DESCRI PTI ON

STEEL WALL

Technical Field
[ 0001]

The present inventionrelatestoasteel wall usedinearth
ret ai ni ng wor ks, cof ferdam bank protection, |andreclamation,

enbanknent, and the |iKke.

Background Art
[ 0002]

Conventional ly, asteel sheet pil e and a st eel pipe sheet
pi | e have been used i n vari ous constructi on wor ks such as earth
ret ai ni ng wor ks, cof ferdam bank protection, |andreclamation,
and enbanknent. The steel sheet pile and t he steel pipe sheet
pile are used differently accordingtorequiredrigidity. 1In
general, the steel sheet pileis usedinasituation where the
rigidity may be | ow, and the steel pipe sheet pile is usedin
a situation where the high rigidity is required.

[ 0003]

Here, the steel pipe sheet pile has a | arger anount of
joint margin than the steel sheet pile. Therefore, in a case
wher e wat er st oppi ng performance i s requi red when constructing
the cof ferdam the bank protection, and the |like, in general,

a nethod in which a joint space is filled with packed cenent



nortar is used. Inthis nethod, in a case where a bag i n which
the nortar is packed is broken when used in a waterfront
envi ronnent such as ariver and a harbor, thereis apossibility
that the nortar may flow out. Since a space between t he bags
may beconme a wat er channel, it is not necessarily suitable for
a use where the strict water stoppi ng performance i s required.
[ 0004]

Therefore, the foll ow ng has been proposed as a neasure
i n a case where | eakage prevention of water inside a di sposa
siteis strictly required such as in a case of water shiel di ng
bank protection of a sea surface waste di sposal site and the
like. That is, there has been proposed a structure in which
t he | eakage preventi onneasureisinplenentedtothejoint space
of the steel pipe sheet pile, and the joint space is directly
filledwithafiller such as the nortar (see Patent Literature
1, for exanple). In acase where the nortar is filledinthis
way, there is a need to performwork of driving the steel pipe
sheet pile into the ground, renoving earth and sand i nsi de t he
joint by awater jet and the like, and filling the joint with
t he packed nortar and nortar. Therefore, it i s di sadvant ageous
inthat effort and tine are required for work at a steel pipe
sheet pile site.
[ 0005]

I ncontrast, thesteel sheet pilehas!|owrigidityconpared

tot hat of t hest eel pi pesheet pi | ebut anexcel | ent wat er st oppi ng



performance and a smal | expansi on space of the joint. Evenin
a state where no neasure is inplenented, the water stopping
performance thereof is high conpared to that of the steel pipe
sheet pile. Bycoatingthejoint withaswellingwater stopping
mat eri al i nadvance, it i s possibletofurther enhancethe water
st oppi ng performance of the steel sheet pile. By this nethod,
it is possibleto providethe water stopping performance equal
to or greater than the steel pipe sheet pile, to which the

above- descri bed neasur e has beeni npl enent ed, as wel | as to save
the effort in the work at the site.

[ 0006]

As atechni que of enhancingtherigidityof thesteel sheet
pile, atierod type steel sheet pile wall such as a tie rod
type st eel sheet pil e bank protecti onwhi chcoupl es asteel sheet
pile wall to be a bank protection and a shoring provi ded on a
| and side than the bank protection by a tie rod.

In the tie rod type steel sheet pile wall, a large
construction space i s necessary for coupling the steel sheet
pile wall to the shoring by a long tie rod.

Simlarly, inthetierodtypesteel sheet pilewall, since
the steel sheet pilewall is coupledtothe shoringthroughthe
longtierod, thetierodis capable of transmtting atensile
force but not a conpression force.

[ 0007]

Furt hernore, as atechni que of enhancingtherigidity of



the steel sheet pile, there has been proposed a techni que of
usi ng a conbi nation steel sheet pile in which a U shaped
(hat - shaped) steel sheet pile constituting a wall body is
integrally stiffened with an H shaped steel (see Patent
Literature 2, for exanple). The conbination steel sheet pile
havingthisstructurehas al arge secti onal area, andresi stance
at the tine of driving becones | arge, whereby a construction
nmet hodthereof islimted. Inparticular, constructi onbecones
difficult in a hard ground.

[ 0008]

Ther ef ore, application of aconstruction nethod usi ng an
earth auger (drilling device) for drilling the ground may be
consi dered for constructing in the hard ground. However, a
secti onal shape of t he conbi nati on st eel sheet pil e ext ends over
a Wi de range, whereby it is necessary to use ingenuity. As an
exanpl e of the ingenuity, there has been proposed to use a
construction net hod as bel owi n a case wher e a conbi nati on st eel
sheet pile havingastructuresimlar tothat of t he conbi nati on
steel sheet pile of Patent Literature 2is built up (see Patent
Literature 3, for exanple). That is, there has been proposed
a construction nethod i n whichthe conbi nati on steel sheet pile
isdrivensoas toextendover arange drilled by an earth auger
at the tinme of driving the conbination steel sheet pile and a
range drilled by an earth auger at the time of driving the

conbi nati on steel sheet pile that has been driven before this



conmbi nation steel sheet pile.

Citation List

Patent Literature

[ 0009]
Patent Literature 1: JP 3756755 Bl
Patent Literature 2: JP 2002-212943 A

Patent Literature 3: JP 4074241 Bl

Summary of I nvention
Techni cal Probl em
[0010]

As descri bed above, rigidity as a steel wall is higher
i nasteel pipesheet pilewall thaninasteel sheet pilewall.
On the ot her hand, water stopping performance in a joint can
be enhanced nore easily in the steel sheet pile wall than the
steel pipe sheet pile wall.

Therefore, as described in Patent Literature 2, by
conbi ni ng ashape steel withthe steel sheet pilewall withwhich
t he wat er stopping performance can be easily enhanced, it is
possi bl eto construct asteel wall having boththerigidity and
the high water stopping performnce.

However, by conbi ni ngthe shape steel withthe steel sheet
pile, a sectional area thereof becones |arge. Therefore, as

descri bed above, a construction nethod that can be used is



l'imted.
[ 0011]

Here, it has been consideredtoreinforcethe steel sheet
pilewall (wall body) constituted of the steel sheet pilewth
the shapesteel, i nwhichthesteel sheet pil eandarei nforcenent
mat eri al such as t he shape steel are not joi ned and i nt egr at ed,
and the steel sheet pileisinastate of beingincontact with
the shape steel. Inthiscase, it is possibletoconstruct each
of themseparately. However, in a case where the steel sheet
pileandthereinforcenment materi al are constructedseparately,
relative to a nenber that is constructed first, a nenber to be
constructed second is drivenin astate where it is in contact
wi ththe menber that i s constructedfirst, wherebythefoll ow ng
probl emis caused. That is, due to slidingresistance between
the steel sheet pile and the reinforcenment material, a |large
force is needed at the time of driving, or thereis a fear that
noi seandvi brati onmay be generated. Dependi ngonconstruction
accuracy, thereisalsoapossibilitythat deformati onmay occur
to any of the steel sheet pile and the rei nforcenent materi al .
Si nce the nenber to be constructed secondis drivenin astate
of beingincontact with the nenber that is constructed first,
a construction nmethod is limted for the nmenber to be driven
second. For exanple, it beconmes difficult torotary press in
a steel pipeas areinforcenent material andto use a vibratory

type construction nethod i n which a nmenber is driven by being



vi br at ed.
[0012]

The present invention has been made in view of the
above-descri bed circunstances and has an objective to provi de
an easily constructible steel wall having a structure in which
a wal | body, whichis constituted of steel sheet piles to which
it ispossibletoeasilyprovidehighwater stoppingperformance
are coupl ed with each other, and whichis reinforced by a st eel

pi pe or a H shaped steel.

Sol ution to Probl em
[ 0013]

In order to solve the problem a steel wall accordingto
the present invention includes a corrugated-shaped wall body
inwhichaplurality of steel sheet piles is coupledby ajoint
and in which a projection and a recess are repeated in a
| ongitudinal direction, and a plurality of reinforcenent
mat eri al s constituted of a steel pi pe or an H shaped st eel that
reinforces the wall body and is arranged in a |ongitudina
direction of the wall body at a space with the wall body. A
part of thereinforcenment material isinastateof beingentered
intoarecessedportionof thewal |l body. Thewall bodyi scoupl ed
to the reinforcement nmaterial at head portions thereof.

[ 0014]

In the present invention, the wall body and the



rei nforcenent material are apart, whereby there is little
restriction on the construction nethod, and it is possibleto
sel ect andusefromvari ous constructi onnet hodsthat arecapabl e
of driving a steel pipe and an H shaped st eel as a rei nf orcenent
material into the ground according to a situation.

That i s, sincethewal | body andthereinforcenent materi al
are apart, it is possible to separately performconstruction
for driving steel sheet piles into the ground whil e coupling
themw t h each other to construct a wall body, and construction
for driving a reinforcenment material into the ground. 1In
addition, the construction is easier since the wall body and
the reinforcenent material are not in contact with each ot her.
For exanpl e, by providi ng a space between the wall body and t he
rei nforcenent material, construction by the vibratory hamer
construction method becomes possible. In a case where the
rei nforcenent material is a steel pipe, it is also possibleto
construct by therotary pressinconstructionnethod. Needless
tosay, itisal sopossibletousethestaticpress-inconstruction
nmet hodsuchasthehydraul i cpressinconstructionnethod. Since
thereislittlerestrictiononthe constructionmmethodinthis
way, it i s possibletoselect and use fromvarious construction
net hods t hat are capabl e of driving a steel pipe and a H shaped
steel into the ground according to a situation.

[ 0015]

Ahi ghwat er st oppi ng performanceasw ththeconventi onal



steel sheet pile wall can be obtai ned.

Furthernore, a |l arge construction space such in a case
of atierod type wall body structure is not necessary. 1In
particular, by the reinforcement naterial entering into a
recessed portion side of the wall body, it is possible to make
awal |l widthsmall er thanan additi onof asteel sheet pil e hei ght
and a steel pipe dianeter, whereby it i s possi ble to construct
the steel wall by saving space of a construction space.

[ 0016]

By the reinforcenent material enteringintotherecessed
portion side of the wall body, a distance between the
rei nforcenent nateri al andthewal | bodyi sshort, wherebyunlike
atierod type steel sheet pile wall, in a case where the
rei nforcenent materi al and t he wall body are coupl ed by a head
portion thereof, it is possibleto make a structure capabl e of
transmtting both a tensile force and a conpression force.

That is, in a case where an earth pressure and a water
pressure act onthe steel wall, load transm ssionis perforned
bet ween t he wal | body and t he rei nforcenent naterial sincethe
head portion of the wall body and the head portion of the
reinforcenent material are coupled with each other.

Accordi ngly, thesteel wall may be configuredtohaveastructure
inwhichtheactingearthpressureandthe actingwater pressure
may be shared and carried by the wal | body and t he r ei nf or cenent

material. By coupling and fixing the head portion of the wall
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body to the head portion of the reinforcenent material, it is
possi bl etoregul atem sal i gnnment i navertical directi onbetween
the wal |l body and the reinforcenent material, and to transmt
a shear force.

[0017]

In atierod type steel sheet pile structure, a waling
material is necessary in order to distribute the acting force
anong tie rods discretely disposed in an extension direction
of the wall body and to cause t he wal | body t o behave uni formy.
However, in the present invention, the reinforcenent materi al
enters into the recessed portion side, and the force is
transm ttedt hroughashort di stance, wherebythewal i ngnateri al
IS not necessary.

[0018]

Inparticular, inacasewherethereinforcenent materi al
i s di sposedtoevery ot her steel sheet pile or every two or nore
steel sheet piles, if thereis aspace betweenthe reinforcenent
mat eri al andt he st eel sheet pile, aneffect of t hereinforcenent
mat eri al becones partial, whereby a nenber for distributingthe
forceinthe extensiondirectionof thewaling material becones
necessary. However, by the reinforcenent naterial entering
into the recessed portion of the wall body, the reinforcenent
materi al i s capabl e of exerting an effect thereof to the steel
sheet pilenotinstall edwi ththereinforcenent materi al, wher eby

the waling material and the |i ke are not necessary.
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[ 0019]

Note that there has been perforned an indoor test for
checki ng behavi or of the wall body by, inthemddleof arigid
soil tank having a width of 1957 mm a hei ght of 1000 mm and
a depth of 940 nm a corrugated acryl imtatingthe steel sheet
pilewall and anacrylic pipeimtatingthe steel pipearefixed
at | ower ends t her eof by an adhesive, andinastatewheresilica
sand nunber 5 (dry sand) is installed by air pluviation nethod
totheright and I eft of the corrugated shape, the sand i s dug
down to the | ower end thereof on one side. Through this
experinment, it has beenconfirnmedthat, whenapitchof the steel
pipe is 4/7 or below of the wall height, by disposing the
rei nforcenent material soastoenter intotherecessed portion
of thewall body and by coupl i ngthe head portionsthereof, there
is an effect of the reinforcenment material on ski pped portions
as well. Therefore, it is preferredthat a pitch L and a wal
hei ght H of the reinforcenment material satisfy L < 4H/ 7.

[ 0020]

In the above-described configuration of the present
invention, it is preferred that the wall body and the
rei nforcenent nmaterial be coupl ed at the head portions t hereof
by aconcrete, whi chhas beendrivenacross headportionsthereof.
[ 0021]

Accordingtothisconfiguration, it isconfiguredto have

a structure in which the head portion of the reinforcenent
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material is coupled with the head portion of the wall body by
t he concrete, whi ch has been driven across them whereby it is
possi bl e to make a structure i n which the head portions (upper
end portions) of the steel pipe and the steel sheet pile are
not exposed but covered with the concrete. Accordingly, it is
possi bl e to enhance aesthetics of the steel wall. Since the
concrete is driven so as to extend across the reinforcenent
mat eri al and the wall body, thereis little danger of atop end
bet ween t he steel pipe and the wall body bei ng col | apsed, and
the |ike.
[ 0022]

In the above-described configuration of the present
invention, it is preferred that the wall body and the
rei nforcenent materi al arecoupl edat headporti onst hereof bei ng
j oi ned by wel di ng themto a steel sheet install ed between them

Accordingtothisconfiguration, thecouplingbetweenthe
steel sheet and the rei nforcenent material at the head portion
thereof is perforned by welding the steel sheet to the
reinforcenent material and the wall body, whereby it is easy
to construct and requires little construction effort. For
exanpl e, unlikeinacaseof thetierodtype, inwhichaneffort
to make a hole in the steel sheet pile and t he steel pipe sheet
pil ethroughwhichthetierodi spassedandaneffort of i nserting
the tie rod through the hole are necessary, i s not necessary.

Furthernore, conpared to a case where the above-descri bed
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concrete is driven, a curing period of the concrete is not
necessary, whereby it is possible to reduce a construction
peri od.
[ 0023]

In the above-described configuration of the present
i nvention, the wall body and the reinforcenent material are
coupl ed by being joined by welding to a steel sheet, whichis
i nstal |l ed between them at the head portions thereof, and the
wal | body and the reinforcenent material nay al so be coupl ed
at the head portions thereof by the concrete, which is driven
so as to extend across the head portions thereof.

[ 0024]

According tothis configuration, coupling by weldingthe
st eel sheet and coupling by the concrete are conbi ned, wher eby
itispossibletonutuallyconpl enent theaestheticsandstrength.
For exanple, the concrete is excellent in transmtting a
conpression force at a coupl ed portion while the wel ded st eel
sheet is excellent in transmtting the tensile force at the
coupl ed portion, whereby the strength may be nutually
conpl enent ed. | nprovenent of transm ssionof thetensileforce
by t he st eel sheet and| andscapi ngandsaf ety neasure (for exanpl e
prevention of collapse of the top end) by the concrete
(mai nt enance of scenery) may be nutual ly conpl enent ed.

[ 0025]

I n the above configuration of the present invention, it
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ispreferredthat thereinforcenent material bethe steel pipe.

According to this configuration, by usingthe steel pipe
as the reinforcenent material, it becones possible to obtain
highrigidityaswel|l astousetherotary pressinconstruction
nmet hod and the i nner excavati on construction nethod, whereby
constructioninwhichthenoiseandthevibrationaresuppressed
becones easi er
[ 0026]

In the above-described configuration of the present
invention, it is preferredthat a space be set between t he wal |
body and t he rei nforcenent nmaterial such that the steel sheet
pile in the wall body and the reinforcenent material are not
in contact with each other during construction.

[0027]

According to this configuration, when the wall body and
therei nforcenent materi al areconstructed, thesteel sheet pile
of the wall body does not coneincontact withthe reinforcenent
mat erial during the construction, whereby it is possible to
prevent a problem caused by contact between the
above-descri bedwal | body andthereinforcenment material during
t he construction.

[ 0028]

In the above-descri bed configuration of the present

i nvention, thereinforcenent materi al may be provi ded on a si de

of the wall body where arelatively |large pressureis received.
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[ 0029]

According to this configuration, since the
rei nforcenent material i s providedonthesideof asurfacewhere
therelativelylargepressure(earthpressureandwat er pressure)
Is received, the wall body and the reinforcenent naterial are
toreceivethe pressure. Inthis case, aload acts onthe wall
bodyinadirectionaway fromthereinforcenent material. Here
t he head portion of the wall body is coupledtothe head portion
of the reinforcenent material, and since it has a structure in
whi ch | oad transm ssion (tensile force transmssion) is
per f or med bet ween t he wal | body and t he r ei nf orcenent materi al ,
It is possible to share and receive the | oad between t he wal
body and the reinforcenment material. Therefore, even if the
reinforcenent material is di sposed onthe sideof the wall body
wheretherelativelylarge pressureisreceived, it is possible
to sufficiently inprove the strength by conbining the
reinforcenent material wwththe wall body. In acase wherethe
steel wall is used as, for exanple, bank protection, an
earth-retainingwall, andthe li ke, thereinforcenent materi al
i s di sposed on a back surface side. Therefore, on a side where
atop portion of the steel wall is exposed, only a side surface
of the wall body is exposed while the reinforcenent materi a
isinahidden state, whereby it has an ext ernal appearance t hat
I's not conplicated and aesthetically excellent.

[ 0030]
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In the above-described configuration of the present
i nvention, the reinforcenent material may be provided on an
opposite side of a side wheretherelatively large pressureis
recei ved of the wall body.

[ 0031]

According to this configuration, the reinforcenent
material i s provided on the opposite side of the side where the
relatively large pressureisreceivedof thewall body, whereby
the earth pressure and t he wat er pressure act on the wal |l body.
In this case, at the coupled portion of the wall body and the
rei nforcenent material, theloadis transmtted fromthe wall
body to the reinforcenment material (conpression force
transm ssi on), wherebytheearthpressureandthewater pressure
may be shared and recei ved by t he wal | body and t he r ei nf or cenent
material. In a case where it is used as the bank protection,
earth-retainingwall, andthelike, thereinforcenment materi al
I's disposed on a front surface side, or a side where the top
portionis exposed, of the wall body. Therefore, for exanple,
drilling for exposing the head portion of the reinforcenent
mat eri al during the constructionis not necessary, and repairs
areeasilymdeonthereinforcenment materi al i nanexposed st ate
or on t he coupl ed portion of the reinforcenent materi al and t he

wal | body.

Advant ageous Effects of Invention
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[ 0032]

According to the present invention, it is possible to
obt ai n hi ghwat er st oppi ng perfornmancesimlar toaconventi onal
steel sheet pile wall, and to decrease a bendi ng nonent that
occurs to the wall body due to the | oad being transmtted to
the reinforcement material. It has a structure in which the
steel sheet pile and the steel pipe or the H shaped steel are
conbi ned; however, it i s possibletoconstruct themseparately,

wher eby construction may be nade easier.

Brief Description of Draw ngs
[ 0033]
Fig. 1isaschematic planviewillustrating a steel wall
according to a first enbodi nent of the present invention.
Fig. 2is aschematic plan viewillustrating a principal
part of the steel wall according to the first enbodi nent.
Fig. 3isaschematicsectional viewillustratingthestee
wal | according to the first enbodinment in the ground.
Fig. 4is aschematic plan viewof asteel wall accordi ng
to a nodification of the first enbodi nent of the present
I nventi on.
Fig. 5is aschematic planviewillustrating a principal
part of a steel wall according to a second enbodi nent of the
present invention.

Fig. 6isaschematicsectional viewillustratingthesteel
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wal | according to the second enbodi nent in the ground.

Fig. 7is aschematic plan viewillustrating a principal
part of asteel wal | accordingtoathirdenbodi nent of t he present
i nvention.

Fig. 8isaschematicsectional viewillustratingthestee
wal | according to the third enbodi nent in the ground.

Fig. 9is aschematic plan viewillustrating a principal
part of a steel wall according to a fourth enbodi nent of the
present invention.

Fig. 10is aschematic planviewillustratinga principal
part of asteel wal | accordingtoafifthenbodi nent of t he present
I nventi on.

Fig. 11isaschematicplanviewillustratingasteel wall
accordingtoanodificationof thefifthenbodi nent of t hepresent
i nvention.

Fig. 12is aschematic planviewillustratinga principal
part of a steel wall according to another nodification of the

fifth enbodi mrent of the present invention.

Descri ption of Enbodi nments
[ 0034]

Herei nafter, an enbodi nent of the present invention is
described with reference to the draw ngs.

As illustratedin Figs. 1to 3, asteel wall 3 according

to a first enbodi nent of the present invention is configured
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t o conbi ne a hat - shaped steel sheet pile 1 as asteel sheet pile
and a steel pipe (reinforcenment material) 2. The plurality of
steel pipes 2is disposedat aspace fromeach ot her and arranged
inaline along alongitudinal direction of awall body (steel

sheet pilewall) 4, inwhichthe plurality of hat-shaped steel

sheet piles 1 is coupl ed.

[ 0035]

The hat - shaped steel sheet pile 1 includes: a web la; a
pair of flanges 1b each di agonally extendi ng fromeach of both
side rins of the web la so as to spread out fromeach ot her;
apair of arnms 1c extendingtotheright and |l eft to be parall el
tothe web 1la fromatip of theright and left flanges 1b; and
a joint 1d provided at a tip of the arm lc.

[ 0036]

The hat - shaped steel sheet pile 1is not incontact with
the steel pipe 2, and there is a space between the hat-shaped
steel sheet pilelandthe steel pipe 2. Adianeter of the steel
pi pe2isnarrower thanaw dth(effectivew dth) of thehat - shaped
steel sheet pile 1. Apart of this steel pipe 2isin a state
of bei ngenteredintoarecessedportion, whichisavalleyportion
on one of side surfaces of the wall body constituted of the
hat - shaped steel sheet piles 1.

[ 0037]
Thepluralityof hat-shapedsteel sheet pileslisarranged

inaline by coupling the joints 1d thereof with each other to
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constitute the above-described wall body 4 as the steel sheet
pilewall. The hat-shaped steel sheet pile 1 andthe steel pipe
2 are driven into the ground.

[ 0038]

In this steel wall 3, as illustrated in Figs. 2 and 3,
a head portion of the wall body 4 constituted of the hat-shaped
steel sheet piles 1 is coupled to a head portion of the steel
pipe 2 by acoping 5. That is, the coping 5is provided by the
concrete, whichis driven by invol ving the head portion of the
wal | body 4 and t he head portion of the steel pipe 2. The head
portion of the wall body 4 and the head portion of the steel
pipe 2 enter into the concrete to be the coping 5, whereby the
head portion of the wall body 4 and t he head porti on of the steel
pi pe 2 are coupled and fi xed.

An upper end openi ng portionof the steel pipe2is bl ocked
by t he concrete of the coping5. The coping5is provided al ong
thewall body 4inalengthdirection, and by t he copi ng 5 havi ng
the sanme length as the |l ength of one wall body 4, all of the
steel pipes 2 are coupled to the wall body 4.

[ 0039]

Rel ative to the wal | body 4, the steel pipe 2is disposed
on anoppositesideof asidewheretheearthpressureisapplied,
or afront surface side, whichistobethe side wherethe earth
pressure i s not applied.

The steel wall 3inthis exanpleis, for exanpl e, the bank
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protection, andrelativeto a high side ground surface a, al ow
sidegroundsurfacebisawatersidesuchassea, | ake, andriver.
Notethat thesteel wall 3isnot limtedtothe bank protection.
It may be al so used in earth retai ning work, cofferdam a | and
recl amati on, enbanknent, and the Iike.

[ 0040]

Bet weent hewal | body 4 constitut edof t he hat-shapedstee
sheet piles 1 and the steel pipe 2, there is provided a space
so that the wall body 4 (hat-shaped steel sheet pile 1) and t he
steel pipe 2 do not cone in contact with each ot her when t hey
are constructed separately. That is, tothe wall body 4 or to
the steel pipe 2 that is constructed first, the space is set
such that the wal | body 4 or the steel pipe 2that i s constructed
second does not conme in contact with each other during the
construction. Specifically, it is preferredthat the space at
t he narrowest part between the wall body 4 and the steel pipe
2 be set to 50 mmor nore during the construction. Note that
the space may al so be 60 nmor nore, 70 mMmor nore, or 80 mm
or nore. Considering a cost required for coupling the head
portion of the wall body 4 and the head portion of the steel
pi pe 2, a thickness of the steel wall body as a whol e, and the
i ke, however, it is configured such that at | east a part of
the steel pipe 2is being enteredinto the recessed portion on
the vall ey side of the corrugated-shaped sheet pile wall, in

whi ch a projection and a recess (a nountain and a valley) are
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repeated, as the wall body 4.
[ 0041]

By configuring such that the steel pipe enters intothe
recessed portion of the wall body, it is possible to perform
hydraulic press in or rotary press in of the steel pipe 2 by
graspi ng the steel sheet pile4of the al ready constructed st eel
sheet pile wall and an already driven steel pipe. In a case
wherethehydraulicpressinandtherotarypressinareperfornmed
by receiving a reaction force by the al ready constructed st eel
sheet pilewall andthe steel pipe, inorder toconstruct stably,
itispreferredthat thesteel pi pebedi sposedascl oseaspossi bl e
to the al ready constructed steel sheet pile wall and t he steel
pi pe.

[ 0042]

In this case, for exanple, depending on a type and the
| i ke of t he hat - shaped st eel sheet pilel, adepthof therecessed
portion (a di stance between the web la and the arm1lc al ong a
direction orthogonal thereto) is different. For exanple, in
a case of the hat-shaped steel sheet pil e having a w dth of 900
nmm the depth of the recessed portion is about 200 nmto 300
mm whereby it is preferred that the space between the steel
pi pe 2 and the web la of the hat-shaped steel sheet pile 1 of
the wall body 4 be not greater than it.

[ 0043]

Next, amet hod of constructingthesteel wall 3isdescribed
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her ei n.

In constructing the steel wall 3, the hat-shaped steel
sheet pile 1 constituting the wall body 4 and the steel pipe
2 to be the reinforcenent material are driven separately into
t he ground.

At thetinme, it is possibletodrivethe hat-shaped steel
sheet pile 1 first intothe ground, or to drive the steel pipe
2 first into the ground. The wall body 4 nay be an al ready
establ i shed steel sheet pile wall, and the steel pipe may be
driven for a purpose of reinforcing it and the |iKke.

[ 0044]

It i spossibletoperforminparallel aprocess of driving
t he hat-shaped steel sheet pile 1 in order by coupling it to
t he hat - shaped st eel sheet pileldriveninadvance, andaprocess
in which the steel pipe 2 is arranged into a |line and driven
in order.

Furthernore, in driving the hat-shaped steel sheet pile
1, it is possible to use the hydraulic press in construction
nmet hod i n which the hat-shaped steel sheet pile 1 is pressed
inbyreceivingthereactionforce bythe hat-shaped steel sheet
pile 1 driven first, to use the vibratory hamrer construction
met hod, or to performdrilling by an earth auger for driving.

It is possible to use a construction nmethod simlar to
that of the hat-shaped steel sheet pile 1 for pressing in the

steel pipe 2 as well. 1In the case of the steel pipe 2, it is
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possibletousetherotary pressinconstruction nethod andthe
i nner excavation construction nethod in which the ground is
drilled frominsidethe steel pipe 2to pressinthe steel pipe
2.

Furthernore, it is also possible to hydraulic press in
or rotary press inthe steel pipe 2 by graspi ng the steel sheet
pile 1 of the already constructed steel sheet pile wall or an
al ready drivensteel pipe. At that tinme, bythesteel pipe being
entered into the recessed portion of the wall body, positions
of the steel sheet pile wall or the steel pipe, by which the
reactionforceisreceived, andthe steel pipetobeconstructed
beconme cl ose to each other, whereby it is possible to stably
construct.

[ 0045]

Inthis steel wall 3, the wall body 4, which is a stee
sheet pilewal |, andthe steel pipe2, whichisthereinforcenent
material, aredrivenintothe ground at a space of, for exanpl e,
50 nmor nore so as not to be in contact with each ot her during
the construction, whereby it is possible to suppress the wall
body 4 and the steel pipe 2 fromsliding such that vibration,
noi se, and deformati on are not caused duri ng t he constructi on.
[ 0046]

In a case where the wall body 4 and the steel pipe 2 are
i ncontact duringtheconstruction, for exanpl e, whenavi bratory

typeconstructi onnet hodi nwhi chanenber tobedriveni svibrated
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during driving or the rotary press in construction nmethod is
adopted, a possibility of causing the above-descri bed noi se,
vi bration, and deformati on may becone hi gher. A usable
construction nmethod may be | i mted, accordingly. 1Incontrast,
in this enbodinent, the wall body 4 and the steel pipe 2 are
apart during the construction, whereby there are many choi ces
in the construction nethod.

[0047]

I nacase wherethe steel sheet pileandthereinforcenent
materi al arejoinedandintegrated, asectional area of a nmenber
tobedrivenintothe ground becones | arge, whereby it becones
difficult to be driven. |In contrast, in the steel wall 3 of
t hi senbodi nent, t hewal | body 4andt hest eel pi pe2areseparately
driven, whereby it becones easy to construct. Furthernore,
since the wall body 4 and the steel pipe 2 are apart so as to
avoi d bei ng contact with each other during the construction,
It beconmes nuch easier to construct than in a case where the
wal | body 4 and the steel pipe 2 are in contact, as descri bed
above.

[ 0048]

After the steel sheet pile 1 (wall body 4) and t he st eel
pipe 2 are driven, the concrete to be the coping 5 is driven
across the wal |l body 4 and the steel pipe 2. Accordingly, the
head portion of the wall body 4 is coupledw ththe head portion

of the steel pipe 2.
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[ 0049]

In this steel wall 3, the head portion of the wall body
4 is coupled to the head portion of the steel pipe 2, whereby
the l oad transm ssion i s possible between the wall body 4 and
the steel pipe 2 by the coupled portion. Therefore, the earth
pressure and the water pressure received by the steel wall 3
are shared and recei ved by the wall body 4 and the steel pipe
2. The head portion of the wall body 4 is coupled to the head
portion of the steel pipe 2, whereby it is possible to prevent
apositional msalignnent inthevertical directionbetweenthe
steel pipe 2 and the wall body 4. As above, in the steel wall
3, it is possibleto decrease the bendi ng nonent, which occurs
to the wall body 4 reinforced by the steel pipe 2, fromthe
I ndependent steel sheet pilewall. It is possibleto nake the
wat er st oppi ng performance of the steel wall 3 the sane | evel
as the steel sheet pile wall, whereby evenif filling and the
i keof thenortar arenot performedtothejoint 1d, it ispossible
to obtain the sane | evel of the water stopping perfornmance as
the steel pipe sheet pile wall having a joint portion filled
with the nortar.
[ 0050]

Inthisenbodiment, asillustratedinFig. 3, inthe steel
wal | 3, the steel pipe 2 is disposed to an opposite side of a
side where the earth pressure is applied of the wall body 4,

or on the front surface side where the earth pressure i s not
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applied. Therefore, inacasewhereanobjectiveistoreinforce
the al ready established steel sheet pile wall, even if there
i s an obstacle in an above-ground portion or an under-ground
portiononaback surfaceside, itispossibletoinstall asteel
pi pe for rei nforcenent onthefront surface side. Furthernore,
even in a case where the reinforcenent is performed with the
steel pipe of the sanme |l ength, conpared to a case where it is
installed to the back, the length to be driven into the soil
becones short, whereby it i s possibletoreducetheconstruction
effort and the cost.

[ 0051]

In this enbodi ment, the steel wall 3 is used as the bank
protection, and t he head portion of the steel pipe 2is coupled
totheheadportionof thewall body 4bythecoping5. Therefore,
the coping 5is a coupling material of the head portion of the
steel pipe 2 and the head portion of the wall body 4, while it
al so has a function to bl ock an opening portion of the steel
pipe 2. Inthis enbodinment, aspecializedcoupling nmenber such
asatierodis not necessarilyrequired, whereby it is possible
to decrease the cost.

[ 0052]

Inthe steel wall 3 accordingtothisenbodinent, alength
of the steel pipe 2 is made | onger than a vertical |ength of
the wall body 4 (a I ength of the hat-shaped steel sheet pile

1). By making the |l ength of the steel pipe 2 havingrelatively
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high rigidity | onger, a free design becones possible such as
to allow receiving of the earth pressure by the steel pipe 2
andtoall owthewal | body4toplaytherol eof preventingoutflow
of the earth and sand. Accordingly, it becones possible to
decrease a st eel wei ght andthe constructi oncost. For exanple,
it is possible to nake the steel pipe 2 |onger than the wall
body 4 and to allowonly the steel pipe 2 to be enbedded into
a support |ayer.

Not e t hat as descri bed | ater, thelength of the steel pipe
2 may be shorter than the vertical |ength of the wall body 4,
or the l ength of the steel pipe 2 may be t he sane as t he verti cal
| ength of the wall body 4. The length of the steel pipe 2 is
det erm nedfromavi ewpoi nt of therigidityandagroundcondition.
I nacasewhereboiling, heavi ng, andanarc slidingareconcerned
when the | ength of the steel pipe 2is the sane as the verti cal
| engt h of the wall body 4, the vertical |ength of the wall body
4 may be made | onger than the steel pipe 2. Furthernore, the
wal | body 4 may be nade | onger than the steel pipe 2 in order
to cut off ground water.

[ 0053]

In this enbodinent, as illustrated in Fig. 1, the steel
pipe 2 is disposed to each of the hat-shaped steel sheet piles
1 of the wall body 4 (for each recessed portion of the wall body
4). However, depending on the required yield strength, it is

not necessarytodi sposethesteel pipe2toall of the hat-shaped
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steel sheet piles 1. For exanple, as illustrated in Fig. 4,
itispossibletodi sposethesteel pi pe2toeveryother hat - shaped
steel sheet pile 1 (every other recessed portion), whileit is
al so possibleto disposeit toevery two hat-shaped st eel sheet
piles 1l (everytworecessedportions). Sincethereinforcenent
material is beingenteredintothe recessed portion of the wall
body, it is possible to exert an effect of the reinforcenent
mat eri al to an adj acent steel sheet pile w thout disposingthe
steel pipe to all of the hat-shaped steel sheet piles 1. It
is preferred, however, that the steel pipe 2 be disposed
substantially equal inastatewherethe steel pipe2is aligned
in the longitudinal direction of the wall body 4.

[ 0054]

The steel sheet pile constituting the wall body 4 is not
limtedtothehat-shapedsteel sheet pilel; various steel sheet
pi | es such as a U- shaped st eel sheet pil e, aZ-shaped steel sheet
pile, and the |like nmay be used.

[ 0055]

Next, a second enbodi nent of the present invention is
descri bed.

As illustrated in Figs. 5 and 6, in a steel wall 31 of
t he second enbodi nent, the head portion of the steel pipe 2,
t he head portion of the wall body 4, and t he copi ng 5 are coupl ed
by asteel pillowmaterial (for exanpl e, asteel sheet or a shape

steel cut into a predeterm ned | ength) 6 as a coupling nenber.
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The st eel pi pe2andthewal | body 4 havethe sanevertical | ength.
Besi des, aconfigurationthereof i sthe sane asthat of the st eel
wal | 3of thefirst enbodi nent. Therefore, aconstituent el enent
that is the sane as that of the first enbodi nent i s denoted with
thesanereferencenuneral, andadescriptionthereof isomtted.
[ 0056]

In the second enbodinent, the steel pillow material 6
(steel material), asthe couplingnenber, isprovidedinastate
of bei ng sandw ched bet ween t he head portion of the steel pipe
2 and t he head portion of thewall body 4. This pillowmateri al
6isfixedtothesteel pipe2andthewall body 4 by, for exanpl e,
wel ding, abolt, adrill screw, andthe like. Accordingly, the
head portion of the steel pipe 2is coupledtothe head portion
of the wall body 4 in a state where the steel pipe 2 and the
wal | body 4 are apart.

I n t he second enbodi nment, as descri bed above, the |l ength
of the steel pipe 2 and the vertical length (length of the
hat - shaped st eel sheet pil el) of thewal | body4aresubstantially
t he sane.

[ 0057]

A nmet hod of constructing the steel wall 31 according to
t he second enbodi nent is as foll ows.

First, the steel sheet pile 1 and the steel pipe 2 are
driveninthe saneway asinthefirst enbodi nent. Next, asteel

material to be the pillowmaterial 6 is installed between the
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steel sheet pile 1 (wall body 4) and the steel pipe 2 and is
fixed by welding, a bolt, adrill screw, and the Iike to the
steel sheet pile 1 (wall body 4) and to the steel pipe 2,
respectively. Subsequently, in the same way as the first
enbodi nent, the copingis driven across the wall body 4 and t he
steel pipe 2.

[ 0058]

In the steel wall 31 of the second enbodi nent, the head
portion of the steel pipe 2 is coupled to the head portion of
the wal | body 4 t hrough boththe coping5andthepillownmateria
6. Accordingly, it is possible to nore securely transmt the
| oad received by the wall body 4 to the steel pipe 2. Except
for this point and an effect based on that the steel pipe 2 and
t he hat-shaped steel sheet pile 1 have the sane length, it is
possible to obtain the sane act and effect as the steel wall
3 of the first enbodi nent.

[ 0059]

Next, a third enbodi nent of the present invention is
descri bed.

AsillustratedinFigs. 7and8, inasteel wal |l 32accordi ng
to the third enbodi nent, the head portion of the steel pipe 2
is coupled to the head portion of the wall body 4 not only by
t he coping 5 but also by a pair of plate materials 7 as coupling
menbers. Furthernore, a vertical length of the wall body 41is

made | onger than the | ength of the steel pipe 2. The steel pipe
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2 i s disposed on a back surface side of the wall body 4 where
an earth pressure is applied. Besides, it has the sane
configuration as the steel wall 3 of the first enbodi nent.
Therefore, a constituent elenment that is the sane as that of
thefirst enbodi nment i s denotedw ththesanereference nuneral ,
and a description thereof is omtted.

[ 0060]

Inthe third enbodi nent, the steel plate materials 7 are
provi dedin astate of bei ngsandw ched bet ween t he head portion
of the steel pipe 2 and the head portion of the wall body 4.
The plate materials 7 are fixed to the steel pipe 2 andthe wal |
body 4 by wel di ng, abolt, andtheli ke, respectively. The head
portion of the steel pipe 2 is coupled to the head portion of
the wall body 4 in a state where the steel pipe 2 and t he wal
body 4 are apart. Furthernore, by providing the coping 5 by
i nvolving with concrete across the head portion of the steel
pi pe 2 and t he head portion of the wall body 4, whi ch are coupl ed
by the plate material 7, the head portion of the steel pipe 2
I's coupled to the head portion of the wall body 4 by t he copi ng
5 as well.

[ 0061]

I nthethirdenbodi nent, as descri bed above, the vertica
| ength (1 engt h of t he hat - shaped steel sheet pile 1) of the wal
body 4 is made | onger than the length of the steel pipe 2.

Accordingly, it is possible to prevent the boiling, heaving,
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and arc sliding as well as to cut off the ground water. By
perform ng coupling by the plate material 7 in addition to

coupling by the coping 5, it is possible to enhance strength
of the coupled portion of the head portion of the steel pipe
2 and the head portion of the wall body 4. |In particular, in
this structure, atensileload acts between the wall body 4 and
the steel pipe 2, the coupling by the steel plate material 7
beconmes further effective.

By providing the steel pipe 2 on the back surface side
of thewal | body 4, it i s possibletohidethesteel pi pe2wthout
exposing it on a front side of the wall body 4, whereby it is
possi bl e to enhance aesthetics of the steel wall 32.

Inthesteel wall 32 0of thethirdenbodi nent, it ispossible
to obtainthe sane act and effect as the first enbodi nent except
for the structure of the coupl edportion, thelengthof thestee
pi pe 2 and the wal | body 4, and the act and effect based on the
di sposition of the steel pipe 2 relative to the wall body 4.
[ 0062]

Next, a fourth enbodi nent of the present invention is
descri bed.

As illustrated in Fig. 9, a steel wall 33 according to
t he f ourt h enbodi nent has an H shaped st eel 9 as a rei nf orcenent
material in place of a steel pipe 2; any other configuration
i sthe sane as the configuration of the steel wall 3 of thefirst

enbodi nent. Therefore, a constituent elenent that i s the sane
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nunmeral , and a description thereof is omtted.
[ 0063]

The st eel wal | 330of thefourthenbodi nent usestheH shaped
steel 9 as the reinforcenent material. The H shaped steel 9
i s di sposed al ong a | ongi tudi nal direction of the wall body 4,
t o whi ch the hat - shaped steel sheet pile 1is connected, being
arranged inaline at a space in the sane way as t he steel pipe
2 of the first enbodinent. In the sane way as the steel pipe
2 of the first enbodi nent, the space is provi ded between the
H shaped steel 9 and the wall body 4.

[ 0064]

Apart of the H shapedsteel 9isinastateof beingentered
into a recessed portion, which is a valley portion on one of
si de surfaces of awall body constitutedof the hat-shaped st eel
sheet pile 1. The H shaped steel 9 is disposed such that a web
9ais orthogonal tothe longitudinal direction of the wall body
4. Therefore, a flange 9b is parallel to the |ongitudina
direction of the wall body 4.

[ 0065]

The head portion of the wall body 4 is coupled to a head
portion of the H shaped steel 9. The sane nethod as the first
to third enbodi nents may be used as a net hod of coupling the
steel wall 33totheH shapedsteel 9astherei nforcenent nateri al .

That is, the wall body 4 is coupled to the H shaped steel 9 by
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the coping 5. Note that the wall body 4 and t he H shaped st eel
9may be coupl edby wel di ngt hroughast eel materi al or by fasteni ng
with abolt. The head portion of the wall body 4 may be coupl ed
to the head portion of the H shaped steel 9 by conbini ng t hese
met hods of coupling.

Except that the reinforcement material is changed from
thesteel pipe2totheH shapedsteel 9, any ot her confi gurati on,
such as a rel ationship between the I ength of the wall body 4
and the I ength of the H shaped steel 9 and di sposition of the
H shaped steel 9relativetothe wall body 4 (including a space
bet ween the wal |l body 4 and the H shaped steel 9), may be the
sane as that of the first to third enbodi nents.

[ 0066]

The net hod of constructing the steel wall 33 nay be t he
sanme as the net hod of constructing the steel wall of the first
tothirdenbodi ments except that it i s not possi bl etoconstruct
t he H shaped st eel 9 by t hei nner excavati onconstructi on net hod
or by the rotary press in construction method.

Wth the steel wall 33 of the fourth enbodinent, it is
possible to obtain the sane act and effect as the steel wall
3of thefirst tothirdenbodi nents except for the act and ef f ect
by the steel pipe 2.

[ 0067]
Next, a fifth enbodi nent of the present invention is

descri bed.
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AsillustratedinFig. 10, inasteel wall 34 of thefifth
enbodi nent, coupling of the head portion of the steel pipe 2
and t he head portion of the wall body 4 are perfornmed by wel di ng
of a steel sheet 8 in each of the above-descri bed enbodi nents.
Concrete i s not used for couplingthe head portion of the steel
pi pe 2 andthe head porti onof thewall body 4. Theconfiguration
t hereof is the sane as the steel wall 3 of the first enbodi nent,
except for this structure of coupling the head portion of the
steel pipe 2andthe headportionof thewall body 4. Therefore,
t he sanme constituent el enent i s denotedw th the sanme reference
nuneral, and a description thereof is omtted.

[ 0068]

Inthe steel wall 34 of the fifth enbodi nent, in the sane
way as that of thefirst enbodi nent, theplurality of steel pipes
2 is disposed at a space fromeach other and arrangedin aline
al ong the | ongi tudi nal direction of the wall body (sheet pile
wall) 4, inwhichthe plurality of hat-shaped steel sheet piles
1is coupled. It is disposed in a state where a part of the
steel pipe 2 is being entered into a recessed portion of the
corrugat ed steel sheet pilelinwhicharecess and a projection
are repeated.

[ 0069]

The st eel sheet 8i s di sposed bet ween t he hat - shaped st eel

sheet pile 1 of the wall body 4 and the steel pipe 2. Inthis

enbodi nent, the steel sheet 8 i s di sposed between an arm1lc of
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the hat-shaped steel sheet pile 1 and an outer circunference
of the steel pipe 2. In correspondence to the right and | eft
arms 1c, for one hat-shaped steel sheet pile 1 and one steel
pipe 2, a pair of the steel sheets 8 is provided in the right
and left.

[ 0070]

One of edges of the steel sheet 8 is welded to the arm
1c of the hat - shaped st eel sheet pil elandtheother edget hereof
Is welded to the outer circunference of the steel pipe 2.

In constructing the steel wall 34, construction of the
wal | body 4 and driving of the steel pipe 2 are performed in
the sane way as those in the first enbodinent. After the
construction of the wall body 4 and the driving of the steel
pi pe2areconpl eted, thesteel sheet 8i swel dedtot hehat - shaped
steel sheet pile 1 of the wall body 4 and the steel pipe 2.
[ 0071]

In the steel wall 34 of the fifth enbodi nent, coupling
bet ween t he head portions of the wall body 4 and t he steel pipe
2is perfornedbywel di ngof the steel sheet 8, whereby it becones
easy to construct. A curetime is not necessary unlike in a
case where the concrete is used for coupling, whereby the
construction period becones short.

[ 0072]
Note that in this enbodinent, asillustratedin Fig. 11,

the steel sheet 8 may be di sposed between the web la of the
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hat - shaped steel sheet pile 1 and t he outer peripheral surface
of the steel pipe 2, or it may be di sposed between a fl ange 1b
and the outer peripheral surface of the steel pipe 2.

Rel ative to t he hat - shaped steel sheet pilel, it is also
possible to skip a pitch of the steel pipe 2 (for exanple, to
di spose the steel pipe 2to every ot her hat-shaped steel sheet
pile 1l or every two or nore hat-shaped steel sheet piles 1) and
tousethesteel pi pe2havingadianeter | arger thananeffective
wi dth of the hat-shaped steel sheet pile 1.

It is al so possible to disposethe steel pipe 2 on a side
of thewall body 4 where arelativelylargepressureisreceived
or to dispose it on an opposite side thereof.

[ 0073]

As a steel wall 34Aillustrated in Fig. 12, in addition
to the coupling by welding of the steel sheet 8, in the sane
way as the first enbodinent, it is al so possible to provide a
copi ng 5 by concretethat i sdrivenbyinvolvingthe head portion
of the wall body 4 and the head portion of the steel pipe 2.
In this case, the concrete is to be driven after the wel ding
of the steel sheet 8.

The wal |l body 4 and the steel pipe 2 are coupl ed by the
concrete in addition to the welding of the steel sheet 8.

[ 0074]
Inthis case, it is possible to realize a conplenentary

structure inwhich, for exanple, transm ssi on of a conpressi on
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force between the wall body 4 and t he steel pipe 2is perforned
mai nly by the concrete, and transm ssion of atensile forceis
performed mainly by the steel sheet 8. It is also possibleto
attai n bl ockage of an upper end opening portion of the steel
pi pe 2 by t he above-descri bed concrete, prevention of coll apse
of the top end, and the like.
[ 0075]

The steel walls 3, 31, 32, 33, 34, and 34A may al so be
constructed by setting an al ready establ i shed steel sheet pile
wal | as the wall body 4 and by driving the steel pipe 2 or the

H shaped steel 9 relative to this wall body 4.

Ref erence Si gns Li st

[ 0076]

1 hat - shaped steel sheet pile (steel sheet pile)
1d j oi nt

2 steel pipe (reinforcenent material)

3 steel wall

5 copi ng

8 steel sheet

9 H shaped steel (reinforcement naterial)
31 steel wal |

32 steel wall

33 steel wal l

34 steel wall



34A

st eel

wal |

40
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CLAI M5

1. A steel wall, conprising:

acorrugat ed- shapedwal | bodyi nwhi chapluralityof steel
sheet piles is coupledby ajoint andin which a projection and
a recess are repeated in a |ongitudinal direction; and

aplurality of reinforcement materials constituted of a
steel pipe or an H shaped steel that reinforces the wall body
and is arranged in a longitudinal direction of the wall body
at a space with the wall body, wherein

apart of thereinforcenent material isinastate of being
entered into a recessed portion of the wall body, and

the wall body is coupled to the reinforcenent nmateri al

at head portions thereof.

2. The steel wall according to claim1, wherein the
reinforcenent material isinstalledto every ot her steel sheet

pile or every two or nore steel sheet piles.

3. The st eel wal |l accordingtoclaiml, whereinthewall body
I scoupledtothereinforcenent materi al at head porti onsthereof

by concrete, which is driven across the head portion thereof.

4. The steel wal | accordingtoclaiml, whereinthewall body

and the reinforcenent material are coupled at head portions
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t hereof by each being joined to a steel sheet installed

t her ebet ween by wel di ng.

5. The st eel wal | accordingtoclaim4, whereinthewall body
and the reinforcenent nmaterial are coupled at head portions

t hereof by concrete driven across the head portions thereof.

6. The st eel wal | accordingtoanyoneof clains1to5, wherein

the reinforcenent material is the steel pipe.

7. The st eel wal | accordingtoanyoneof clains1to5, wherein
thereis set aspace betweenthe wall body and t he r ei nf or cenent
mat eri al such that the steel sheet pile of the wall body and
the reinforcenent material do not contact each other during

constructi on.

8. The steel wal | accordingtoanyoneof clains1lto5, wherein
the reinforcenent nmaterial is provided on a side of the wall

body where a relatively large pressure is received.

9. The steel wal | accordingtoanyoneof clains1lto5, wherein
the reinforcenent material is provided on an opposite side of
the side of the wall body where the relatively | arge pressure

isS received.



