4)), and
also can use the region of 0 differently depending on whether workability
is emphasized more (group of formulae 'A economical efficiencies is
emphasized more (group of formulae (B) or group of formulae (C)). Further,
the Z--type steelpile which satisfies the range set imithe formula (4)
satisfies both economic Eficiancy and workability. The Z.-type steel sheet
pilE which atisfies the range set in the group of formulae ( satis es both
economic efficiency and workability and is More excellent in workability,
and the Z-type steel sheet bile which satisfies the range set in the group
of formulae (B) or the arc-up of formulae satisfies both economic
efficiency and  workability and is more excellent in economic e...ficienb
100551 <Securing soundness>        Further, according-to the present
invention, in addition to the above, the relationship between the height
(H) and the web plate thickness (vs) is set so as to satisfy the following
formula, Accordingly, buckling/deformation of the steel sheet pile due to
the -onstruction-time penetn: ion resistance can be suppressed whereby it
is possible to provide the Z-type steel sheet pile which ensures soundness
. H/tws:60.0 [0056] 



[Example 11        As an example of the present invention, a Z- type steel
sheet pile having the following specification was designed_ 5=700 cam,
5=540 mm, 0=75, 14-114,810        It was confined whether or not the Zet e
steel sheet pile having the above-mentioned specification falls Tgithin the
above-mentioned ranges of indexes. Tothe above-mentioned speciticat.ionof
the Z-type steel sheet pile into the formula ;4 and the group of formulae
(C), the formula (4) and the group of formulae (0) become as Tak_LOWS
Formula 4) 2.65x10-4xT+22<080 (60, NJ o<a<2 oo on)
0-4x1+22=2.65x10-1x114,810+22=52,4 wherein. 52.4<0-75<80 and hence, 0 falls
within the range of the formula (4). The group of formulae (70<01,80
(80,00015_,T<200,050) wherein, 0 of the above-mentioned Z-type steel sheet
pile is 



(0=75) and hence, a formula 70<0=75<80 is established whereby the Z-type
steel sheet pile satisfies the group of formulae (C).        Accordingly,
it is understood that the Z-type steel sheet pile o.if this embodiment
excel lent in both economic efficiency and workability., and is more
excellent in economic efficiency, [Example 2] [0057]        As the example
of the present invent on, a 3-type steel sheet pile having the following
specification was designed. 0=700 mm, 11- :0 mm, 0=750, 1-81,454 cm4/m
To pi t the above-mentionod specification of the Z-type steel sheet pile
into the formula 4) and the group of or ilae (C.), the formula (4) and the
group of formulae (C) boron follows. Formula (4): 2.65x10 4x1+22<0<80
(60,000C<200,000) 2.65x4x1+22,-2.65x10-4x81,454+22=43, wherein 43.6<0=75<80
and hence, 0 falls within the range of  the form a (4).        The group of
formulae (C): 70.080 (80,000.fl<200,000) wherein 0 of the above -meal toned
Ztype steel sheet. pile 



75 (0=75') and hence, 70<0=75<80 whereby the Z-type steel sheet isfies the
group of formulae (0) . Accordingly, it. is understood that. the 2Y-type
steel. pile of this embodiment. is excellent in both economic efficiency
andworkability, and is more excellent in economic efficiency, 10058]
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
maybe expressed as follows. (economic efficiency index)4-)rkalyili.ty
index) ax(W/I) +X (R) [0059]        Further, there exists the reciprocal
relati between a manufacturing cost and cross-sectional performance per wan
weight. (:!:/w)between a constructioncost and the inverse number of
penetration resistance (1/R) respectively 



and hence, I/W and 1/H may also be used as an index of economic  efficiency
and an index of worcabilicy [0060] [Example        As a study case relating
to a method of setting the workability index R according to the present
invention, exemp e is an example of a model construction tEss C where a
to--)t pile model 2:: 1/12 ra nni cn (1.))imTL.h: 100c m) is driven into a
ground prepared using silica sand No. 5 by pushing at a fixed speed.
With respect to cases carried out in the model construction test, shapes
converted into an actual  sire and econ.omi.c efficiency indexes
1/WarKiwowhich an: decided based.ol he shapes areshovniinTable 3. The.
shapes of the specimens are set such that the geometrical moments of
inertia I per speciman of I m becomes approximately 55, 000 (cm'/ in all
cases. [0061] [Table Cases carried out in model construction test  [00 



In Table 5, the construction-time penetration resistance (maximum ad) (P),
the workability index R which is a value of P/P45' which. obtained by
standard in the construction-time penetration resistancewith the
penetration resistance (maximum load) P45" in the case (2)   =45"), and
R/R45' whicn is obtained by standardizing the workability index. R with the
workability index R45 when 0=45' are shown in comparison. [00631 [Table 5]
Comparison between penetration resistance at construction time and
workahilitV index in model construction test    [0064]
Thecorrespondencebetweenthestandardized construction-time penetration
resistance (maximum load) 1 P45' and the standardized workability index
R/R45 is shown 



in Fig- 11. Since both the penetration resistance P/P45' and the
workability index RIP.45" well. correspond to each other, the valid:L.ty of
the workability index of the present invention is confirmed. 12 shows the
relationship between the standardized construct-time penetration resistance
(maximum load) P/P4,5 and the web angle 8 (c)The construction-tine
penetration resistance in the experiment is suppressed to a relatively
small value within the range of the present invention 6":(ALc63.4") , while
the construction- time penetration resistance is increased within the range
of the present invention (0=75, 82) . Accordingly, the validity of the
present invention is confirmed. [0065] [Example 4]        As a study case
relating to a. method of setting the workability index R according to the
present invention, exemplified is an example of a model construction test
where a steel sheet pile model of 1/12 magnification (length: 100cm) is
driven into a ground prepared using silica sand, No. 5 by pushing at a
fixed speed.        With respect to cases carried outinthe model const
ruction u shapes converted into an actual size and economic efficiency
indexes 1/N and workability indexes P which are decided based on the size
are shown in Table S. The shapes  of the specimens are setsuch that the
geometrical moments inertia I per specimen of I m becomes approximately
82000 (cm4/m) in all cases. [0066] 



[Table 6] [0067] The construction-time penetration resist. c (maximum load)
(P), the workability index F. which is a value of P/P67' which is obtained
by standardizing the constriction :me penetration resistance (P) with the
penetration resistance (maximum pad) P67' in the case (6)(0= 67), and
P/R67' which is obtained by standardizing the workability index R with the
workability index P67' when 0-67' are shown in Table 7 in comparison.
[0068] :Table  Comparison of construction-time penetration resistance and
workability index in model construction test C 69]
Thecorrespondencebetweenthestandardized consfroc dn-time penetration
resistance dmum load 2/567' and the standardized workability index R/R67'
is shown in Since both the penetration resistance :s/p67 and the
warkahility index R/R67' well correspond to each other, the dity of the
workability index of the present invention is confirmed.              14
shows the relationship between the standardized construction-time
penetration, resistance (maximum load) P/P6 ' and the web angle (p). The
construction-time pane resistance in the experiment is suppressed to a
relatively small value within the range of the present invention
(67'S'esT)0"), while the construction-time penetration resistance is
increased within the range of the present invention. (0-65'). Accordingly,
the validity of the present  invention is confirmed. [0070] 



[Example 5]  As anample of the present invention,  exemplified. is an
example of a model construction test where a ste i sheet pile model. of
1/8.5 magnification (length: 110ca) is driven into a ground prepared using
silica sand No. 7 by pushing at a fixed speed.        With respect to cases
car.ried out in. the model construction test, shapes converted into an
actual size, penetration resistance values P in the test and deformation
quantities of a cross section of the model are shown in Table 8. [0071]
[Tabe 8] Case carried out in model construction test LU07-               15
shows the relationship between a deformation amount and a height/web
thickness ratio H/tw of respective speci(0ens. The deformation amount. of
the specimen indicates a change amount of an intersecting angle iti-1
angle: nrOt 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,  and detormattoj amount can
be suppressed byeLxppressinq the thickness(50: or 10073] 



Fig.16showsthe-.1.atiOris.betwen:.the ton st.spoti.0- tAsais pone t sati ow
t OS'COten.te1..gniywe.b. thickness rat toThe Op.:i.c.iThho., where the
heihti.*:Ob,..th:IC.Rna. ratio. Hit.w was Set to 64 ezhibitti the increase
In ptvetration.ihorta.tt the' pinet].rot..ieh resist an on is oetioideTed
to be bniught-aOot by The increase in
.ad......fl'ormat.i.c>n..amo.'4rt....Pf a cross . O.O.Oti....c.in Of the
spocirien (see Fiq. 15),.A.Qpoidingly, It is kih*light that the
defb.tmhtion can be ..sopo..1-Oss..f=H-a by suppressing the
11..eig.171.t../w.o..b. the po..Ibillty 01 hrj.nq3.o a4.ch.A.wo.t.bility,
Claims        1, A 7--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/in) , a weight. per unit wall
area g (kg/m2) penetration resistance P. and a web angle 0 (') when a steel
sheet pile wail is formed is set so as to satisfy s following group of
formulae (A) or a following group of formulae (B) Group of formulae
(W/I)xRs:C.004, and 2.65x10-4x1+22<0<2,80x10-4x1+49 (30,000<1<80 0 )
2.65x10-4x1+22<0<70 (80,000<i:180,000) 



Group of formulae (B): 0.004<(W/I)xR0.006, and 2.80x10-4x1+44.6<e<80
(30,000<I<80,000) 67.0.80 (80,000<i<200,000).        2. The 7-type steel
sheet .LLe aocordinq to claim wherein the relationship is set. so as to
satisfy the group of formulae (A).        3. The 7-type steel sheet pile
according Lc claim I, whers,n the relatYonship is set so as to sabisfy the
group formulae (B). 4, The 2-type steel sheet pile according to claim 3
wherein the relationship is set so as to satisfy a following
0.....404.4h,Virixisn...40"..6 and 00,.00.05-1.<0"000i 704K80pit)). The
Z-tviieHsteOl sheet:..aedofdind:to sny. one of 



AtaimS, I to 4, wherein the reistiOnshdo bAtVeeb. A. sheet pile Is set so
ast.o satisfy a ter:toying. formnle.  






