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The present 1nventlon also relates to corner steel
sheet piles which are used to make the corners of a steel
sheet pile wall, as well as to processes for their

15 production.
(Background Art)

Among many types of steel sheet piles which are
currently used, the most popular ones are U-shaped steel
sheet piles having a trapezoidal cross section. The

20 following description will be made with respect to U-shaped
steel sheet piles, although the present invention is not
restricted to such piles.

When conventional U-shaped steel sheet piles are used
to form a wall, there is a problem that alternate piles must

25 be arranged upside down, making wall construction time
consuming. Another problem is that they are not suitable
for construction in city areas where it is required to
construct a wall close to the adjacent land for the purpose
of efficient use of land, since the resulting wall has a

30 thickness larger than that of a wall constructed by small-
gauge H steels.

In order to solve these problems, the applicant
proposed a U-shaped steel sheet pile having unique
asymmetric joints at opposite ends in Japanese Patent

35 Application Laid-Open No. 5-140928(1993).

Figure 1 is a schematic cross-sectional view of an

asymmetric U-shaped steel sheet disclosed in that Japanese



I n order to solve these problens, the applicant' proposed a U shaped

st'eel " sheet pil e having uni que asymetric joints at opposite ends in
Japanese Patent 35 Application Laid-Open No. 5-140928(1993).

Figure 1 is a schematic cross-sectional vjgw of an asymmetric U shaped
steel sheet disclosed in that Japanese
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area required to perform field installation of sheet piles
15 by means of a pile hammer. It should also be noted that the
thickness (D,) of the wall composed of the asymmetric sheet
piles 1 shown in Figure 2a is much smaller than that (D;) of
the wall formed by the conventional symmetric sheet piles 6
shown in Figure 2b.
20 The above-described asymmetrical U-shaped steel sheet
piles make it possible to pile them consecutively to form a
wall since they are arranged in series in the same
direction. The resulting wall has a section stiffness
comparable to or higher than that of a wall of conventional
25 symmetric U-shaped steel sheet piles. However, there are
unavoidable bulges 5a at the joint portions between
adjoining sheet piles 1 of this type as shown in Figure 2a.
Wheh a corner is to be formed in a retaining wall using
conventional symmetric U-shaped steel sheet piles, a special
30 steel sheet pile having a different shape must be used to
change the direction of the U-shaped sheet pile wall. Such
a steel sheet pile for forming a corner will be referred to
as a corner (steel) sheet pile.
Various shapes of corner steel sheet piles for use with
35 conventional U-shaped steel sheet piles are disclosed, for
example, in Japanese Patent Publications Nos. 64-8139(1989),
2-60807(1990), and 6-9682(1994). Processes for producing
corner steel sheet piles are disclosed in Japanese Patent
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4a (mh|Ch sheet pile. The corner sheet pile shown in Figure 4a (which
15 will be referred to as W-shaped) is comprised of a U-shaped
sheet pile 7 which is bent along the vertical center line of
its web portion 9 and which may be reinforced by build up
welding (overlaying) on the inside corner of the bend.
Figures 3b and 4b schematically show the manner of joining
20 the corner sheet piles of Figures 3a and 4a, respectively,
with U-shaped sheet piles to form a corner.

However, a T-shaped corner sheet pile is roughly 1.5
times as heavy as an ordinary U-shaped sheet pile, and it is
difficult to hold with a chuck of a vibro pile hammer, which

25 4is commonly used for steel sheet piles. It is also
inconvenient for storage and shipping since its shape makes
stacking impossible. A W-shaped corner sheet pile has a
very small section modulus, even though the above-described
build up welding is applied, the section modulus being

30 insufficient to ensure that the resulting cornered wall is
safe as a retaining wall. Like a T-shaped corner sheet
pile, grasping a W-shaped corner sheet pile in the chuck of
a pile hammer may be difficult.

Usually, an asymmetric U-shaped steel pile is

35 manufactured by welding, but a hot rolling process can be
employed to produce it. In the case of the hot rolling
process, a conventional process for manufacturing symmetric
U-shaped steel piles is repeated except that each of the



15 will be referred to as Wshaped) is conprised of a U shaped sheet
pi'le 7 which is bent along the vertical center line of Its web portion
9 and whi.ch may be reinforced by build up wel di ng (overlaying) on the

i nside corner of the bend. Fi gures 3h.@and 4b schematically show t he
manner of joining 20 the corner sheet piles of Figures 3a and 4a,
respectively, with U shaped sheet piles to forma corner.
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15 steel pile. As shown in these figures, a rolling material,

" i.e., a U-shaped steel pile 11 comprises bilateral flange
portions 10, a web portion 12, and bilateral joints 14. At
the stage of Figure 5a the rolling material is shaped by hot
rolling with respect to the thickness and height of joints,

20 and at the stage of Figure 5b the joints are bent to a
flnlshed shape by the grooved rolls (K-1).

Figure 6 shows the process of bending of joints by the
grooved rolls (K-1) in more detail. The process can be
divided into the following four steps. In Figure 6, only

25 one widthwise end of the rolling material, i.e., a U-shaped
steel pile 11 comprising its flange portion 10, web portion

12, and joint 14 is shown.
In Figure 6, Step (I’) shows the U-shaped steel pile
just after leaving the grooved rolls (K-2), and in Step (I),

30 the U-shaped steel pile 11 is subjected to pre-deformation
due to contact of the rolling material with a roll at its
front edge, resulting in a decrease in the width of the
steel pile. The term "width" means that of a full length of
width of U-shaped steel pile.

35 In step (II), a collar 20 of the upper roll 18a
contacts the outer surface of a joint 14, resulting in a
decrease in width, and bending is started.

In Step (III), a lower roll 22 contacts the joint, and



bilaterally symmetric. This is the case for bending joint portions, too.

In a final stage of rolling, therefore, joints are bent bilaterally

si mul t aneousl y t hrough passes of rolls having bilateral symetric
grooves. 10 Figures 5a and 5b are gragfnved rolls (K-2) before
finishing and grooved rolls (K-1) for finishing, respectively, each of
whi ch conprises an upper roll (U R) and a lower roll (L. R), and
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cont act s16herpdiling material is bilaterally asymmetric and is different
between before and after being gripped by rolls, causing a
fluctuation in rolling position and incomplete bending of
joints.
(Disclosure of Invention)

20 An object of the present invention is to provide an
asymmetric steel sheet pile with joints having a bilaterally
asymmetric shape in its section, and which can be used to
form a wall by inserting the sheet piles into the ground in
series, there being no bulges away from the wall at joints

25 between adjoining sheet piles.

Another object of the present invention is to provide a
process for producing asymmetric steel sheet piles with
joints having a bilaterally asymmetric shape in section by
hot rolling, in which bending of the joints is carried out

30 without fluctuations in roll bending position and incomplete

~ bending of joints. .

Still another object of the present invention is to
provide a corner steel sheet pile and a process for its
production, the corner sheet pile being particularly

35 suitable for joining U-shaped sheet piles having asymmetric
joints, and being capable of being grasped by the chuck of a
pile hammer as well as being capable of being stacked during

storage and shipping.
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As mentioned before, it is possible to solve such |
problems as those relating to rolling position by carrying
out bending of bilaterally asymmetric joints little by
little through multi-stage forming. However, it is less
20 economical and impractical to carry out rolling little by
little through a number of passes.
The inventors noted that even for such steel sheet
piles having asymmetric joints it would be advantageous if
the bilateral joints could be bent by a single pass using
25 different grooved rolls. Thus, the present invention has
been completed based on the findings that, instead of
carrying out bending of bilateral joints simultaneously by a
single pass, bending is carried out separately for each of
the bilateral joints, and the before-mentioned problems can
30 be solved effectively.
The inventors also designed many corner sheet piles for
use in connecting the above-mentioned asymmetric sheet
piles, and carried out test installation thereof. The
inventors completed the present invention, therefore, based
35 on the findings that it is possible to change the direction
of a steel pile wall by 90° merely by bending inwardly either
one of the joints, without using any specific corner sheet

piles such as T-type sheet piles.
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joints are bent one by one using different grooved rolls for

15 each of the joints.
(3) A process for producing an asymmetric steel sheet pile
as set forth in (2) above wherein while one of the joints is
subjected to finish bending, the other joint is kept within
a groove of the grooved rolls and is free from bending.

20 (4) An asymmetric steel sheet pile as set forth in (1)
above which is further characterized in that one of the
outward joint or the inward joint is bent toward the inside
of the sheet pile and the resulting steel sheet pile is used
as a corner sheet pile.

25 (5) An asymmetric steel sheet pile as set forth in (4)
above wherein the inner surface of a contact edge of the
inward joint .is parallel to the alignment line of the
asymmetric steel sheet pile.

(6) An asymmetric steel sheet pile as set forth in (4)

30 above wherein the inner surface of a contact edge of the
outward joint is perpendicular to the alignment line of the
asymmetric steel sheet pile.

(7) A process for producing an asymmetric corner steel
sheet pile having an inwardly-facing joint and an outwardly-

35 facing joint, characterized in that after shaping by hot
rolling of an asymmetric steel sheet pile having bilateral
asymmetric joints, either of the inwardly-facing joint or
the outwardly-facing joint is bent toward the _insi of the
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how a prior art symmetric steel sheet pile is used.
Figure 3a is a schematic illustration of a conventional
corner steel sheet pile, and Figure 3b shows how it is used.
Figure 4a is a schematic illustration of another
20 conventional corner steel sheet pile, and Figure 4b shows

how it is used.
Figure 5a is a schematic illustration of grooved rolls

(K-2) which are used before finishing in the production of
U-shaped steel sheet piles, and Figure 5b is a schematic
25 illustration of a finishing grooved rolls (K-1).
Figure 6 is a schematic illustration of processes of
bending joints using the grooved rolls (K-1).
Figure 7 is a schematic sectional view of an asymmetric
U-shaped steel sheet pile of the present invention.
30 Figure 8 is a plan view of the connection of joints in
accordance with an embodiment of the present invention shown
in Figure 7.
Figure 9 is a plan view showing a flat portion is
grasped by a chuck during construction of a sheet pile wall.
35 Figure 10a is a schematic illustration of grooved rolls
(K-3’) which are used before finishing in the production of
a bilaterally asymmetric U-shaped steel sheet pile, and
Figures 10b, and 10c are schematic illustrations of grooved



above which is further characterized in that one of the outward j oi nt

or the inward joint is bent toward the inside of the sheet pile and the
resulting steel sheet pile is used as a corner sheet pile. 25 (5) An
asymmetric steel sheet pile as set forth igL (4) above wherein the inner
surface of a contact edge of the inward joint is parallel to the
alignnment line of the asymmetric steel sheet pile. (6) An

asymmetri c steklss{ige?’ pand BslSpi fespéctiveély. 30 above wherein the inner
surface of a cont Of O o t t P WeTE | | r to
the alignnment i ngf%?fghg% is Q:%?%e%?i?% %%éeijfé‘gige‘{i%f% p‘?%ﬁ%&?lja A
process for pEeelicshectrPhlyetthe PSRt sinegntion. sheet pile having an
i nwar dl y-faci ng jpighrant2 aps oalt y@ticthatic 3ect B6hdD vdwiof (Ardseideri zed in
t hat afteé shapin Y hot rolling of an asymmetric steel sheet pile
at&PEper sheet\Bil@ric joints, either of the inwardl y-facing

havi ng bi

joint or ] t heFbghivar U3y - fsicamgi ] bastratidendf tovweoxkinge exemple off tde
- 8- she L l.e ( o) S o, L.Ng. ' e
steel  shedrhet csheot L OF MRS ot et CENGE Y, AT Gt PIRC!

facing joi ntiscanreniargeddviewtofita apexeiomapheredl. hot 5 rolling of an
asymetric steel phegbePideiddyi Ve sRERIRY an éfaeﬁgsrréréfpﬁéduéinfia her

of the inwardly-faclng joint or the outwardly-facing joint is cut at the
bor der b&PweRrRRE sheeh Rileaf t Hee PREPRRE I BAVeRHPR he joint is turned

t owar d the insrggupé 1Heishgevidw! showribly tAwotivéntexampleest by 10
welding to the 3001RS"S' 8iner shELLCHi PESSE! Phd OPrdleft PR ion.
Figures 16a and 16b show how the corner sheet piles of
the present invention are stacked, in which Figure l6a shows

15 the case of corner sheet piles having inward joints which
are bent toward the inside, and Figure 16b shows the case of
corner sheet piles having outward joints which are bend
toward the inside. )

Figures 17a - 17f are schematic illustrations of

20 results of a simulation of deformation of a rolling material
within grooved rolls (K-2') by means of the two-dimensional
finite element method.

Figure 18 is an enlarged view showing each of the
members of a joint.

25 Figure 19 is a view illustrating a working example
using asymmetric sheet piles and corner sheet piles, both
according to the present invention.

(Best mode for Carrying Out the Invention)
In conjunction with the accompanying drawings, the

30 asymmetric steel sheet pile of the present invention and a
process for its production will be described, and the corner
sheet pile of the present invention and a process for its
production will also be described.

Figure 7 is a general view showing an example of a U-

35 shaped steel sheet pile 30 of the asymmetric type according
to the present invention, Figure 8 shows the joint thereof,
and Figure 9 shows a sheet pile wall 40 which is built by
striking a series of asymmetric U-shaped sheet piles into
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corner . . w, of a
parallel to the alignment line (shown by a three-dot cﬁaln
line in Figure 7), and the joint portion where the joints
15 36, 36 are combined is positioned together with the arm
portion 37 along the same line as the innermost edge 35 of
the sheet pile wall 40 (shown by a one-dot chain line in

Figure 7). ]
In this embodiment of the present invention, one joint
20 38 faces outward and the other joint 36 faces inward with
respect to the innermost edge which corresponds to the front
edge of excavation. The joints can be combined with each
other, as shown in Figure 8, in such a way that there is no
protrusion from the inner side of the wall surface of the
25 sgheet pile wall 40. It is to be noted that the outward
joint 38 comprises a ridge portion 39 to prevent the joints

from rotating.
According to the present invention, when the asymmetric

U-shaped sheet pile 30 is sunk into the ground by a
30 hydraulic press or by a vibro pile hammer, it is possible to
grasp the arm portion 37 with a chuck as shown in Figure 9.
gince the arm portion 37 is positioned in parallel to the
_ alignment line and on the same line as the line on which the
joints are positioned, i.e., the connection axis (shown by a
35 two-dot chain line in Figure 7), and the joint portion,
which would be the center of rotation if the sheet pile were
to rotate during striking into the ground, is located on the
‘same level as the arm portion 37, it is possible to prevent



steel sheet pile of the present invention. Figure 12 is a schematic

sectional view of another 5 corner sheet pile. Figure 13a is an
illustration of a working exanple of a corner sheet pile of the present
i nvention, and Figure 13b is an enlarggd_view of a portion thereof.
Figure 14 is a view show ng an exanple of producing a 10 corner sheet pile
of the present invention. Figure 15 is a view show ng anot her

exanpl e of therstieelngheetophte 3befropi retatingewherssbrikingnfonees
Figures 16a gpd ;ggl%ggm%gaﬁh hgkﬁging£ sheet piles of t he present
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sheet piles, ¢ Q@E@lﬂg ofcEﬂédbn?hﬁﬁe&hghgégsﬁﬂle'ﬁﬂ&@fbfaund caﬁaﬁét mode

for Carrying Qu nventi on I'h conjunction with t
acconpanipngpaﬁxﬁpﬁsg' the 30 asymmetric steel sheet pile of the pr esent

invention and a In pigﬁ2551barthtsthOﬂmgﬁren1mcléoﬁe dﬁamplbedofand t he

cor ner sheet E 3& ge present | nve ntion ang 3 groc £Ss for
product i on wWlFPOY gorB feSBFi BER. 11 prod ucipg g, R172FeTa " oRRETSF 5f8mp'
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A process for hot bending the joints in accordance with
the present invention will be described on the basis of
Figures 10. |

As shown in Figure 10a, an asymmetric sheet pile 30

20 which is prepared by a conventional method of hot rolling
with grooved'rolls is introduced to grooved rolls K-3’
having an upper roll (U.R.) and a lower roll (L. R.) so as
to adjust its joint thickness and joint height. After the
grooved rolls K-3' are employed, as shown in Figure 10b,

25 bending of the left-hand side joint, for example, is carried
out using grooved rolls K-2’' comprising an upper roll (U.R.)
and a lower roll (L. R.). At this stage of bending, the
shape of the sheet pile 30 in section perpendicular to the
rolling direction is bent in a bilaterally asymmetric

30 manner, and its positions before and during roll bending are
different from each other with respect to its bilateral
shapes. According to the present invention, however, since
the right-hand side joint is not subjected to bending,
forced deformation can be suppressed near the roll bottom

35 dead center, resulting in a stable rolling position,
especially on the exit side. Thus, the left-hand side joint
is bent successfully, and the shape of the right-hand side
joint when just leaving the grooved rolls (K-3') can be
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pile 30 i s sinkermediate §PeLAS Bg ben gniggrgﬁi é%é% %? %shgﬁg?gftﬁheft
gﬁguﬁrinlLiI§$p9%§é§kédteo as “ghﬁépmeﬂbahenbpndipﬁh 37 with a chuck aspl e
to the gure Paking §1gugetEeagrghpgﬁéhﬁﬂe§7thé pasht  oneermedpatal | el
' 15 bending" means bending carried out in step (II), namely
until the tip of the joint is bent upright. Such a degree
of bending does not adversely affect the rolling position.
Tn addition, taking Figure 10a through Figure 10c as an
example, the intermediate bending corresponds to that
20 carried out by the grooved rolls (K-27) shown in Figure 10b
in which bending proceeds to a degree where instability of
rolling position remains within a tolerance.
Thus, according to the present invention, the bilateral
joints are subjected to bending under conditions that a
25 gubstantial degree of bending is not applied simultaneously
to both joints.
As an example of the asymmetric steel sheet pile which
is subjected to hot bending in accordance with the present
invention, a U-shaped steel sheet pile having asymmetric
30 bilateral joints has been described, but it will be apparent
to those skilled in the art that other steel sheet piles
such as Z-shaped, I-shaped, tube-type Z-shaped, and tube-
type I-shaped steel sheet piles, and cylindrical steel sheet
piles can be bent on their bilateral joints at the finish
35 bending stage during hot rolling in accordance with the
present invention.
The present invention will be described with respect to
a corner steel sheet pile and a process for producing it.



ali.gnment line and on the sanme line as the |ine on which the joints
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indicated by reference figure 30 in Figure 7, which

comprises one inward joint 36 (facing downwardly) and an

15 outward joint 38 (facing upwardly) with these joints being
connected with the neighboring ones in series while
arranging the U-shaped portions in the same direction. As
shown in Figure 7 as well as in Figure 11 and Figure 12,
either one of the joints 36, 38 of sheet pile 30 is bent

20 inwardly (downwardly) at an angle of 45° at a border line 55
between a flat arm portion 37 and the joint. 1In Figure 7,
the border line 55 is indicated by a dotted line, and this
portion also corresponds to a weld portion in case the
corner sheet pile is manufactured by welding.

25 - Figure 13a illustrates how the corner sheet piles of
the present invention, i.e., a corner sheet pile having an
inward joint bent inwardly and a corner sheet pile having an
outward joint bent inwardly are installed with the
corresponding joints of sheet piles being combined. Figure

30 13b is an enlarged view of a portion of Figure 13a.

Since, as shown in Figure 11, the inward joint 50 is
bent inwardly at an angle of 45°, an inner surface 5la of a
contact edge 51 of the inward joint 50 is positioned in
parallel to the alignment line (indicated by a two-dot chain

35 line in Figure 11) as well as the connection axis (indicated
by a one-dot chain line in Figure 11) of steel sheet pile
54.

In addition, since, as shown in Figure 12, the outward
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to the case in which the inward or outward joint is bent
15 inwardly by welding. Namely, an asymmetric U-shaped steel
sheet pile having an inward joint and an outward joint such
as shown in Figure 7 can be produced by hot rolling, and
either one of the resulting joints is cut at a border line

(indicated by the dashed line in Figure 7). The removed

20 joint is turned inwardly, and the resulting joint is welded
der line where the joint was

to the arm portion at the bor
according to the present

previously cut. As is apparent,
invention it is possible to efficiently produce corner sheet

piles with a high production yield. This is because there
25 is no waste portion of a starting U-shaped sheet pile, in
contrast to a method of production of conventional T-shaped

corner sheet piles by welding.
Furthermore, according to the present invention, it is

possible to produce a corner sheet pile merely by bending

30 inwardly either one of the joints of a U-shaped sheet pile

having bilateral asymmetrical joints, and such bending can

be achieved by hot rolling, or hot or warm forming.
Figure 14 shows an example in which an outward joint is

bent inwardly by hot rolling to produce a corner sheet pile
35 of the present invention. In Figure 14, grooved rolls
comprise an upper roll 60 and a lower roll 62, and a rolling
material such as pre-shaped sheet pile, e.g., an asymmetric
U-shaped steel sheet pile 30 shown in Figure 7, is used.



15 . bendi ng" neans bending carried out in step (Il), nanely until the
ti'p of the joint is bent upright. Such a degree of bendi ng does not
adversely affect the rolling position. In addition, taking Figure 10a

t hrough Figure 10c as an exanpl e, thejisat ernedi ate bendi ng corresponds
to that 20 carried out by the grooved rolls (K-2') shown in Figure 10b

I n which bending proceeds to a degree where instability of rolling
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accordance wshBethgile ofpﬁﬁéeﬁkebéﬁﬁnihGQntlon. As a 'PS1PiRgCRALERY&EN] I ON
will be described with respect a corner steel sheet pile_and a
process t8r BRoBE¥IRELric shaped steel sheet pile 30 shown in Figure 7
Figure 11 anﬂsFusuae 1ﬁonléusgﬁﬁaesasqoaﬁerpébgeioﬂeaeat thd eppdseteresent
rventi on., WOLAReCREPERSRran: SNBRE BELE!ap. SRETY, Flo ML bl Phys?
i nward j oi nt sepfaced obnbheesheethpiheadh dyewednshgained by theeauwpper
inclination and lower rollers 66, 68, and the side of the outward joint
15 38 is constrained by a roller 70 provided by on the left-
hand side, an inward joint 36, for example, is pressed
downward by the upper roller 66 provided on the right-hand
side so as to achieve bending by a single pass. From the
. viewpoint of facilitating forming, it is preferable for the
20 forming roller guide 64 to be positioned near and downstream
of a rolling machine for hot finishing asymmetric sheet
piles 30.

The corner sheet piles of the present invention can be

installed underground in the same manner as the asymmetric

25 U-shaped sheet pile of the present invention shown in Figure
7. In addition, it is possible for the chuck of a pile
hammer to grasp a steel sheet pile by a web portion or arm
portion. In this respect, therefore, the present invention
is free from the troubles encountered by conventional T-

30 shaped or W-shaped corner sheet piles that are impossible
for the chuck of a pile hammer to grasp in a usual manner.

A bend angle of the sheet pile wall, i.e., an angle
between the lines of alignment of two series of sheet piles
which cross each other, is 90° in most cases, but it may be

35 possible to employ an angle other than 90°, depending on the
construction site. 1In this respect, according to the
present invention, a corner sheet pile can be produced by
bending either one of the joints with a roller guide



at an angle of 45[err]. Figure 12 is a schematic view of a corner sheet
pile 54 in which the outward joint 52 is conbi ned with an arm by wel di ng
with an inward inclination at an angle of 45[err]. In each of the

drawi ngs a wel ded portion 10 56 is indicaggd in black. A starting
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corresponds to a e oftion in case the corper_sheet pile. is
_nanufacturedcﬁﬁeméPdWhS9£25nwar8 g?%ﬁﬁ?eaﬁgab??Fu%?V%f%@Yhogp?h%l%5¥ﬁer
sheet piles 06b showhetheesasé invehichnoutward jointsearshkentpil e having

an inwargd ] Q] bent i r h ' LNQ.
out war d joingn g%@EYhmaé8I§g§%§b¥ﬁ§Fgl?Eéﬂmﬁﬁéséhgfiugt%gFggéﬁggaﬁﬁﬁtjoints
of sheet 1Pi | porbépng donhpheinterfere wbthieach akhen| upgedstaeking, sand

portion of Figugg pédsible to st2ERCE n@fAbEROYE sRebt 9Pi fed lwithéut nvard
joint 50 is bent |nma[dl¥ at _an angle of 45[err], an inner surface 5la
of a conrgeulting in instabilityrafj bhetsE8Cks positioned in

parallel to the aWbQHﬂﬁEtekhﬂplééndfCﬁhédpbéséntmmndéhtﬂhﬁiﬁiBB béne in

Foure 1) 23t8hingd L1EnrSCREELhaR B5'dn uAThABLEL: otoBl BHBOF foieCheLr
as shownlbn anduaepté@cesbhefont ppoducing a corner steel sheet pile.
(Example 1)

In order to confirm the effectiveness of the present
invention, a simulation based on the two-dimensional finite
element method (2D-FEM) and a rolling test using a real

20 rolling machine were carried out.

Figures 17 show results of analysis of a process of
forming a rolling material within grooved rolls K-2' (see
Figure 10), which was carried out by means of 2D-FEM.

According to the results shown in Figure 17a to Figure

25 17f, in the process of rolling with the grooved rolls K-2',
the joint on the side free from bending (the right-hand side
in Figures 17) is constrained between the grooved rolls
together with a flange portion 34 and an arm portion 37, and
those portions keep their original shapes. Results are

30 summarized quantitatively in Table 1 below, in which results
obtained when the bilateral asymmetric joints were rolled
simultaneously are also shown for comparison. The
dimensions "Height (H)", "Thickness (T)", and "Gap (G)" in
Table 1 are illustrated in Figure 18.

35 It is apparent from these results that it is
advantageous for the asymmetric joints to be bent one by one
in order to obtain well-shaped joints over the whole length
of the sheet pile.



-14- joint 52 is bent inwardly at an angle of 45[err [

surface 53a of a contact edge 53 of the outmgrd joint[52 %é o ngsgioned
perpendicularly to the alignment |ine (indicated by a two-dot chain line
in Figure 12) as well as the 5 connectigy_axis (indicated by a one-dot
chain line in Figure 12) of steel sheet pile 54. As shown in
Figures 13a and 13b, the conbination of the above-nentioned tw types of

corner steel

She??thQ%&o&@, thehiprleseatpdavientibenis] 6EALSLAVE Mhsert ed

i nto each ot her
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, resulting ' a wall structure

avai l abl e as a corner portion of a sheet
. : . ( pile wall. The present
i nvention has been explained with refiaidrcd to the case in thch t he
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i nward or outward joint js bent, 15, j r i
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gﬁéward 15)![ Rt such  in ashe hHbomgitndinpk direciip H%ucejcfhdgfhﬁlg[yrﬁ‘)l I ng
nd el ther one of__INe resulting,{Olidds i Lnggﬁ order line ’

(indicated by the daéﬁﬁiiikﬂgi- gg%ure—777—g%§ rennvgzpzo joint is turned

i nwardly, anprésentesulting joint is welded to the armportion at the

border |ine

according to

fﬁﬁéﬁtigﬁ j oi gLoves #s@vBously cute=Rslis apparen?,

€ present [nvention,it is possiplLe 40 efficgendly

produce cornGempasative @Fted with & Wr8h production’ yi is i
; _ yield. This is
because there 25 is no waste portion of a starting U shaped sheet gile, I n
0

contrast ,po a net gogodl -Bidhg! tesLOwi chnannaconal Fothipagmaching

sheet pi

ABr

cor

b di ng. .
invention,sicérggedlggﬁoggigpgopgaggééggéﬁgEﬁe ﬁgggéﬂthHVanﬂﬁnPrﬁﬁdnt

bending 30 iparrdiy1eihedaeae shbwellethatnsbeet RpileshBg4NgneeP

er sheet pile nergly by

pile

havi : : . :
aving bilateral asymmetr,i cal JOlBh%Hggﬂngaﬁgebqnqng ebfained B¢ achi eved

by hot rolliddlagerad: IQinks: /7 6

Figure 14 shows an

exanpl e in whigh dleld.vward joint is bent inwardly by hot rolli
roduce a corne i ; y by hot rolling to
grooved 35 Ei&ﬁngﬂzf”le 35 of the present invention. In Figure 14,
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30

35

Asymmetric steel sheet piles and corner sheet piles of
the present invention were produced by hot rolling and
fofming carried out in a manner as described in conjunction
with Figures 10 and Figure 15. The resulting asymmetric U-
shaped steel sheet piles shown in Figure 7 and corner steel
sheet piles shown in Figure 11 and Figure 12 were installed
underground in combination to build a wall structure of a
basement for a house.

A continuous cast slab with a thickness of 250 mm and a
width of 700 mm was heated to 1280°C in a heating furnace,
and the heated slab was then passed to three mills, i.e., a
breakdown mill (rough rolling mill), an intermediate mill,
and then a finish rolling mill, each comprising double
horizontal rolls, to finish hot rolling. The rolls of each
roll mill had 4 grooves, 3 grooves, and 3 grooves,
respectively. Thus, a rolling material was subjected to
reverse rolling through these three rolling mills to finish
asymmetric U-shaped sheet piles, as shown in Figure 7.

On the other hand, as shown in Figure 15, thg corner
sheet pile was produced by using a roller guide and forming
roller to bend outward joints at angle of 45° inwardly to



g .

conprise an upper roll 60 and a lower roll 62, and a rolling mat eri al

such as pre-shaped sheet pile, e. an as '
s?get piISMSP shown in Figure 7, ?é’used. ymetrie o shaped stee
-15- ile the upper and | ower surfa f the she '

_ 1CES et pil
?ons;ralned by the upper and | ower rollsqgg, 62, an outman © 3?0?2? 38
or exanple, is pressed downward so as to achi eve bendi ng by a singlé

pass. lr‘uishtéol%tﬁiéég it et i 12 AT g0t (Bpei -t ildg rt BB §A'i ng
o ch' 2 | ot SO gy 5 8 EpdBedbeeotpreance o
f ( ) ormng t
:ncg;;ﬁ:’ret r i%%s%mﬂe?wfpﬂ]{a wiesyye ilveed dig-Adld rol | ing mgat e?i glr ,Odlige
Rol I 'er gui des 64 %‘%g ’b%ﬁ#%e(fosrpz%qgtpjt%éeseggé}oés rgtl\é% Iﬁdglgje‘ﬁﬁojfl the °d
Z?geioglslts IProdiiit son hehanspser ( kate) Ikxvegxpanding rthe 93RS ttheet"}s g‘efghg?e: e 30
rajﬁﬁf%ggl PPSEa betﬁgghlfamqefyjlers 66, 68, and the side of

t he outward I's constrai ned a i
_ _ X roller
| ef t - hand si dBhusrprepaFed j%‘??ﬁt%{'i)%%* ’ex%h'p|fe‘,7‘9r| 5‘-“%%%%5? eﬁ)gom\iﬁrd

by the upperpifégeéffiéypéoxi desupcohter i sivetiapilles of deyR® Bis ARl athi eve

bendi ng b | . : v O _ :
is prefer éb?@géggegﬁgg;%'?géﬁ? EJQT?%?} evﬁg%\?%ﬁeﬁgz%ﬁﬁgﬂéé@étm{& Mhatp |t

Jouhstrogl wath otelbhoguenehinethbicacundergsons saymibld i & shoot

o . :
Pnstal led undBFGRBARE FRLEnEE BB EaE o o O e L apaped

sheet pile oFighreplesehoanVbﬁtF@gﬁgggaﬁagﬁéggbﬁgénggtggge ﬁsaﬁéﬁﬁfgd it
Lj ganLbLgrfggﬁggfigrﬁﬁkcﬁftﬁepbbﬁner sheetepile gfatppalbtééli§ﬁé§92§¢:e

merely by the symbol "A", and that of type B is by the

15 symbol "B". The other sheet piles are asymmetric steel
sheet piles as shown in Figure 7. |

' As is apparent from Figure 19, six sheet piles

extending in the vertical direction in the figure (two out
of the six are corner sheet piles) and thirteen sheet piles

20 extending in the lateral direction in the figure (two out of
the thirteen are corner sheet piles) were successfully
installed underground without any troubles.
(Industrial Applicability)

According to the present invention, asymmetric U-shaped

25 steel sheet piles which can be arranged such that the joints
and flat arm portions are positioned on the same plane
corresponding to the innermost edge of a sheet pile wall can
be obtained. These asymmetric U-shaped steel sheet piles
having bilateral asymmetric joints can be produced by hot

30 rolling which is free from instability of rolling position
and imperfect bending of joints, resulting in sheet piles
having well-shaped joints.

Furthermore, the asymmetric sheet piles and corner

sheet piles of the present invention are free from troubles

35 encountered when being grasped by a chuck during
installation, and troubles encountered during transportation
and storage. In addition, the sheet piles and corner sheet
piles of the present invention can be installed underground



portion. In this respect, therefore, the present invention is free from
the troubles encountered by conventional T- 30 shaped or Wshaped corner

sheet piles that are inpossible for the chuck of a pile hamrer to grasp
in a usual manner. A bend angl e afigthe sheet pile wall, i.e., an
angl e between the lines of alignment of two series of sheet piles

whi ch cross each other, is 90[err] in nost cases, but it may be 35 possible
to enpl oy aniangeeieshwithhadjobnéng]pilepefachngointhhe same Rirectienn

site. In thign8SPERE. préﬁéﬁfdiﬂﬁeﬁﬁléﬂels ef PEEEEVE FO¥ElmpPOving C@é@ér

sheet pile can bé produced % en |ng ei ther one_of the Loin
rol | er QU|de°f con tructlon ith mlnlm manpower, an 61s al Br% fﬁ%%lﬁ%ar

or downstr eaffoef redﬁcmnghcbﬁhtrﬂgtmhcostsandIn paytidiulatj nghé heobmedi ng

angle to n e ile
cag be ob alﬁggeﬁﬁ Sﬁnggg Brﬁggﬁegtkggﬁo?ﬁ% éégmmﬁggg%ngng %ﬁgéhgr t han
90[err]. 5 steeE|gheet ptleanfl the phessnhoinvértionnwershyebyprutting
f th t F h
"nuard | of nt ELr BAEE, PETCAE PafibBE BhLp Al EncRICERNNG LG part ck e
outward j oi ntheapheptnpile meHﬁHﬂyngAs Tblﬁpﬂﬁﬁeﬁtth?5n¥hﬂe§%rner sheet

Iltl uit rati onfmuesl BE %ﬁepﬁfébéﬁﬁ dfveptibit eahebe prbhuﬁé@hwﬂthﬁﬁtupon
st acki ng
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steel sheet pile 15 and a 59ges o] g a ne t et pile.
(Exanmpl e 1) %xten% of ﬁy a§ ogc%§?}§%1gﬁgagffeggﬁéénégé gié?ﬁgﬁpresent
i nvention, a1swﬂntapnomSbque&eoﬁaﬂhebﬂﬂofupmeﬁgléndhstrhﬁieVleWPéléﬁent
met hod (2D—FEN@ and a rolling test using a real
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anal ysis of a process of formng arolling materi al mnth o
rolls K-2' (see mhlch was carried odpis FEM
According to the“"mm"ﬂ"ﬁwmlnn Fi gure_3ga to Fi gurﬁ L he
process of rolling with tme greoved rolls K-2 e side
free frombending (the right-hand side I n Flgures 17) is constrained
bet ween the grooved rolls t oget her Gilakmg f| ange portion 34 and an arm

portion 37, and an aéfﬂﬁ&tﬂ?&té@&él éhﬁiie Of S P8 1130 P Gifa LGRS S 2T ©

30 sunnarlzed quant | |velgg below, 1n which"results
obt ai ned whefORAELERELRG 8 8 %@W% l?b]-‘ht‘éo‘hér ctwe agypmetric joints,

si nul taneOUSéﬂdaéﬁm S8t 6R¥Nea 81 @@m@été@rbe&b@en théli s | mefbeded it
(H", "Tthk e (lJustrated in

T G n
Hhure 195 SEhe 361 91 ¢ $RAsacEPelede i that SRecof (A€ ot il [ BActs
advantageousoﬁbwatdkyaagdnﬁhelothernjslmb Hecéeninwamed by, otlge armi n order

10, oPtaln vepbsERaRE ok OLRA °; ﬁvsarsffeméaeuh%ngﬁg f1ide sheglepile.

20 rol Ling machine were carried out. ' Fi gures—17

-17- ernore resen nventi on ective In

respect to p¢@0@ﬁ?tbﬁgo¢xg§blaﬂ§ ﬁhelﬂgmrEPFFHQH%fa?%lﬁh% asymmetric

Table 1 01nts aESVbﬁigﬁéd'ﬁlghn§n§iﬂ8509fthélﬂﬁnermos@xé&ééeﬂﬁetﬁé S5

in the Iongl udlnal i rec (mm sticking (% Hei ght (H)

Thi cknes30( T8hegh PE ge wa esent | nvent i on 0=0.5 0=0. 8

0=1.1 25. OA préoepar fibrvprodading an aswimétric steeb=fhdet pileg0.0

characterized in that after shaping by hot rolling of a
steel sheet pile having bilateral asymmetric joints,.the
bilateral joints are bent one by one using différent grooved

15 rolls for each of the joints.

3. A process for producing an asymmetric steel sheet pile
as set forth in Claim 2 wherein while one of the joints is
subjected to finish bending, the other joint is kept within
a groove of the grooved rolls while being free from bending.

20 4. An asymmetric steel sheet pile as set forth in Ciaim 1
which is further characterized in that one of the outward
joint and the inward joint is bent inwardly with respect to
the sheet pile and the resulting steel sheet pile is used as
a corner sheet pile.

25 5. An asymmetric steel sheet pile as set forth in Claim 4
wherein the inner surface of a contact edge of the inward
joint ié_parallel to the alignment line of the asymmetric
steel sheet pile.

6.' An asymmetric steel sheet pile as set forth in Claim 4

30 wherein the inner surface of a contact edge of the outward
joint is perpendicular to the alignment line of the
asymmetric steel sheet pile.

7. A process for producing an asymmetric corner steel sheet
pile having an inward joint and an outward joint,

35 characterized in that after shaping by hot rolling of an
asymmetric steel sheet pile having bilateral asymmetric
joints, either of the inward joint or the outward joint is
bent toward the inside of the sheet pile.

THIS SHEET HAS BEEN
REPLACED




10 - | - Ahot rolling test wth an actual rolling machi ne was carried

out in accordance with the present invention, and dat a
. showed that sheet piles having good bi | at er al “m HHWH Fi gure

7 were obtained at a high yield. 15 _@hgxanple ynaetric
steel sheet piles and corner sheet piles of the present |nvent|on wer e
produced by hot rolling and formng carried out in a nmanner as

- descri bed i n8eonpuprereas forwproadutingeanldsymuetrrioreoter Thbeekssheehq

asymmetric Upi28 nay2ngad! ehkaflesbint! £dShRVYEutRabl 0Yoent, and cor ner .

st eel sheet g es Shown in Figure 11 and gbre 12 were Installed
under gr ound FR2E ﬁﬁPﬁhF?@anotBﬁFlGfﬁeﬁaﬁhaE%Fﬁ Yirkobrralling@Ecd®nt for
a~house. asymmeé\rienétédmuﬁhééﬁt slabhaving abib&ﬁ&ﬁ&ESaQIrmﬂéerﬂB] and a

25 w dth_of ,700 heat rr, n at|n furnace ~and
the heated sPEb™K&s ?ﬁgheﬁag el ?ol?ﬂ?%g H%%Pt ardb?%hﬂﬁoﬁﬁ n1||
(rough roII|qgtnoff)atahhenberdedlheEWBGhIthe JOlnndan@enhe arm|p0rtbbh;ng
mll% each ¢ r n b o] o.ki h ng.

The rolls ofggH Eﬁé gogﬁﬂ #g tPFnﬁ %Qﬂégt%é iééi?%oeésehé %ﬂgé %%%5
respect i vel yanghghe QOFBFIFﬁgfhﬁﬁértaltgﬁsa§mbP@€teGnth W91d¥@?erse

rolling through these three rolling mills to finish asymetric
U-shaped sheet piles, as shown in Figure 7. On the other hand, as
shown in Figure 15, the corner 35 sheet pile was produced by using a
roller guide and form ng roller to bend outward joints at angle of
45[err] inwardly to - 18- pr oduce

corner sheet piles of type A (see Fig. 12), and to

his Sheet Has Been Replaced




bend iiaward joints at an angle of 45[err] inwardly to produce cor ner

sheet’ piles of type B (see Fig. 11). Hot rolled sheet piles were

al so produced in the sane 5 production chance (lot) by expanding the gaps
. between the rol | er guides and between rpjlers. Thus prepared

sheet piles, i.e., four corner sheet piles of type A four corner sheet

piles of type B, and 30 asymetric U shaped steel sheet piles which
constituted main 10 wal | pASYMMBTRECAE EWEER|I SHBERNBELBrANRd to build a

retaining wall of a pit fOﬁEEﬁ@gaﬁoﬁ Eggggg@&uﬁgﬁGaTﬁguggME Figure 19
shows the resulting struct ————pt+es—+r—whi ch the corner
sheet pile of type Ais indicated nerely by the synbol "A", and that of

type Bis by the 15 synbol "B"'. The otlhrstateadt piles are asymmetric steel
sheet piles as shown in Figure 7. ~As is apparent fron1Figure 19,
si x sheet piles di,ng in th rtical .diregtion_in t figure (two
out of the sifnagé&@®Fﬁ CsRESE pﬁﬁgff Bﬁ&etﬁpﬁtgeﬁrgﬁ8§§ 59Fe§t§0
ext endi ng 3 n prieduckionaasdiweddt asnai wornerf sheet ptile for this shebe
thirteen are£§9@n%hdsQeg&oabggskowea%ssg&gaaa&&bhyzﬁe diBE38LLAY  The

under gr ound t hout any_ trou ustria rty)y
Accor di ng t o JOABLSr edeithe; ﬁ@@ﬁﬁl@Hleay?%%eﬁrpc9®a§ﬁép§§ thessame phase

pi | es vvhlt ch ea@n thataorakgad l&h!'ﬁlh pbbat ohi8g Jaﬁblmtﬁe Jolﬁeg Bbahodr ﬁkeeﬁchaenSf
are position n e sane corr on I NN e o0
a sheet plle%ﬁﬁ“ t@ﬁn 1a nebe gﬁ?@ﬂﬁ&ElCTﬁg§g E%ﬁtgPHlﬁgsﬁﬁgéds PB@ﬁ
sheet pi [1@s bllahemaﬂgjbuhabebah bey piretuced] wiithsneainbeapiddugedfby hot

30 I 1 i l. ] t d
Cpert ect beagind ngy BoBTribR e i APerebteobehfipa gePeRe' sRips, "

wel | - shaped 10|nt§he bllateralFQSNMQeanG Johatasynnetnlansmawarg|Uesnand
cor ner 2REC bukiase 951th a&%sg ?3 e&gatkenfaheshrssn&?351558UB 35

encount ered when bei ng grasp e urin i nsta I on
troubl es enc&ﬁﬁt@ﬁé&gdG#Fﬁﬁrﬁpéngﬁepﬁgﬁl6ﬁlls f°§nGa§POBQQ€t InWhé&Btpﬂﬁ

t he sheetl5pi Ijeintndsceubgectedetto finighl Bendfing)ethecseRbri HBeAti 98 can be

Installed under%&%gggd and is not subjected to bending or is only

subjected to intermediate bending.
The corner sheet pile can be produced by changing the
fixing position of either the outward joint or the inward
20 joint of the asymmetric sheet pile to an oppositely facing
position. Alternatively, the corner sheet pile can be
produced by bending inwardly with respect to the sheet pile
either the inward joint or the outward joint.
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- 19- in series with adjoining piles facing in the same Eﬁ@ﬁ#l
Thus, the present invention is effective for | mprovi ng ease ENT T
construction with mni mum manpower, and 7’s al so effective for redu0|ng
construction costs. In particular, the corner 5 sheet pile can be produced
fromthe asymmet rike (pdmped investooh sdafimfidieedf ash@oplesent invention
nmerely by cu ng g?ﬁm L €S t_pil e ol e | art
back to ttk(lgl)shketa é{g'”: SF %gg é;%e ﬁeéans 'LISE He cﬁéﬂrgrm““ﬁ’%t

pil es of theCBPé%mlt fm/eﬁqt%ﬁlcaﬁ%‘é mb%l&%c’d‘wfﬁ?oéts:i@enﬁélﬁjmtam of
manuf act uri ngnﬁaer.:lmpemdrm @alchr gongEtead  betwdntl ther ey nbiesbek fadqg the

rolling rgfl t%ErHS éﬁhggyga_lzegx# % oL é&é (MsTe qo_gLIeL U|de Thus,

t he present fon IS quUItE Va e f90m an 1 nduscri-al ~9F% Swoi Nt :
d ai ns %Was%mm ct*sﬁ &dheshdeinpi facedpki @i Ya #émenamrrber |
constituti ng rmmeab éﬂ@@ﬁd Rid gabadyelt v wnaﬁ¢mfedwlmm cr adnd arm

portions eac el ween the nain_ng 28 t
characteri ze(rjb 'Fié‘%’f atrhde "]HSI e Fg Shs %‘u‘% M?d%%®8ttﬁe ot her
joint faces |1ﬂﬁmt<§| yret péigned withomt ildnse eit the izemedl edget of tine
al i gnment1gi Nt gl SRV B Rl ARG f;&naﬁa&wa@éhh‘ae&p&&%t he
asnetric ﬁnt are arrgped witii e of [nelpnerm)[ ge of-the 10
sheet pile walt! dhd@RREFE H°F r%f?ﬂ?ﬁh&ﬁdﬁ RSEAGEF oF =79 1SF8S B tRdge
portion chargmtecdgedfdn phaodecitey ahagipgnbyrhot sztceleh'fm@ét apil e,
characteri zedsidul Nfood! bele SHAMAY Rk i@l 1b0H:07 She bilatera:

joints aze kent one by one using diffsrent grooved rolls feor

15 each of the joints.

(3) A procass for preducing an asymme:iric steel sheet pile-
as set forth in (2) above wherein while on2 of the joints is
subjected to finish bending, the cther joint is kept within
a groove of the grooved rolls and is free £rom bending.

20 (4) An asymmetric steel sheet pile as set forth in (1)
above which is furthexr characterized in that one of the
outwazd joint or the inward joint is bent toward the inside
of the sheet pile and the resulting steel sheet pile’ is used
as a corner sheet pile. '

25 (5) An asymmetric steel sheet pile as set forth in (4)

above wherein the inner surface of a contact edge of the
inward joint is parallel to the alignment line of the

-asymmetric steel sheet pile.

(6) An asymmetric steel sheet pile as set forth in (4)
above wherein the inner surface of a contact edge of the.
ocutward joint is perpendicular to the alignment line of the
asymmetric steel sheet pile.

(7) A process for producing an asymmetric corner steel
sheet pile having an inwardly-facing joint and an outwardly-
facing joint, characterized in that after shaping ky hot
zolling of an asymmetric steel sheet pile having bilateral
asymmetric joints, either of the inwardly-facing joint or
the ocutwardly=-facing joint is bent toward the inside of the
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st &el sheet pile asym’rg&rl c joints, the bi | ateral
joints are bent EMHMW‘“E Wdl fferent grooved 15 roll seéﬂi Em? IQ
the joints. wcasssfoF produci ng an asymretric ste J‘ﬁ ’B ISHEET
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Claim4 wher e] n tthe 1 nner Surfa a contact ed' e i nward
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that after sh %{1 roII )i érmﬁ él gg-r sheéet p|Ie
havi ng bi | ate ggyél 78¢ {n ua?o?‘n’"t sapied oF PR }ch’d'l & or the
outward j oi nt sn:eel shede rgilieohardng et Jartssiondel efsvidnetsheefojmis, the

8. A procesgihgg Pﬁfdg&;{r{@r uﬂagg.gmeg,ré Goof Ut ha s hGek; Shﬂeé?:P Y N9

an inward j oi nt —and characteri zed | n T hat shapi ng
by t TodHhsi AgTotadh ofs ¥ ﬂ?-]-%'-%{ eel sheet pile having bil ateral

asymetric 3. 3 g're&s ea:tdfle&se{.»-uﬂ@ ANV Qidilc GReblespedtvadide O Nt
| out off at dfeobder, iy cieheDaLlg L s £Uhd bR R6D ROLALS, and
subjectad to finish bending, the other jecint is kept within
a groove of the grooved rolls while being free £xom bending.

20 4. An asymmetric steel sheet pila as set forth ia Claim 1
which is further characterized in that.one of the outwaxd
joint and the inward joint is bent inwardly with respect to
the sheet pile and the resulting steel sheet pile is used as
a corner sheet pile.

25 5. 2An asymmetric steel sheet pile as set forth in Claim 4
vherein the inner surface of a contact edge of the inwaxd
Joint is parallel to the alignment line of the asymmetric
steel sheet pile.

6. An asymmetric steel sheet pile as set forth in Claim 4

30 wherein the inner surface of a contact edge of the outward
joint is perpendicular to the alignment line cof the
asymmetric ste2l sheet pile. _ _

7. A process for producing an asymmetric ccrmex steel sheet
Pile having an inward joint and an outward jcint,

35 charactsrized in that after shaping by hot rolling of an
asymmstric steel sheet pile having bilateral asymmetric
joints, either of the inward joint or the outwazd joint is
bent “oward the inside of thg _si




in‘éide of the sheep——pH—E"a‘ﬁﬁ"t"ﬁe/j’oi'nt is fixed to the arm portion by

wel di ng. steel sheet pile as clai \ [m,1 .
wherein the main “ \ “m \“Hm)rl ses a web portion and W%ﬂ'%%ﬂ
defining a general sshape arraflged to receive chucks when the
pile is sunk into ground by a 10 hanmer or the |ike the chucks grasping

tlge a,ra\rr? ggr tioms am}t:iédeéjhésbﬂoi' Hﬁiucmg ana éf*ﬁﬁ{ehg@c&fnef' Qﬁeﬁl?e%lt ﬁP%‘?L’hx@' le o
subst ant i aI>/I y %9!}1‘% i ﬂ‘ﬁ’éf‘ﬁ cfgg'ﬂ’f‘?‘f)‘é’bmy\nc{"ﬁmf:?ﬂ’éﬁ ﬁEég%tdﬁ dﬁé?mg ¥shown
in Fi gubet rpllinglofan &Znnﬁetu‘hest@ai(shmia hayidg bilategal asgmetrizl. A
process as cl ajofea, ditheddy tmﬁwﬁrd GbiRk BF tife éﬂx&r@@&ﬁ !Jsbciitfwf éﬁbbmoﬁ?er
gggglrrggﬁ;?:lg d@é&Weeggﬂ%wlﬂ gnc{e I.heeraemf:po '%n',:!a rt}?es ]om% 1% t%me% to%uard the
inside of the sheet pile, and the joint is fixed to the arm portion by welding,
8. Anasymmetric steel sheet pile as claimed in claim 1 wherein the main
member comprises a web portion and flange portions defining a generally U-
shape arranged to receive chucks when the pile is sunk into ground by a
10" hammer or the like the chucks grasping the arm portions and inhibiting
rotation of the steel sheet pile.
10.  An asymmetric steel sheet pile as claimed in claim 1 or claim 9, and
substantially as hereinbefore described with reference to and/or as shown in
Figure 7, 11 or 12 of the accompanying drawings.
15 11. A process as claimed in any one of claims 2 to 8 and substantially as

hereinbefore described with reference to Figures 7 to 19 of the accompanying
drawings,




