STEEL SHEET PI LE, METHOD FOR MANUFACTURI NG THE SAME, AND STEEL SHEET PI LE WAI L
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to a steel sheet pile and a method for manufacturing the
steel sheet. pile. The present invention particularly relates to a steel sheet
pile that is used in civil engineering work, construction, or the |Iike and
excel l ent in watmemEicytretfpper f orrmance Foa et foer noanuf actur | ngict he st eel
sheet pile, and a steel sheet pile wall using the steel sheet pile. 2.
Description of the Related Art strrr. Stgel rsheetzpil es are capabl e of being
connected with each other by engaging joints provided to both ends thereof in
the wdth direction for constructing a wall. The steel sheet piles are
utilized for civil engineering work of harbors and rivers and for

construction, for exanple. Vantedusotypes afyrstiuettr@s of the steel sheet
pil es have been devel oped. In terns of econony-of-scal e advantages by hot

rolling, steehl sheetiqpid eschavipgrelawlike joints as viewed in a cross
sectional view, that is, so-called "harssen U sections” or "Strai ght web

sections” are W detye Ys€bient invention relates to a steel sheet pile
and a method for manufacturing the steel sheet pile. The
present invention particularly relates to a steel sheet
pile that is used in c¢ivil engineering work, construction,
or the like and excellent in water cut-off performance, a
method for manufacturing the steel sheet pile, and a steel

sheet pile wall using the steel sheet pile.

2. Description of the Related Art

Steel sheet piles are capable of being connected with
each other by engaging joints provided to both ends thereof
in the width direction for constructing a wall. The steel
sheet piles are utilized for civil engineering work of
harbors and rivers and for construction, for example.
Various types of structures of the steel sheet piles have
been developed. In terms of economy-of-scale advantages by
hot rolling, steel sheet piles having claw-like joints as
viewed in a cross sectional view, that is, so-called
"Larssen U sections” or "Straight web sections” are widely

used.



In the fields of civil engineering work and construction, structures tend to
be large in recent years, and the depth of driving steel sheet piles into the
ground i ncreases accordingly. The steel sheet piles are therefore required to
be excellent in both strength and water cut-off performance with respect to
hi gh water pressure. The water cut-off performance neans that when a wall is

constructed using stegle sheetspbEesivimtelyinsenotgleakedida om one side of the
wall to the other side of the wall through joints. The denmand for the water

cut-cif perforpapeenhasorheer fiucthes dder eased especial Inedentt heses days due to
severe environmental issues. To neet this denand, the research and

devel opnent fakqdi AR ovdhay e awat eng caltef fsnpeef pr nance of tstegkosheet piles
have been perfornmed conventionally and there have been di scl osed many

t echni ques (seegcJapanese Ratient;1Appliicatierilahdsopenm No.o 64+62544,and
Japanese Patent Application Laid-open No. 1-207520, for ex nple). Furthernore,

Japanese Exari:aad:ihi lid wvadel Aok i catin Mo:edo617d Japanesge Lhidity Model
Application Laid-open No. 3- 128725) disclosed another technique for inproving

the water cutpeftopesfQr nanee refpthe st eglynsheet -phless descrirhedyinet he
above-nenti oned patent publications, i.e., technique for inproving the water

cut-of f perforpanger Wdhx Jr@speet nt on atiel: RLESSHr 8811 angidgkramdqto 7
kgf/crat Specifically, as illustrated in Fig. 5, a steel sheet. pile 10

having a femalel ggl e doi nt, Wit Pia- £ ecessed  graave; 4. for med,0n,8 £igding
internal surface of the joint in the axial longitudinal direction is

di scl osed, wherein.the recessed,groove 4 is khhl gdi W th g watgryswel | abl e
sealing material 6. Japanese Examned Uility Mddel Application No. 7-6179

reports that sychya,confd gurati oo pr ovides rap.extremely Hiwiougd water cut-of f
performance with respect to water pressures ranging from2 to 3 kgf/cnl .,

enhances the safety, of, operati 0os..and enabkes consts ugtd on ot structures that
have excellent. durability.

environmental issues.

To meet this demand, the research and development for
improving the water cut-off performance of steel sheet
piles have been performed conventionally and there have
been disclosed many techniques (see Japanese Patent
Application Laid-open No. 64-62511 and Japanese Patent
Application Laid-open No. 1-207520, for example).
Furthermore, Japanese Examined Utility Model Application No.
7-6179 (Japanese Utility Model Application Laid-open No. 3-
128725) disclosed another technique for improving the water
cut-off performance of the steel sheet piles described in
the above-mentioned patent publications, i.e., technique
for improving the water cut-off performance with respect to

water pressures ranging from 1 to 5 kgf/cm’. Specifically,



The steel sheet pile 10 is manufactured by hat rolling, and then is set in a
| ai d-down state after being hot-rolled to forma recessed groove 4 with a
cutting tool or the like fromabove, which requires two nanufacturing
processes. Therefore, productivity may be | owered conpared with the case of
one process. Furthernore, there is a drawback that the manufacturing cost is
increased. Inaadditiosam@st ikl esrat edh igrekilgshbet Spie Hcheakeegssed groove 4
is formed in a joint bottom portion having a usual thickness (about 6 to 10
m), the dept hepfild henTLCRSSEAWYEROYErA-CRRAOY rBEvE NCTrRased bR ¥iew of the
strength of the joint. Hence, the recessed groove 4 having a snmall size of

about 3 rum deeprang L0 Jumwsderhse for red. jEherrecessad greave 4 is filled
with a small anmount of water-swellable sealing nmaterial 6, and it is

difficult forithe:ij@iialt aiwethstands aihicghswat exnpresswie ok-5skgf/ cn2 or
nore. Furthernore, the cross-sectional shape of the groove and the position of

the groove ongthe boftommantiyoniof 4 hetcaw.aieabidded déenhe-the ti p shape
of the groove cutting tool or the type of a tool post. Furthernore, there

exi sts the case i paULh tthenh epgt f of i St eelieshegt pidies.d il i it eds dependi ng
on the cutting tool. The groove is required to be filled with a water cut-cif

material beforesthesstieal sheet phles;areidn yepviado he.greypd, SUMVARY OF
THE | NVENTI ON The present invention has been made in view of the above

ci rcunmstances ;gndvan LRjLct-uelkhe  present,tnyeptiandsd @provide a steel
sheet pile that is excellent in water cut-off performance a nethod for

manuf acturing thessane.. and g stegl . sheet i ewaldinances tA-sieele sheet pile
according to Fhe present invention conprises clawlike Larssen-typée joints

formed on bothrepds, 1hereof o wherginea J8cessed; g oove 4 .n which &, yat er _
cut-off material is filled is formed on an inner side of a claw bottom portion

of each of the,j0i nts. by Hoty,n9hking, .

The steel sheet pile 10 is manufactured by hot rolling,
and then is set in a laid-down state after being hot-rolled
to form a recessed groove 4 with a cutting tool or the like
from above, which requires two manufacturing processes.
Therefore, productivity may be lowered compared with the
case of one process. Furthermore, there is a drawback that
the manufacturing cost is increased. In addition, as
illustrated in Fig. 5, since the recessed groove 4 is
formed in a joint bottom portion having a usual thickness
{about 6 to 10 mm), the depth of the recessed groove 4
cannot be increased in view of the strength of the joint.
Hence, the recessed groove 4 having a small size of about 3
mm deep and 10 mm wide is formed. The recessed groove 4 1is

filled with a small amount of water-swellable sealing



It is preferable that the steel sheet pile is a U shaped steel sheet pile that
is formed of a web and flanges, fornmed in a U shape as viewed in a cross
sectional view, and fornmed with the Larssen-type joints on distal ends of the
flanges, an inclination angle (0) of the flanges with respect to a normal |ine
of a web surface ranges from4' to 10, and an orthogonal -direction joint space
al l owance (dypaterned @n drbe iiknnerdstfie-waft tthe ehaw botd eam parhkoind n
connecting the joints with each other is 7.0 nmor less and a claw rotation

angl e (a) defngdybywengagi-Rgssuefaces 1off tche € aws-adj agentet@8ch other is
300 or nore. In this case, it is preferable that an opening wdth fornmed as a

space betweenthhecdisi-ale@ndnafl the £lawandt-heveordespendiongtibange in
connecting the joints with each other is 14.4 mmor less. Also, it is

preferabl e thatcapripperodd it p¥at 4e (WBXxh oF the opening widtheforned as a
space between the distal end of the claw and the corresponding flange in

connecting the,Loiptsanidih eagheothernd s .deter pi.pedh byt cal cul akiknggthe
foll owi ng expression (1) Lased on a relationship with the inclination angle
(0): of a tool post. Furthermore, there exists the case in

which the length of steel sheet piles is limited depending

on the cutting tool. The groove is required to be filled

with a water cut-off material before the steel sheet piles

are driven into the ground.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances, and an object of the present invention
is to provide a steel sheet pile that is excellent in water
cut-off performance, a method for manufacturing the same,
and a steel sheet pile wall.

A steel sheet pile according to the present invention
comprises claw-like Larssen-type joints formed on both ends
thereof, wherein a recessed groove in which a water cut-off
material is filled is formed on an inner side of a claw
bottom portion of each of the joints by hot rolling.

It is preferable that the steel sheet pile is a U-
shaped steel sheet pile that is formed of a web and flanges,

formed in a U shape as viewed in a cross sectional view,



Wra- (nmm - -0/12 + 15.2. A nethod for manufacturing a steel sheet pile
according to the present invention conprises formng the recessed groove in
the steel sheet pile with arolling mll. A steel sheet pile wall
according to the present invention conprises the steel sheet pile, wherein a
water cut-off material is charged into the recessed grooves after the steel
sheet pile isadti yemddtud tgr eundra As yat-arpaehbaht e subbesamatenkabs may be
attached to inside of the recessed grooves before the steel sheet pile is

driven into grqund; .k %Jést h%”%@llﬁ’y{l@ff 48 o QbNt St copnegted Lo, each other, a
water cut-off materia be charged into a recessed groove of one of the

oints and a water-s IIabIe r ubbe erla be attached to |pS|de of a
| ecessed gr obBSGFET e Gt REETFO AEh OF 3 B CHELPreoRtiIT g &Rt B st nee ¢ he

joint having a |arge space in the inside of t he cIam1botton1port|on is forned
only by hot réPfimpd e psthoswidlelittecannf aeinr erstceebhlsheatcpi (®s havi ng
the recessed grooves capable of being filled with a | arge anount of water
cut-of f mat er ifakmef forcitent liynat bode costtheorparedowidrh reorhvient Lonal st eel
sheet piles having the recessed grooves. Thus, it is possible to continuously
fill the waterocuteoffg nmateeripahtal ¥itdveradhhethernts wi tthout odi $eentimuii ty, and
therefore, the | eakage of water fromthe joint can be prevented even under a

hi gh-wat er - pr assuse emddionnant1when aiawlled $vf ongegh wsidng rhhessteel sheet
piles. Furthernore, the water cut-off material can be filled or charged into

the inside of -hbeclobat,fathbetore. and.aften  behng,eagaged. phn addition,

because only hot ing s use I's possible to forma groove having a

?gspe favorable for f|X|Fge%gea te{hcugnptgegg%grwg a%d%mggsgglgn favor abl e

space between the distal end of the claw and the
corresponding flange in connecting the joints with each
other is 14.4 mm or less. Also, it is preferable that an
upper limit value (Wmax) of the opening width formed as a
space between the distal end of the claw and the
corresponding flange in connecting the joints with each

other is determined by calculating the following expression
(1) based on a relationship with the inclination angle (8):

Wmaxz (mm) = -6/12 + 15.2.

A method for manufacturing a steel sheet pile
according to the present invention comprises forming the
recessed groove in the steel sheet pile with a rolling mill.

A steel sheet pile wall according to the present
invention comprises the steel sheet pile, wherein a water

cut-off material is charged into the recessed grooves after



inmproving the water cut-off performance, and it is also possible to

manuf act ure el ongat ed products. Furthernore, according to the present
i nvention, the recessed groove forned in the inside surface of the joint of
one of the steel sheet piles is filled with the water cut-off nmaterial, and

the water cut-off material, which is swelled when the steel sheet pile is
driven into theecgsosdd,sradhepesect Os tdiei @it snde sushace of waherfoi nt of the

ot her st eel

sheet pile engaged. The | eakage of the water cut-off materi al

from

the recessed greoveris algerprhevent £l nathewaterced . cofifnspeef ermance of the
joint is thus further inproved conpared with that of the conventi onal

As described abe¥ese@cHIdiRgptocther iy egenty kpvent o iid drsvpesSsible to

npnufactyre t he steel
filled with agkange. amunthefovwal esucus aofif

one.

sheet pile having the recessed grooves capable of being
et etk aloefddicient! yaat | aw cost

conmpared with the conventional steel sheet pile having the recessed grooves.

Accordi ngly, evenrundef,@ hi-gh-watefsfressure epyi fonment r.ak a waste
di sposal site, it Is possible to ensure the water cut-off perfornmance.

steel sheet pikecsadybe-dddd ed Whihot he,alghteuLn@ff JRlerisak1bath. before and

The

after the steel sheet pile is driven into the ground. _ Fig. 1is an
entire cross seebionglcaiew ofapsteel. sheetopiheiaccor di ng.tesan enbodi nent
of the present invention; Fig. 2 is a cross sectional viewillustrating

t he jOint porb&@Bvaofhﬁm§k@%br59§§$tpile;

In the present invention, since the joint having a
large space in the inside of the claw bottom portion is
formed only by hot rolling, it is possible to manufacture
steel sheet piles having the recessed grooves capable of
being filled with a large amount of water cut-off material
efficiently at low cost compared with conventional steel
sheet piles having the recessed grooves. Thus, it is
possible to continuously fill the water cut-off material
all over the Jjoint without discontinuity, and therefore,
the leakage of water from the joint can be prevented even
under a high-water-pressure environment when a wall is
formed using the steel sheet piles. Furthermore, the water
cut-off material can be filled or charged into the inside
of the joint both before and after being engaged. In
addition, because only hot rolling is used, it is possible
to form a groove having a shape favorable for fixzing the

water cut-off material at a position favorable for



Fig. 3is a schematic viewillustrating the layout of rolling mlls for

manuf acturing the steel sheet. pile; Fig. 4 is a cross sectional view
ezplaining the caliber of a roll used in each rolling mll illustrated in Fig.
3; Fig. 5is a cross sectional viewillustrating a conventional steel
sheet pile having a recessed groove fornmed in the inside surface of the joint
t her eof ; imbkgvily ithaawkitew bhtustf ald¥grin@h bt s engaged swall Boeach ot her
such that the volunetric capacity of the space between the joint portions is
naxi mun poFk@Sle 7 andufBcah e CA 0SS 9€Ct bePahcyd ews il lustrating ot her

types of joint portions of steel sheet piles according to enmbodinents of the
present. inventionpufigridreyShEabtathone ehet pecfointsiddntibe, case where the
opening width of the recessed groove is snmaller than the rbaximumw dth in the

i nsi de of the greoves andh el fotlelil | MstHatinRgqatheupther Jroicat kpithe case
where only one side of a groove wall protrudes; Figs. SA and SB are cross

sectional views bhbust ratd ngestibhoot her -Swipes ofd j i parthops of steel
sheet piles according to enbodi ments of the present invention, Fig. SA

illustrating epe-gfrthed.Qintsahd the £ase whererthecentar, pasition of the
recessed groove is deviated fromthe center of the cl aw bottom portion in the

wi dth directignet owarhdihe i aw.andsFidg. SEei hLugtiati ng,henat hesujejnt in
the case where the opening of the recessed groove is positioned at the center

of the CiaM/bQHBQEéQOgéiHH%ioﬂt%h@e“é&@ﬁbd@ %%Ckhgnﬁoint of the other

steel sheet pile engaged. The leakage of the water cut-off
material from the recessed groove is also prevented. The
water cut-off performance of the joint is thus further
improved compared with that of the conventional one.

As described above, according to the present invention,
it is possible to manufacture the steel sheet pile having
the recessed grooves capable of being filled with a large
amount of water cut-off material efficiently at low cost
compared with the conventional steel sheet pile having the
recessed grooves. Accordingly, even under a high-water-
pressure environment or at a waste disposal site, it is
possible to ensure the water cut-off performance. The
steel sheet pile can be filled with the water cut-off
material both before and after the steel sheet pile is

driven into the ground.

BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 9 is atable listing experinental results of a relationship between the
shape of the groove and the filling factor of a water cut-off material;

Fig. 10 is a cross sectional viewillustrating joints of conventional U shaped
steel sheet piles provided with recessed grooves for being filled with a water
cut-off material; Fig. 11 is a cross sectional viewillustrating the

joints for explainrng. a probheanhtelated 40 skheiwaterveit oftff aperter mance of the
0-shaped steel sheet. piles; Fig. 12 is a cross sectional view

illustrating theeiobnts fQbrexphatfing aneldheenpr eblem ¢frdshatconventi onal
U-shaped steel sheet piles other than the problemin Fig. 11; Fig. 13 is
a chart illustrathhgothe profile of a relationship between a joint opening
wi dth and an orthogonal -direction joint space allowance with the inclination

angle of a flange as5a ParaARBtehss sectional view illustrating the
joint portion of the steel sheet pile;

Fig. 3 is a schematic view illustrating the layout of
rolling mills for manufacturing the steel sheet pile;

Fig. 4 is a cross sectional view explaining the
caliber of a roll used in each rolling mill illustrated in
Fig. 3;

Fig. 5 is a cross sectional view illustrating a
conventional steel sheet pile having a recessed groove
formed in the inside surface of the joint thereof;

Fig. ¢ is a view illustrating joints engaged with each
other such that the volumetric capacity of the space
between the joint portions is maximum;

Figs. 7A and 7B are cross sectional views illustrating
other types of joint portions of steel sheet piles
according to embodiments of the present invention, Fig. 7A
illustrating one of the joints in the case where the
opening width of the recessed groove 1is smaller than the
maximum width in the inside of the groove and Fig. 7B
illustrating the other joint in the case where only one
side of a groove wall protrudes;

Figs. 8A and 8B are cross sectional views illustrating



Fig. 14 is a cross sectional view explaining the definition of a claw
rotational angle in the joints; Fig. 15 is a chart illustrating the
profile of a relationship between the joint opening width and the cl aw
rotation angle with the inclination angle of a flange as a paraneter;

Fig. 16 is a chart illustrating the profile of a relationship between the
inclination anpgheloftihe fiirangerandiithealdionwabbe senge ofectthpijesnt opening
wi dt h; and Fig. 17 is a chart illustrating the profile of the effects

of the inclinattepsangl® ehnbhenthanger ameaphekbneuld4dig iampuat gr egui red for
restoring a roll caliber. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Embodi ment s ofi1t het presentonlenventhon e expl ahpeda hiergidaf tee Lan€onj unction
with circunferences under which the i nventi on has been made. First, the

inventors haV@o_@@’é_ﬁcBrmcﬁec{hteh@tec§B@@@S?ﬁoﬁehﬁsché\é\&@iecﬁ 110t hande - space into
which the clawis inserted are basically the same as conventional shapes so

that joints car bg-engaged tWohhpgachy othernenyaqmmnnere @quinvabentqt o
conventional joints. The space Ipwas been determ ned to have a size sufficient
to engage thech0i Bt Sy and Fig. 8B illustrating the other joint in the

case where the opening of the recessed groove is positioned

at the center of the claw bottom portion in the width

direction;

Fig. 9 is a table listing experimental results of a
relationship between the shape of the groove and the
filling factor of a water cut-off material;

Fig. 10 is a cross sectional view illustrating joints
of conventional U-shaped steel sheet piles provided with
recessed grooves for being filled with a water cut-off
material;

Fig. 11 is a cross sectional view illustrating the
joints for explaining a problem related to the water cut-
off performance of the U-shaped steel sheet piles;

Fig. 12 is a cross sectional view illustrating the
joints for explaining another problem of the conventional
U-shaped steel sheet piles other than the problem in Fig.
11;

Fig. 13 is a chart illustrating the profile of a

relationship between a joint opening width and an



wi th each other intensively at the center of the claw bottom portion or the
position deviated fromthe center of the claw bottom portion toward the cl aw,
so that a steel sheet pile can be nmanufactured only by hot rolling.
Furthernore, a recessed groove fornmed in the inside surfa of the claw bottom
portion has been determ ned to have a size of 10 nmor nore as viewed in a
Cross sectionakt¥bew asoiitrhat ianwab it Wi=cef bimaherdialvicanthe filled into the

groove both before and after the joints are engaged with each other. As
a result, a steehisheein pidgg<l08rhavingdarssenphype-joints has been devel oped
as illustrated in Fig. I. That is, the steel sheet pile 10 according to the

present embodi mentriqcludes, sasrykewed-1ihra1CKOss saetdionaly vhew, a horizontal
web 1, flanges 2 fornmed on both ends of the web. 1 in the width direction

thereof in sughra,mannerod hat1kherbtanges 2 ape.i nelimed Jiackace each other,
and clawlike Larssen-type joints fornmed on the distal ends of the flanges 2.
In addition, the SFE@JJ&h%%taphhgréoiﬂ@§m&%%%§geghgr&@%ﬁﬁeAoEOE being filled
with a large anount of water cut-off naterial 6, each recessed groove 4 being
fornmed in the Lngtde, sun facecef, and aw ot toanpertion 3 0fs the eoLyespondi ng
Larssen-type joint by hot rolling. The claw bottom portion 3 is, as
illustrated i RoEL@ioR, aiyIRORL AN fbaly fior® ibheahgot Of A rghaw=5.and the
flange i. The inmportant point of the steel sheet pile 10 according to the
present enbodineRfets to increase the thickness of the claw bottom portion :3
before the recessed groove 4 is formed in a rolling process. It beconmes thus

possible to easilyr-formdhe recgssed; groove4.having the si ze such that the
recessed groove 4 can be filled with a | arger amount of water cut-off materi al

6 than in the, conyentional,greeve., Ihe recessed groove 4 dhavicng,the size such
that the recessed qucov, 4 can be filled wth a |arge amount of water cut-off

material 6 roaps that.ihe dhameter. ofs the water cutsoff Jmterialqg6 illustrated
by the circle in Fig. 2 is 10 Mn or nore. "This is because, according to

exam nations perfo d t.he | tor .rec .qave 4. having the size
of less than 10 hﬂaﬂiéﬁﬁzf%bg ??%?gdggggfﬁgﬁﬁﬁghggaqg%%%%% %E Fﬁ% wat er

cut-off materi igient for_ ventding th e ﬁggg f under a
wat er pressure§g?§%§E%§f%ﬁKq%rE%%rﬁLﬁl%&dl%Furtﬁg%ngre, |?)i§a%§£%erable t hat

t he bottom t hickn of Lhe recessed- graque 4.he larger thap_the wall

t hi ckness of fﬁe fﬁgngé)§{ %ﬁ?s ?s becausg,oéﬁ ?he ottoﬁit%ﬁckness of the
recessed groove 4 is thin, the strength of the thin bottom portion is | owered,
thus giving rise to a drawback with respect to the durability of the steel

sheet pile 10. Thi 5@%@&&%@%&%%?%%5% Q%E?ﬁﬂaéﬁ“ﬁlﬁb‘:ﬁ%ﬁfag&gt he recessed

groove 4 is sufficrently increased, 1t 1s possible to use't teel sheet.
pile 10 even when e rec ed g ve 4 | ired to fLlled wth the
wat er cut-cif nate%%éﬁ&éﬁéﬁ%% h éﬁ%t%@?ﬁ%ﬁé?gggﬁﬁgﬁgsJ%hfggq?ﬁgﬁég. TA, it is
preferable that the eni.ng width 21 of the recessed groove 4 be,.as viewed in
B orosa secti BRAFL T St et Br CURGRS Mok i aHer 90 NTeRg Thsrhe of |t he
gr oove. Sincetggeigfqggggiwkgtg g% igdgarromed, even when there exist smal

cl earances between the Wat er cut-off naterial 6 and a groove wall in the

i nside of the groolylertthet telgwcr%-gf fh mat er italmgsni? @{%erﬁt ed from=mna off
fromthe recessed groove 4 du€ to Vibrations generated When“the Steel sheet
pile 10 is driven [nto the.ground., .In this case, as illustrated in Fig. 78,
only one sideté? f%@”dﬁ%ﬁﬁ %lﬁgya%?o rides TNt ﬁﬂédéﬁiféﬁw as illustrated
in Fig. SA it is gr fera Ie.thg% the center line %indic;{eg bg synbol B) of
the recessed §F'ooVe" 4 e Fevi-atad f Homite E&nt &l i ndi"cat €42y symbol A) of
t he clam/bottgg1gortion inrﬁge wi dt h ir%%;ion tot rd the side of the claw S.
Spaces occupi &8%by’) $WetT e Wafer et SO Naferial v 9% ar'k 4 Hai'E&ted by hat ched
i nes. Conpared with the case in _which the cent recessed groove

line of th
4 i1l ustrated T B G669 S CHENTT Ot Mt ithe COAE efo T (FE EEEW bot t om

ortion in the width direction, a |arge nt of water cut-off,
P %etermpneé to have a sllze gsufafq%lient to engage tthe joints

10



material enters into the engaged claw portion. Hence, even when an anount of
swell ed water cut-off material that occupies the spaces between the joint
portions is the sane as that in the case of the joints illustrated in Fig. 8E,
a water cut-cif effect is inproved, or even when an anount of swelled water
cut-off material that occupies the spaces between the joint portions is

smal | er than thah édoch hereasendbnthe-J0iat shiel busteated dur Eigw 8E, the water
cut-off effect is equivalently exhibited. The type of the water cut-off
material 6 w bBtrwhihCchotther ecessedy @ 0ove Heivsatbhl £6bn S HROtcARY NBE €ri al
t_.p.11 of being swelled several tinmes by being brought into contact with
water nmay be ygsedeiandamormBberiah ehiainedeby1 bl endi ng..a super=absor bent
pol ymer substance into resin or rubber that is conventionally used nmay
adequat el y besused. for exampl ganiii&nials obtabneg-by-dliendi.ng hi gh pol ymer
substances such as starch-based pol yner, cellulosic polyner, polyacrylate

pol ymer, or p@h¥¥h@¥$oﬁLCQ@QbcBQE&@FﬁrddUé)ﬂ%&HQ@ rubber i chlier eprenes r ubber,
or the like may he used. Fig. elk, illustrates only a joint portion of a steel

sheet pile wabk 14.immhichibhephoi nds fs steal ashegtiRid @9 ane-connect ed
(engaged) wth each other. The water cut-cif material 6 may be, after the

joints are connected W thy eachoethgr @s..jdd ust hatedsd nnfidonsA angd,t he steel
sheet piles 10 are driven into the ground, charged into the recessed grooves 4

to formthe stegelysheet,pid.e walbed4, A tiennati,vel ysi Peforethe,steel sheet
piles 10 are driven into the ground, a water-swell able rubber material nmay be

attached to the.recessed grooues 4 as-d.he water cutsal fomplen ghef, and the
steel sheet piles 10 nay be driven into the ground thereafter to formthe

steel sheet pLLe,walj.14. As a matter of course, the follow ng procedures may
be adopted: out of the joints connected with each other, the recessed groove 4

of one of the joints isJdhl-1,wththemater cutsoff, material 6_afger the
steel sheet piles 10 are driven into the ground, and the rubber material is

attached to tg‘é_iﬁ%eﬁése%e%rnog\ét@ﬁgo&édtalke iQhhier b oL tirp%f'%f.elt.heﬁél@e' sheet

piles 10 are driven. I same manner as the nethod for generally

nanuf act uri ng,st eel . shegh piles pasold L aving 8 cald bermy be used for

hot-rol ling the’ steel sheet pile or exanple, "as i trated in Fig. 3, a

steel mater i al. i1l 5 passed thcough & Joughing mLL, an.dotermediate rol ling

mll, and a finishing m n the direction indicate y the arrows to perform

rolling (Symbals Kot K2 1, baFi8 3 ddfeaabe bOE, tURES 97 chBlibers
illustrated in K g. 43.
1 in the width direction thereof in such a manner that the
flanges 2 are inclined to face each other, and claw-like
Larssen—-type joints formed on the distal ends of the
flanges 2. In addition, the steel sheet pile 10 has
recessed grooves 4 for being filled with a large amount of
water cut-off material ¢, each recessed groove 4 being
formed in the inside surface of a claw bottom portion 3 of
the corresponding Larssen-type joint by hot rolling. The

claw bottom portion 3 1is, as illustrated in Fig. 2, a

portion that forms the root of a claw 5 and the flange 2.

11



In each rolling mll, a pair of rolls 7 arranged in the vertical direction has
a caliber 8 having the correspondi ng one of the shapes illustrated in Fig. 4
to formthe recessed groove 4 in the joint. The inportant points of rolling
processes are as follows: the steel sheet is rolled so that a part for the

cl aw bottom portion 3 has a large thickness in the roughing mll, the part for
the recessed groovend ipdreamedobina M shapetieBlaghédt grimediiate rol ling
process thereafter, and is then formed in a U shape in the finishing rill. At

the same tinmeacacehawy ad shbeptebynbeimppresseds dhisdshecause, if the
t hi ckness of the part for the claw bottom portion 3 is thin, the steel sheet

pi | e accp-di ngnt erthes enbadicmenty of o then presenh knveniioncannetsbes
manuf actured. |If the part of the claw bottom portion 3 is fornmed in a U shape

in one procesgyobhe fecessaa-ar 9ave A havighgracpsoperrshapencannorts be formed
only by rolling. The cross sectional shape and the position of the groove can

be easily nmodifked by changiing thenrold Lalkisken. groove 4Tm%vﬁhge£h§heet_pile 10
according to the present enbodi ment was manufactured using a 300-nmthick,

400- mwi de, 55000- s angicstegel oL erd algbhaf 4t hen steelijgradeief 5Y295 as a
raw material only by hot rolling. The rolling rills and the rolls used in

manuf act uri ngi1thg. abgyvarirentd qned, st eelosheet-pihe 40:\er et hgesanme as those
ilJustrated in Fig. 3 and Fig. 4. Furthernore, the rolling processes were

performed undef, . t.ber condi 5&%@§etha@hér%%d@@%ege?pgé@gUKQEQﬂnbh@héayﬂﬂﬁterial
when being rolled ranged from 1,050 to 1,250C for the roughing mll, from 900

to 16 such that the recessed groove 4 can be filled with a large
amount of water cut-off material 6 means that the diameter
of the water cut-off material 6 illustrated by the circle
in Fig. 2 is 10 mm or more. This is because, according to
examinations performed by the inventors, the recessed
groove 4 having the size of less than 10 mm cannot be
filled easily with an amount of the water cut-off material
6 sufficient for preventing the leakage of water under a
water pressure of 5 kgf/cm® or more.

Furthermore, it is preferable that the bottom
thickness of the recessed groove 4 be larger than the wall
thickness of the flange 2. This 1is because, if the bottom
thickness of the recessed groove 4 is thin, the strength of
the thin bottom portion is lowered, thus giving rise to a
drawback with respect to the durability of the steel sheet
pile 10. This is also because, if the bottom thickness of

the recessed groove 4 is sufficiently increased, it is

12



1,050C for the internediate rolling mll, and from 700 to 85000 for the
finishing mll while the size of the recessed groove to be forned in the
Larssen-type joints were changed. As a result, the products of the steel
sheet. piles 10 were able to be manufactured w t hout any problem Each product
had a web thickness of 16.1 ram an effective width of 400 run, a flange

t hi ckness of Qo@sinne @hdisantefifectiare heightiot 185 Famwhen theSubsequently,
the filling property of the space between the joints was exam ned. As a net hod

for exam ni ngrthespropaidyre uhesr gcessed igeaove He of i gach.staeknsheet pile 10
obtained was filled with the water cut-off material 6, the joints were engaged

with each ot hegrretheswalrer \cuteoffimaterial 6 was i npregnated with water, and
an amount of the water cut-off material 6 that occupied the space between the

joints was eval uat egr-tthareatt ens The:dt0idHes @@r@igngageqimﬁgh each other in a
state that the volunetric capacity of a space 13 fornmed in the joint portions

was nexim zedpasrildwst ratedchd EbGeiby width_2hnofh@u?ﬁ%§%@%e@X%§@$@§1 the
steel sheet piles 10 having grooves with a dianmeter of 10 run (Exanple 1) and

12 ram (Exanplhep2) were dised:nThe-paterdaltitaabeycoppaned wastaa.gonventiona
material in which a recessed groove of 10 Fmin wdth and 3 run in depth was

fornmed (conpakabiMen-X&W ep- in the inside of the groove. Since the

opening width 21 is narrowed, even when there exist small
clearances between the water cut-off material 6 and a
groove wall in the inside of the groove, the water cut-off
material 6 is prevented from coming off from the recessed
groove 4 due to vibrations generated when the steel sheet
pile 10 is driven into the ground. 1In this case, as
illustrated in Fig. 7B, only one side of the opening may
protrude.

In addition, as illustrated in Fig. 8A, it is
preferable that the center line (indicated by symbol B) of
the recessed groove 4 be deviated from the center
(indicated by symbol A) of the claw bottom portion in the
width direction toward the side of the claw 5. Spaces
occupied by swelled water cut-off material 23 are indicated
by hatched lines. Compared with the case in which the
center line of the recessed groove 4 illustrated in Fig. 8B
is positioned at the center of the claw bottom portion in

the width direction, a large amount of water cut-off

13



The water cut-off materials 6 of a rate of swelling of 3006 and 500n were

used. Results are listed in Fig. 9. In each of the steel sheet piles
according to Exanples 1 and 2, a filling factor of 75 or higher was obtained,
whereas the filling factor remained Icipi in the conventional steel sheet

pile. It should he noted that when the steel sheet pile is actually driven
into the groundieeasl herandssandoentereddi@dt heaspace: het weeanthe ¢oimts
depending on the condition that the joints are engaged with each other. This
met hod, therefgeg, adogsnat of essaréd wdequiche-arfihdidng haetge of 1006 to

prevent the |eakage of water. However, it is preferable that the filling
factor be at Leaspi®O6orshi-gherethen dhe jbihti pgrfactor s $1£56a0¢ hi gher,
the | eakage of water is prevented without fail. Actually, in the steel

sheet piles eaghthaving dihe cgseove mid hyadisanet gscoftd? immrithesgr opves were
filled wth the water cut-off material 6 having a rate of swelling of 300n,

and the steel ,sheet-pilas werecdriyendnted he-geound,ther-gathennt oof orma
wat er proof wall. After the waterproof wall was forned, even after a | apse of 6

nonths from thec.tioe fhe water et nofd- At enial owas, comiret eby-swel led, the
favorabl e condition has been nmaintained with no | eakage of water observed.

I'n the case ofefiblingnd ?_%iQJtOBM@t%rH" & dianmeter cofn kdhJamwhb the vater
cut-off material with a dianeter of 12 mm the water cut-off material may cone

off if adhesivesgarejdol:used,Hoveyversy im fhepstegl shest pilerkllustrated in
Fig. 7A whose groove having an opening width of 10 nmwas filled with the

water cut-off pmaterial . .Jhewater, cutioff;mterial did not cone off even when
no adhesi ves were used, and thus reburying was not required. In addition, in

the exanpl e in whigh the greme.dianet er,\waselg, pmand.c as )l |, ystrated in Fig.
SA, the center line of the recessed groove was deviated fromthe center of the

claw bott om pepLi pn. i dhe w.dth,direction taward {he claw by, 3 um the space
at the position effective Tor preventing the | eakage of water was filled with

the water cutsQff maif e(faip%lb'lekg@cgeilrlé]esfvfé.tllllgidrge&@‘fzﬁpr‘%ﬁfest e watgy cut-off

material for ensuring the prevention o h eakage of water when being filled

Lot 1 CELGEDRECL ) S5 MSLE LY N A,Le 0 S hgner e 1 om 75

according to RQ@ePI?fQﬁ%xﬁﬂ@%dk9egieﬁémﬁ}gﬂ%EBS?—£Qs5¥%éﬁé rolymer
substance into resin or rubber that is conventionally used
may adequately be used. For example, materials obtained by
blending high polymer substances such as starch-based
polymer, cellulosic polymer, polyacrylate polymer, or
polyvinyl alcohol polymer into crude rubber, chloroprene
rubber, or the like may be used. Fig. 8A illustrates only
a joint portion of a steel sheet pile wall 14 in which the
joints of steel sheet piles are connected (engaged) with
each other. The water cut-off material 6 may be, after the

joints are connected with each other as illustrated in Fig.

8A and the steel sheet piles 10 are driven into the ground,

14



The steel sheet pile 10 according to the present enbodi nent includes, as
illustrated in Fig. 10, the clawli ke Larssen-type joint (hereinafter, sinply
referred to as the "joint 12") formed on the distal end of the flange 2 as
viewed in a cross-sectional view IN the steel sheet pile, the recessed groove
4 for being filled with the water cut- off material 6 is formed on the inside
surface side ehathedciaw hokt earposdd anrcdefs theoj st the by<bot skedd i ng, thus
i nproving the water cut-off performance conpared with the conventional steel
sheet pile. Wthethis: configurathonivdihg watrekeguhe of fedmt@ekal n6144 aced in
the recessed groove 4 is swelled by being brought into contact with water and
occupi es the spages dofnedibyo ehat srdzEngagade whtihe gagh cotthererHence, it is
expected that the water cut-off performance will be further inproved conpared
with the matbtionala steekcshesta pid &heFirgced0:4 14 ustvat @sagntyethe joi nt
portion of the steel sheet pile wall 14 fornmed by connecting (engaging) the

joints 12 wthaeach-@t-harr material Ne aAMddReLVEEUS] WaldetUsad kN1 588, @r €2
|l andfill sites or the |like for waste naterials, |arge-sized U shaped steel

sheet piles syehqasydWiypRernélytyRea Qfe 8L vk ype: st eel, sheetpihes are
typically used (see "Steel Sheet Pile Standard Product Specifications” issued

by Japanese Asgegciation . faan Jueel o Pipe Rides cen-Decanpear,2000) o,Asyil I ustrated
in Fig. 1, a 4Wtype steel sheet pile is, for eF. nple a steel sheet pile 10

havi ng an eff%?%b¥§u¥\ésdtn@y"\%eogd@ Qecﬁnﬂo&no%f tget e, height,chleof, 240 nm and
a thickness ti of 18 arly, a SL-type steel sheet pile is, for

exanple, a St%QEhSS%%% INHH% %Qc@§¥é@9?ﬁﬁnﬁiﬁegk'¥§éV%f“€he 309Et§09s“4n an
effectlve hei ght hl of 200 mm and a thickness ti of 24.3 nm A 6L-type steel

sheet ")fl pike;isy for, example. a-stegls %B%%ElQh'@&%ﬂxha%hggs%QeFffeCt'Ve
width w of 500 Mn, an effective hei ght of 225 ram and a thickness tl of

27.6 mm These, Lar ge; 8i7ed Qréhapgger?tle@éo %m%egrgaws havesutfibgient!y large
cl aw space al |l owances (also referred to as "joint space allowances”) in the

space formed RXtEPFaiOlé‘tastt%'aﬂégegﬁv%ﬁé‘ r%%%@s%hgfoﬁ thale g&a?‘c’éﬁﬁ%ﬁt got he

di sengaged, and resistance e steel sheet "piles are

ground is kepﬁo§gglgei§gf L. ng_an ?%ﬁ%%ahglggew@h_ Qr the like in a
or

civil engineering wor exanp e ernore, in order to pile up a

plurality of steel;shget Ieﬁaggé %§q5my £88|£9@t I%El%he fl ange" of the
(41

joint 12 with respect tot normal 11 ne see Fig. the web surface

I's manufacturing steel sheet piles, a roll 7 having a caliber
may be used for hot-rolling the steel sheet piles. For
example, as illustrated in Fig. 3, a steel material 11 is
passed through a roughing mill, an intermediate rolling
mill, and a finishing mill in the direction indicated by
the arrows to perform rolling (Symbols K.1, K.2 ... in Fig.
3 indicate the types of calibers illustrated in Fig. 4).

In each rolling mill, a pair of rolls 7 arranged in the
vertical direction has a caliber 8 having the corresponding
one of the shapes illustrated in Fig. 4 to form the

recessed groove 4 in the joint. The important points of
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typically increased up to 16 to 18'. When the recessed groove 4 is
formed in such a | arge-sized U shaped steel sheet pile, the followng two
probl ens arise. One of themis that, as can be clearly understood fromFig. 11
illustrating the cross section of a steel sheet pile, a joint space allowance
in the direction orthogonal to the so-called "construction extension
direction" (heriizont alrdidseeki aneons thelpaper a8 wWhich Jrigt 11 ksidea@awn) in
which the joints 12 are connected (hereinafter, referred to as an

"ort hogonal - disheehi®ra jRidt rspacge akl owange'onr ppresented .y aaisygbol dy) is

| arge. Consequently, even when the water cut-off material wth which the
recessed grooveidrhssdiild edewhenghhey sieal, sheep.ptles ane debvepeinto the
ground is swelled up to its expansion limt Ay, the space is not entirely
filled with theowater cutepfkqmatesialsnddusnl aweringrihe Mmat ep1 cut g of f
performance. The other problemis that, as illustrated in Fig. 12, a joint
space al | owangecal 009 he a=eonghd ucd ianrextensionm di necti-pr" ifhexei nafter,
referred to as "extension-direction joint space all owance" represented by a

symbol dx) israhsonl ge1and henege ihe water gutiglfs materhal L6 flows out
fromthe recessed groove 4, thus lowering the water cut-off performance. To

sol ve the abowespentioned; twerproblems-dine, ir entionalidshaped,steel sheet
piles; that is, "the orthogonal -direction joint space allowance dy is |arge

and hence, evep when.the vater pout Rffomater bak sw it v, Whirch Sthe recessed groove
is filled is swelled when the st 1 sheet piles are driven into the ground, the

space bet weensthie ianeraisty £a0enof iRt Jkne bl ghoddie necesseds groove of

one of the steel sheet piles is formed and the cuter surface of the joint of

the other steel sheet. Bidi& s cnotaentisely tiktedewith Lhe watep,cut-cif
material. Furthernore, the extension-direction joint space allowance dx is

al so | arge and.henge, s the Aaien ¢Mtschfoymtenial £l ows.qut fromthe recessed
groove, thus lTowering the water cut-off performance ", the inventors have
found it recessed groove 4 having a proper shape cannot be formed

only by rolling. The cross sectional shape and the

position of the groove can be easily modified by changing

the roll caliber.

The steel sheet pile 10 according to the present

embodiment was manufactured using a 300-mm-thick, 400-mm-

wide, 5,000-mm-long steel material 11 of the steel grade of

SY295 as a raw material only by hot rolling. The rolling

mills and the rolls used in manufacturing the above-

mentioned steel sheet pile 10 were the same as those

illustrated in Fig. 3 and Fig. 4. Furthermore, the rolling

processes were performed under the conditions that the web

temperature of the raw material when being rolled ranged

from 1,050 to 1,250°C for the roughing mill, from 9S00 to
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necessary to optimze the shape of the joint. The inventors carried out
various exam nations on the shape as descri bed bel ow to achi eve neans for

sol ving the probl ens. First, the inventors set, in engaging the joints
of the two steel sheet piles with each other, a space between the distal end
of each claw and the flange within a range such that the claws are not

separated, and phg-medthgt i@@aﬁﬁ%ﬁ%t@a§ogﬁiﬁ@QQu@§ aphokpty opanina width W
(see Fig. 12). "The j oi nt openlng width W (hereinafter, referred to as the

‘openi ng w dt talned addi i ckness t t he correspondi ng
ol ow and the G3bendiSindHi ELLr Bt i 1oBBEE® o Toubtete xR THOHRN o t he

i nventors exam ned, when the thickness t of the claw s constant and the

ext ensi on- di r 8EPP B Foiltit fspace élill‘b%%r?@ets&ﬁ“méiép%a}@d}fsﬁ Yy SCRafgeudcd

relati onship established between the opening w dt =t + (in) and the

or t hogonal - d|ﬁécﬁl6ﬁ$fﬁhnﬁh§p868d%$T%WE%€@6d§t89lu%?%ﬁiﬁﬁéeﬁnéplﬁ%f?on of the
flange with respect to the normal line N of the web surface of the steel sheet
pile 10 iIIusFPEFeHOiW?Fﬁﬂ?ufTGtPH%?éﬁﬁﬁFF@ra“VePé??%ﬁ“toE5§faﬁr®?ﬁ%Tination
angl e" represented by a synbol 0) as a paraneter. aresult,
relatlonshlpshPﬁI%sW@%ﬂéH‘ﬁﬁe?FgOf1%6WEW§”08PaPﬁEﬁCtV%%ﬁ“fW§ PAct?hation angl e
0 is increased, the orthogonal -direction joint space allowance dv is

i ncreased. THE/ i Ack Basing iatacof the’ of tHogoRdl i +ectit6i7=j 6FhE"Space

all owance dv is also increased along with an increase in the opening width W
Experi ence haSfshbwithat a swelled water cut-off material exhibits the water

cut-of f performance in a range of dy7.0 nm Hence, in the case
Subsequently, the filling property of the space

between the joints was examined. As a method for examining
the property, the recessed groove 4 of each steel sheet
pile 10 obtained was filled with the water cut-off material
6, the joints were engaged with each other, the water cut-
off material 6 was impregnated with water, and an amount of
the water cut-off material 6 that occupied the space
between the joints was evaluated thereafter. The joints
were engaged with each other in a state that the volumetric
capacity of a space 13 formed in the joint portions was
maximized as illustrated in Fig. 6.

In the present examples, the steel sheet piles 10
having grooves with a diameter of 10 mm (Exzample 1) and 12
mm (Example 2) were used. The material to be compared was
a conventional material in which a recessed groove of 10 mm

in width and 3 mm in depth was formed (comparative example).

17



where the inclination ngle O is large; that is, 18, the opening wdth Wis
equal to or less than 13.5 mMm On the other hand, in the case where the

inclination angle 0 is small; that is,the range of the opening width W
al l owabl e for exhibiting the water cut-off performance is equal to or |ess
than 15.0 rm In the engagenment of the joint, as illustrated in Fig. 14,

it is necessanyet@atonside-ra ghaw-1otatd @ anghee (symielrliay defsmed by the
inclination angle formed by engagi ng surfaces of the claws adjacent to each

other. This isnhesause,d:he ¢kaw rptaiion arghesceprasents difficulty in
driving the steel sheet piles into the ground while engaging the joints 12

with each other; thated& AnthBdieaDrsHLpr gsenti Ag-dhe desbstangerof the

steel sheet piles upon driving the steel sheet piles into the ground.

Accordingly, theninvent aris 1ahgorgxam ned @ r ekahi gAShis obtained,
whereas the filling factor remained low in the conventional
steel sheet pile. It should be noted that when the steel
sheet pile is actually driven into the ground, earth and
sand enter into the space between the joints depending on
the condition that the Jjoints are engaged with each other.
This method, therefore, does not necessarily require a
filling factor of 100% to prevent the leakage of water.
However, it 1s preferable that the filling factor be at
least 50% or higher. When the filling factor is 75% or
higher, the leakage of water is prevented without fail.

Actually, in the steel sheet piles each having the
groove with a diameter of 12 mm, the grooves were filled
with the water cut-off material 6 having a rate of swelling
of 300%, and the steel sheet piles were driven into the
ground thereafter to form a waterproof wall. After the
waterproof wall was formed, even after a lapse of ¢ months
from the time the water cut-off material was completely
swelled, the favorable condition has been maintained with
no leakage of water observed.
In the case of filling the groove with a diameter of

12 mm with the water cut-off material with a diameter of 12
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est abl i shed between the claw rotation angle a and the opening width W(t + dx)
by using the inclination angle 0 as a paraneter. As a result,
relationships illustrated in Fig. 15 were obtai ned. Experience has shown that
when U shaped steel sheet piles are used, the U shaped steel sheet piles
having a claw rotation angle cx of 300 or |arger can be driven into ground

wi t hout probl efs. tMWhemddie cal-awr F ohatd 10 1anghe cexXe | St snEd laehekhans 300, the

i nner space of the claws is narrow and hence, it is difficult to drive the
steel sheet pklkesnbtesdde goaunds, Accoidi Rget0 Ehget kHi1d n1augetatedaving a
in Fig. 7A whose groove having an opening width of 10 mm
was filled with the water cut-off material, the water cut-
off material did not come off even when no adhesives were
used, and thus reburying was not required. In addition, in
the example in which the groove diameter was 12 mm and, as
illustrated in Fig. 8A, the center line of the recessed
groove was deviated from the center of the claw bottom
portion in the width direction toward the claw by 3 mm, the
space at the position effective for preventing the leakage
of water was filled with the water cut-off material. Hence,
the filling factor of the water cut-off material for
ensuring the prevention of the leakage of water when being
filled after the steel sheet piles were driven into the
ground was lowered from 75% to 70%.

Next, a configuration example of the steel sheet pile
10 according to the present embodiment is explained in
detail.

The steel sheet pile 10 according to the present
embodiment includes, as illustrated in Fig. 10, the claw-
like Larssen-type Jjoint (hereinafter, simply referred to as
the "joint 12") formed on the distal end of the flange 2 as
viewed in a cross-sectional view. In the steel sheet pile,

the recessed groove 4 for being filled with the water cut-
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claw such that the inclination angle O is as large as 18, an opening width W
of 13.7 ramor nore is appropriate for driving the steel sheet piles into the
ground . Accordi ngly, as described above, the opening width W which is
appropriate for exhibiting the water cut-off perfornmance obtai ned based on the
condition such that dy7.0 nmm is 13.5 mmor nore and hence, there exists no
range of the opennagewidt v Wit hatnsatdrsfires ihet het hier £ondidtiidencsuekhe t hat dv *:
7.0 min and the condition such that the -law rotation angle a30 for driving

the steel sheetapibestdtR tthengsosnd:h Oy dihe obhey hand.ciwhen, t heud nclination

angle 0 is as
improving the water cut-off performance compared with the
conventional steel sheet pile. With this configuration,
the water cut-off material 6 placed in the recessed groove
4 is swelled by being brought into contact with water and
occupies the spaces formed by joints 12 engaged with each
other. Hence, it is expected that the water cut-off
performance will be further improved compared with the
conventional steel sheet pile. Fig. 10 illustrates only
the joint portion of the steel sheet pile wall 14 formed by
connecting (engaging) the joints 12 with each other.

In an impervious wall used in sea area landfill sites
or the like for waste materials, large-sized U-shaped steel
sheet piles such as 4W-type, bL-type, or 6L-type steel
sheet piles are typically used (see "Steel Sheet Pile
Standard Product Specifications” issued by Japanese
Association for Steel Pipe Piles in December 2000). As
illustrated in Fig. 1, a 4W-type steel sheet pile is, for
example, a steel sheet pile 10 having an effective width wl
of 600 mm, an effective height hl of 210 mm, and a
thickness tl of 18.0 mm. Similarly, a 5L-type steel sheet
pile is, for example, a steel sheet pile 10 having an
effective width wl of 500 mm, an effective height hl of 200

mm, and a thickness tl of 24.3 mm. A 6L-type steel sheet
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small as , an opening wwdth Wof 13.0 mmor nore obtained fromFig. 15 is
appropriate for driving the steel sheet piles into the ground. Therefore,

consi dering the above-nentioned appropriate opening width Wof 15.2 mmor |ess
obt ai ned based on the uondition such that dy7.0 mm (result in Fig. 13), there
exi sts the range of the opening width Wthat satisfies both the appropriate
val ue of the epeni ng, widt b MhHoe, exhitidl ngethepwat ero cutriekf aper f or mance and
t he appropriate value of the opening wi dth Wobtai ned based on the condition

such that thecekaw 1ot aticam anghe a305ud,0oandeikyipgitdhensteel nsheetopiles into
t he ground. Consequently, the inventors considered that the joints

having the opeRi ngna At \Msirul tangousl v sati stying thesesiweqfinds of
appropriate val ues would i nprove the water cut-off performance conpared with

the conventioRahph@i Sitse1 APREOPHE L e Hdwd tdungiopeni ng i dthsiwer epspeci fied
i ndependently fromFig. 13 and Fig. 15, and the difference between these

openi ng widthgifthatcds, ke regipp.ofcdhe openingswidt hWeshnuktaneously
satisfying the above-nentioned two kinds of appropriate val ues) was organi zed
in e space forme Y e joints engaged wi each other
by in th formed by the joint d with each oth
so that claws are not disengaged, and resistance while the
steel sheet piles are driven into the ground is kept small
for forming an earth retaining wall or the like in a civil
engineering work, for example. Furthermore, in order to
pile up a plurality of steel sheet piles efficiently,

"inclination of the flange" of the joint 12 with respect to
the normal line N (see Fig. 10) of the web surface is
typically increased up to 16 to 18°.

When the recessed groove 4 is formed in such a large-
sized U-shaped steel sheet pile, the following two problems
arise. One of them is that, as can be clearly understood
from Fig. 11 illustrating the cross section of a steel
sheet pile, a joint space allowance in the direction
orthogonal to the so-called "construction extension
direction™ (horizontal direction on the paper on which Fig.
11 is drawn) in which the joints 12 are connected
(hereinafter, referred to as an "orthogonal-direction joint
space allowance" represented by a symbol dy) is large.

Consequently, even when the water cut-off material 6 with
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the inclination angle U. As a result, the relationship illustrated in Fig. 16
was obtai ned. According to Fig. 16, it becane apparent that, with an
inclination angle of 14" or less, the water cut-of performance was inproved
conpared with the conventional joints. However, in practical use for steel
sheet piles driven into the ground, it becane apparent that a little |arger

per m ssi bl e dishfiernence wofcdshed gpevraig w=dtth 1YWewash i efter aklke1apd=4he
perm ssible difference was 1 nmor nore for effective construction, that is,

the inclinati gnianghe- Qiofvehhenthange vasinpr ekesabl yeequalcct @ter | ess than 10.
In the present enbodinent, the lower limt of the inclination angle O is 4'.

This is becauggpgpgiéﬁnﬂﬂﬂy% B@? the space is not entirely filled with

the water cut-off material, thus lowering the water cut-off
performance. The other problem is that, as illustrated in
Fig. 12, a joint space allowance along the a "construction
extension direction" (hereinafter, referred to as
"extension-direction joint space allowance" represented by
a symbol dx) is also large and hence, the water cut-off
material 6 flows out from the recessed groove 4, thus
lowering the water cut-off performance.

To solve the above-mentioned two problems in
conventional U-shaped steel sheet piles; that is, "the
orthogonal-direction joint space allowance dy is large and
hence, even when the water cut-off material with which the
recessed groove is filled is swelled when the steel sheet
piles are driven into the ground, the space between the
inner surface of the joint in which the recessed groove of
one of the steel sheet piles is formed and the outer
surface of the joint of the other steel sheet pile is not
entirely filled with the water cut-off material.
Furthermore, the extension-direction joint space allowance
dz is also large and hence, the water cut-off material
flows out from the recessed groove, thus lowering the water

T

cut-off performance ", the inventors have found it
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inclination angle 0, the larger the perm ssible difference of the opening

w dt h W becones. However, in manufacturing a U shaped steel sheet pile having
a joint whose inclination angle is that small by rolling, there gave rise to a
drawback that the cost for controlling the caliber of arolling roll was

i ncreased conpared with the conventional steel sheet piles. This is because,

in order to rasteseathecalpitharn -of tihesHgld ibAgtrel oabradadei n use, it is
necessary to nachine the roll with the use of a cutting tool, and there exists

a tendency thatvanestd idigrameuBtti saiNGlLasediakongnwdh taedeekpasesin the
inclination angle 0. The actual condition of cutting the roll was exam ned and

the rel ati onshipcilbdstyated tbnakh gede Mas sobtai Bedyi AEcordihgpt ol g. 17, it
becanme apparent that the inclination angle 0 that increased the cutting anount

(basic unit) extrepely Was essehhans 4e@ndnaBnhAGI €ASEd Nlihescost remai ned
noderate by avoiding this range. Eased on the discussion above, it is possible
to the two steel sheet piles with each other, a space between

the distal end of each claw and the flange within a range

such that the claws are not separated, and the width of the

space was defined as a joint opening width W (see Fig. 12).

The joint opening width W (hereinafter, referred to as the

"opening width W") is obtained by adding the thickness t of

the corresponding c¢law and the extension-direction joint

space allowance dx. Furthermore, the inventors examined,

when the thickness t of the claw is constant and the

extension-direction joint space allowance dx was variously

changed, a relationship established between the opening

width W (= t + dx) and the orthogonal-direction joint space

allowance dy by using the inclination of the flange with

respect to the normal line N of the web surface of the

steel sheet pile 10 illustrated in Fig. 10 (hereinafter,
referred to as an "inclination angle" represented by a
symbol 0) as a parameter.

As a result, relationships illustrated in Fig. 13 were
obtained. When the inclination angle 6 is increased, the

orthogonal-direction joint space allowance dy is increased.
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determne, as illustrated in Fig. 13, the upper limt. value Wmax of the
opening width Wby cal culating the follow ng expression (1) depending on the
relationship with the inclination angle 0. That is, in Fig. 13, when the
inclination angle 0 is 10", in order to set the orthogonal -direction joint
space allowance dy to 7 ramor |ess, the opening width Wnust be equal to or

| ess than 14. 4neumciRHdiher mate, opheme the nodehiknati edn-@nrgl §c@nkSs@ace i N order
to set the orthogonal -direction joint space allowance dy to 7 ramor |ess, the

openi ng wi dt haW pustcdeiequak1te ofclessd hannddw9:-FMn Wienctbhe upper |imit
val ue Wrax of the opening width is proportionate to the inclination angle O

under the condihtigpethal stikeni ncl i patd onrrghesOskangesfr emsde110410', as the
expression that satisfies the above-nentioned two conditions, the maxi mum

openi ng w dt h,Wax swithfespeetito theiding icpat i;epeanglie- 2 rcan be expressed by
the follow ng expression (1).

performance in a range of dy £ 7.0 mm. Hence, in the case
where the inclination angle 6 is large; that is, 18°, the
opening width W is equal to or less than 13.5 mm. On the
other hand, in the case where the inclination angle 0 is

small; that is, 2° the range of the opening width W
allowable for exhibiting the water cut-off performance is
equal to or less than 15.0 mm.

In the engagement of the joints, as illustrated in Fig.
14, it is necessary to consider a claw rotation angle
(symbol: o) defined by the inclination angle formed by
engaging surfaces of the claws adjacent to each other.
This is because the claw rotation angle represents
difficulty in driving the steel sheet piles into the ground
while engaging the joints 12 with each other; that is, an
indicator representing the resistance of the steel sheet
piles upon driving the steel sheet piles into the ground.
Accordingly, the inventors also examined a relationship
established between the claw rotation angle o and the
opening width W (t + dx) by using the inclination angle 6

as a parameter.
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Wrax (ram) = -0/12 + 15.2(1) Furthernore, under the condition that the
inclination angle 0O of he flange ranges from4' to 10' and the

ort hogonal -direction joint space allowance iv is equal to or less than 7 mm
it is preferable that the opening width Wbe equal to or less than 14.4 rm
Wth this range, it is possible to obtain still higher water cut-off

per f or mance. AH addidiien, raceoir ehiNg ds0 itthespresentiremhaedi menteravhen the
joints of the sane size are conpared with each other, the snmaller the
inclination angkeifed! he:dargenctheaw ok ntheyedaw-hott-om besormes, and the
degree of freedomin setting the size or the position of the recessed groove

i's increased. sheet pilhe abevesaeNt tRned ?Jé@p@eleéi eelesheglicpi hevhaying a
shape equivalent to that of a 4Wtype steel sheet pile (as illustrated in Fig.

1, a steel ShﬁeEle'v'Poﬁlaac o'?lgaﬁalgf&e% M }%di!ﬂr&ér %fanGQQ B’M‘v @”mﬁ‘tffec“ve

height hl of 210 mm and a thickness t of 18 for exanple) and an
inclination angle 0 o was manufact ure entlonal 4Wtype U shaped
st eel sheet pﬁ?@u?QMW%Fﬁﬁy PGGYESTH" tﬁgmﬂﬂ&%ebS%?%n¥%%??fﬁhf“Hg§ 4 flange

whose inclination angle is 180. The reference val ue of the opening w dth Wwas

set to 14.0 masbasedlon thee éondittticonnnkat spies opertiheg cwhds h1 Wwwscequal to or

| ess than 14.4 Mn, which satisfied dy7.0 nm and equal to or nore than 13.3
and hence, it is difficult to drive the steel sheet piles

into the ground. According to Fig. 15, in a joint having a
claw such that the inclination angle 6 is as large as 18°,
an opening width W of 13.7 mm or more is appropriate for
driving the steel sheet piles into the ground. Accordingly,
as described above, the opening width W, which is
appropriate for exhibiting the water cut-off performance
obtained based on the condition such that dy £ 7.0 mm, is
13.5 mm or more and hence, there exists no range of the
opening width W that satisfies both the condition such that
dy £ 7.0 mm and the condition such that the claw rotation
angle o = 30° for driving the steel sheet piles into the
ground.

On the other hand, when the inclination angle 0 is as
small as 2°, an opening width W of 13.0 mm or more obtained
from Fig. 15 is appropriate for driving the steel sheet
piles into the ground. Therefore, considering the above-

mentioned appropriate opening width W of 15.2 mm or less
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mm which satisfied 030'. Wien the steel sheet piles were manufactured with
the reference value of the opening wwdth Wbeing 14.0 mm the steel sheet

pi |l es whose opening width Wranged from 13.3 to 14.7 mm dependi ng on a
variation in operation were obtained. The steel sheet piles having the openin
width Wranging from13.3 to 14.4 mmwere used as they were. The steel sheet

pil es having the,openingw di.hMexceediing Ld.4 Fum wer e eoprggted by cold
processing so that the opening width Whbecanme around 14.0 rin, and used as

product s. (relien fhese pnq Kgﬁée]}%ere%i%_rtisv%ﬂ | pL oy N %%!Jggie}%fﬁger the sea,

t he products were driven into ground wth efficiency equi ent"to that of

the case of conyentyonal. 4utype.L-shaped stegl sheel. niligs. Jn.pddition, the

grooves formed in the claw bottom portions ed w e water cut-off

meterials, ang Eﬂfni‘ﬁﬁc{th‘:w L1 o perd ary n%i%eooa% £ @Jto—do%gts was exam ned.

That is, the stee eet pilées were driv nt e ground in a box shape to

forma weir on _the sea surfa and seawat er S ured into the.weir. A
change i n wat 8F TGV ias Then e neatirea 16 CBLar ot he OB ettt of

per meabi | i ty, and.the. yater cut-off perfonmance yes, evalyated, 1N this
experinment, the snal Ter the “coef ficient” o per rreabll?l y, thé nore excell ent
the water cut-off performance_was, In this, enbodinent, the coefficient of

per meabi ity Wa§29 ¢ BB e16- Zonf s AndVERT stal e edatPsft éslttie reference
value of 1 x 10-cnisec described in "Industrial Waste Final Disposal Site

Bef or e- use | ndpéet tion Maial-" i ssued by Japan Waste Managenment & 3R Research

Foundation in January 2001. Hence, the products have been confirnmed to exhibit
Consequently, the inventors considered that the joints

having the opening width W simultaneously satisfying these
two kinds of appropriate values would improve the water
cut-off performance compared with the conventional joints.
Appropriate limiting opening widths were specified
independently from Fig. 13 and Fig. 15, and the difference
between these opening widths (that is, the region of the
opening width W simultaneously satisfying the above-
mentioned two kinds of appropriate values) was organized by
the inclination angle 0. As a result, the relationship
illustrated in Fig. 16 was obtained. According to Fig. 16,
it became apparent that, with an inclination angle of 14°
or less, the water cut-of performance was improved compared
with the conventional joints. However, in practical use
for steel sheet piles driven into the ground, it became

apparent that a little larger permissible difference of the
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excel | ent wat
pil e conpri si

er cut-off performance. Wiat is clained is: 1. A stee
ng: claw1li ke Larssen-type joints fornmed on both

t her eof , wherein a recessed roo-e in which a water cut-off mat
filled is formed on an inner side of a claw bottom portion of each of the
rolling. 2. The steel sheet pile according to claim1, wherein

joints by hot

opening width W was preferable and the permissible

difference was 1 mm or more for effective construction,
that is, the inclination angle 6 of the flange was
preferably equal to or less than 10°.

In the present embodiment, the lower limit of the

inclination angle O is 4°. This is because the smaller the

inclination angle 8, the larger the permissible difference
of the opening width W becomes. However, in manufacturing
a U-shaped steel sheet pile having a joint whose
inclination angle is that small by rolling, there gave rise
to a drawback that the cost for controlling the caliber of
a rolling roll was increased compared with the conventional
steel sheet piles. This 1is because, in order to restore
the caliber of the rolling roll abraded in use, it is
necessary to machine the roll with the use of a cutting
tool, and there exists a tendency that a cutting amount is
increased along with a decrease in the inclination angle 9.
The actual condition of cutting the roll was examined and
the relationship illustrated in Fig. 17 was obtained.
According to Fig. 17, it became apparent that the
inclination angle O that increased the cutting amount
(basic unit) extremely was less than 4°, and an increase in
the cost remained moderate by avoiding this range.

Based on the discussion above, it is possible to
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the steel sheet pile is a U shaped steel sheet pile that is forned of a web
and flanges, fornmed in a U shape as viewed in a cross sectional view, and
formed with the Larssen-type joints on distal ends of the flanges, an
inclination angle (0) of the flanges with respect to a normal line of a web
surface ranges from4' to 10', and an orthogonal -direction joint space

al  onance (dy)etermete ond helBpestsd den ofigt.hescl ene bgidcomipaiti oalisr
connecting the joints with each other is 7.0 nmor less and a claw rotation

angl e (a) defijned by enhgagi-ngngukiaeess ofy tthecchawsnadjracent1bgigach other is

30" or nore. The steel sheet pile according to claim2, wherein an

openi ng Wi dt hof.praed; @s @ )spaecenbetyean drke distabnend ofith the
inclination angle 8. That is, in Fig. 13, when the
inclination angle O is 10°, in order to set the orthogonal-
direction joint space allowance dy to 7 mm or less, the
opening width W must be equal to or less than 14.4 mm.
Furthermore, when the inclination angle 8 is 4°, in order
to set the orthogonal-direction joint space allowance dy to
7 mm or less, the opening width W must be equal to or less
than 14.9 mm. When the upper limit value Wmax of the
opening width is proportionate to the inclination angle 6
under the condition that the inclination angle 8 ranges
from 4° to 10°, as the expression that satisfies the above-
mentioned two conditions, the maxzimum opening width Wmax
with respect to the inclination angle 6 can be expressed by
the following expression (1).

Wmaxz (mm) = -9/12 + 15.2 (1)
Furthermore, under the condition that the inclination

angle 6 of the flange ranges from 4° to 10° and the
orthogonal-direction joint space allowance dy is equal to
or less than 7 mm, it is preferable that the opening width
W be equal to or less than 14.4 mm. With this range, it is

possible to obtain still higher water cut-off performance.
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the claw and the corresponding flange in connecting the joints with each other
is 14.4 Mn or less. 4. The steel sheet pile according to claim2, wherein

an upper limt value (Wmax) of the opening width forned as a space between the
di stal end of the claw and the corresponding flange in connecting the joints
wi th each other is determ ned by calculating the foll owi ng expression (1)
based on a rel ati ongshigiiwith,t Becbnglinald encapgk e 9)smbdmBkeaO) wirern 0/ 12 +
15.2(1). 5. A nethod for manufacturing a steel sheet pile, the nethod

conprising: the j60ftd NG tthe Eeeessetk greovenpArtde, streelacsheehepjl e
according to any one of clainms 1 to 4 with a Lolling mll. 6. A steel sheet

pile wall Conpﬁgsgﬁﬁﬁler the inclination angle 6, the larger the width
of the claw bottom becomes, and the degree of freedom in
setting the size or the position of the recessed groove is
increased.

The above-mentioned U-shaped steel sheet pile having a
shape equivalent to that of a 4W-type steel sheet pile (as
illustrated in Fig. 1, a steel sheet pile having an
effective width wl of 600 mm, an effective height hl of 210
mm, and a thickness t of 18.0 mm, for example) and an
inclination angle 8 of 10° was manufactured. A
conventional 4W-type U-shaped steel sheet pile (with no
groove in the claw bottom portion) has a flange whose
inclination angle is 18°. The reference value of the
opening width W was set to 14.0 mm based on the condition
that the opening width W was equal to or less than 14.4 mm,

which satisfied dy £ 7.0 mm, and equal to or more than 13.3

mm, which satisfied 6 > 30°. When the steel sheet piles
were manufactured with the reference value of the opening
width W being 14.0 mm, the steel sheet piles whose opening
width W ranged from 13.3 to 14.7 mm depending on a
variation in operation were obtained. The steel sheet

piles having the opening width W ranging from 13.3 to 14.4
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the steel sheet pile according to any one of clains 1 to 4, wherein a
wat er cut-off material is charged into the recessed grooves after the steel
sheet pile is driven into ground. A steel sheet pile wall conprising: to 4,
wher ei n a water-swel | abl e rubber material is attached to inside of the
recessed grooves before the steel sheet pile is driven into ground. 8. A steel
sheet pile wakh GOAPrisdN@is they were. The steel sheet piles having

the opening width W exceeding 14.4 mm were corrected by

cold processing so that the opening width W became around

14.0 mm, and used as products.

When these products were driven into the ground under

the sea, the products were driven into the ground with

efficiency equivalent to that of the case of conventional

4W-type U-shaped steel sheet piles. In addition, the

grooves formed in the claw bottom portions were filled with

the water cut-off materials, and the water cut-off

performance of the products was examined. That is, the

steel sheet piles were driven into the ground in a box

shape to form a weir on the sea surface, and seawater was

poured into the weir. A change in water level was then

measured to obtain the coefficient of permeability, and the

water cut-off performance was evaluated. In this

experiment, the smaller the coefficient of permeability,

the more excellent the water cut-off performance was. In

this embodiment, the coefficient of permeability was 2 to 3
x 107" em/sec, and this value satisfies the reference value
of 1 x 107° cm/sec described in "Industrial Waste Final

Disposal Site Before-use Inspection Manual" issued by Japan
Waste Management & 3R Research Foundation in January 2001.

Hence, the products have been confirmed to exhibit
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the steel sheet pile according to any one of clains 1 to 4, wherein out
of the joints connected to each other, a water cut-off material is charged
into a recessed groove of one of the joints and a water-swell abl e rubber
material is attached to inside of a recessed groove of the other joint.

excellent water cut-off performance.
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What is claimed is:
1. A steel sheet pile comprising:

claw-like Larssen-type joints formed on both ends
thereof, wherein

a recessed groove in which a water cut-off material is
filled is formed on an inner side of a claw bottom portion

of each of the joints by hot rolling.

2. The steel sheet pile according to claim 1, wherein

the steel sheet pile is a U-shaped steel sheet pile
that is formed of a web and flanges, formed in a U shape as
viewed in a cross sectional view, and formed with the
Larssen-type Jjoints on distal ends of the flanges,

an inclination angle (8) of the flanges with respect

to a normal line of a web surface ranges from 4° to 10°,
and

an orthogonal-direction joint space allowance (dy)
formed on the inner side of the claw bottom portion in
connecting the joints with each other is 7.0 mm or less and

a claw rotation angle (o) defined by engaging surfaces of

the claws adjacent to each other is 30° or more.

3. The steel sheet pile according to claim 2, wherein an

opening width formed as a space between the distal end of
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the claw and the corresponding flange in connecting the

joints with each other is 14.4 mm or less.

4. The steel sheet pile according to claim 2, wherein

an upper limit value (Wmax) of the opening width
formed as a space between the distal end of the claw and
the corresponding flange in connecting the joints with each
other is determined by calculating the following expression

(1) based on a relationship with the inclination angle (8):

Wmaxz (mm) = -9/12 + 15.2 (1).

5. A method for manufacturing a steel sheet pile, the
method comprising:
forming the recessed groove in the steel sheet pile

according to any one of claims 1 to 4 with a rolling mill.

6. A steel sheet pile wall comprising:

the steel sheet pile according to any one of claims 1
to 4, wherein

a water cut-off material is charged into the recessed

grooves after the steel sheet pile is driven into ground.

7. A steel sheet pile wall comprising:

the steel sheet pile according to any one of claims 1
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to 4, wherein
a water-swellable rubber material is attached to
inside of the recessed grooves before the steel sheet pile

is driven into ground.

8. A steel sheet pile wall comprising:

the steel sheet pile according to any one of claims 1
to 4, wherein

out of the joints connected to each other, a water
cut-off material is charged into a recessed groove of one
of the joints and a water-swellable rubber material is

attached to inside of a recessed groove of the other joint.
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