1 DESCRI PTI ON UNDERGROUND CONTI NUOUS WALL, AND METHOD FOR CONSTRUCTI NG
UNDERGROUND CONTI NUOUS WALL TECHNI CAL FI ELD [0001] 10The present invention
relates to a steel material for an underground continuous wall, a nethod
for producing a steel material for an underground continuous wall, an
under ground conti nuous wal | constructed fromthe steel material for an
under ground conti nuous wal |, and a mEIEEPPONconstructi ng an under ground
continuous wall fromthe material for an underground continuous wall which
are widely used in the construction of 15retaining walls and bul khead wal | s
in construction and civil engineering projects. BACKGROUND ART 20[ 0002]
Conventionally, known types of steel materials for an underground
continuous wall conpositely integrated by conbining steel sheet pile and

H beans, used when constructing a retaining wall or underground conti nuous
wal | (conposite sheet pile) include (1) steel materials for an underground
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UNDERGROUND CONTINUOQUS WALL

TECHNICAL FIELD
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10 The present invention relates to a steel material for an underground continuous
wall, a method for producing a steel material for an underground continuous wall, an
underground continuous wall constructed from the steel material for an underground
continuous wall, and a method for constructing an underground continuous wall from the
material for an underground continuous wall which are widely used in the construction of

15  retaining walls and bulkhead walls in construction and civil engineering projects.

BACKGROUND ART
20 [0002]

Conventionally, known types of steel materials for an underground continuous
wall compositely integrated by combining steel sheet pile and H-beams, used when
constructing a retaining wall or underground continuous wall (composite sheet pile)
include (1) steel materials for an underground continuous wall in which a linear-shaped

25  steel sheet pile or a wall-shaped steel sheet pile is secured to.a flange of the H-beam by



2 welding (for exanple refer to patent docunent 1). Furthernore, in a known
type of steel material for an underground continuous wall which is nore
rigid than the steel material for an underground continuous wall of (1)
above, a U shaped steel sheet pile is cenbined with H beans, |-steel
sections, or T-steel 5sections (for exanple refer to patent docunents 3

t hr ough 6yveldifD(8] example refiite patcohdocuamdnt Ay an under gr ound conti nuous wal |,
because the underground continuous wall is constructed by linking a |arge

nunber of the abgerBRssih RRbowh egle silieR! matdrs fdraganbeigrdundtdatihgiuszont al
direction, a large cost is incurred. If the I ength dinension of 10
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cont i nuous wa can educed, 1n an un er groun ontl nuous wa

retaining wall structed. using.a | afge.nu r, of el. sheet piles, the
et gt of v & EauroREFert et 1P peRbREa PRI hemonir o ot € T
reduced, and accordingly transportation is_easier. Furthernore,

i nst ald at pehons (far expmepleFaies toaatens AABIMeSSs 3 Heowgl @ i on of construction work
to be reduced. Consequently, an 15 underground conti nuous wall can be
construct E003hexpensi vel y, and construction costs can be. reduced, providing
a significant effect. For this reason, a |lightweight and i nexpensive steel

material for anwmgeioasniiigeahiegasimdwahlinddisdes], bechusd #QMHerginine case
where the HHbeamis secured into a channel of a U shaped steel sheet 20

ile, b - i b destri d
Pt eel ooy fols wH M GEEEY [N 314 HEphiABLAR (R HGRE e RribkBSieL HOAPT
t he wal |
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conpact ed, causing the channel to becone bl ocked. In contrast, the
conbi Hat i KiTygdugl shagppilestip e Serd spaterigl gﬂra?\wr%slﬁrarplg@é‘fwﬁww veallpenteer
angle of incline 25 than the U shaped steel sheet pile, providing an
advant age radheed iy ah hedergruad tcoutinuias wall or retaining wall constructed using a large
number of steel sheet piles, the weight of the steel material for the underground continuous
wall is redﬁced, and accordingly transportation is easier. Furthermore, installation is also
simplified, enabling the duration of construction work to be reduced. Consequently, an
15  underground continuous wall can be constructed inexpensively, and construction costs can
be reduced, providing a significant effect. For this reason, a lightweight and inexpensive
steel material for an underground continuous wall is desired.
[0004]
In the case where the H-beam is secured into a channel of a U-shaped stee] sheet
20 pile, because the H-beam is secured to the inside surface of the U-shaped steel sheet pile
where the flanges are inclined at a greater angle, when the wall is driven into the ground, a
problem occurs whereby the earth inside the channel in the U-shaped steel sheet pile tends
to become compacted, causing the channel to become blocked. In contrast, the

combination of a hat type steel sheet pile and an H-beam forms a gentler angle of incline

25  than the U-shaped steel sheet pile, providing an advantage whereby the compaction of



3 earth is reduced, alleviating the problem described above. [0005]

However, with a hat type steel sheet pile 2 manufactured by rolling such as
that shown in FIG 10, if its dinensions are changed, |arge equi pnent costs
are incurred at the 5rolling facility. ¥&xisting hat type steel sheet piles
i nclude the hat type steel sheet piles 2 of the dinensions (in my shown in
FI G 10 anchrfiliGrddiiced, nlleviesng thatprolypm desadledshest. piles 2, flanges 5

inclined so as to spread outward, are connected integrally to each end of a
web 7, angogsm sections 3 and 4 running parallel to the web 7 are connected
integrally to the respective flanges 5, and at the ends of the arm sections

3 and 4, joint SH%e&éﬂ@i@Ega@% s%@lgsh%gt ﬁ%ﬁtﬁgﬁﬂﬁyﬂ&r%ﬂ%ﬁgﬁ% fahat

shape in cross-section. nd right joints 14a

poi nt-symetric with. r ct to the center. point.of the central axig of the
i sect | Dbt 10, SER0RHentiBns AE chERe i Stttk Hesd BB iR it ha
type steel sheet piles 2 are fitted together, the hat type steel sheet
pi | es 2 crodlingfagiitn nigastingolent tneesiees heehpilesinduds the hat ypasteclshegailes 2 of
An advantage of the hat type steel sheet pile 2 is that because the hat
type st eethesimensiquis| (i @m)bdwolesFiGhé0and FIhad. In tespeisat fymersteel bleectyilas 2,
sections 3 and 4 at both ends thereof, the wide w dth dinension of the

sheet pi | gafgRaBsndlial sb ener spshrdefutPikdese R6@kcted i@ fllly e Bachdnki @k REHEN
i nexpensive wall to be constructed. On the other hand, there has been a

| nexpensi v | other han een a
P R R Rl A R TS

di mensi Onre%{:eétﬂf% ﬂsantht%tS, QIIIA & the ends of the arm sections 3 and 4, joints 14 (14a and 14b) are

10 integrally formed, giving a hat shape in cross-section. The left and right joints 14a and 14b
are point-symmetric with respect to the center point of the central axis of the arm sections
3 and 4, such that when the joints 14a and 14b of adjacent hat type steel sheet piles 2 are
fitted together, the hat type steel sheet piles 2 can be arranged upon the central axis of the
arms.

15 [0006]

An advantage of the hat type steel sheet pile 2 is that because the hat type steel
sheet pile 2 includes the inclined flanges 5 and the arm sections 3 and 4 at both ends thereof,
the wide width dimension of the sheet pile means that fewer sheet piles need to be driven,
allowing an inexpensive wall to be constructed. On the other hand, there has beena

20  problem in that a hat type steel sheet pile with high flexural rigidity cannot be
manufactured inexpensively and easily without changing the width dimension of the sheet
pile.

[0007]
Patent document 1: Japanese Unexamined Patent Application, First Publication

25  No. S62-133209



[ 0007] Pat ent docunent 1: Japanese Unexam ned Patent
Application, First Publication 25 No. S62-133209 4 Pat ent docunent
2: Japanese Unexam ned Patent Application, First Publication No. Hl1l-140864
Pat ent docunent 3: Japanese Unexam ned 4at ent Application, First

Publ i cati on No. 555-68918 5Patent docunent 4: Japanese Unexam ned Pat ent
Appl i cation, FiRa¢nt Boblhedt: dapahlese HiGagB80@bhatent ApplicRaine Kirstdiowivemin 5:
Japanese Unexam ned Patent Application, First Publication No. 2005-127033
Pat ent doqument-ifHogecdapanese Patent No. 3603793 10 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Probl ens to be Solved by the Invention [0008]

Patent document 3: Japanese Unexamined Patent Application, First Publication
No. 855-68918
5 Patent document 4: Japanese Unexamined Patent Application, First Publication
No. H06-280251
Patent document 5: Japanese Unexamined Patent Application, First Publication
No. 2005-127033
Patent document 6: Japanese Patent No. 3603793
10
DETAILED DESCRIPTION OF THE INVENTION
Problems to be Solved by the Invention
[0008]
In the abovementioned background art, although the combining of U-shaped steel
15  sheet piles and H-beams is disclosed, no disclosure is made that clarifies in specific terms
the relationship of the length dimension of the H-beam with respect to the U-shaped steel
sheet pile, in order to provide a more economical steel material for an underground
continuous wall.
Furthermore, a problem arises in that a hat type steel sheet pile with high flexural
20  rigidity cannot be manufactured inexpensively and easily without changing the width
dimension of the sheet pile. Therefore a more rigid inexpensive steel material for an
underground continuous wall is desired which uses a hat type sheet steel pile in production
today or in the future.
An object of the present invention is to provide a steel material for an

25  underground continuous wall which exploits the advantages of the hat type steel sheet pile



In the abovenenti oned background art, although the conbining of U shaped
steel 15sheet piles and H beans is disclosed, no disclosure is nmade that
clarifies in specific terns the relationship of the | ength dinmension of the
H-beamwi th respect to the U shaped steel sheet pile, in order to provide a
nore econom cal steel material for an underground continuous wall.
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flexural 20 rigidity cannot be nmanufactured inexpensively and easl

wi t hout c ' | ,mensian.o he.sheet. pile. Therefore a nore
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desired which us.es1 a Pat t%gﬁ sheet steel pile in production today or in
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material for an 25underground continuous wall which exploits the advant ages

of the hatofithppresersdnvenhioris piprevid&a Ateahmaferial fog an undaEROLA S ARUWARAM
wherein the | ength dinension of the Hbeamw th respect to the U shaped

st eel $heewhiph ken tenstabi Ngectidal ERains wall 6 WiterdGul QHsHE 1?5\%81’@ 1&9& yet
practical steel material for an underground continuous wall. ['n other

words, an QBj ect of the present invention is to provide a steel nmateri al
for an underground continuous wall 5 which can construct a practical

rsg]c \6/1: Elgn?hh\éyg%ylrsofgf gbj&gn[egégég%%%aggnt i nuous wall at a | ower cost. Means for
[0009]
The inventors of the present invention focused on the fact that when constructing
10 anunderground continuous wall or retaining wall using a steel material for an underground
continuous wall which incorporates an H-beam  into the hat type steel sheet pile ,thereis
no rational reason why the steel material for an underground continuous wall must have the
same cross-section along the entire vertical length. In addition, the inventors of the present
invention considered that if crown displacement of the retajning wall can be suppressed to
15 adisplacement that results in no practical issues, an even less expensive steel material for
an underground continuous wall is obtained, and by using such a steel material for an
underground contimuous wall, a less expensive underground continuous wall or retaining
wall can be constructed, thereby completing the present invention.
{0010}
20 In order to solve the above problems, the present invention adopts the following
configuration.
A first aspect of the present invention is a steel material for an underground
continuous wall equipped with a hat type steel sheet pile having a hat-shaped vertical

cross-section with respect to the length direction thereof, and an H-beam having an

25 H-shaped vertical cross-section with respect to the length direction thereof, wherein: the



The inventors of the present invention focused on the fact that when
constructing 10 an underground continuous wall or retaining wall using a
steel material for an underground continuous wall which incorporates an

H beaminto the hat type steel sheet pige ,there is no rational reason why
the steel material for an underground continuous wall nust have the sane
cr oss- sedta typeataehsheehpileincludes v aebj € phir bEflghdes comeattdiihiegrallytib eadhrangnt or s
of the present invention considered that if crown displacenent of the
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i nvention adopts_the follow ng configuration. A f| rst aspect of t he
present i$5¢EeTt whishiconacaly tepairedf dlangd sgcpnaie ek ethgr lbaviagspaae nuous wal |
equi pped with a hat type steel sheet pile having a hat-shaped verti cal

cr oss- sechémhetwieety anespestrface drhan dprogithside tex firfine bhereasfithe paitofftanigedeam
havi ng an 25H shaped vertical cross-section with respect to the length

di r ect i onofttheHeldam WhRh@bfinectd @ th&wbBkedibRes S8Rl t6 Eh@sﬁtepsdrﬁcé Bﬁihed&‘e% a
web, a pair of flanges connected integrally to each end of the web and
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parallel tot |ntegralyto She of
of fl angess H bea des..a al r f.lan S ,subst ant i al Iy
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fl an tions to_each other |eaving space therebetween; an outer surface
on a ptgéli‘ g digprpéon of the batrtype §6%}fsh6<?fé>11§f1n theelength dirgetion; ang)as owtrall he
H-beam whi ch connects to the web section is secured to an outer surface of
the web, lehgthedtlks Hahweafaodhdlsnpth drection yposiged withthethe dinserstranofehe har med by
the web and the flanges of the hat type steel sheet pile; a dinension of
the H- beawpe stethbedtgilgtimthdil¢eh dipdrtios, Sldeire@end of the H-beam is located closer to

a forward end side in the length direction than a rear end of the hat type steel sheet pile.

[0011]

15 Moreover, as described below, in the present invention, when driving the steel

material for an underground continuous wall into the ground to construct a retaining wall

or bulkhead wall or the like, the side serving as the top end of the steel material for an

underground continuous wall when the retaining wall or bulkhead wall or the like is in the

constructed state is clamped by a driving machine (including a clamp (clamping section)

20  and a vibratory device), and with the bottom end side of the steel material for an

underground continuous wall as the leading end and the top end side of the steel material

for an underground continuous wall as the tailing end, the steel material for an

underground continuous wall is driven into the ground. Accordingly, in the present

invention, the forward end of the steel material for an underground continuous wall forms

25  the bottom end of the constructed retaining wall or bulkhead wall or the like when a



10t han a di nmension of the hat type steel sheet pile in the I ength
direction; and an overall length of the Hbeamin the length direction is
arranged within the dinmension of the hat type steel sheet pile in the

| ength direction, and a rear end of the7H beamis |ocated closer to a
forward end side in the length direction than a rear end of the hat type
st eel shestaipingeval] @0hikhed s Madlemtbe Jikam cdestordtdefionahewicel matekal for esent

i nvention, when driving the steel material for an underground continuous

wal I i nt ouidieor@tfd BshtinRoGPWEL ARlttha rdaebad Bf he swel hnaffiaberkheadeaddngor the
| i ke, the side serving as the top end of the steel material for an

under gr ou i H[§|:¥¥q %M]%m I {. or the
like is i %tﬁgeg%ﬂ??ruc egég ate \%E&c%getrtr%%gh%%ll\é@ H@{eﬁg%r?glc%ﬁeeﬁ% Rl udi ng
a clanmp (clanping_sectio 20and. a vi brator evice), and with the bottom
end side 8‘?nsgﬁ‘éteglfré’§} ﬁ‘ﬁ'ﬁ?{%} gter ﬁor "@ﬁﬁf&F lfﬁﬂtl’&%‘?’rfsi‘?‘nﬁl)us wal | as the

| eading end and the top end side of the steel material for an underground
conti nuoullM&l | as the taili ng end, the steel material for an underground
continuous wall is driven into the ground. Accordingly, in the present

i nvention, the Aocoding temic: Hfst adpectsifabé stoeltreatedad] fHoan andeugrdend cantindous
continuous wall fornms 25the bottom end of the constructed retaining wall or

bul khead wall] b&kudetBe Hink@sWHEST tRe Hbdagi R thé G giteditecBbn dHoheAthwald or the
like is constructed fromthe steel material for an underground conti nuous

wal I, and ﬂgg% f : L u nti nuous
wal | for rr(x-é1 t eSfot%g% en _tmee;ﬂgel?g%g#ahl?%&%ﬁgi%rﬁﬁ%ﬁ@%éﬁgg{e\g\gﬁ%ﬂ%raﬁ? he |ike
is constructed.fromthe steel material for an underground, continuous. wall .
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under ground continuous wall, because the dimension of the Hbeamin the

| engt}P di pleelmaaripldorapundergropadh commugpswal isgiedan arenemical sefpiniag sl osheet
pile in the length direction, an inexpensive and |ightweight steel material
for an unbelkbeaimel coihtilkecas baabhstoatedoe obt ai ned. Wien this

Furthermore, when the rear end section of the steel material for an underground
continuous wall is clamped by the driving machine, with a steel material for an
underground continuous wall in which the position of the rear end of the hat type steel

15  sheet pile coincides with the position of the rear end of the H-beam in the length direction,
the hat type steel sheet pile and the H-beam are both present at the rear end of the steel
material for an underground continuous wall which the driving machine attempts to clamp,
and the clamping of the steel material for an underground continuous wall by the driving |
machine is particularly difficult. In contrast, with the first aspect of the invention, because

20  the rear end of the H-beam is located closer to the forward end side in the length direction
than the rear end of the hat type steel sheet pile, only the hat type steel sheet pile is present
at the rear end of the steel material for an underground continuous wall. For this reason,
the driving machine can easily clamp the rear end section of the steel material for an
underground continuous wall. For example, when only the rear end section of the hat type

25 steel sheet pile is clamped, clamping can be performed easily without interference from the



10steel material for an underground continuous wall is used, an econom cal
retaining wall or bul khead wall or the |ike can be constructed.

Furt hernore, when the rear end section of the steel material for an

under ground conti nuous wall is clanped by the driving machine, with a steel
material for an underground continuous wall in which the position of the
rear end Idfbettne hat type steel 15sheet pile coincides with the position of
the rear end of the HHbeamin the length direction, the hat type steel

sheet pile and mhee tbrlseacni@r & patchrpessentd antinhensealts, estebiatehiel fot eel
material for an underground continuous wall which the driving nmachine
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under groun ntinuous wall by the drivi'ng machine is particularly
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material for an underground continuous wall. For this reason, the driving
machi ne chorizeasdl diredicanpis the steelmaterial ©een uoderafound sontimmwius walldnvalichior an
under ground conti nuous wall. For exanple, when only the rear end section of

the hat typeyRbatdeheds bietndinh E-bene herinedratal, dhpited neaeridiés peedfio minkd
easily without interference fromthe 8 Hbeam In the construction of sone
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10 drive this steel material for an underground continuous wall into the ground. For this
reason, a need arises to perform the driving work by using both the special driving machine,
and the driving machine normally used to drive the steel material for an underground
continuous wall composed only of the hat type steel sheet pile, in an alternating manner,
which complicates the work immensely. In contrast, with the first aspect of the present

15  invention, the rear end section of the hat type steel sheet pile can be clamped without
interference from the H-beam. For this reason, the task of installing both steel materials
can be performed using only the driving machine normally used to drive the hat type steel
sheet pile, which simplifies the driving work.

[0013]

20 In the steel material for an underground continucus wall according to the first
aspect, a position of a forward end of the hat type steel sheet pile may coincide with a
position of a forward end of the H-beam in the length direction. In this case, the effects
described for the first aspect of the steel material for an underground continuous wall are

obtained in the same manner.

25 [0014]



5type steel sheet pile, may be connected to each other in an alternating
manner al ong the horizontal direction. As the steel material for an

under ground continuous wall in which a hat type steel sheet pile and an

H beam are integrated, if a steel materpal is used in which the position of
the rear end of the hat type steel sheet pile coincides with the position
of the rear endActpdrhsorHebghrbeiweentbe reangbdofithe dot ivpe steal Shecpibd ardrthei ng
machi ne must be used to 10drive this steel material for an underground
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the driving work by using both the special driving nmachine, and the driving
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cont i nuous wal | %onpose only o e hat type steel sheet pile, In an

al ternating, manner, which conplicates the work i mensely. In contrast, with
t he firstwggﬂ@PPn ?mﬁﬁﬁob?gﬁﬁgt 15i nvention, the rear end section of the
hat type steel sheet pile can _be clanped wthout interference fromthe

H beard For t hi ¥headbosicelipaterialdrr o5F undesararnd prptBueRs Wldey ussdeethestesl can be
performed using only the driving machine normally used to drive the hat
type st eemashiabin pictaninghiatifonsihiph thfeicash pheaswe kvts fignwondsidd, @0dBif tR0Hartht he
steel material for an underground continuous wall according to the first

aspect, apResirt Led t@fisplatohearsive bethRfrefalBndakil iy PR cafth pressii@ettifid | € may
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steel materral for ‘arm undergroun ntinuous wall are obtained in the same
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than pp¥ 8ésigana\@§c{ lluy Qe?siiggnhft'or ];vrh%rrp aaste%|1 glg?e?gl orroalrjlquerground continuous wall which
includes a hat type steel sheet pile and an H-beam of equal lengths welded together along
the entire length thereof is used. As a result, a steel material for an underground
continuous wall which is sufficiently rigid, as well as inexpensive and lightweight can be
obtained.
15 Furthermore, as described in the experimental results below, it is apparent that if
the separation length between the rear end of the hat type steel sheet pile and the rear end of
the H-beam exceeds 50% of the wall height from the planned ground level to the ground
surface in a retaining wall constructed from the steel material for an underground
continuous wall, crown displacement increases rapidly. In contrast, if the separation
20  length between the rear end of the hat type steel sheet pile and the rear end of the H-beam is
not more than 50% of the wall height from the planned ground level fo the ground surface
in a retaining wall constructed from the steel material for an underground continuous wall,
the rate of increase of crown displacement is kept low. In this manner, when the separation

length is not more than 50% of the wall height, compared to a case where the separation

25  length exceeds 50% of the wall height, the steel material for an underground continuous



| evel to a ground surface in a retaining wall constructed fromthe steel

mat eri al for an underground continuous wall. 5Wen the steel material for
an under ground continuous wall is used as the steel material in a retaining
wal | on which the earth pressure acts fipom one side, even if the earth
pressure acts to displace the crowmn of the retaining wall in the earth

pr essur e vadlis sgffdiendgtrighd) anti iealdd spkpeemerdnddehtbeghtuppr essed to not nore
than a 10% i ncrease fromthe crown displacenent Y (that is, not nore than
110% of tpe1;rown di spl acenent Y) 10 designated by design for when a steel
material for "an underground continuous wall which includes a hat type steel
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t he gr ounstees nateainé formnamdefaoundrgniiahdusoeaibt ruct ed fromthe steel materi al
for an underground continuous wall, crown di splacement increases rapidly.
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sufficiently rigid, and is al so i nexpensive and |ightweight. [0015]

the crown displacement Y (that is, not more than 110% of the crown displacement Y)

designated by design for when a steel material for an underground continuous wall which
includes a hat type steel sheet pile and an H-beam of equal lengths welded together along
the entire length thereof is used. As a result, a steel matenal for an underground

15  continuous wall which is sufficiently rigid can be obtained. Furthermore, because the
separation length is not less than 10% of the wall height, the economic benefits are great,
enabling an inexpensive and lightweight steel material for an underground continuous wall
to be obtained.

[0016]

20 _ A separation length between the rear end of the hat type steel sheet pile and the
rear end of the H-beam may be not more than 30% of a wall height from a planned ground
level to a ground surface in a retaining wall constructed from the steel material for an
underground continuous wall.

In this case, as is apparent from the experimental results given below,

25  substantially the same crown displacement can be maintained as when a steel material for



A separation |length between the rear end of the hat type steel sheet pile
and the rear end of the H beam nmay be not |ess than 10% and not nore than
50% of a wall height 5froma planned ground I evel to a ground surface in
the retaining wall constructed fromthgisteel material for an underground
conti nuous wal | . In this case, when the steel material for an
under gr outidurciepdromdodemtinad s wsll ubet iasuldsen Isdt egle somd elideabilé dndbart Hitkbhini Ng
wal | on which the earth pressure acts fromone side, even if the earth

pressure gCdQat lgnghs_sﬂleﬁe@ t&é@:ﬁqe‘f LRWE R edthe léhgﬁﬁh&jeﬂﬂisv@éd. Afa thgigaatdkn
pressure l1l0acting direction, the di'splacenent can be suppressed to not nore

than a 10%.Jj.n ase fromth r L.spl Y. t,mre than
1006 of U REBALER 2 pal AT s RyE bRl RS R P RN EREF e

mat eri al &Br an under ground conti nuous wall which includes a hat type steel
sheet pil 4Ad an H beam of equal lengths wel ded together along the entire
| ength thereof is used. As a result, a steel material for an underground
15contd nuous wafifornssird bnd of the fif-bedre mayyberpesitell daser ea ot ghdeide teara her nor e,
because the separation length is not |less than 10% of the wall height, the
econom ¢ feweild dngl ofitles It @fde, steabdelt ple anthe hevgpediséctienand | i ght wei ght st eel
material for an underground continuous wall to be obtained. [0016] 20A

separation | engiihRebweenistBfartfatorg Mt Rpedhéntibk sﬁlbé%?ve%tt%ﬁiw, %Bﬁ?&re@ kd e and
the rear end of the H beam nay be not nore than 30% of a wall height froma

P amnes QUL Y€l Y A0 AU o Ao BRI Rl 03B b 9
o5 S 2EPE Rt [T be Sxperl TRILEL resuld S, uen below, Ssuestanal 1Y
10  only the rear end of the H-beam is located closer to the forward end side than the rear end
of the hat type steel sheet pile, even though the cut length of the H-beam (the sum of the cut
length of the forward end of the H-beam and the cut length of the rear end of the H-beam)
is increased, an acceptable level of rigidity can be maintained. Accordingly, compared to
the two configurations mentioned above, costs can be further reduced, and workability can
15  be improved due to the lighter weight.
[0018]
A separation length between the rear end of the hat type steel sheet pile and the
rear end of the H-beam may be not more than 50% of a wall height from a planned ground
level to a ground surface in a retaining wall constructed from the steel material for an
20  underground continuous wall; and a separation length between the forward end of the hat
type steel sheet pile and the forward end of the H-beam may be not more than 30% of an
overall length of the steel material for an underground continuous wall in the length
direction.
In this case, as is apparent from the experimental results given below, when the

25  steel material for an underground continuous wall is used as the steel material in a retaining



11 an underground continuous wall which includes a hat type steel sheet
pil e and an H beam of equal |engths wel ded together along the entire |l ength
thereof is used. As a result a steel material for an underground conti nuous
wal | which is sufficiently rigid can beldbtained. [0017] 5A forward end of
the H beam may be | ocated closer to a rear end side than a forward end of

t he hat t ypadl en weichsheesrthypressurmaathBomamgtsided pyancit tlonearth pressurd agitthi s case,
as is apparent fromthe experinental results given below, conpared to

conf i gur atdigscei the Woivatofan setdihiag haimanke enth géssufeadtngelireciion,lthe at ed

closer to the rear end side than the forward end of the hat type steel

sheet pi | edisgﬁ%%nféﬁﬂéaﬁn%rs% bRESed 1B nFn6R thih 810¥ fbRabERbMARE Riwii e H beam

is |located er to the rward end side than the rear end of the hat type

steel sheef pile hough t he, cuf,~Length of t e t he. sum,9f the
cut | engt h&lﬁﬁa%eﬁign%i{\;}\lﬁi & %‘%cfn%rfe %}tl%lehlg-/gggt%eé:ﬁw a%p%gm?%?n%)[%%@flg?ﬁ Ir ear
end of the H beam) is increased, an acceptable |evel of rigidjty can be
mai nt aPnediesigBdet Wheigt yecloBrsardar frURdRERTOHRA B IIGH? el SHEChrsladeha bt
above, costs can be further reduced, and workability can 15be inproved due
to the |idghpestedisheptpile p0d 28]H-beam of equak lepgihatwedded tepethér Hetguberentilse r ear
end of the hat type steel sheet pile and the rear end of the H beam may be

not nore tibagh5R%edlis asedalAs hekghta stdebmagerial fnadingeuichd @wneahuduz veallgr ound
surface in a retaining wall constructed fromthe steel material for an 20

under gr oungyERMN LHOMSYREL; 2008 8 BRRMRNe AR 1AW BbdRdf OF war d

end of the hat type steel sheet pile and the forward end of the H beam may

be not nore than, 30% n&grea% @e:ggﬁ%gn:t@%%{%ﬁg{epéz?ﬁsghsgélo@ﬁ% jl}%largn?{hﬁ?{}hi S

under ground continuous wa _ _
25t edD. e PR SUREeng) B 1 SBOR PRUBUS ey shectpUgan i i o6d b1
mterial trllle ?—I—lrjga;[rr? L}?cieggs 50]5/20 of the wall height from the plannéd ground level to the ground
surface in a retaining wall constructed from the steel material for an underground
continuous wall, and the separation length between the forward end of the hat type steel
sheet pile and the forward end of the H-beam exceeds 30% of the overall length of the steel
15  material for an underground continuous wall in the length direction, crown displacement
increases rapidly. In contrast, if the separation length between the rear end of the hat type
steel sheet pile and the rear end of the H-beam is not more than 50% of the wall height
from the planned ground level to the ground surface in the retaining wall constructed from
the steel material for an underground continuous wall, and the separation length between
20  the forward end of the hat type steel sheet pile and the forward end of the H-beam is not
more than 30% of the overall length of the steel material for an underground continuous
wall in the length direction, the rate of increase of crown displacement is kept low. In this
manner, compared to other cases, the steel material for an underground continuous wall

has sufficient rigidity, and is inexpensive and lightweight.

25 [0019]



wal | on which the earth pressure acts fromone side, even if the earth
pressure acts to displace the crowmn of the retaining wall in the earth
pressure acting direction, the displacenent can be suppressed to not nore
than a 10% i ncrease fromthe crown displ3acenent Y (that is, not nore than
110% of the crown displacenent Y) designated by 5design for when a steel
mat eri al for anAuaprreigerolengthdetweantbe seanghd ofithedtat bypelstegbsheat pidt andthe st eel
sheet pile and an H beam of equal |engths wel ded together along the entire
| engt h t hesaeedid bSthe $BBearf\tnad Yeasttldss tHamsSi0oe hndrhdieho@! thi05 0% uredr g ghind
continuous wall which is sufficiently rigid, as well as inexpensive and

|i ght wei gllnCaPaRfCRbRIIR el t%%rérﬂ&ﬁd@{rﬁace%?agﬁﬁ'iﬁ[ﬂgtb\ﬁﬂl EShshilgie@HRES iHEent al
results below "It 1s apparent that If 10 the separation |ength between the
rear end of the hat.type steel sheet pile and the rear end of the beam
exceeds sOsEINERR oh it ndrghend Pines Srelninds GrbtRan ataf b ¥em ey ound
surface in a retaining wall constructed fromthe steel material for an
under gt oufRIPEFhERdRIGHE heldype Staﬂ&h@mvﬂg@aéﬂéﬁ%éwaqdeﬁxf&ﬂ# thitvisam maLDbs Betwar d
end of the hat type steel sheet pile and the forward end of the H beam
exceeds 30 tfant3le and petahdrel tbayd Mook theevesalbingthoinhe e¢lahattnal fanan

under ground continuous wall in the length direction, crown displacenent

i ncr eases uhdphyd cbitiliRns Hadtin thd lehfi dsepwsat i on | engt h between the rear
end of the hat type steel sheet pile and the rear end of the H beamis not
Tor e than 509 ofy e Bl ARIGRE sdih0/ohine: Pl 809G, BOUAC IR The hA e
ground surface in the retaining I'l constructed fromthe steel nateri al
for an und

d ' L th i gn, | ength bet 20
the TorwarBo e anieR e Gyl chenni RonRRE Shl P PRSP e
H-beam is not more than 30% of t I _length of the steel ial f
- b G ISREORE [FBLETHARY e dor TS Fangl Hedet BEESUR R d o

i ncrease of crown displacenent is kept low. In this manner, conpared to
ot her caséerwardend bk Hrheam isnotiagre dren e ofthsnvaratidangthushen thalsteehas
sufficient rigidity, and is inexpensive and |ightweight. 25[0019] 13

A separ at ingteriA ot 4n Undtmeamd doatingars vetids afed &3ehdste] ygperiA treetetah@gtvaili | e
and the rear end of the H beam may be not |ess than 10% and not nore than

50% of a wWalWhibe k@ arth pedes@rcRICANREA odE SidBkveRVthe koA pAkQUR S v fRgacd N A
retaining wall constructed fromthe steel material for an underground

conti nuou ; i t S t he
nat type Sragponddfe fiRE e e EREL AT R, biEin, M BB 1o
than 5% and not nore than 30% of. the overall |ength of the st mat er i al
For " ahS B PoUET SN RIS A (78 e ¥iRG TRBHGE AT Soptperment S thal T Bo% i s
case, because the separation |length between the rear. end of the hat type

st eel shedRorgithan H&&E%@ep@wm disdlagementel idepiganed by desighdrrevhamanstsdos of t he
wal | height, and 10 the separation | ength between the forward end of the
hat type staetialshest uplergoandicdritauboy wall sheshdnofidesrehatityyeateel shasvpilenarie
than 30% of the overall |length, when the steel material for an underground

cont i nuousmlbkaisofged 1@fgtﬁmelaé@@§enﬁf glohgthd dhtige le@phl théragf Maked. otk yhi ch
the earth pressure acts fromone side, even if the earth pressure acts to

di spl ace thg LMy @%te&a@ﬁfo& gh 3h AL R cbntifdul aBaNtiBn R S35UER1AGSE NG
direction, the displacenent can

20  well as inexpensive and lightweight can be obtained. Furthermore, because the separation

length between the rear end of the hat type steel sheet pile and the rear end of the H-beam is

not less than 10%, and the separation length between the forward end of the hat type steel

sheet pile and the forward end of the H-beam is not less than 5%, the economic benefits are

great, enabling an inexpensive and lightweight steel material for an underground

25  continuous wall to be obtained.



15 be suppressed to not nore than a 10% i ncrease fromthe crown

di spl acenent Y (that is, not nore than 110% of the crown displacenent Y)
desi gnated by design for when a steel nmaterial for an underground
continuous wall which includes a hat tylde steel sheet pile and an H beam of
equal | engths wel ded together along the entire length thereof is used. As a
result, 2@kl material for an underground continuous wall which is
sufficiently rigid, as 20 well as inexpensive and |ightweight can be

obt ai ned. Furt haremiretionlesgt detviden thepar abd ofthe draptybe bethvehes jilkeanders end

of the hat type steel sheet pile and the rear end of the Hbeamis not |ess

than 10% regnghd Hans ERBEAL 1Y te 6ol fRhwWeemhhe forward end of the hat type
steel sheet pile and the forward end of the HHbeamis not |ess than 5% the

econom ¢ benefi a r.eat i L LV, Liaht wei ght st eel
material for anﬁé %ﬁb?ﬁﬁ%&¥5§§§%€F%3%@§e@§ﬁf&§§§B%g% %gF%g%?5ﬂ14 [ 0020]

A sep%{atio | engt h between fhe regr eﬂd qQf . the hat type steel sheet pile
and the rWHICTHRENGEORREORE Walk famBrd Dy Tho T Bgmachtls 1580t RieNBrhald B t he

| ength of the rear end section of the steel material for an 5 underground
cont i nuouécemtingty, grepdcely is het riesont hytheaeds dempesd biothe doiving maghisnendm
Accordingly, the Hbeamis not present in the area clanped by the driving
machi ne, @ediriving Mathihdcaneeily tlenpahe eas ichy ofthangeel hateriabfor e dindérgiduad st eel
material for an underground continuous wall (the rear end section of the

hat type sifRhoffesll (Bt Q) ch®sRBbA BF RelBetydeisteeldhe¥@iile) toiMrRRA he driving A
second aspect of the present invention is a steel material for an
undergrOUﬁglgontinuous wal | equi pped with a hat type steel sheet pile
havi ng a afishaped vertical cross-section with respect to the |length
direc#'ongka?ieof, and an H beam having an H-shaped vertical cross-section
wth sp o the length direction thereof, wherein: the 15 hat type

steel sheet pile includes a web, a pair of flanges connected integrally to
each end of theAgsponhaspeHel ilearicsrat Myepbonisracder] oty & aangdargpaind of arm
sections substantially parallel to the web which are each connected

i nt egr al | yorttmuone wafl ehipppdivithafhat harges] shdeepite heang & hattdhdpsi eerpalr  of

fl ange sections substantially parallel to each other, and a web section

whi ch conpeeé-Sedtit Wwidh fespct td @B Uh e Birb D there6RENd B NeahCMinas pace 20
t her ebet ween; an outer surface on an opposite side to a surface of one of

the pair ofsildh@d98Ricl crldSethPafth MNeh: SAUVREER diRchNLHIRRL SRR ML S

secured to an-outer surface o the ou surface being on an
o ool heBt! et B8 FRRRRIRIRSR VR ArBeirEs serPangim e 0B Poherd "
shorter than a dinension of the hat type steel sheet pile in the |length
directi on,Of thsdvemha) jeflipgd so as to spread outward, and a pair of arm sections substantially
parallel to the web which are each connected integrally to one of the pair of flanges; the
H-beam includes a pair of flange sections substantially paralle] to each other, and a web
section which connects the pair of flange sections to each other leaving space
20  therebetween; an outer surface on an opposite side to a surface of one of the pair of flanges
of the H-beam which connects to the web section is secured to an outer surface of the web,
the outer surface being on an opposite side to a channel formed by the web and flanges of
the hat type steel sheet pile; a dimension of the H-beam in the length direction is shorter

than a dimension of the hat type steel sheet pile in the length direction, and an overall

25  length of the H-beam in the length direction is arranged within the dimension of the hat



25l ength of the Hbeamin the length direction is arranged within the

di nension of the hat 15 type steel sheet pile in the length direction; a
position of a rear end of the hat type steel sheet pile coincides with a
position of a rear end of the HHbeaminsthe Iength direction; a forward end
of the HHbeamis located closer to a rear end side in the length direction
t han a f otymastteksideigfiletihéhchizngthydecsomel poshiaet ofpi fear; endrd the bagppateadn

| ength between the forward 5 end of the hat type steel sheet pile and the

forward eﬂﬁepﬁﬁild findidesih h posidbn BDE eedr Bad oBEIbeaR i9URIIBhdth ldaeeidy; @f t he
steel material for the underground continuous wall in the Iength direction.

In the stgel, "dfdhe fTYeafls HAARUMALNED LR LRAUOHSINMR! len th?{?gii&gth‘éu?at he

second aspect of the present invention, as I's apparent from

experinmental result i ven bel Owhen the steel .material for an

inder or ouar b AfobEk e e Shech PSPl Spdialon b e ert 8 By ng
wall on which the earth pressure acts fromone side, even if the earth
pressut e &rd of thehatitep siech shasbpis gidthe fortysed end ofiths Hopeam is nphmereghant s
pressure acting direction, the displacenent can be suppressed to not nore
t han a 100f ameveeatkngtharfithhsed moateriaifspiha cedengtouvd cohtatuous watlah tedergth han
110% of the crown displacenent Y) designated by 15design for when a steel
mat eri al §@éctivp. under ground conti nuous wall which includes a hat type steel
sheet pile and an H beam of equal |engths wel ded together along the entire

I engt h t hereof I%E%ﬁgl mARrid] fof SHhderBrthd Shnfilides :vfalll afc%rdﬁ'% HRgeLgpound

conti nuous wal | Is sutficiently rigid, as we as 1 nexpensi ve and
Iightmeiggt can be obt ai.ned,. Furthernné%, astdescrLbeq in H e .experi ment al
results ghvsh BeloReTH: M EHSPdn PR ™ I PREOENAH S S E T ehe R
between the forward end, of the hat type steel sheet pile and the faorward
end ofVt hé’%FP H?é‘aﬂ?eé%?é‘é&i feyrag, dergraung camiinpoysairft 1 used axfle segbnatsgialapi al

for an underground continuous wall in the length direction, crown

di spl acenemttainmy wals 8 whagh dikyarth prassure eels itonh fng $ide capmifahe eartt pogpute
between the forward end of the hat type steel sheet pile and the forward
end of t hectklidaBplats the@irow®dbethehaninddd/wal it the camk padskurk apgihdiedctiohahst eel

25mat erial for an underground continuous wall in the length direction, the
rate of i pRpRAEMER can be suppressed to not more than a 10% increase from the crown
displacement Y (that is, not more than 110% of the crown displacement Y) designated by
15  design for when a steel material for an underground continuous wall which includes a hat
type steel sheet pile and an H-beam of equal lengths welded together along the entire
length thereof is used. As a result, a steel material for an underground continuous wall
which is sufficiently rigid, as well as inexpensive and lightweight can be obtained.
Furthermore, as described in the experimental results given below, it is apparent
20  thatif the separation length between the forward end of the hat type steel sheet pile and the
forward end of the H-beam exceeds 35% of the overall length of the steel material for an
underground continuous wall in the length direction, crown displacement increases rapidly.
In contrast, if the separation length between the forward end of the hat type steel sheet pile

and the forward end of the H-beam is not more than 35% of the overall length of the steel

25  material for an underground continuous wall in the length direction, the rate of increase of



16 crown displacenment is kept low. In this manner, when the separation

| ength is not nore than 35% of the overall |ength, conpared to when the
separation |l ength exceeds 35% of the overall length, the steel material for
an under ground continuous wall is suffilgiently rigid, and is al so

i nexpensive and |ightweight. 5[0022] In the second aspect of the

st eel mat@pvaldifptacementindepiglosudy thue nmannerowbemétiel sepdratiore lepetsiendt innxeent i on,
the separation | ength between the forward end of the hat type steel sheet
pi l e and thae 369 ofaheorisl] tngtiheoliphednd whyn ke Jepiralies senlghpdk cbS@sTFIvabf
overall length of the steel material for an underground continuous wall in

the Iengtipedveganl ,,tﬁ@ét@%ﬂrfléériﬁ%ﬁan Eﬁtﬁrﬁ%ﬁﬂ@%rﬁin@%ﬁ@%ﬁ $s HfcighBAL »

enabl i ng an i nexpensive an i ght wei ght stee I for an underground

materi a
cont i nuous 0,.be abtai.ned. . [.0023 The separation | ength
IReq et

wal |, t
bet ween t%%%?%FVﬁPEOéW§q§?S steel sheet pile and the forward

end of the H beam may be not nore than 20% of an overall |ength of the
steel 15 W¢étial for an under ground continuous wall in the length

di rection. In this case, as is apparent fromthe experinenta

resul ts given bkitbwsecoutd ssract phlhk pteehmasnpkior anwnddigepind contsntous anllivd
mai nt ai ned as when a steel nmaterial for an underground continuous wall is

used whi ctheippesetitigSerdionathetsgp@asdreRhgdleeledl the f@ndrdendbirhamualpeqedl
| engt hs wel ded together along the entire length. As a result, a steel 20

mat erial  fie %boggﬁﬁé %ra}aftﬂm%pmh@mh& b¥RbCRsd Bas Y84 dGn@RtlaY 1E4@h d can

be obt ai ned. first aspect” of a nethod for producing a

f
steel mategial . for an upnderground c Ik l.] .of .t resent invention
"ol udes: b Esise T nafiie 7 Sp Pl o bR 48K b8 BEFS e
vertical cross-section with respect to the |length.direction thereof, and
25an ¥ beam havihigis£aae.drapreoes penelis ar geeal SBRbIMgAMIEXPEENpERY to t he

l ength direction 17 ) )
lightweight steel material for an underground continuous wall to be obtained.

[0023]

The separation length between the forward end of the hat type steel sheet pile and

the forward end of the H-beam may be not more than 20% of an overall length of the steel
15  material for an underground continuous wall in the length direction.

In this case, as 1s apparent from the experimental results given below,
substantially the same crown displacement can be maintained as when a steel material for
an underground continuous wall 1s used which includes a hat type steel sheet pile and an
H-beam of equal lengths welded together along the entire length. As a result, a steel

20  material for an underground continuous wall which is sufficiently rigid can be obtained.
{0024]

A first aspect of a method for producing a steel material for an underground
continuous wall of“ the present invention includes: preparing a hat type steel sheet pile
having a hat-shaped vertical cross-section with respect to the length direction thereof, and

25 an H-beam having a H-shaped vertical cross-section with respect to the length direction



thereof, in which the hat type steel sheet pile includes a web, a pair of

fl anges connected integrally to each end of the web and inclined so as to
spread outward, and a pair of arm sections substantially parallel to the
web which are each connected integrallylTo one of the pair of flanges, the
H-beam includes a pair of flange sections substantially parallel to each
5ot her, afiebreciwabvisiel thedrt wrecitect slrsepils inchdepaiwebot pair af flengesconmastedt o
each other |eaving space therebetween, and a di nension of the Hbeamin the
| engt h di iretegrialintd sachkRad b€ thd hethaml dichitsisions t0kpriché otidiard ype aSiagelf agheet
pile in the length direction; arranging an overall |ength of the Hbeamin

the | engt Bedidhe ShysRMuI} PARIIEINGS 1ol FRRS/HRA LE eédﬁecoﬂﬁéctéd’ﬁ%eﬁilgﬁﬂo B eeinePi | €
inthe length direction, and in a condition wth a rear end o6f the H beam

arranged sg. i tion | gser- 4.0 a_forwar n ide in.the
Mength di PEEET SRR 1PRRD G B Re RO U il BR Y S 6 B
contacting _an oyter surface on an oppqsite side to a surface of one of the
pai r of f|%&@@&%§?§ﬂ%ﬂ@@%ﬂﬂ%ﬂéﬁﬁmwf estcdionyia eash péllsT &skingon,

with an outer surface of the web, the outer surface being on the opposite
si de to aspirgnbrskbatweere dndy dirhensigaofahrititteemfin drjesgtbidinepidorhiashariep thagtaeel
sheet pile; and securing the web of the hat 15type steel sheet pile and the
f1 ange sedimenmsi@f oftthe hit-thpasewithedt mlenh detleegh direttar, arrhngiagah other by

wel di ng. According to the first aspect of a nethod for producing a

steel mat ediodh of RE HOPean RO B N5 RARESh¥BInherRfonidTehdH £ BHRktekNWKERL | ON,
an i nexpensive and |ightwei ght "steel material for an undergrodund conti nuous

| LR £ t " .20 te.d ti b
broduced. Fiboou Tedgifartdith, SRR coRu b SR BPaRr AN DR
st eel terjal f.or an underground cont.i nuous. wal | .of the present invention,
17 ord bf e 54 the

a pos PESTHERSRERI PR Y™ B etbeTitids {gee Sigth distelier tam arepgnd
arranged so as to coincide with a position of a forward end of the H beam
25i n the bahgphs@plsbeetindlg; contacting an outer surface on an opposite side to a surface of one

of the pair of flange sections of the H-beam which connects to the web section, with an

outer surface of the web, the outer surface being on the opposite side to a channel formed

by the web and the flanges of the hat type steel sheet pile; and securing the web of the hat

15 type steel sheet pile and the flange section of the H-beam which contact each other, to each

other by welding.

According to the first aspect of a method for producing a steel material for an
underground continuous wall of the present invention, an inexpensive and lightweight
steel material for an underground continuous wall according to the first aspect of the

20  present invention can be produced.
[0025]

In the first aspect of a method for producing a steel material for an underground

continuous wall of the present invention, a position of a forward end of the hat type steel

sheet pile may be arranged so as to coincide with a position of a forward end of the H-beam

25  1inthe length direction.



18 [0026] A forward end of the H beam may be arranged so as to be
positioned closer to a rear end side than a forward end of the hat type
steel sheet pile in the length direction. [0027] 5A second aspect of a

met hod for producing a steel material figr an underground conti nuous wall of
the present invention includes: preparing a hat type steel sheet pile
havi ng a [#aeélshaped vertical cross-section wth respect to the |ength
direction thereof, and an H beam having a Hshaped vertical cross-section

W th respect t OAtf&%vat@&% b @k 1R BErR thalyhRr RRhged & MYo®R JRRioNad clo¥h Qo &t eel

sheet pile includes a web, a pair of flanges connected 10 integrally to

cach ond b JHEeR.AA%OELART 50 08 A0 80k UG AR L o arm

sections y “para are eac onnec
|ntegrally to one of the pair of flanges, the H beamincludes a pair of

fl ange sel@2bhs substantially parallel to each other, and a web section
whi ch connects the pair of flange sections to each other | eavi ng space

t her efet ween, afdeendiaseses pbamsthadiier praseaingiarstech matesiad for agi undetgromdi s
shorter by 15 not nore than 35% of an overall length of the steel material
for an ungetigoowalt onthi puesdat iwatdtionnntlnded: ereghting b hectypesteelt shaet pdle

di nensi on of the hat type steel sheet pile in the length direction;

ar r angi Ngn /i Oy ﬁﬁtaéﬂapé@&%@alQtoststtectttmb@aﬂtrés@eéth@tﬂeqeﬁgth oeteE @51 dhefofliahdli N

t he di nension of the hat type stee sheet pile in the I ength direction, and

coi nci di "eh JR9R ﬁév?%ghr Shapfle ”8 c%ssl%gu{]ﬁ&nb tﬁttg‘?ljte 1%{} ﬁtdnBtt w th a

posi tion i ear eantrn drrec in a
condition with .a forward end of rran d S0 to be osi ti oned
cl oser t othgre&dR "@HW\A@FS@ Tyﬁet“r?slt g’@ﬁ‘gﬁlﬂa %SL?B' aﬁ% 9\%‘5}8“8 d of
the hat type steel sheet El|e contacting an outer surface on an opposite
si de b alnsegrillice esth epdobthetwed gudiipclotedfsp 4 fesmest QWardk and p@amoba@in whi ch
connects to the web section, with an outer surface of the web, the outer

surface bﬁicﬁgnymbamnﬁainogdrtaléelsd: te web whchanmneich fconmobdﬁytegtvély%mdooﬁhd
fl anges of the hat type steel sheet pile; and securing the web of the hat

type st eehair 691841261 hPIH-BeadMthchities b lpait @F NSRE deefiof subfien ik Baam M tocdach
contact each other, to each other by welding. According to the second

aspect of oﬁeﬂ%@g%ébosrect%rpgrﬂfch'cgnﬁcc% fhe lpa.{f%tf?l%hgé sdcBbndB each other leaving

space therebetween, and a dimension of the H-beam in the length direction is shorter by
15  notmore than 35% of an overall length of the steel material for an underground continuous
wall in the length direction, than a dimension of the hat type steel sheet pile in the length
direction; arranging an overall length of the H-beam in the length direction within the
dimension of the hat type steel sheet pile in the length direction, and coinciding a position
of a rear end of the hat type steel sheet pile with a position of a rear end of the H-beam in
20  the length direction, and in a condition with a forward end of the H-beam arranged so as to
be positioned closer to a rear end side in the length direction than the forward end of the hat
type steel sheet pile; contacting an outer surface on an opposite side to a surface of one of
the pair of flange sections of the H-beam which connects to the web section, with an outer
surface of the web, the outer surface being on an opposite side to a channel formed by the

25  web and flanges of the hat type steel sheet pile; and securing the web of the hat type steel



under ground conti nuous wall of the present invention, an inexpensive and

| i ght wei ght 5steel material for an underground continuous wall according to
t he second aspect of the present invention can be produced. [0028]

In the second aspect of a nethod for préducing a steel material for an
under ground conti nuous wall of the present invention, a dinension of the

H beam i mhetieileendtie Gingectitom dUherklybdzen wihinht eontasy easbtotimr to arhlaAthROdY of an
overall length of the steel material for an underground continuous wall in
the | engtdeldingecti on, than a di nension of the hat type steel sheet pile in
the length direction. [0029] An underground continuous wall of the present

I nvention is COﬂ&lowﬁ%&fimglel%%gldfaﬁé&%%%éwd o pﬁcﬁﬁing%@enw/&aﬁl%ﬁp

under ground cont1 nuou present invention. nmet hod for

construct.i an _under.qr ound .cont i nuous, wal |.. of sent .in .Lan uses a
B ur al ¢ yripeespu R e B P DR R R e
present invention. Effects of the anentior 20[ Q030] Acc0£g;ng to
the pPesette] mrjer! fomn udergraundaaoatipuous el pyrtdies fhihe seeoed 4588 Pt B for an
under ground continuous wall is obtained, and by using this steel naterial
for an umesegt Dventieroeani beuwoaducsd] |, an econonical |y favorabl e retaining
wal | or bul khead wall can be constructed. 20
[0028]
In the second aspect of a method for producing a steel material for an underground
continuous wall of the present invention, a dimension of the H-beam in the length direction
10 may be shorter by not more than 20% of an overall length of the steel material for an
underground continuous wall in the length direction, than a dimension of the hat type steel
sheet pile in the length direction.
[0029]
An underground continuous wall of the present invention is constructed using a
15  plurality of steel materials for an underground continuous wall of the present invention.
A method for constructing an underground continuous wall of the present
invention uses a plurality of steel materials for an underground continuous wall of the
present invention.
Effects of the Invention
20 [0030]
According to the present invention, an inexpensive and lightweight steel material
for an underground continuous wall is obtained, and by using this steel material for an
underground continuous wall, an economically favorable retaining wall or bulkhead wall

can be constructed.

25



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0031] FIG Ais a plan view
showing a state in which steel materials for an underground conti nuous wal |
according to the first through third aspects of the present invention are
5engaged in a parallel arrangenent. 20 FIG 1B is a side view of a steel
material for an underground continuous wall according to a first aspect of
the present invention. BRIEF DEHSCRIPTCONSORTSIRIBRAWINGE a steel materi al
for an underground conti nuous wall according to a second aspect of the
present ipyention. 10FIG 1D is a side view of a steel material for an
under ground conti nuous wall according to a third aspect of the present

i nvention. FIG | S. Lr?gl j I{Fg'gtg- el £tk Sids, A widlSrsige!
material for argléhi@fg%%‘rlgun egvjosnm %\ést wa ﬁlaccoredll%rr%g r?os an e‘r%ogﬂgrﬁeﬁ of
the present .invention. FIG, 3Ajis a figure showing a state in
whi ch o RAPURYHE vl Eroufseln th Fies dHa e e Biapt B PR CONAEEE 25 n o
met hod for producing a steel material for an underground continuous wal l
accor di ngngegaainamsotlichemanggmephe present invention. FIG 3Bis a
figure showing a state in which a hat type steel sheet pile and an H beam
are joined by VEGIIBGs a kide gievediwste¢lanatpriddocamgndergioesd cordinapuaivalt or an
under ground continuous wall according to an embodi ment of the present
I NVent | OMyeeording to a first aspect of the present invention.
FIG. 1C is a side view of a steel material for an underground continuous wall

according to a second aspect of the present invention.

10 FIG 1D is a side view of a steel material for an underground continuous wall
according to a third aspect of the present invention.

FIG. 2 is a plan view showing the rear end side of the steel material for an
underground continuocus wall according to an embodiment of the present invention.
FIG. 3A is a figure showing a state in which a hat type steel sheet pile and an

15  H-beam are in contact, in a method for producing a steel material for an underground
continuous wall according to an embodiment of the present invention.

FIG. 3B is a figure showing a state in which a hat type steel sheet pile and an
H-beam are joined by welding, in a method for producing a steel material for an
underground continuous wall according to an embodiment of the present invention.

20 FIG. 4 is a figure showing a state inn which a steel material for an underground
continuous wall according to an aspect of the present invention is driven by a driving
machine.

FIG. 5 is a longitudinal side view of a case where the steel material for an

underground continuous wall of the embodiments of the present invention are used as a

25  retaining wall, used to explain the relationship between the dimensions of the steel material



20 FIG 4 is a figure showing a state in which a steel material for an
under ground conti nuous wall according to an aspect of the present invention
is driven by a driving machi ne. FIG 5 is a longitudinal side
view of a case where the steel materialyifor an underground continuous wall
of the enbodi nents of the present invention are used as a 25retaining wall,

used to efplauadéra@unélcattinmebiwalleetwesnn tizepladememnsi ons of the steel
material 21 for an underground continuous wall and crown displ acenent.

FIG 6 is a di agiag;shamioPin Eﬁ@vﬁlﬁltﬁ’é TePARALR BREVNRSNNE RRioN A0 PBE WRen t he

cut length of the rear end of the H beam and the wall helight (truncated

| ength A hei ht HBW he

st eel mstt{ee IOffﬂ&?re rﬁi'_%ﬁﬁ%?% na(zjn %%Cg{rlt’t%ﬁir'taﬁgﬁs vvarfﬂlg tec{ Eggﬁ%ﬁggtﬁg@%g& ment

of the pregse invepntion is used to construct retal ng FI G
7is a fié&ufﬂé‘i% TR8H Hegp! lggeEnenbI gt 16 58 wﬂﬁst%%ﬁﬁt%erﬂ%t Pbmb%tftsé@ﬁu%e cut

| ength of the rear end of the H beam and the overall |length of the hat type
st eel Sheeoentipiubes wall ahthatioe: drebngimeB of thypresgrt igteation i wssd te pepstiiciend cr own
di spl acenent, for the case where 10 the steel material for an underground

cont i nuougetaifting vadfll. t he second enbodi nent of the present invention is used
to construct a retaining wall. FIG 8 is a figure showi ng the

relationship beFI"@QQsE@i%uf@stﬂo%n?§{h‘é@§lﬁt15$§n}%’ét\ﬂe@ﬁ‘%r}aﬁ’& piReh @R cugnd of
t he H beam and the wal | "hei ght runcated l'ength A/ wall height H) and

the case: TERfra (AEel dlife 'tPﬁer b B B R o el PSR el T o
Al ki g Bl R T I Been
the ratio between the cut length of the front end of the H beam and the
over al® | 8wgptdel ofatariae fran undprgrasmdaiontieats will of the sepopd eadoionmt i Be/
overall sheet pile length) and crown displacenent when the |ocation
present invention is used to construct a retaining wall.
FIG. 8 is a figure showing the relationship between the ratio between the cut
length of the rear end of the H-beam and the wall height (truncated length A / wall height
H) and crown displacement when the location of the forward end is constant, for the case
15  where the steel material for an underground continuous wall of the third embodiment of the
present invention is used to construct a retaining wall.
FIG 9 is a figure showing the relationship between the ratio between the cut
length of the front end of the H-beam and the overall length of the hat type steel sheet pile
(truncated length B / overall sheet pile length) and crown displacement when the location
20 of the rear end is constant, for the case where the steel material for an underground
continuous wall of the third embodiment of the present invention is used to construct a
retaining wall.
FIG. 10 is a plan view showing an aspect of a conventional hat type steel sheet

pile.

25 FIG. 11 is a plan view showing another aspect of a conventional hat type steel



20o0f the rear end is constant, for the case where the steel material for an
under ground conti nuous wall of the third enbodi mnent of the present
invention is used to construct a retaining wall. FIG 10 is a plan view
showi ng an aspect of a conventional hat22type steel sheet pile. 25FIG 11 is
a plan view showi ng anot her aspect of a conventional hat type steel 22
sheet pilsheeQakcription of the Reference Synbols [0032] 1 Steel nmterial
for an underground continuous wall, 2 Hat type steel sheet pile, 3 Arm
Ssecti on Déschigtioh YPheHRef&ensh®phbglsl €, 4 Arm section of hat type steel
sheet pile, 5 Flange of hat type steel sheet pile, 6 Hbeam 6a One fl ange
of H beanyge8 Joi ning surface of one flange of H beam 6b O her flange of
H beam 6 section of Hbeam 7 Wb of hat type steel sheet pile, 8

Ve
oLl 100, 0Ll e U, 05 A O P e 8 14
5 section of hat type steel sheet pile, 4 Arm section of hat type steel sheet pile, 5 Flange of

hat type steel sheet pile, 6 H-beam, 6a One flange of H-beam, 6al Joining surface of one
flange of H-beam, 6b Other flange of H-beam, 6¢ Web section of H-beam, 7 Web of hat
type steel sheet pile, 8 Retaining wall, 9 Ground surface, 10 Planned ground level, 11
Virtual ground level, 12a, 12b Grooves, 13 Eﬁgagement claw section, 14, 14a and 14b

10 joints, 15 Driving machine, 16 Clamp, 17 Vibratory device, 18 Rear end of hat type steel
sheet pile, 19 Forward end of hat type steel sheet pile, 20 Rear end of H-beam, 21
Forward end of H-beam, 71 Joining surface of Web of hat type steel sheet pile, A
Separation length between rear end of hat type steel sheet pile and rear end of H-beam, B
Separation length between forward end of hat type steel sheet pile and forward end of

15  H-beam, C High-rigidity section of cross-section in which hat type steel sheet pile and

H-beam are integrated, D Channel formed in hat type steel sheet pile by web and flanges

BEST MODE FOR CARRYING OUT THE INVENTION
[0033]
20 The present invention is described in detail based on the embodiments shown in
the drawings.
First, the basic form of a steel material for an underground continuous wall 1 used
in the present invention is described with reference to FIG. 1A through FIG. 1D, and FIG. 2.
{0034]

25 The steel material for an underground continuous wall 1 of the present invention



10 joints, 15 Driving machine, 16 Canp, 17 Vibratory device, 18 Rear end
of hat type steel sheet pile, 19 Forward end of hat type steel sheet pile,
20 Rear end of H beam 21 Forward end of H beam 71 Joining surface of web
of hat type steel sheet pile, A Separabgon |ength between rear end of hat
type steel sheet pile and rear end of H beam B Separation | ength between

forward enehbdieshdtat tyypetestt shett slaeavitipih B-bdach 6 sHot@r thag it 1of ndtdardaet C
High-rigidity section of cross-section in which hat type steel sheet pile

and H beam.are +i e, f i : S t-nile by
e g e R P N R A
present invention is.,desgrihed i etail b d.on th odi ts,.shown in
the drawi aﬁ‘&%.ged 50 as 10 b ?B{eﬂsnﬁgggf%e‘?% ke Eatgi’%ee’“r%ﬁémﬁ%ﬁ? pilF 2t 3pe E?{‘
under ground continuous wall 1 used in the present_ invention is described
with ref dyightteclisBegtpae 2aadithy Bokpaord ere ath rellsd staekpredugty prducediha het eel
mat erial for an underground continuous wall 1 of the present invention 23
conbi Aes rallivgtproggse st eel sheet pile 2 with an Hbeam 6 shorter than the
hat type steel sheet pile 2 in the length direction, and adopts a speci al

confi gur guo®t in which the Hbeam6 is arranged so as to be within the
| ength di nension of the hat type steel sheet pile 2. The hat type steel

sheet pile 2 arxth@e [r%gl%}g]hﬁoﬁra‘é' ROHAR if Pk ad whkSfle ML AMEL R REQFuUced by a

hot 5rolling proces

underground continuous wall 1 is driven into the ground to construct a retaining wall or
bulkhead wall or the like, the top end of the steel material for an underground continuous
10 wall 1 forming part of the retaining wall or bulkhead wall or the like is clamped by a
driving machine 15 (including a clamp (clamping section) 16 and a vibratory device 17).
Moreover, with the bottom end side of the steel material for an underground continuous
wall 1 as the leading end and the top end side of the steel material for an underground
continuous wall 1 as the tailing end, the steel mateﬁal for an underground continuous wall
15 1 moves in the underground direction S, thereby driving the steel material for an
underground continuous wall 1 underground. Accordingly, in the present invention, the
forward end of the steel material for an underground continuous wall 1 is the bottom end
when a retaining wall or bulkhead wall or the like is constructed from the steel material for
an underground continuous wall 1, and the rear end of the steel material for an
20 underground continuous wall 1 is the top end when a retaining wall or bulkhead wall or the
like 1s constructed from the steel material for an underground continuous wall 1.
{0036]
Furthermore, as shown in FIG. 2, normally, a groove 12a in one joint 14a of the hat
type steel sheet pile 2, and a groove 12b in the other joint 14b of the hat type steel sheet pile

25 2, each open on the opposite side to the other in the length direction of the steel material for



In the present invention, as showmn in FIG 4, when the steel material for
an underground continuous wall 1 is driven into the ground to construct a
retaining wall or bul khead wall or the like, the top end of the steel
material for an underground continuous240 wall 1 form ng part of the
retaining wall or bul khead wall or the like is clanped by a driving machine
15 (i ncl udivmgegrairdmpn{ictanpiaibl tkeheigh) ditGtandf shesetaiiang malldensicectad) |
Moreover, with the bottomend side of the steel nmaterial for an underground

cont i nuoygindaht steidfiattAf) fof Al iktkr@iddndbshtiiRut GR1lENd Congleyuehtly, Meheataeel
material for an underground continuous wall 1 as the tailing end, the steel

mat eri al § : i : LR gL ound
i ot o G R AR b g T sk BRIl M B AR
conti nuoys wal J. under ground. Accordingly, .in t pre i-nvention, the
Forvaar d_dieeiBitnal SSHE ST g Sctons > A Hrierghiui Bt ACaHECAR 1 [
the bottom end when a retaining wall or bul khead wall or the like is

const Puctiiee stedshedipiles ate ahlette engagervgth eashoHsr Br vhsic s HIERAIS AHEPE 1,
and the rear end of the steel material for an 20 underground conti nuous

wal | 1 i swilher thepike fihmitesi raatess!aifon amgundatdromnd dmtinhewdwaihll | amoatteipg 19 | ke i s
constructed fromthe steel material for an underground continuous wall 1.

[0036]  made to insthlth el MRfetial B$ af RAW gtdtnblcon@nude il 1 Ypside dvag\iee 12a in
one joint 14a of the hat type steel sheet pile 2, and a groove 12b in the

other joi jgﬁl(&%ﬂ%a fa, TADS FOR deY RS &Lel?ﬂﬁ%{flal%} 4n L%él%grtgﬁrgpccﬁlﬁ%ﬂo&r\wﬁlh?

opposi te-si 0 e other “in the Iengt rection o steel materi al
for 24 an underground conti.nuous | | he.hegight _direction of the

ot ai i ngEETERHRY Ragiean oh RS Soebatshiarner 2 upBEtng Safebting
conti nuous wal | 15. Consequently, when a plurality of steel rrrt eri alg for
an ur@er gvala £ phualify ofvater! matgrials (o ArundsTEP WHLCAHBUPSHYRY | GrHet be
direction of the armsections 3 and 4, the joints 14a and 14b of adjacent
hat 5t ypecosineetkd shemh qiidre Folthaseansbitbertroasongalyeingithdcaathctommusage dithe when
constructing a retaining wall or the like fromsteel materials for an

under gr oUixie@othd betimubad wall, thé fordlatEend aridSreneld dfahd sis¢lahdtedal Soes
mat erial for an underground continuous wall 1 upside down, the joints 1l4a

and 140 ofn B oSk R n4RHOl ¢S BB Rl bhiy@h Under g7 ound cont i nuous

wal | 1 do not~ engage w ose of the adjacent steel materials for an
undergrouE® zﬁntinuous 10 wall 1, and the plurality of steel materials for
an underg é continuous wall 1 cannot be connected to each other. For

t hese and ot her_reasons, durjng the construction stage of the underground
contifuous wal | In tgateebmgispgl (onan pdereoxnd SARtRgOUp Wé‘ﬂgtaé’éPrd%@rﬁ Ll?ﬂsrgf or an

under ground continuous wall 1 can be clearly ascertained. {_0037]
embodiment, as shown in FIG. 1B, in the length direction, the position of the forward end

19 of the hat type steel sheet pile 2 coincides with the position of the forward end 21 of the
H-beam 6, and the position of the rear end 20 of the H-beam 6 is located closer to the
forward end side than the position of the rear end 18 of the hat type steel sheet pile 2. In
20  other words, this gives a steel material for an underground continuous wall 1 in which the
rear end 20 side of the H-beam 6 is cut short. This steel matertal for an underground
continuous wall 1, in transverse cross-section, is a steel material that includes both
transverse cross-sections of a hat-shaped transverse cross-section composed only of the hat
type steel sheet pile 2, and a composite cross-section composed of the hat type steel sheet

25  pile 2 and the H-beam 6. More specifically, when the steel material for an underground



15In the steel material for an underground continuous wall 1 according to a
first enbodi nent, as shown in FIG 1B, in the length direction, the position
of the forward end 19 of the hat type steel sheet pile 2 coincides with the
position of the forward end 21 of the Hfeam 6, and the position of the
rear end 20 of the HHbeam 6 is | ocated closer to the forward end side than
t he posit cantimbut tvell ndanseeng ah8albimatchial mad retaipag stadlethestmwetsiqial differedca 20
other words, this gives a steel material for an underground conti nuous wall

1in whi C?A}&‘?w%@@ﬂhe%@ﬁtigﬁoﬁh@?ez&fen& mgome%aflmyﬁg siSelGUbetPhOD tand T posiElogel

material Tor an underground continuous wall 1, in transverse cross-section,

Is a steel.m trgirieﬁh 2h At G NGRS la%[sl?cﬁl) %Q%Yaﬁﬁﬁ%n%ﬁ?rg%ﬁﬁgkbﬁ}%&g wall

hat-shape8 ransver Sé cross-section conpose e steel

hoct Dopi iehol ik RS HBEARTS] VEH QY SR F R o s eied et IRl o o

for an underground 25 continuous wall 1 is used as a wall material in a
r et ai n§ ng 10&¢ the groendisuriaes Ponalretdinifewealh § copgtyuckask fiemathe seel perderial dor asf  t he
rear end 18 of the hat type steel sheet pile 2 and the position of the rear
end 20 of uhf@ghiunéaohnions tWadl ks ke thefdtbeninad isfeat stant hynitie equivaledt afdhd | nuous
wall 1 is not nore than 50% of a wall height H (refer to FIG 5) fromthe

pl anned guaHadid Ay glffedfei(R)the ground surface 9 in a retaining wall 8
constructed fromthe steel material for an underground continuous wall 1,

T e e e

di fference (A). . . . e relation etween the wall
AN NEER R SR AR L
This (1,1 - L2) is the length A of the portion of the steel material for an
under ¢ ouicsatisings ordus0 AL - 12at ThisdLt edr) evidic dingth Meif 81¢ neagomof the steel
cross-section conposed only of the hat type steel sheet pile 2.
material for an underground continuous wall 1 at the rear end side which has a
cross-section composed only of the hat type steel sheet pile 2.
{0038]
Accordingly, in this embodiment, from partway along the steel matenal for an
15  underground continuous wall 1 to the forward end side, a high rigidity section C of a
cross-section in which the hat type steel sheet pile 2 and the H-beam 6 are integrated is
formed. In the figure, reference symbol 6a indicates one flange section of the H-beam 6,
reference symbol 6b indicates the other flange section of the H-beam 6, and reference
symbol 6¢ indicates the web section of the H-beam 6.
20 [0039]
Furthermore, in a second embodiment shown in FIG. 1A, FIG. 1C, and FIG. 2, the
position of the rear end 18 of the hat type steel sheet pile 2 coincides with the position of
the rear end 20 of the H-beam 6 in the length direction, and the forward end 21 of the

H-beam 6 is located closer to the rear end side than the forward end 19 of the hat type steel

25  sheet pile 2. In other words, in the steel material for an underground continuous wall 1, the



[ 0038] Accordingly, in this enbodi nent, from partway al ong the steel
material for an 15 underground continuous wall Ito the forward end side, a
high rigidity section C of a cross-section in which the hat type steel

sheet pile 2 and the HHbeam 6 are integsated is formed. In the figure,
reference synbol 6a indicates one flange section of the H beam 6, reference

synbol 6bfirpdiEatEs! §ileoohbel-bidR 8IS cebbloMaGE sgéﬁﬁtklgfgiggg.jbeaﬁ% it efer ence

synbol 6¢ indicates the web section of the H beam6. 2

Furt hernore, . in 0 e di,men hown 1.n,Fl 1A, F 1C. and FIG 2,

The: post ¢ g bt BSPERPEIZRASHY 5T REREHLR Siublls weli Jo it gimBhgorl

coi nci des &J{h treg gﬁ(;gviti n of the rear end 20 of the Hbeam6 _in the

| engt h di AEEEsNss (Bhbriweensthe Spxnmedierdh i pasitien oi{be hptimnaster] sheet pileg arfd heoser

to the rear end side than the forward end 19 of the hat type steel 25sheet

pile 2. | foreahkend®lr psjtidnofitheHsteaed 6 itamerk tHanr3 58 ofithd @veratilenptle ofithe nuous
wall 1, the 26 forward end 21 side of the Hbeam6 is cut short. Mire

speci f§ cakteyl mhteBalHoPA@inferofortidicosifidusSPalt D.aAcéd?di_fn?T@, 1 88 erfBddehb@l for
an underground continuous wall 1, the dinensional ditference (B) between

t he forwa m‘;ﬁfg"“;%’ 14 ' .

f orward eﬁg po iat?(?gnth%gtg ?ﬁéatw%e@%&bw%?%%ﬁﬁéor%ﬁtﬁ ﬁ%snﬂ%&t%@%? ﬂjeél@e\eie-r al |
| ength of the Ssteel nmateri for, the ,underground. conti nuous 11 1.
nccor di ngP JiEn ey sl Suvibab Bk R s oo e PhuTee skel Repare 2 1or
an under ground continuous wall 1 to the top side, a high rigidity section C
with an iﬁﬁé‘%@eﬁ‘@ﬂa@tﬁd%m&i on of the hat type steel sheet pile 2 and the
H-beam 6 is fornmed. In this enbodinent, the rel ati onship between the length

di mensi on Li of Int thés duabhodi@enty the relatiohshipbettvepn the 1@ngihdihémsidrehbbhthed haensi on
L2 of the HHbeam 6 satisfies Li x 0.35 (L1 - L2). This (Li - L2) is the

| engt {u B gfpetshRl Azet piin Ahd fHeQeriii® BimemRice 1. 2bf the H-B8ék 8dai#TYNd §95% nuous
~wall 1 at the front end side which has a cross-section conposed only of the

hat type ﬁ(‘.fs_e LZ)S hAgs (]Pf ! EZ)zi's ﬂgeolgﬂ'& B of the portion of the steel material for an
underground continuous wall 1 at the front end side which has a cross-section composed
only of the hat type steel sheet pile 2.
[0040]

15 In addition, in a third embodiment shown in FIG. 1A, FIG 1D, and FIG. 2, the
position of the rear end 20 of the H-beam 6 is located closer to the forward end side than
the position of the rear end 18 of the hat type steel sheet pile 2, and the position of the
forward end 21 of the H-beam 6 is located closer to the rear end side than the position of
the forward end 19 of the hat type steel sheet pile 2. In other words, in the steel material for

20  anunderground continuous wall 1, the rear end 20 and the forward end 21 of the H-beam 6
are cut short. More specifically, the forward end 21 side of the H-beam 6 is cut short so
that the diplensional difference (B) between the position of the forward end 19 of the hat
type steel sheet pile 2 and the position of the forward end 21 of the H-beam 6 in the steel
material for an underground continuous wall 1 is not more than 30% of the overall length

25  of the steel material for an underground continuous wall 1. Furthermore, the rear end 20



15l n addition, in a third enbodi nent shown in FIG 1A, FIG 1D, and FI G 2,
the position of the rear end 20 of the Hbeam6 is |ocated closer to the
forward end side than the position of the rear end 18 of the hat type steel
sheet pile 2,- and the position of the fporward end 21 of the Hbeam®6 is
| ocated closer to the rear end side than the position of the forward end 19

of the hagid&g?ﬁlesﬁ—%g%m%hg%t ﬂoheso%halitltﬁe QIS AR Hfferehfe %ﬂth%e?\‘;v@@i‘l thgmteri al

for 20 an underground continuous wall 1, the rear end 20 ‘and the forward

end 21 of the 14-beam 6 ar t short. r.e chficall t f orwar d.end
o1 s de oPouen fF B end 48 ahtiedl Bresitd et PREL andBhabomin Bars ShiAee (o
bet ween the position of the forward end 19 of the hat type steel sheet pile
2 and t heohbsiH-berm §fis pofaneisrihien o0 % od they wall height H. Yegprdingly, in Hes st eel
material for an underground continuous wall 1 is not nore than 30% of the
overal | | empohin2hofa cehiealgtoetidn netieclirding ftlor toprand hddomrendn df the steéehmetesialval |

1. Furthernore, the rear end 20 27 side of the Hbeam 6 is cut short so

that tde dirmnsidensdundi bherensavdlN fdaiswasph HbRItPRSEHdNAD oPh cidie sé@dh jgnd 18
of the hat type steel sheet pile 2 and position of the rear end 20 of the

beam 6 |l TRYGrd 080 RO AL 2 18 Rl lehaes B ofREIL ALl 1 L1

enbodi nent, a ce ortron“not 1 nclu m ends of the
steel materi al for an underground continuous wall 1 forms a high rigidity
section CH#E8%Ey oss-section in which the hat type steel sheet pile 2 and
one of the flan?es_Ga of the HHbeam 6 are integrated. . In this

enbodi ment, t heln disembadiment, Beralatansye betesgr fedensh dingnsion lof of the hafat
type steel sheet pile 2 (the overall length of the steel material for an

under gr outypekeet sireet pileol Ghwalvérall Jengtinef {hestpehmdienehfor em uhdrgfountie H- beam 6,
the length A of the portion at the rear end side of the steel material for

an unger geemishou®whil 1Y akksSlenpthldicheddi sl 2 o£1he I5 beae b) BB 1em@fPASethe@tionek t he
hat type steel sheet pile 2, and the length B of the portion at the forward

o310 gl ol oG B SRYRYT Bl L 11,
8. g’ 0_: I[‘ :) Oﬁrﬂ]sg%gdtio%lc%r%p%saéd OSIII‘_IV 5 th'g‘ hla_1|t %Szp(e): 's%%l sh%gppi{elﬂ,taplg %eslgrtxétﬁfﬂ & thcla3 Li x
portion at the forward end side of the steel material for an underground continuous wall 1
with a cross-section composed only of the hat type steel sheet pile 2, satisfles A+ B=1L1—
15 L2, also satisfies A < H x .50, and further satisfies B < L1 x 0.30.
[0041]
As described above, in the hat type steel sheet pile 2 of the respective
embodiments, the joints 14a and 14b are integrally formed on the arm sections 3 and 4 at
the end of the hat type steel sheet pile 2 manufactured by a hot rolling process. At the end
20  of one of the arm sections 3 located on the upper left on the page, a groove-shaped joint 14a
is provided which opens facing upward and includes a groove 12a, which opens towards
the top of the drawing (upward on the page) in the oppostte direction to the H-beam 6 side,
and an engagement claw section 13. Moreover at the end of the other of the arm sections 4

located at the upper right on the page, a groove-shaped joint 14b is provided which opens

25  facing downward and includes a groove 12b, which opens towards the bottom of the



As described above, in the hat type steel sheet pile 2 of the respective
enbodi nents, the joints 14a and 14b are integrally fornmed on the arm
sections 3 and 4 at the end of the hat type steel sheet pile 2 manufactured
by a hot rolling process. At the end 288 of one of the arm sections 3

| ocated on the upper left on the page, a groove-shaped joint 14a is

provi ded dviviap (dpensarfl aaithe pagehvar theaimciioe bittie $1-heam 6oael dPengaghinedi opens
towards the top of the drawing (upward on the page) in the opposite

di recti oQigtsdchign s beam 6 si de, and an engagenent claw section 13. Mreover
at the end of the other of the armsections 4 |ocated at the upper right on
t he page,[o@%qroove-shaped joint 14b is provided which opens 25 facing
downwar d *and-i ncl udes a groove 12b, which opens towards the bottom of the
28 drawi ng (dowward on the_.page) .in the.direction of the eam 6, and an
engagement cl aw\wgﬁ toltgf.’ ﬁF%g%éTTd\W?W%‘E&EF estcgrgf"ﬁﬁb‘?vler ?Fé 5 O

enbodi ments descri bed above, whether or not a 5 nore econoni cal steel

mat er § al Miase capnamigdrsirebmateriebfarianuederaiaind qontarpusevalbh ity keregiizadout
encountering practical problens was investigated. Specifically, when

const r uctwittgut bscoueteaing ipragtinall froBems vedsaomwestigated. Gpesifidallyowbker t o suppress
crown displacenent (top end (rear end) displacenent) of the steel materi al

for an Ur&@ﬁi‘cﬁfc@iﬁ@%&@fh‘iﬂiﬂ%‘%ﬂS’\z?ddho%ntiﬁ}?m@.ts,ﬁ@bﬁlet’ﬂﬁéh reb@%ovicr ease from
the crown displacenent Y (that is, 10 not nore than 110% of the crown

i bl 2CelEiliocnAPRLIOAL ok RAABSHARAN) UAED o SRlar Y € e bRfnar

under gr ou I nc es a hat type ste t pile and

H b f. | h ded h I h at i I h f
S useq. SPREn GG CRde ol e J0PPRERERs Bpatts SlimiRiRGrsth Baht nuous

wall 1 were consider egj as follows. For each enbodi nent, franmed structural
anal y8i s ngam9se tasrlA8Y efrhopiovm displpesment X) des anaiekbidesignoon vhena siesl |
hei ghts H were changed, and graphs of crown displacement as showin FIG 6
to FI G 9 mgesaldboeat entlergro0dBtorTinaonawall sibadrisclodes 4 it Byi@ stéel aheet pde fwd | ows:
(1) The wall height His the height dinmension froma planned ground | evel
(the 20 hetrorhswiTata 1aidiey weided togetheexloay dicedhird Rnpth he@bdisntdes Wi ace 9
dimensions of the steel material for an underground continuous wall 1 were considered as
follows. For each embodiment, framed structural analysis was performed in which various
15  N-values of ground and wall heights H were changed, and graphs of crown displacement
as show in FIG. 6 to FIG. 9 were created.
[0043]
The main dimensions in FIG. 5 are as follows:
(1) The wall height H is the height dimension from a planned ground level (the
20  bottom surface after earth is excavated) 10 to a ground surface 9
(2) EL is the height dimension from a virtual ground level (in FIG. 5, the ground
level at the height where the same earth pressure is applied to the steel material for an
underground continuous wall 1 by the earth on the right side of the steel material for an

underground continuous wall 1 and the earth on the left side of the steel material for an

25  underground continuous wall 1) 11 to the planned ground level 10



(2) EL is the height dinension froma virtual ground level (in FIG 5, the
ground | evel at the height where the sane earth pressure is applied to the
steel material for an underground continuous wall 1 by the earth on the
right side of the steel material for apgunderground continuous wall 1 and
the earth on the left side of the steel material for an 25under ground

conti nuous wal I(30Thdgeregattredgitmhnethedremimdihensedn fi@m tRYvirtual groufd)evihe
penetration depth L is the height dinension fromthe virtual ground | evel
11 to thefigrnefoswardtndd o0ff thkathite dtydehadt @ik 2sheet pile 2 [0044]
Regarding the steel material for an underground continuous wall 1 of the
first 5 gghedi ment shown in FIG 1B, nore specifically, when used as a
ret ai ni na wal'l 8 with the configuration shown in FIG 5, in a case where a
| oad of 10 IcN [ uni rea is.applied to the ground face t o what
practi cal exter#gg?‘ﬁﬁ% g’ﬁ(f%‘f??ma%éﬁifOSﬁB@PE?WEOWa%ngW&DUfOV%Hﬂgﬁg’fﬁ ﬁ?ﬁe H beam
6 can be cut with respect to the wall_ height H was investigated by the
framed stemradipant shawnys FIG. HhmosespecHuallyodan used ppa sfemn e walk8 @ithghe 101 n
a case where a steel material for an underground contjnuous wall which

i ncl udes @nhigtratippehsve sl FEhéetn pidse véntk alvatiofda idNeh’ paualit dremigtapplivd| ded
together along the entire length thereof (the conventional steel naterial

for an underggeund se@idel 9 teusatRhdticabastag theRnethodifreag6h bOthesb@awWadig FI G 2
along the entire length) is used, the nmaxi nrum val ue of the crown

di spl ace nEad of the ?ﬁf)ezﬂﬁ GQaQ Re %t[\?l(?l? g@rﬂaect FQth i héiﬁ@tslfl’ Ryas H%S&éﬁéﬂ?fﬁ{e' Iy

used conventional steel materia an under ground conti nuou s

desi gned t o exhi bit crown .di spl acepent, Y of, not. than 40 nmto 45 nm
Accor di ngﬁ'@f?e%gnﬁé%rﬁg?ﬂ %h escféé%Pe SIS %P Slfl%‘?mé{hnpl[ﬁﬁger ground conti nuous
wal | so that crown displacenent is within a range, not, exceedi ng. 10% nore
than he crown @istsasdsem sieel mpterighforpasingdesgraing epntimaogewplywhish ¢ he

conventional steel material for an underground 20 continuous wall, crown
di spl acenmniudesa batpgppessddhtd pilonndan &-béran obequadrgthstwilded tegstber, alorge
design of the steel material for an underground continuous wall is

sinpli fi efle cantt leR@hehdrsofMthep@ntértishal stgsl agdtérd|fol ampedicr@oind @nigielg such a
steel material for an underground continuous wall as the retaining wall 8.

Thus in tHe REGRE Me rBYERCHON shdWAEINCHTEM aflingRh@EQIe Mngl1s) i§ Bled! fienOt noOre
than a 10% 1 ncredase fromthe crown displacenrent Y
maximum value of the crown displacement is set at 0.05 m [50 mm]. For this reason, the
15  ordinarily used conventional steel material for an underground continuous wall is designed
to exhibit a crown displacement Y of not more than 40 mm to 45 mm. Accordingly, by
designing the steel material for an underground continuous wall so that crown
displacement is within a range not exceeding 10% more than the crown displacement Y
(45 mm) designated in the design of the conventional steel material for an underground
20 continuous wall, crown displacement is suppressed to not more than 50 mm. For this
reason, the design of the steel material for an underground continuous wall is simplified,
and there is no particular practical impediment to using such a steel material for an
underground continuous wall as the retaining wall 8. Thus in the present invention, the

crown displacement is set to not more than a 10% increase from the crown displacement Y

25  [m]} designated in the design of the conventional steel material for an underground



25[n designated in the design of the conventional steel material for an
underground 30 continuous wall. [0045] In FIG 6, the horizonta

axis shows, in dinmensionless form the ratio (truncated length A[m / wall
height H[n]) between the cut |length (Bouncated length A[nm) of the 5 rear
end 20 of the Hbeam6 and the wall height H[m . The vertical axis shows,

i n di rensicsthess wat.m the ratio (crown di splacenent when H-steel truncated
/ crown di splacenent when entire | ength wel ded) between the crown

di spl acengossifor a conbination of an Hbeam 6 with a cut rear end 20 side
and a hat type steel sheet pile 2 (described in the graph as " crown

di spl acenent t for an
H beam 6 and “h“;‘?”?ty*pi e e e T A RS her

along th r.eof desc |be in.t 0

i ool acenghenghEnl SRE] PRebUTGED ity ?Hﬂagfh@m P Lol RER e
(nondlnen5|onal of crown displ acene y the relationship

bet ween tlﬁériﬂdo%b?ﬁth%ﬁ -brap ﬁ@némewa%ﬁghbﬁ [m] Faheaﬁﬂwﬁ%a%lé%ho%al 20 si de
of the Hbeam and the added proportion of crown displacenent, 15 in each
case, in @nﬁamonbskﬁmm,ﬂhea@@63GWpdbmbntnmnt@hth&WWlumggnatéuBMm to not
nore than 10% as shown by the vertical dashed line, cutting can be

per f or neddisslad@feni®ien ehie 1809 felddis beaddenied g@bivnhdisplacemenffortaher more it
is apparent that if the separation |length (A between the rear end 18 of

the hat ty f I xceeds
b0 of 1 eByRAER %ﬁ?‘sbf“ﬁﬁﬁ%ﬁﬁﬂa*%fs%ﬁz%ﬁg?%ﬂ%%h% VR Sekt FeahiR 2 ne

surface 9 taini.n nstrue the St erial for
2 Under oistritped gf BlebrRRL S o by i OBTHF b LA R A0 P E i | 1
contrast, if the separation |eng A) be meen the rear end 18 of .the hat
type S1 eefisglRespemif @W%amﬁ@i@a&ywe Ghest Pl Oﬁeﬁ'éaéﬁ?@thl ¥elisd nore
t han 50% of the wall height H fromthe planned ground |evel 10 to the
ground sutoigaiker glong thetrtinsleogiis tharepidedcrided onide eranhed "farown displastrment
material for an underground continuous wall 1, 31

when entire length welded"), that is, increasing rate (nondimensional) of crown

displacement. Asshown by the relationship between the proportion of the cut dimension A
[m] of the rear end 20 side of the H-beam, and the added proportion of crown displacement,
15  ineach case, in order to keep the added proportion of crown displacement to not more than
10%, as shown by the vertical dashed line, cutting can be performed to not more than 50%
of the wall height H.
Furthermore it is apparent that if the separation length (A) between the rearend 18
of the hat type steel sheet pile 2 and the rear end 20 of the H-beam 6 exceeds 50% of the
20 wall height H from the planned ground level 10 to the ground surface 9 in the retaining
wall 8 constructed from the steel material for an underground continuous wall 1, crown
displacement increases rapidly. In contrast, if the separation length (A) between the rear
end 18 of the hat type steel sheet pile 2 and the rear end 20 of the H-beam 6 is not more than
50% of the wall height H from the planned ground level 10 to the ground surface 9 in the

25  retaining wall 8 constructed from the steel material for an underground continuous wall 1,



the rate of increase of crown displacenent is kept low. In this manner,
when the separation length (A is not nore than 50% of the wall height H,
conpared to when the separation |length (A) exceeds 50% of the wall height

H, the steel material for an undergroung continuous wall 1 is sufficiently
rigid, and is also inexpensive and lightweight. 5 In addition, as shown in
FI G 6, ithetdeofiaarcasud cROmvs diplaoémeites keiéawm B ths roartnet, wheatthermperatihban 30%
of the wall height H, approximately the same crown di spl acenent as when a

steel matjgral Al AnA O ERLF0OU BEHE QM RUBSH ek pak dCloUghdiaha shkationpe
steel sheet pile and an H beam of equal | engths wel ded together along the

an. under QPR LBREE %%%03@%‘?‘% &mﬂh‘gﬁhﬂ%ﬂ%ﬁ#?{aﬁ?ﬁ%@ AOPERRE B,

obt ai ned 046 he. H beam 6. can cut to a length
exceedi ngc"%@)@‘é‘i"lst%l%v&ﬁu% {1 dbﬁ?& BP0 PexReRsiye ‘3/5] ISRty a1 | hei ght

H. For exanple, when cutting up to 10% of the wall height Hfromthe H beam
6, at Sa wal | heingHditiancss shownin FEG.85ifithorear ensd 30 Héaph the Habrans s @itonoand at
a wall height of 6.0 m 0.6 mof the Hbeam 6 can be cut, resulting in an

I nexpensimerehleadie offtenwallhéighgH Lapprax b p thetshmewad wn h'ﬁplgbémbhtfas eimeh he

H beam 6, at a wall height Hof 5.5 m 2.75 mof the Hbeam 6 can be cut,
and at a yabdl b o9 RidCrefdundt &nﬂhﬁéustm 1hb1haaﬁaﬁla@%ee@ep§hfeem\i@laﬁﬂ

al l ows the use of a significantly | ess expensive beam 6 and results in an

i nexpensi éﬁlel-ﬁ; car f%%ﬁrle%mg We Eitb‘ Jr%ﬁ&%&ﬂe% /0 O¥@olflls L?ré%d%

Furt her nore, are not ret he vval e| ght
H there is. litt arl ion | the ded pr,0 tlon 0 Iacerrent
and a nenrﬁ@wtalge%wiﬁﬁ@a ricEA o agiﬂﬁﬁ?rng@é HBRERer vy Shiehed iRt
under ground continuous wall in which the hat type steel sheet pile 2 and

t he Hibeahgidithigewebe Rbtaigfe | engt h di nensi on. Nor eover, in the

graphs of FIG 6 described above and FIG 7 to FIG 9 described 25bel ow, a
case wher@0dhe N-val ues of ground is 10 and the wall height His 5.5 mis
indicated 32 by a black circle, a case where the N-values of ground is 20

and the wal | hepxgkdrdid bsm‘é 1B-betn % daiiceat ©th 1oygth cbdetitg@i% of fie vaallGRsEt Wher e
t he N-val ues of groung and the wall height His 5.5 mis indicated by

a white Slﬁliﬁ%ﬁg r@d?gﬁén%g%ffvﬂ@(»,%uth@%gwqioyghﬁge,%ﬁmﬂﬁ%ae&mafm/ bigeval |

hei ght H mis Indicated by a ck squar 5Her e Nvalue is a
val ue that ng{g%ﬂ-leisoélq‘? ﬁ% dne %t gnwcaltll% @?ﬁt Iqur?S 81f, OF em of the H-beam 6 can

15  becut, and at a wall height of 6.0 m, 0.6 m of the H-beam 6 can be cut, resulting in an
inexpensive H-beam. When cutting up to 50% of the wall height H from the H-beam 6, at
a wall height H of 5.5 m, 2.75 m of the H-beam 6 can be cut, and at a wall height 0of 6.0 m,
3.0 m of the H-beam 6 can be cut, which allows the use of a significantly less expensive
H-beam 6 and results in an inexpensive steel material for an underground continuous wall

20 1. Furthermore, also apparent is that at not more than 30% of the wall height H, there is
little variation in the added proportion of crown displacement, and a member is obtained
which is similar to a steel material for an underground continuous wall in which the hat
type steel sheet pile 2 and the H-beam 6 have the same length dimension.

Moreover, in the graphs of FIG. 6 described above and FIG. 7 to FIG. 9 described

25  below, a case where the N-values of ground is 10 and the wall height H is 5.5 m is indicated



ground as determ ned by a standard penetration test, and refers to the
nunber of bl ows, by a weight of a predeterm ned nass free-falling froma
predet erm ned height, required for a sanpler to penetrate the ground to a
predeterm ned depth. The expected resul4p is that the |arger the N value the
smal | er the crown 10 di spl acenent, and the higher the wall height H the

| ar ger t hey £bhiek ciitispd eseriiete theN-ohlues obdrsond3Raradithé mahbeipdt griaplssm

[ 0047] Next, regarding the steel material for an underground

conti nUOUS i¥@khed b?fg\ vhiS@HRd 2 8RRAGAITE Mo Nival BB RMRA f’@f‘ BEd tRSvdI0keidhie
first enbodi nment, tranmed structural 15 analy5|s was performed to find the

di

fr om the b T CHPASA4 ¥ F%?éffa?%e AT L R L A C

7. [0048 F1G, 7, Lhe. ho t hoys, in di less f th

Fatio (L1 stb AL & g POcues B RHRESHUBFI ¢ | ongt h [n]) bel ween

the cut length (truncated length B [n]) of the forward end 21 of the H beam
6 and 3t he over aHkrd, teg¥ Naluajs avaluhéhayandicaggrghe hadnesstiadicopipretian ofThe
vertical axis shows, in dinensionless form the ratio (crown displacenent

when H- st geund audedingided be b ewndaidsehaeaimnestigine g forthe hembéhofiebws dy
bet ween the crown di spl acenent for a conbination of an Hbeam 6 wth a cut

forward ep q'e?éht 3 Q%ré@@f@n%ﬁ%dhﬁéss tf%@%'aﬁfn%%orﬁ Q%@%deﬂa‘ﬂn%e% Helad (&regﬁ’i?éji foRat he

graph as " crown |sp acenent when H- st e€el runcat ed");, the crown

di spl aceng atr%pleloo atgﬁ?e}%gm(“roﬁ;%’% gtngmi%a akype st eel sheet pile 2 of

equal len oge ITe Tength thereof (described in

t he
The expected result is that the larger the N value the smaller the crown

10 displacement, and the higher the wall height H the larger the crown displacement, which is
also apparent from the graphs.
[0047]
Next, regarding the steel material for an underground continuous wall 1 of a
second embodiment, in the same manner as for the first embodiment, framed structural
15  analysis was performed to find the dimensions that keep crown displacement to not more
than a 10% increase from the crown displacement Y [m]. The obtained results are shown
in FIG. 7.
[0048]
In FIG. 7, the horizontal axis shows, in dimensionless form, the ratio (truncated
20 length B [m]/ overall sheet pile length [m]) between the cut length (truncated length B
I'm]) of the forward end 21 of the H-beam 6 and the overall length [m] of the hat type steel
sheet pile 2. The vertical axis shows, in dimensionless form, the ratio (crown displacement
when H-steel truncated / crown displacement when entire length welded) between the
crown displacement for a combination of an H-beam 6 with a cut forward end 21 side and

25  ahat type steel sheet pile 2 {described in the graph as " crown displacement when H-steel



graph as " crown displacenent when entire length welded"), that is,

i ncreasing rate (nondi nensional) of crown displacenment. As shown by the

rel ati onship between the 5 proportion of the cut dinension B [nm of the
forward end 21 side of the Hbeam 6 w tjh respect to the overall |ength, and
t he added proportion of crown displacenent, in each case, in order to keep
t he addedtmpioapal'}), kodthefcrewn\dispthicsinkacie e H - beann 6 (umant eartdiamn tyi@%echsheshown
by the vertical dashed line, cutting can be perfornmed to not nore than 35%

of the ovgi@) b tRAGIA A wiligd RRkHEY Beng 1RENtSH 8QIstHPhER 02 (detOibdtin@ieDr e, it

is apparent that if the separation |length (B) between the forward end 19 of

the hat %%x@?h?g egllov&h(ﬁgﬁlfi(? n{w%t G gnltut%qeﬁ E‘Q@eﬁﬁedef‘?ha%}s g%cré%ﬁ-{g#egg?gqef

exceeds overa eng t I'n the engt rectr

material for an undetrgr.ound ti nuous crown di cenment. i ncreases
rapidly. J“ﬁné’&i‘ﬁfks’é@?ls L %lgﬁ%elnéW oﬁ%%@? RY ¢ refh H eEeh har d end
19 of the hat type steel sheet pile 2 and the forma(d end 1521 of the

H beard 6 Propadionpdike euidimasionB [mhef tedpaiird cad gt isiderpfithe Hrlqagt Hwdthr ect i on
of the steel material for an underground continuous wall 1, the rate of

I ncr ease wbpeit ovthe dvapll &gt ahd ths akdeéqt prloputtiohnf tiuven diggl aementtie padhlvase,
separation length is not nore than 35% of the overall |ength, conpared to

when the ﬁle&aé%ik@gpe HRNAHE BxpBRAS c3R¥ewh disb%c@f{l@ﬁt% nol @IBEH tlf!lantlb% 8¢ eel

material for an un rground contlnuous wal is sufficiently rigid, and is
20al so inﬁﬁggpﬁi can be
cut to a I'eng %%8%& I'n g%*@ugq anegﬁ 8@%%00(% (ggﬁygtgﬁaﬂfgﬁgth of
the hat type eel. shee urt hernore, also apparent is that at not
nor e thanxgﬁang }H§q§9éW3VPeﬂ8 @Fﬁﬁé¥eghe hat type steel sheet pile 2,
there is little variation in the added proportion of crown dlsplacenent
and altenber i siothamees itisappasentithatdf tieisaparaiéomlengddB) heftveen Hie foprardn
under ground continuous wall in which the hat 34 type steel sheet pile 2
and t he Hefxbdhobthhduetyphetesihabeet Blegt imddhrdmsiant end® hef thadpbedrs 6aikedede
configuration are the sane as for the previous enbodi ment [0049]
35% of the overall length in the length direction of the steel material for an underground
continuous wall 1, crown displacement increases rapidly. In contrast, if the separation
length (B) between the forward end 19 of the hat type steel sheet pile 2 and the forward end
15 21 of the H-beam 6 is not more than 35% of the overall length in the length direction of the
steel material for an underground continuous wall 1, the rate of increase of crown
displacement is kept low. In this manner, when the separation length 1s not more than 35%
of the overall length, compared to when the separation length exceeds 35% of the overall
length, the steel material for an underground continuous wall 1 is sufficiently rigid, and is
20  also inexpensive and lightweight.
Accordingly, the H-beam 6 can be cut to a length exceeding 0% but not more than
35% of the overall length of the hat type steel sheet pile 2. Furthermore, also apparent is
that at not more than 20% of the overall length of the hat type steel sheet pile 2, there is

little variation in the added proportion of crown displacement, and a member is obtained

25  which is similar to a steel material for an underground continuous wall in which the hat



Next, regarding the steel material for an underground continuous wall 1 of
a third 5enbodi nent, in the sane manner as for the first enbodi nent, franed
structural analysis was perforned to find the specific dinmensions (the
proportion of the respective cut lengthg of the rear end 20 side and
forward end 21 side of the H bean) that keep crown displacenent to not nore
than a 1Q0%é feslahss pilearidhie t-boam dhapd theammatengf dimentive. obt ai ned resul ts
are shown in FIG 8 and FIG 9. FIG 8 shows the results for a case where

10 the proport i@%elongﬁ)E&g of He do8AGENA1Bn b thekahbes fRnNep@vRnd edbodimdnbe

H beam 6 is fixed, and the proportion of the cut length A[n] of the rear
end 20 sgﬂs %)]s varied. FIG 9 shows the results for a case where the
proporti % the cut length A[m of the rear end 20 side is fixed, and

t he proportion of the cut length B [nj_of the forward end 21 of the H-beam
6 is varied. Frietieeadisg Tﬁ‘ﬁﬁ%l @a@ﬂg for appB er&ﬁ)ﬂl\ﬁ?ﬁﬂmﬁ&oﬁs f”ﬁg }‘f‘?}hta\ﬁﬁ’rr‘a end
21 and the rear end 15 20 of the H-beam 6, feasible ratios of the cut

| engt 5 A dmbpodifnettyén thearme mar@er & fot the fusbembedmant framed seretutad apf psipal |

hei ght H, and feasible ratios of the cut length B [n] of the forward end 21

of the H Reaperorict o Fias PROpetificdnpermi@rsdtle prepuytibn of tht hespstibetcupiebgthar e
derived as follows. [0050] 20Specifically, FIG 8 shows the results of

varying t fencyla l6g gb hi® aﬁlmfoﬂztzaﬁa Eﬁ? ?ﬂ?@fd}g%@%ezlq—b%bﬁﬁ? tiok kédpeerbvieam 6, whil e

the proportion of the cut |engt of the forward end 21 side of the
H beam 6 with respect to t stegl, . i f Nt QUOUS
wel | (t ne BUEPaTT R aat Bpi BF 8151 TEk Sl Bomift oo IRTIPRMLR (R IED 1T
remains fixed at 0.30, that |is ith c I th of the forward
brd 21" i dasedaralppiscnnne DIt 0t Sic ENPabe b forair PR g
in order keep the crown displacenent to not 35 nore than a 10%.i ncrease

fromthe trequopattispbftemahtenyth B dmhpbthefpormsd epdr! ohtheri-beamids Sgedizgd of
the Hbeam 6 can be cut with respect to the wall height His investigated.

Because agetfiepéitibn o€ tigtdut Rt A 0] bheherearend 2 skl is ivaieeddfFIGh 8 shbvwetim 6
decreases, naturally the rigidity of the steel material for an underground

iR AT S L
fixed, and the proportion of the cut length B [m] of the forward end 21 of the H-beam 6 is
varied. From these figures 8 and 9, when cutting both the forward end 21 and the rear end

15 20 of the H-beam 6, feasible ratios of the cut length A [m] of the rear end 20 of the H-beam
6 with respect to the wall height H, and feasible ratios of the cut length B [m} of the
forward end 21 of the H-beam 6 with respect to the overall length of the sheet pile are
derived as follows.

[0050]

20 Specifically, FIG. 8 shows the results of varying the cut length A [m] of the rear
end 20 side of the H-beam 6, while the proportion of the cut length B [m] of the forward
end 21 side of the H-beam 6 with respecf to the steel material for an underground
continuous wall (the overall sheet pile length of the hat type steel sheet pile 2) 1 remains

fixed at 0.30, that is, with the cut length B [m] of the forward end 21 side of the H-beam 6

25  fixed at a constant value. From this FIG. 8, in order keep the crown displacement to not



exceeds 0% of the wall height H but does not exceed 50% as shown by the
vertical dashed line, crown displacenent can be kept to not nore than a 10%
increase fromthe crown di splacenent Y [n]. The vertical axis and

hori zontal axis are the sane as in FIG436. [0051] 10Furthernore, FIG 9
shows the results of varying the cut length B [n] of the forward end 21

si de of t hertkizaamBs indhddse fiiohethprcepat displacahert Ve tewhatl pagdrtiotttebarehdt he
rear end 20 side of the Hbeam6 with respect to the wall height H remains

fixed at 903l IR Hittam¥ bdh Gt GHin Je8RQt ) e ball H&igg}k heishifRdstghey 20 of the

H beam 6 fixed at a constant value. Fromthis FIG 9] in order keep the

crown di sp)acenent, to, not e t 0% 15, i ease, to.what prgportion
Che'Tor waPieai o esy@Ser ke e Bl SRATS LT AN R P el te haBR
overall length of the steel material for an, underground continuous wall 1
i's i nvest RS BEw5§SE! HmatePALOE Rl UPHGOHRBCQIHRUBHS Whe ] R5F5R8FY 2eh@OPT si de
of the Hbeam 6 decreases, naturally the ri%idity of the steel material for
an under gdisptetenent is medngsd.viislappatenicthetwksn thagut lenghw off the keic end Al sids
reduced, it is apparent that when the cut length B of 20the forward end 21
si de exceefdsed¥ 0o oftthewall dieaihk H rndbés @t ekbed SOVeds sivtvardyahe Y @tic@ashed

under ground continuous wall 1 (hat type steel sheet pile 2) but does not

exceed 30%1@?01’%%%‘5;@%6%3‘{ MBI 1&2& iRt Reste kil 1096 el $REAERRRIL can be
kept to not hore than a 10% i ncrease fromthe crown displacenent Y [n]. The

Shown 1 Eretetaial i Shee A al B PR IR el Y ahe fp B "5

| ength (A) (gse ween the rear end 18 of the hat type steel sheet pile 2 and
the rear é8%40 of the H beam 6 exceeds 50% of the wall hei ght Hfromthe
pl anned ground | evel 10 to the ground surface 9 in the retaining wall 8
const Afict ed fr ofiurthernsarecfIGrasbevathefrosuligw!l yadenrgibe gntlesghtB hubofstheal | 1,
and the separation length (B) between the forward end 19 5 of the hat type
st eel shedbrvpirti end 2anidletolfi¢hd Hrhwamob, evidledlie pfopbhtontbihiacnt Geraxic add] 0B of
the overall length of the steel material for an underground continuous wal l

1 in the leRgHl M SRCIHROH-5ND viiSREACETRRAE Wall HeRAS ErefraR st ¥ed at 050,
contrast, if the separation length (A between the rear end 18 of the hat

t t eel <Dl ] '

thon 0% PR RarEine Syl B A ) SEee pA Spd B0k TR 4§ Pl °
d 10surf 9 i et ai ni Il 8 t ted f t I

Tater i ai T TORIERGTCuhd SO RERAE WP SRP BT o neLRRIHERoR | dngt h

(B) between the forward end 19 of the hat type steel sheet pile 2 and the

f orwadd erdcreascoto What nrppsstien Bieiferyse epg e Stcgaﬁ tigollsheam; heandheequaMith) engt h

of the steel material for an underground continuous wall 1 in the length
di r ect i on,regpeet toahe owvérall mpdasithe Steck maieridi Hp hmordegiouns cheptuohowall list hi s
manner, in this
investigated. Because as the cut length B [m] of the forward end 21 side of the H-beam 6
decreases, naturally the rigidity of the steel material for an underground continuous wall 1
increases, and crown displacement is reduced, it is apparent that when the cut length B of
20  the forward end 21 side exceeds 0% of the overall length of the steel material for an
underground continuous wall 1 (hat type steel sheet pile 2) but does not exceed 30% as
shown by the vertical dashed line, crown displacement can be kept to not more than a 10%
increase from the crown displacement Y {m]. The vertical axis and horizontal axis are the

same as in FIG 7.

25 Moreover, as shown in FIG. 8 and FIG. 9, it is apparent that when the separation



15case, conpared to other cases, the steel material for an underground
continuous wall | is sufficiently rigid, and is al so i nexpensive and

| i ghtwei ght. [0052] When cuffing the rear end 20 side of the H beam
6, although any val ue exceeding 0% of tise wall height H as described above
of fers econom cal advantages, at values close 20to 0% of the wall height H,
t he econohdnggl (/dbeanteaghs rear endril Biofieie. haFgrpetsteck sheetsidm? ahd themeaceridddl of

pur poses, for exanple, a value of not |ess than 10% and not nore than 50%

of the walle hejafts Sckadstoet of fiedval P bt fRhethe WMilaeg grdinddetd1d oftothwar d
end 21 side of the H beam 6, although any val ue exceeding 0% of the overal

Length of ofigahfgle SR tatlﬂ@f\wan g%ﬂﬂftﬁ&té&i"fﬂﬂn‘%}g@&éé}‘fﬂé{éﬂﬁtta& as

descri bed ove €rs economnm vant ages S5cutting ratios close to
0% of the overall | ength of el materi fo n. und ound
cont i nuou¥DgEERTouRd CPW@“@BBR@ SR?QB@§%59§(ED%FW§FH qWﬁéféigéon

for exanple, for practlcal pur oses a value within a range fromnot |ess
that 5% t of thsthatrtype steshshegbpd atnrlméhe(fvéwmendah@t thedi-bepm & exspdyiapf al

for an underground continuous wall 1 is preferred. Wien cutting the forward
end 21 si de: evdalt kagthednthesteel 20atsiialdonén tindergloehooBinubhewalitl inshdlengtb r ear
end 20 side of the Hbeam 6 is preferably set to not |ess than 10% and not

mor e than 300 & cfdn mlhcéﬁérﬂhﬁcr&seﬁf&ﬂudlﬁehﬁdﬂnﬁﬁ ifhge §panaion 1eqeh 24) si de

of the H-beam6 is preferably set to within a range fromnot |ess that 5%

Lo not mofg} Qg S0% &g f%]fftﬁgﬁéqﬁ%ét@agh&t%ﬁebgﬁiﬁﬁeer%grh tﬁtfqh

undergroun COI’]tI nuous wa er nore, normnma engt

t e
e o0 secon, o, L steel kst L DR TR AU AL U

Accordingly, if the rear end 20 of the H-beam6 is separated frontthe rear
end 180of sufachin thy petaimingevall Reepstpictes ipomihestedd pateral der aevrsereromyd

bet ween the rear end 18 of the hat type steel sheet pile 2 and the rear end
20 of t he chntimasns6vallsl, pnéthesepdrgtioolengb<B) bétamershe foiward end 19 of the hat type

steel sheet pile 2 and the forward end 21 of the H-beam 6 is not more than 30% of the
overall length of the steel material for an underground continuous wall 1 in the length
direction, the rate of increase of crown displacement is kept low. In this manner, in this
15  case, compared to other cases, the steel material for an underground continuous wall | is
sufficiently rigid, and is also inexpensive and lightweight.
[0052]
When cutting the rear end 20 side of the H-beam 6, although any value exceeding
0% of the wall height H as described above offers economical advantages, at values close
20 1o 0% of the wall height H, the economical advantages are minimal. For this reason, for
practical purposes, for example, a value of not less than 10% and not more than 50% of the
wall height H is preferred. Furthermore, when cutting the forward end 21 side of the
H-beam 6, although any value exceeding 0% of the overall length of the steel material for
an underground continuous wall 1 as described above offers economical advantages, at

25  cutting ratios close to 0% of the overall length of the steel material for an underground



15[ 0053] The nethod for producing the steel material for an

under ground continuous wall 1 of the present invention is as foll ows.

First the hat type steel sheet pile 2 and the H beam 6 which formthe steel
material for an underground continuous3mall 1 are prepared. The shape and
di rensions of the hat 20 type steel sheet pile 2 and the HHbeam 6 are as
descr i bedconfinbde wdibl.che pbmuimies dvantages hee piesaht Formtsneason, foa ckatpley pe
steel sheet pile 2 produced entirely by a hot rolling process can be used,

or a hat foypecté®elpdbech vtk eiditannbe idaathtldis Wik §9% tb At inbidthan $BELHEONS
are produced by a hot rolling process and secured to the arm sections 3 and

4 by wel di i ' : he
- boam 6 1o our/ AR ASHYE 0 slck et B ol e R M i) e
web 7 an | anges of the hat,.type steel 38 ee ile 2, an he one
fFange. sel e RUEhedi ond B St Bt rer nd 2ake A1 Ui B e o e 7 o
the hat type steel sheet pile 2. Here, the separation length (A between
the rear Bpgeargne0sie of she Hyisamst sareigrably sqhite sotlesgriban hg% mogmgre20 of
the H beam 6, and the separation length (B) between the forward end 19 of

t he hat tthpe58Yedlthsvebtheipht H, 2ndithd cih® the domard ewhzil de of tHeHé-beih&dm 6 ar e
adj usted appropriately to obtain the steel material for an underground

cont i nuoUsreR@tly SetQb withen € rRdifrRNhst 1deShRi $98do 8B0Y6re than 30% Jfthd Hedall
manner, in a state where the hat type steel sheet pile 2 and the H beam 6

are in Cgﬁqﬁ%ﬁ;"f&ﬁ%g?ﬁ?ﬁew fg,{{gl\ll\rg%rgfggﬁ@c&j gguﬁvaﬁ Iin_e fl ange section 6a of

t he H be to't out side surface 71 (outer surface)
\?Vleflg 3\]; E 88 52? t FIE e%ng}e?géngaqﬁf?{he%rll %f gh% rgellroerr]l stec ?oneoq'tti'lé gtelelemngt%r?alt%gr a
10 an underground continuous wall 1 which the setting machine clamps is not more than 500
mm. Accordingly, if the rear end 20 of the H-beam 6 1s separated from the rear end 18 of
the hat type steel sheet pile 2, the separation length (A) between the rear end 18 of the hat
type steel sheet pile 2 and the rear end 20 of the H-beam 6 is preferably not less than 500
mm.
15  [0053]
‘The method for producing the steel material for an underground continuous wall 1
of the present invention is as follows.
First the hat type steel sheet pile 2 and the H-beam 6 which form the steel material
for an underground continuous wall 1 are prepared. The shape and dimensions of the hat
20 type steel sheet pile 2 and the H-beam 6 are as described in the above embodiments. In the
present invention, a hat type steel sheet pile 2 produced entirely by a hot rolling process
can be used, or a hat type steel sheet pile 2 can be used in which the joints sections are
produced by a hot rolling process and secured to the arm sections 3 and 4 by welding.

As shown in FIG. 3A, one of the flange sections 6a of the H-beam 6 is disposed on

25  the opposite side to a channel D formed by the web 7 and flanges 5 of the hat type steel



The nethod for constructing the underground continuous wall of the present
invention is shown below. As shown in FIG 4, in a state where the steel
material for an underground 15 continuous wall 1 of the present invention
stands erect with the front end thereof %aci ng the ground surface 9, the
rear end section of the steel materi al % r an underground continuous wall 1
is clampe I i I X VA ine,15.

A though | A bR 2k BrETRARcheERE Koo L Blarh %K RETONT O 1 1e
hat type steel .sh ile 2 are. eac I ed, by the, clanp 16, alternatively
only L he aniae P he Bt WREsGHERE Gl % AETSgne Fenguiond el Abturst bea.
Then, with the forward end side of the steel material for an underground
cont i nuoudeakgnd 18 of theheb tynsatichsheshpile 2 ped thegear andt28rdfahe Helreasm6,umd élregr ound
continuous wall 1 is driven to a predeterm ned depth in the earthward

di r ect i on s&dsgtidriength {Bpbetmgenithei fopvard end 39 ofikltehat e sichthekdpil@fb ahidite

steel material for an underground continuous wall 1 engaged wth the joint

L4b of 5 NGorslafebndBt 6F halH-hoi 8hrd RGN BYHRLABIYIUBHE HR'declmifiiiirhas
al ready been driven, the other steel’ materi aP fof an underground contl nuous

wal | 1 is_dri . I b5 .S to,be.driven. Then, the pair
of flangesaﬂ élh%%ﬂ{(ﬂ]édtﬁgﬁn#&%g%ﬁ ge%ﬁhngég %) E%lmeélrts‘ﬁsg?%ede%’gﬁe‘cl anped by the
clanp 16 as desTribed above, and the steel material for_ an underground
conti nuous wal | M HEmAMeLd asktewhere hahet hipsstpehhisetpile? anddbe Hrbaamet are
direction S by the vibratory device 17. These operations are
repeat ed tcHesicasghpwn rll’aﬂé/-ﬁBeboﬁt sdds orghefangesetidm Geofithe Bi-bgamu G dre
continuous wall 1 into the ground surface 9, thereby constructing the 10
under gr ouseturatoitheroels 7 watsidechirfadee? pfoese pirfioey sidé bbthe hat type stedfRhe&RpRER t O
formthe desired underground continuous wall, a plurality of steel

mat er i@l s afdp thecAte RgfOBNE weRNK NUous wal | 1 may be driven in advance on
the ground surface 9, the joints 14a and 14b engaged with those of the

adj acent sgpgh material for an underground continuous wall 1, and the steel
materi al s for “an underground continuous wall 151 sequentially driven in
this state by t drivi machi ne 15. Furt hernore t her steel
materials for an G éqoélrnfgﬁﬁ%fngBﬁtF?%tg‘S&Ed%Tqmﬁﬁ?nW%é"ﬁ‘llt‘ﬁé}éecPr‘@?en%i th the
steel material. for_ an %nderground continuous wall 1 of the present

i nvent i on MYEGHORISHREIE beloy. under gr ound conti nuous wal | may be construct ed
by cotnmecting the steel material for an underground continuous wall 1 with
a steel materiasfsbpwn in FIG. 4, in a state where the steel material for an underground

15 - continuous wall 1 of the present invention stands erect with the front end thereof facing the
| ground surface 9, the rear end section of the steel material for an underground continuous
wall 1 is clamped by a clamp (clamping section) 16 of the driving machine 15. Although
in FIG. 4 a situation is shown where the pair of flanges 5 of the hat type steel sheet pile 2
are each clamped by the clamp 16, alternatively only the web 7, or both the web 7 and the
20 flanges5, may be clamped.
Then, with the forward end side of the steel material for an underground
continuous wall 1 as the leading end, the steel material for an underground continuous watl
1 is driven to a predetermined depth in the earthward direction S by the vibratory device

17.

25 Next, another steel material for an underground continuous wall 1 is prepared, and



20 an underground continuous wall conposed only of a hat type steel sheet

pile, in an alternating manner along the horizontal direction. 40 CLAINMS
1. A steel material for an underground continuous wall (1) equipped with a
hat type steel sheet pile (2) having % hat - shaped vertical cross-section
with respect to the length 5direction t &reof, and an H beam (6) having an

H shaped vertj.cal. ss-~sectipn w.th.respect to the length directiqgn.
heraor . Wi L fbintT R85 Sl F ootk 8F B feeerkad SGyirdoR vall s eibseedidr e
(7), a pair of flan%es (5), connected integrally to each end of the web (7)
and incl i Beuodw 146 of shasyiped appierinl wew an ungdseeraunshiantispous walk b shidnlas @Beady)
substantially parallel to the web (7) which are each connected 10integrally
to one of hehedpaén, th othémsierd mat&)al for an undetgneurd dmam§ie) wab Iy drbes aatheai r
of flange sections (6a, 6b) substantially parallel to each other, and a web

section (GglatihiviiRr&RMNRUSrvRR. TakA, thd I{;iﬁ@f‘ﬂkﬁl £ 6l gashat Bbe sBR) sHet S}ﬁﬁ:Ch

other |eaving space therebetween; an outer surface (6al) on an opposite
the. H Bears LBy R rpebfy dlary 15 A€ b0k befindd SFL08 EFRIRLLTEY 2 ©
AR T A T EECTE AL TR SN
the hat type steel sheet pile (2); a dimension (L2) of the Hbeam (6) in

t he | engt Higchaebyhe wibsiemtdsviceldn a

These operations are repeated to drive a plurality of steel materials for an
underground continuous wall 1 into the ground surface 9, thereby constructing the

10 underground continuous wall of the present invention.

Moreover, to form the destred underground continuous wall, a plurality of steel
materials for an underground continuous wall 1 may be driven in advance on the ground
surface 9, the joints 14a and 14b engaged with those of the adjacent steel material for an
underground continuous wall 1, and the steel materials for an underground continuous wall

15 1 sequentially driven in this state by the driving machine 15.

Furthermore, other steel matenials for an underground continuous wall may be
used together with the steel material for an underground continuous wall 1 of the present
invention. For example, an underground continuous wall may be constructed by
connecting the steel material for an underground continuous wall 1 with a steel material for

20 anunderground continuous wall composed only of a hat type steel sheet pile, in an

alternating manner along the horizontal direction.



20di nension (L1) of the hat type steel sheet pile (2) in the length

direction, and an overall length of the HHbeam (6) in the Iength direction
is arranged within the dinension (L1) of the hat type steel sheet pile (2)
in the length direction; and a rgar end (20) of the H beam (6) is

| ocated closer to a forward end side in the length direction than a rear
end (18) of the hat type steel sheet Qid®i%2). 41 2. The steel material for
an under ground continuous wall (1) according to claiml1l, wherein a position
of a forward end (19) of the hat type steel sheet pile (2) coincides with a
position of a forward end (21) of the H beam (6) in the length direction.

53. The steel material for. an under i : | to
ciaim 2 Gier of B oselmpsral A SRR o B IR e Pipb AR LR, e
hat type steel sheet pile (2) and the rear end (20) of the H heam IS
ot v SFRhsBU 62 & Kl GAES TIFe ST B D BT ID TEJBIE 10 t o
a ground surface (9) in a retaining wall (8) constructed fromthe steel

nat er isal fiorctan terded grdamd-bonni(Allyingern H-shaped yatica cropgeeeiaveyithat er i al

for an underground continuous wall (1) according to claim2, wherein a.

separ at i ofeshen s the(gthelirvam thbeof, edterdind (18) of the hat type steel sheet
pile (2) and the rear end (20) of the Hbeam (6) is not |ess than 10% and

not nore than 59?4;1{9%@&@&%1 sﬂaeéﬁ_mmh%ln fi@é@aassv@é ennepaigbPafhek evel (10) to

a ground surface n a retaining wa 15(8) constructed fromthe steel
e e R DA SR A e oSl bl o
pair of arm sections (3, 4) substantially parallel to the web (7) which are each connected
10  integrally to one of the pair of flanges (5);
the H-beam (6) comprises a pair of flange sections (6a, 6b) substantially parallel
to each other, and a web section (6¢) which connects the pair of flange sections (6a, 6b) to
each other leaving space therebetween;
an outer surface (6al) on an opposite side to a surface of one (6a) of the pair of
15  flange sections (6a, 6b) of the H-beam (6) which connects to the web section (6¢) is
secured to an outer surface (71) of the web (7), the outer surface (71) being on an opposite
side to a channel (D) formed by the web (7) and the flanges (5) of the hat type steel sheet
pile (2);
a dimension (L2) of the H-beam (6) in the length direction is shorter than a
20  dimension (I1) of the hat type steel sheet pile (2) in the length direction, and an overall
length of the H-beam (6) in the length direction is arranged within the dimension (L1) of
the hat type steel sheet pile (2) in the length direction; and
a rear end (20) of the H-beam (6) is located closer to a forward end side in the

length direction than a rear end (18) of the hat type steel sheet pile (2).

25



wherein a separation length (A between the rear end (18) of the hat type
steel sheet pile (2) and the rear end (20) of the Hbeam (6) is not nore
than 30% of a wall height (H froma 20pl anned ground | evel (10) to a
ground surface (9) in a retaining wall £18) constructed fromthe steel
material for an underground continuous wall (1). 6. The steel materi al
for an under gr olihelsteedntateria for avaluhdefdrpuad cartvhiunys well €1 aicrorlingvoaladinn , a
forward end (21) of the Hbeam (6) is |ocated closer to a rear end side

than a 254pemad 8 peditod 4 fophatdhad ed) dfYReh thaRlsteeharkt Pild @) Edhcidss Whea
| ength direction. 42 7. The steel material for an underground continuous

wal I (1 : i j rei. i . h (A) between the
rear (enzj ?iﬁ?égkf]?ﬁ%&ﬁgt%d%@% eglﬁ_sgk%%%lfmgﬁqgé?dggyd%%gﬁ%he(r)ear end (20)
of the Hbeam (6) is not nore than 50% of a wall height (H froma planned

ground level (10) to a ground surface (9) in aretaining wall (8)
constructed fromthe steel material for an underground continuous wall (1);
and 5 3. a Jbpaeshmndaritdagemun@yeandearinuqes el why arceikng tpolainr2,t he
hat type steel sheet pile (2) and the forward end (21) of the Hbeam (6) is
not nore whareiBd%pafatmn lengtl 64) bet@tanye heaobnd Q) of the hangpestedIshésd pilaf?)

under ground continuous wall (1) in a length direction. 8. The steel

material Hed tRteANGANI0MMNE: AQBEAAYEYS nd@irord thhn 30%06TH Wall h@igﬁdt ?]\hﬁ?o@ﬁ a
e

wherein: a separation I'ength (A) between the rear end (18) o e hat type
han 10% Baa koo (5K AU JERRI B (R o R R T el g
the- st cel RReRrl SR omR viaererie Behe TS a1 (L)) ana oo om
10

4, The steel material for an underground continuous wall (1) according to claim 2,

wherein a separation length (A) between the rear end (18) of the hat type steel sheet pile (2)

and the rear end (20) of the H-beam (6) is not less than 10% and not more than 50% of a

wall height (H) from a planned ground level (10) to a ground surface (9) in a retaining wall

15  (8) constructed from the steel material for an underground continuous wall (1).

5. The steel material for an underground continuous wall (1) according to claim 2,

wherein a separation length (A) between the rear end (18) of the hat type steel sheet pile (2)

and the rear end (20) of the H-beam (6) is not more than 30% of a wall height (H) from a
20  planned ground level (10) to a ground surface (9) in a retaining wall (8) constructed from

the steel material for an underground continuous wall (1).

6. The steel material for an underground continuous wall (1) according to claim 1,
wherein a forward end (21) of the H-beam (6) is located closer to a rear end side than a

25  forward end (19) of the hat type steel sheet pile (2) in the length direction.



a separation length (B) between the forward end (19) of the hat type steel
sheet pile (2) and the forward end (21) of the H beam (6) is not |ess than
5% and not nore than 2030% of an overall length of the steel material for
an underground continuous wall (1) in ayjength direction. 9. The steel
material for an underground continuous wall (1) according to claim1,
wherein a separation length (A) between the rear end (18) of the hat type
steel sheet pile (2) 25and the rear end (20) of the H beam (6) is not |ess

than 500 mm 4%Ré9teé bk fz?aﬁtﬁh@érgio%d%e%ﬂ)ﬁﬂ%ewaqat{myia&emih@wa%nw@I (1)

equi pped with a hat type steel sheet“pile ( havi ng a hat - shaped verti cal
cross-sec% on.with respect to the length direction thereof, and an
H beam ( 6) hﬁﬁe\}?'ng an H shaped vertical cross-section with 5respect to the

| ength direction thereof, wherein: t he pe steel sheet pjle (2)
conpri ses a webaggnaratipnspgthdp) peiyyrga he pr %‘Eﬁn&gif’é%lei%ﬁwé@f?éﬁe?ly&%t% ch end
of the web (7) and inclined so as to spread outward, and a pair of arm
secti ohs (3 and)thswbstanP0ab] the dhibathéb) ismot merasbbn fF% olaivedl! kenght ddr from
connected integrally to one of the pair of flanges (5); 10the H beam (6)

conpri ses agldimed gifunf |1@\r¢g%91 B wa%mad cOEaceqD) insdesdiming walll(®) @asabdted fribm each
ot her, and a web section (6c) ich connects the pair of flange sections

(6a, 6b) i GEANALIRT! SANIDL-SRACCHAELRIRAIEANmEN outer surface (6al)
on an opposite side to a surface of one (6a) o fhe pair of flange sections
(6a, 6b) of the al_si-egaergtri%r{ lghgtmbstgetqgerég%% ﬁ)r&rgrdteql% (\T@)bofs[ﬁg ha'tt(Wpé Qggl shéet

pile (2) and the forward end (21) of the H-beam (6) is not more than 30% of an overall

10 length of the steel material for an underground continuous wall (1) in a length direction.

8. The steel material for an underground continuous wall (1) according to claim 6,
wherein:
a separation length (A) between the rear end (18) of the hat type steel sheet pile
15  (2)and the rear end (20) of the H-beam (6) is not less than 10% and not more than 50% of
a wall height (H) from a planned ground level (10) to a ground surface (9) in a retaining
wall (8) constructed from the steel material for an underground continuous wall (1); and
a separation length (B) between the forward end (19) of the hat type steel sheet
pile (2) and the forward end (21) of the H-beam (6) is not less than 5% and not more than
20  30% of an overall length of the steel material for an underground continuous wall (1) in a

length direction.

9. The steel material for an underground continuous wall (1} according to claim 1,
wherein a separation length (A) between the rear end (18) of the hat type steel sheet pile (2)

25  and the rear end (20) of the H-beam (6) is not less than 500 mm.



15 secured to an outer surface (71) of the web (7), the outer surface (71)
bei ng on an opposite side to a channel (D) forned by the web (7) and the
flanges (5) of the hat type steel sheet pile (2); a di nmension (L2)
of the Hbeam (6) in the length directign is shorter than a dinension (1,1)
of the hat type steel sheet pile (2) in the length direction, and an
overall 20l ength of the HHbeam (6) in the length direction is arranged

wi thin the dinension (L1) of the hat type steel sheet pile (2) in the

I engt h di {@ct i ORistee] material ﬁar@ﬁ%hﬁér%fb&lﬁ Bnfifafus i (13 8duiphed WEH BRbt ﬁfvm@e
steel sheet pile (2 coincides with a position of a rear end (20) of the

H beam (6 t ( of the
H beam (G%teélgh% F g.g)%a{%%i ﬁet& ghg}gﬁde\é{erﬂ el hd &7 d eCt}o% ‘%]heil%é%t%ﬁ‘n 1%’1@}&“ on
than a forward end ( e steel sheet |Ie 2 and . 44

a separ at T5FFUOBARE flE%d v ?@&%ﬁ?ﬁ/\ﬂ‘rﬁ %‘ﬁﬁed(‘iegﬁ‘ adf’r‘i'sg g“ﬁ’é’fl Wipe st eel
sheet 5p|Ie (2) and the forward end (21) of the HHbeam (6) is not nore than
35% of> anregnast &4 thellensgh Hireftiontiberseleaiheraiterial for the underground
continuous wall (1) in the length direction. 511. The steel material for an

under ground conthemddtype vkl shedq) piko@d cainpdsds @ vedtaf ) dlfair whaggen(I)he
separation |ength (B) between the forward end (19) of the hat type steel

sheet pi | gorfnédtcal r}ﬁeérﬁﬁ% E&éa@areeld eﬂﬁle(\zédg efmd hRliktdRAMth Gprehd olard, 88§ at han

5% of an overal | engt t he steel rial for an underground cont i nuous

e bl R 0 LTy s Py e
separation Ie (rtewé.between he forward end (19) of the hat type st eel
sheet pll}é”(g? PP RoPHEP ?éi) of the H-beam (6) is not nore than

20% of an overall |ength of the steel material for an underground
cont i Huous wal | the1l- bm@cp@ngm ahaiieedt flagge sections (61, 6b) substantially parallel

to each other, and a web section (6¢) which connects the pair of flange sections (64, 6b) to
each other leaving space therebetween;
an outer surface (6al) on an opposite side to a surface of one (6a) of the pair of
flange sections (6a, 6b) of the H-beam (6) which connects to the web section (6¢) is
15  secured to an outer surface (71) of the web (7), the outer surface (71) being on an opposite
side to a channel (D) formed by the web (7) and the flanges (5) of the hat type steel sheet
pile (2);
a dimension (L.2) of the H-beam (6) in the length direction is shorter than a
dimension (L1) of the hat type steel sheet pile (2) in the length direction, and an overall
20 length of the H-beam (6) in the length direction is arranged within the dimension (L1) of
the hat type steel sheet pile (2) in the length direction;
a position of a rear end (18) of the hat type steel sheet pile (2) coincides with a
position of a rear end (20} of the H-beam (6) in the length direction;
a forward end (21) of the H-beam (6) is located closer to a rear end side in the

25  length direction than a forward end (19) of the hat type steel sheet pile (2); and



1513. A nethod for producing a steel material for an underground conti nuous
wall (1) conprising: preparing a hat type steel sheet pile (2) having
a hat-shaped vertical cross-section with respect to the length direction

t hereof, and an H beam (6) having a H sfgaped vertical cross-section with
respect to the length direction thereof, in which the hat type steel sheet
20 pile (2) conpedpaesioa levedth (B) beteepathe fofwdrl and)€9) 6 thedmn eetsed] sheeegr al | y
to each end of the web (7) and inclined so as to spread outward, and a pair

of arm sepfié @Nand the twadReHanty &lthy 1p8EahI(6) ishet b WMeb3§%)onsikBrar e each

connected integrally to one of the pair of flanges (5), the H beam (6)

conpri ses i I I : iall | el..t 0 each
other - aniEE e eql R E b ARRerk g BN WA B g REET dihdet o
(6a, 6b) to each 250t her | eaving space therebetween, and a di nension (L2)
of the Hbeam (6) in the length 45 direction is shorter than a di nension
(L1) of the hat type steel sheet pile (2) in the length direction;

arrangi nglhn ovéhableelreaigrisl fof ag pedrioapeFEBInUPRAS walé%l)eafpg@udmg tpedaiinold.

wi thin the dinension (L1) of the hat type steel sheet pile (2) in the

| engt h di méeteimthe sapadation Engihn@) tbeorecbuhd foraardeand (@9)dof(tROhatafpd dreel Ishdgam
(6) arranged so as to be positioned closer to a forward end side in the

| engt h di ppetd)QRd iaBrdartiead éﬂ%%f(ﬂ@H—l&fmﬂ(@ié}ﬁﬁlésyﬂﬁn@/ﬁ?@farﬁcﬁ\%@eﬂll@ﬁ g (2);

contacting an outer surface (6al) on an opposite side to a surface of one

(6a) of theqpaidy fatefdaﬁgﬂ%n%?@%ﬂ')g Ad(BReim GRS vl @Eﬁﬂ%?&@ﬁ@%@é’ﬁ‘ ch

connects to the web section W th an outer ace he web
(7), the outer surface (71) being on an opposite side to 10a channel (D)
formed by the web (7) and the flanges (5) of the hat type steel sheet pile
2); and
(2) 10 12 The steel material for an underground continuous wall (1) according to claim 10,
wherein the separation length (B) between the forward end (19) of the hat type steel sheet
pile (2) and the forward end (21) of the H-beam (6) is not more than 20% of an overall

length of the steel material for an underground continuous wall (1) in the length direction.

15 13, A method for producing a steel material for an underground continuous wall (1)

comprising:
preparing a hat type steel sheet pile (2) having a hat-shaped vertical cross-section

with respect to the length direction thereof, and an H-beam (6? having a H-shaped vertical
cross-section with respect to the length direétion thereof, in which the hat type steel sheet

20  pile (2) comprises a web (7), a pair of flanges (5) connected integrally to each end of the
web (7) and inclined so as to spread outward, and a pair of arm sections (3, 4) substantially
parallel to the web (7) which are each connected integrally to one of the pair of flanges (5),
the H-beam (6) comprises a pair of flange sections (6a, 6b) substantially parallel to each
other, and a web section (6c) which connects the pair of flange sections (6a, 6b) to each

25  other leaving space therebetween, and a dimension (L2) of the H-beam (6) in the length



securing the web (7) of the hat type steel sheet pile (2) and the fl ange
section (6a) of the H beam which contact each other, to each other by

wel di ng. 1514. The nmethod for producing a steel material for an underground
continuous wall (1) according to claima38, wherein a position of a forward
end (19) of the hat type steel sheet pile (2) is arranged so as to coincide
with a podiifecioon sfshatdrahama dineandiog L) ) of tht het tpbemad (et pile Chén thedgtgh

di rection. 2015. The nmethod for producing a steel nmaterial for an

under gr oungkeg@f};i nuous wal | (1) according to claim 13, wherein a forward
end (21) of the Hbeam (6) is arranged so as to be positioned closer to a
rear end side t ofr_ 3 i (2)
in the length dfr%glcl: F%%%%llg%é %g?hﬁgh e @%npéh)eéggr%%?%gﬁgmﬁd;i[e‘g{ﬂf}gethegt eel
sheet pile.(2) .hayi at - shaped.vertical. cfoss-section with respgect to
The I engt HIGERECT on Of fetebp Pe S SEFCvR S ok BS At G- Hom S bR AOTERDT cal
cross-section with respect to the |length direction thereof, in which the
hat type svide resneed (29) gt fte Ho)eomuifprneassdsomeho by posiopss Howr t¢ h mgest (5)
connected integrally to each end of the web (7) and inclined so as to
spread outendrsie it langaidireofiorathem seedriend 1 §)hf4he batlygpastediahtat pfla2) 1 el to
the web (7) which are each connected integrally to one of the pair of

flanges (5), theohtb®and Sitecortd @as) éh Addgposite SillanOessRet bPAE (GBPRf tRD)
substantially parallel to each other, and a web section (6c) which connects

th ' . 1 A | '
t hor bt wat ' anat ke, Kb sPk boua R yhion oh fiers B R SHERE oo

di ti i hor t 35% of Il 1 th of t. t eel
e e R At T o
t han a _di nensi on {)LI) of the hat type steel sheet g{%ﬁlle (2) in the length
di r ectlPon;2 GiepagigPhiPrareddyebamed (Orpdribe flanges (B dfdbahatdyrq sieql wheat eig 4
direction within the 15di nension (L1) of the hat type steel sheet pile (2)

in the |l ermgtdh direction, and coinciding a position of a rear end (18) of
the hat type steel sheet pile (6) with a position of a rear end (20) of the

H-beam (6) in t %c&ﬁf%lh@u@br(ﬁ}?éﬂtﬁ@hat&?pb iteelaheamilt (2)amdwhé fladpd RENEH @Gapnd

(21) of the H beam (6) arranged so as to be positioned closer to a rear end

si de i thg d PO ntkhRALARC DRR ofe b WA ERty #9kif the hat type steel
sheet pile (2);
15 14 The method for producing a steel material for an underground continuous wall (1)
according to claim 13, wherein a position of a forward end (19) of the hat type steel sheet
pile (2) is arranged so as to coincide with a position of a forward end (21) of the H-beam

(6) in the length direction.

20 15. The method for producing a steel material for an underground continuous wall (1)
according to claim 13, wherein a forward end (21) of the H-beam (6) is arranged so as to
be positioned closer to a rear end side than a forward end (19) of the hat type steel sheet

pile (2) in the length direction.

25 16. A method for producing a steel material for an underground continuous wall (1)



20contacting an outer surface (6al) on an opposite side to a surface of one
(6a) of the pair of flange sections (6a, 6b) of the H beam (6) which
connects to the web section (6¢), with an outer surface (71) of the web
(7), the outer surface (71) being on anggpposite side to a channel (D)
formed by the web (7) and the flanges (5) of the hat type steel sheet pile
(2); and cdmpatinghe H beam (6) which contact each other, to each other by
wel ding. 17. The nmethod for producing a steel material for an underground

continuous wal | £e]a£riﬁ%§9£ﬂiyﬂ85t%él Sk e ¥6) hWISE S hBt- ShafbdBOSLARrédsdbc@in t he

H beam (6) in tﬁe I'ength ditection 5i's shorter by not nore than 20% of an
over i || St bRl LB BLERLSLbAled o R, WSLerguRu ot NS R ()
Conet 1 utt SsEreRgm ot UPBHG (3 BTt dirFi P APt 5 0N O T NS ARG PR A
continuous wall (1) according to any one of claiml through claim12. 19.
A net hbd pde Qomsiprises & mgb47), amdierodfionacs ©dnonregtedsniggrallyds eagh endgfthel ity
of steel materials for an underground continuous wall (1) according to any
one of cl ajetn() idiriaeighedabak @ dptead outward, and a pair of arm sections (3, 4) substantially
parallel to the web (7) which are each connected integrally to one of the pair of flanges (5),
the H-beam (6) comprises a pair of flange sections (6a, 6b) substantially parallel to each
other, and a web section (6¢) which connects the pair of flange sections (6a, 6b) to each
10 other leaving space therebetween, and a dimension (L.2) of the H-beam (6) in the length
direction is shorter by not more than 35% of an overall length of the steel material for an
underground continuous wall (1) in the length direction, than a dimension (L1) of the hat
type steel sheet pile (2) in the length direction;
arranging an overall length of the H-beam (6) in the length direction within the
15  dimension (L1) of the hat type steel sheet pile (2) in the length direction, and coinciding a
position of a rear end (18) of the hat type steel sheet pile (6) with a position of a rear end
(20) of the H-beam (6) in the length direction, and in a condition with a forward end (21)
of the H-beam (6) arranged so as to be positioned closer to a rear end side in the length
direction than a forward end (19) of the hat type steel sheet pile (2);
20 contacting an outer surface (6al) on an opposite side to a surface of one (6a) of the
pair of flange sections (6a, 6b) of the H-beam (6) which connects to the web section (6c),
with an outer surface (71) of the web (7), the outer surface (71) being on an opposite side to
a channel (D) formed by the web (7} and the flanges (5) of the hat type steel sheet pile (2);

and

25 securing the web (7) of the hat type steel sheet pile (2) and the flange section (6a)
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47

of the H-beam (6) which contact each other, to each other by welding.

17. The method for producing a steel material for an underground continuous wall (1)
according to claim 16, wherein a dimension (L2) of the H-beam (6) in the length direction
is shorter by not more than 20% of an overall length of the steel material for an
underground continuous wall (1) in the length direction, than a dimension (I.1) of the hat

type steel sheet pile (2) in the length direction.

18. An underground continuous wall constructed using a plurality of steel materials

for an underground continuous wall (1) according to any one of claim 1 through claim 12.

19. A method for constructing an underground continuous wall using a plurality of
stee]l materials for an underground continuous wall (1) according to any one of claim 1

through claim 12.



