1 SPECI FI CATION TI TLE OF THE | NVENTI ON STEEL PIPE PILE 5 Field of the
I nvention [0001] The present invention relates to a steel pipe pile
that is used in the fields of civil engineering and construction such as a
har bor structure, a bridge foundation,ia building foundation or the Iike.
10Priority is clainmed on Japanese Patent Application No. 2009-095734, filed
April 10, 2009, the content of WSPECIFKATION porated herein by reference.
Description of Related Art [0002] 15In the past, in order to increase a
friction force of an outsi deWTTEOH EHEMNVENTI®N of a pile, a friction
pile having a tapered outside circunferential face at one end of the pile
and a friction pile having a taperegiaypsipsieeci rcunferential face through
the entire pile have been disclosed (see for exanple, Patent Citation 1 and
Patent Citation 2). Also, in order to conpact a ground surface |ayer, a
technique in which a tapered 20 pile having a tapered outside
circunferential face js driven into the ground in a lattice geonetry and in
whi ch?l i diedeEthedaventiofthe ground is prevented is disclosed (see for
exanple, Patent Ctation 3). Also, in order to renove the negative friction
force of a cirdW@@ldrential face, a technique in which a tapered pile
penetrates into a ground is disclosed (see for exanple, Patent Citation 4).
The present invention relates to a steel pipe pile that is used in the fields of civil

engineering and construction such as a harbor structure, a bridge foundation, a building
foundation or the like.
10 Priority is claimed on Japanese Patent Application No. 2009-095734, filed April

10, 2009, the content of which is incorporated herein by reference.

Description of Related Art
[0002]

15 In the past, in order to increase a friction force of an outside circumferential face
of a pile, a friction pile having a tapered outside circumferential face at one end of the
pile and a friction pile having a tapered outside circumferential face through the entire
pile have been disclosed (see for example, Patent Citation 1 and Patent Citation 2).

Also, in order to compact a ground surface layer, a technique in which a tapered

20 pile having a tapered outside circumferential face is driven into the ground in a lattice
geometry and in which liquefaction of the ground is prevented is disclosed (see for
example, Patent Citation 3).  Also, in order to remove the gegative friction force of a
circumferential face, a technique in which a tapered pile penetrates into a ground is
disclosed (see for example, Patent Citation 4).

25 [0003]



25[ 0003] 2 Al so, a closed end pile in which a cone havi

outside circunferential face and a cl oged end is provided at aalnngng tpglro'?irgg
(a tip portion) of the pile is disclosed (see for exanple, Patent G tation
5). [0004] 5As described above, in the conventional tapered pile, an object
thereof is to increase a friction force of the pile circunferential face.

However, in thejGoRvRRLd &fialildiaRaicta pirethavinge tafretoutsiderigafmicrentist t o
obtain a bearing capacity of the pile end and to relief plug effect at the

igdAl tsgat ff%%%'?l Goidiel ad §tp?6kﬁ&eda£t_a}ﬂéﬁdtpbﬁ%nq£ £iBipbRioRY BShe Witk iidisclpRA05]

ury-a cast-in-place ferroconcrete pile or pre-cast

concrete pile in the 0 . a fechnique that uses a casing having a
t aper ed &Wé?ﬁ@‘%ﬁ%@%&f@ﬁ?t}%g)f ace and a tapered inside gi r cunf grenti al

face at an end portion thereof is disclosed (see for exanple, Patent
Ctation 6 andl ; ént Citation 7). [0006] 15I(n t he abovefnd)eséri bed
conventional casing having the tapered outside circunferential. face and the
taper gd inside Asi deswritfed iebons, il the gerventinpal djeedipiienah %l?JPCtitger? B Htrease the
friction force of the pile circunferential face so that the bearin

capaci t y iadredse\etibiisafordcasidhopild diecupifbrentialdacas dloveaver, ithide soryniienadf soi |
of excavation decreases. However, the object thereof is not to obtain a

bearing GaRAG] pite, Bfe et Biekf Wbt anGtein PBeakial bafachy uftie leend and
@ tche end
t hat becones alBreS| sténce at the time of pil egc?nsgjrfugti 2{1. [ 0007] "

relief plug effect at the end that becomes a resistance at the time of pile construction.
[0005]

10 Also, in order to bury a cast-in-place ferroconcrete pile or pre-cast concrete pile
in the ground, a technique that uses a casing having a tapered outside circumferential face
and a tapered inside circumferential face at an end portion thereof is disclosed (see for
example, Patent Citation 6 and Patent Citation 7).

[0006]

15 Tn the above-described conventional casing having the tapered outside
circumferential face and the tapered inside circumferential face, the object thereof is to
increase the friction force of the pile circumferential face so that the bearing capacity of a
vertical load of the pile increases and the surplus of soil of excavation decreases.
However, the object thereof is not to obtain a bearing capacity of the pile end and to

20  relief plug effect at the end that becomes a resistance at the time of pile construction.

[0007]
A steel pipe pile may be classified as a closed end pile in which a end is closed
or an opened end pile in which a end is opened depending on the shape of the end (tip) of

the steel pipe pile. A steel pipe pile of the present invention is classified as the opened

25 endpile.



A steel pipe pile may be classified as a closed end pile in which a end is
cl osed or an opened end pile in which a end i s opened dependi ng on the
shape of the end (tip) of the steel pipe pile. A steel pipe pile of the
present invention is classified as theyopened 25end pile. 3 Also, a steel
pipe pile may be classified as a friction pile or a end-supported pile

pi l e. The fri cii®napgiekkpipspikomaylbe viessified @s & ictibe pear 4 engl-sippartedpisd t hat a
bearing capacity is generated mainly by the friction force of the

cireunt e?ﬁ@.t | Phe fra€iBn pAk Kot BHGLREs HURPBEARY spbdugn $csthalrd bearing pagmrcitp t he
bearing Stratum so that the bearing capacity of the 5pile end portion is

mai nly exe T I { , b AV enid is classified
XChdrBthied 1?%133{) SPthe BBt oFnd &Fcu&{)f%'%gt;ﬂél FhQRY €Bdc) el

as the end=suppor tation [ Pat ent

Citation 1] Japanese Unexam.ne at.ent. | i [ [ i pon 10
No. 2003%&‘6‘519&m pile 1§ ‘%erélﬁ’?tc’gﬁ’ ﬁ&t?%@%ﬁ%‘%ﬁ%é@% ‘}t‘?nFBé:x ant E%%ng;tafefrllltg
Application, First Publjcation No. 2007-327280 Patent. Gitation 3]
Japan®se PURERARPTHO ipmetht exesisfi ¢ Bk Fael PFRerI%lPe Pk Presint BRI B008- 190116
15[ Patent Citation 4] Japanese Unexam ned Patent Application, First

Publ i cat ictassiNled aSthg-c8d5a@ported pile. [ Patent Citation 5] Japanese Unexani ned
Pat ent Application, First Publication No. H8-284160 [ Pat ent
Citati onpalend@pati@se Unexam ned Patent Application, First Publication 20
No. 2008-297752

[0008]

[Patent Citation 1] Japanese Unexamined Patent Application, First Publication
10 No. 2003-3465
[Patent Citation 2] Japanese Unexamined Patent Application, First Publication
No. 2007-327280
[Patent Citation 3] Japanese Unexamined Patent Application, First Publication
No. 2008-190116
15 [Patent Citation 4] Japanese Unexamined Patent Application, First Publication
No. S57-81526
[Patent Citation 5] Japanese Unexamined Patent Application, First Publication
No. H8-284160
[Patent Citation 6] Japanese Unexamined Patent Application, First Publication
20  No. 2008-297752
[Patent Citation 7] Japanese Unexamined Patent Application, First Publication

No. 2005-248439

SUMMARY OF THE INVENTION

25 Problems to be Solved by the Invention



[Patent Citation 7] Japanese Unexam ned Patent Application, First
Publ i cati on No. 2005-248439 SUWWARY OF THE | NVENTION 4 [0009] When
the steel pipe pile is driven or penetrated into the ground, for exanple,
if the vertical load is applied to thejsteel pipe pile which is then
driven, a penetration force that exceeds ground resistances is required to
be applied to {do@opteel pipe pile. 5 CGenerally, the ground resistances

i ncrease according to the increase of a driving depth of the steel pipe

pile. Wien theyapangdseadip ik i arodd et Reeiratedind thegirourgforasampieyi i n FI G
6A, a soil (or a soil including stones or rocks) 11 that is taken within

R e i

is restr Is known that a friction

and e SBHFRaEE BN SSTREErs RS BEPER LS el RBeBUES, Pr6”.” ' °

prpe prlei ases and a

resi stance of the inside circunferentjal face af th% i pe a t he ground
resi sbances i néragigdy thegioupd %Wﬁaqc%?’%"ﬁé?er?é’c?ﬁép%tﬂi #“?D't"greg?e@na%‘rfvén%ri vi ng
machi ne has been proposed, and al so various kinds of driving assistance
met hods  sigpih afshegted pigegpileat SVhasrthd spened cad pideipensirates oHp theepie 2t hat i s
arranged within the steel pipe pile, or ejecting soil within the pipe by an
earth auggpwandFEG. BayaRsil gsrabsoiidneudieg stopeoposekt) 11 thapideken witiadhease t he
resi stance of the inside circunferential face of the pile. In the

driving agsi f;p@%ﬁ@ WRIhdatddngiclh it feb1 9fpetgile an8 @) sofli ipeespriined by thessi st ed,

whil e the co or manufacturing of the steel pipe pile increases and the

peri od o;%etsepgi[pgk,@g ﬁ@ GOHss fdﬂ% i %gﬁ?@g%k@ B&welzﬂuﬁansmeedﬁcmwamaq he

driving surenen to steel pipe pile, it is

e S o OB B P 0 0 B G0,
the steel pipe pile can decrease and the entire, cost can beuﬁgppressed to
be | ow. [@@E0Fsistance of the inside circumferential face of the pipe among the gro
resistances increases.
Until now, increasing the ability of a pile driving machine has been proposed,
and also various kinds of driving assistance methods such as ejecting water or
15 compressed air from the pipe that is arranged within the steel pipe pile, or ejecting soil
within the pipe by an earth auger and a hammer grab have been proposed, in order to
decrease the resistance of the inside circumferential face of the pile.
In the driving assistance method, the driving of the steel pipe pile is assisted,
while the cost for manufacturing of the steel pipe pile increases and the period of the pile
20  construction becomes long. Thus, even though the driving assistance measurement is
applied to steel pipe pile, it is desirable that the steel pipe pile be provided such that the
cost for manufacturing of the steel pipe pile and the cost for the construction of the steel
pipe pile can decrease and the entire cost can be suppressed to be low.
[0010]

25 Also, in the past, as a steel pipe pile that is used in a rotary press-in method so as



25Al so, in the past, as a steel pipe pile that is used in a rotary press-in
nmethod so as 5 to increase a bearing capacity of the pile, a tapered pile
that includes a tapered outside circunferential face and a tapered inside
circunferential face through the entirge length of the pile is disclosed.
The pile (the friction pile) that uses the friction force of the

ci r cunf erg fickeabe & BeRingfcapiatyrifitiee it a epesedt pilerthdtyinclagrsagapesed ausitdo
penetrate into soft 5ground. However, in the pile (the end-supported pile)

that Pe”%h{:grhf‘e?edti&l Pick BRd ReRkidAdngls SrdtmmRetislTes: thitighely dmige eapthaift y of
the pile end portion, the pile end portion is required to penetrate into

the beariyng sl atumbY anid HAUCHB B 10 ubnl tion Tz of ik the st eel

pi pe pil e grou extrenely tapered as in the past,

the pile driving resistance.significantly.increas i.kity of the
pil e-dri \;:,u,q@mﬁeégrmaﬁgacp §?% Hﬂ(s?cf‘gP :bﬁﬁx?%n‘flﬁﬁpgﬁegesofagi? ﬁ%&?rta%ﬁg%,tyo\%\then t he
pile is processed in a_ taper through the ent.i rtg I engt h ther&gé, t he
procedsi rowyui Feaveven r hewile (e gad-swpportsd PUBLRAFRFCIRIGT ISR SHE ¢ aper ed
portion significantly increases such that the steel pipe pile cannot be
manuf act wietineawmhess thel Hegring Cipbaify abiinpde endpertienhe pile ard porieRi pipe pil e
that is used in the vibration nethod or the like as shown in FIGS. 7A to

7C, the skggledrbpendtiah®intd the beiriai ghiturs beelvithtien mithedl of theilkeus &lys, wher ei n
t he outsidée dianeter thereof is constant through out the entire |ength

ther eof ARd i SAINRA! drRRs 1 URALrobfi BRRGHlly HigiRYPLs in it e pile

above- descri son, steel pipe pile of which the end portion is

Laper ed ad LG 20.] SpRBENG bSOl A0SRy LORCLenbensithogened pil e

of whi ch he™prTe end portion 1s tapered. |In other

words, when the pile end portion has the.tapered outsi oy renti al
face Wnd requirgdie IpGipRse dyrthets ﬁgiocWﬁ@h*ﬁPFé’Flg ]?rgFeS?%f{(flg,atgg‘:{;?r]ﬁog Al %ar e
considered to be (1) and (2) as 25 expl ai ned be{ ow. Al so, a?vanta es
t her eof aemirelesgthi therdofl diemyosusging pquipment becomes large and the cost for processing

the tapered portion significantly increases such that the steel pipe pile cannot be
manufactured economically.
[0011]

15 Thus, in the past, as a steel pipe pile that is used in the vibration method or the
like as shown in FIGS. 7A to 7C, the steel pipe pile (the straight steel pipe pile) 10 is
used, wherein the outside diameter thereof is constant through out the entire length
thereof and the end portion thereof is opened. However, from the above-described
reason, the steel pipe pile of which the end portion is tapered and the end is opened is not

20  used.

[0012]
In the end-opened pile of which the end is opened, the pile end portion is tapered.
In other words, when the pile end portion has the tapered outside circumferential face and
the tapered inside circumferential face, advantages are considered to be (1) and (2) as

25  explained below. Also, advantages thereof are described using FIG. 6B.



6 (1) If the end portion of the steel pipe pile 1 is tapered, since
the anobunt of the soil 11 that is taken within the pipe decreases, increase
of the density of the soil is suppressed. Thus, the resistance of the
inside circunferential face of the pilg that is a main cause of the driving
resi stance of the steel pipe pile 1 and is exerted between the 5soil 11
that is taken Wilfithe enfl eopiopefdmstedl pinermdiedds tiperadnfineciie iamountafdhgy of the
steel pipe pile can decrease. (2) If the end portion 4 of the steel
pi pe pil Qoil 11 $hdt &gk« Cwitlein Phcopipe Hedeaseqdserame b tivalensityedf thosdihie verti cal
direction of the steel nenber that is supported at the bearing stratum
becores 'sﬁ%;ﬁssse&'. hUBlyys2fhe 3EQWMhck BT ﬁie@nlsiégcirmﬁfefeﬁﬁatﬂaé%fftﬁé gRe {and ot he

n

10confi ni pressure) agal nst the soil (or the soil including stones or

? Sgii)veé‘f‘%%ﬁ FURP o B %?%{r%%%%g&pﬁ g %g%ﬁ%%eéile?‘g@ﬁ § is%&eﬁ?’%é‘?%“ﬁ%% o the
The oi1 58 1L G aalorcv i Tbripr ape B i SreuBiophon Tpte hoh Ge FPVIGRF cuch

that the soil (or the soil including stones or rocks) 13 of outside of
steel pipadeicangeasensed to 15 an appropriate direction. Al so, the reaction
force against the soil (or the soil including stones or rocks) 14 around

the end porti of2)df thelead poetizin $Hofibe picklepipspihbiatapsedg peojeowd i n FlI G 6B.
[ 0013] The inventors have found that the steel pipe pile having the tapered

pi | e end cesRedtidnerurea the versies direcEaCHr hé steblaneabatthiatds supported xabs such as
a vibration nethod, a pile driving nethod, a jacked piling nethod, and a

rotary pressnd Srdilh *nghxgéggrgesrmﬁ? as §fdm 10RO 6 Shdav&idPead (hidtheeven

when the ste p! pe pi Ing the tapered pile end portion is driven into

t he ound, .t.nhe ground resjstan cre r i i

i npr ed’cogﬁlamglp SgUT earggwlc @ﬁﬁ?ﬁﬁﬁgﬁﬁﬁ%gﬁﬁﬁdﬁlﬁ% rﬁQSS}f[]\%v?/g%blé odrgé%[}dvte%.

25Addi ng tQ the above-descri hed fibnd' s, . the i nve(%or have .studi ed the
sl

effects ¢nd portipniolihestech peedieican be i reRiY ) soghat B HEF L PSP Fhet er of
the pile end portion, and a ratio (ratio of length to dianeter) between the
| engt h ofbetstabilizeger Adcqilinglyethe epd fheanngrapaeityfithe pity thahcanthe qbigiggdasgi nal
direction of the pile and the maxi num outsi de dianeter of the pile end
portion. bEharge. t Herel theaoil A6 srquetiftios erelhaticootthe setl mpe pidsts fomeadruch t he
pile is 5driven and a bearing capacity test in which the vertical load is
| oaded onpdihge Riil @r R&billigcluding stones or rocks) 13 of outside of steel pipe is pressed to
15  an appropriate direction. Also, the reaction force against the soil (or the soil including
stones or rocks) 14 around the end portion of the steel pipe pile is shown using arrows in
FIG. 6B.
[0013]
The inventors have found that the steel pipe pile having the tapered pile end
20  portion can be used in each of the construction methods such as a vibration method, a
pile driving method, a jacked piling method, and a rotary press-in method. Furthermore,
the inventors have found that even when the steel pipe pile having the tapered pile end
portion is driven into the ground, the ground resistance decreases and the workability is

improved, and it is hereby that the present invention was conceived.

25 Adding to the above-described findings, the inventors have studied the effects of



driven in order to exam ne the ground resistance that is received by the
pile end portion. As a result, the inventors obtained the findings that the
ground resistance received by the end portion of the steel pipe pile
changes according to two paraneters of 7t he above-described ratio that the
di aneter of the pile end portion is reduced, and the ratio 10 between the

| engt h ofa htie (4 dipeeedraiukmgeatib)pdreduoimgiadiahetet offthe pleemdportipneotdiaon of t he
pil e and the maxi mum out si de di anmeter of the pile end portion. The

I nvent or safi@gato bidhgth R6 dRRetdr Fb@weemthe 1aitls bixhe eapdedipiaeas (tha thpkeled
wor kability 1s inproved using the steel pipe pile having the pile end

B‘r-'”e Lo gﬁlo@gb W He GO ARG PEikeckiBA L hiergﬂlfesdna g Ak Sltsidt BRIRA: df thed

range, conpar edeto usi ng the end-opened pile of the straight
steel pipeg  15,havi ng const.an t Sl i r j | engt h.
The i nventtiseBd PR, MudS PRLAT i rRHOfn e AIFEFcd Bl yhile GEBCS
above-descri bed_ tapered portion.receives the ground r.esistanc t..t he hard
beari Ag sdtnr"ﬁltlﬂﬁﬁlag?ﬁi@&“@?@é%b@/“’%ﬂ% H@'tiﬁqlg%aé!ﬂf ?‘?ar%‘iﬂ?h? l&é AtdHncei ved.
[0014] 20It is, therefore, an object of the present invention to provide a
st eel pi phivehiordanto examiteshe geying mesisigrics Haat dorediveshy B PHeeAdEYIUch as
the vibration nethod, in which an end bearing capacity of a pile can be
obt ai ned Angreault,abé Rivamos abtaindibthe dindimgs et tite grévndtriesistande rpédived by the

construction. Methods for Solving the Problem 25[0015] 8 The present
i nvent i onen@ ko fMES fiedl pipasiledtatidshecbribautws paradkiess éffthe above- descri bed
pr obl ens. (1) A steel pipe pile of the present invention includes a

strai ght a%8cé-59§ariﬁga/%agigttﬁaeﬁgét &i&ﬁ%@%?éhh% AR End BEGioR i RBECATROME kA t hat

continues to an en rai ght portion 5 and the outside dianeter and
the inside dianeter th of degrease,a fram wher el .atio of
| engtlf ¢ GeHSHHRE oI oG BHC ERLPraneh tonTe e hAReR sEed L o
small end of the tapered portion is diyided by the outside dianeter, DL of

the | ar gendrilee maxigum pytsigle gliameter of the p ezﬁnd'ﬂ??éa(%rf'e edrpaioss ?‘&‘“ggﬁ?ﬁ Bfing to
(1), wherein the dianeter-reducing ratio 10 D2/D1 in which the outside

di anet er edfirofrothdresistince dendedses atidvhelagrkapilithiés isureyedasiigdhesteel e of t he

| arge end may be 0.70 to 0. 95. (3) The steel pipe pile according to
(1) or ( Zile hahiigahepilhendepiriioe(thapperd ppeticn) drmt Hayts e gargeetetsrthdrecf ipor t i on
that penetrates into a bearing stratum of a ground. (4) The steel

Ei he ItO'h'ee% %&&éﬁﬁﬁiﬁ&l faﬁgé,%bn‘@%reﬁ% usiHB BEdrid-Gheh@l pik biithwbtrfilhtateelipipd 51 engt h
_ _ gth HL of the tapered portion and a length H2 of the straight

portign 'k?aving a constant outside diameter through the entire length. The inventors found that

the bearing capacity is improved since the above-described tapered portion receives the

ground resistance at the hard bearing stratum, and it is hereby that the present invention

was conceived.

[0014]
20 It is, therefore, an object of the present invention to provide a steel pipe pile that

can be used in various construction methods such as the vibration method, in which an

end bearing capacity of a pile can be obtained and a resistance can be decreased at the

time of pile construction.

Methods for Solving the Problem

25 [0015]



di vided by the length HL of the taper portion may be 0.01 to O.1. (5)
The steel pipe pile according to (1) or (2), wherein the outside dianeter
D1 of the large end nay be 600 nmto 3000 nm Effects of the Invention

20[ 0016] In the steel pipe pile g@ccording to (1), the ratio between
the length H of the tapered portion having the tapered outside

ci rcunf er ent i alThé pegerdtitventien tapriye chettngls da desaribedbelosntd wivefthee in the

| ongi tudi nal direction of the pile, and the outside dianeter D1 of the

| arge en . g-ﬁ@ﬂﬁgg@ portion is in the range of 0.1 to 2.5. Thus, when
t he stee%bg{ge %ﬁgpré piie af:ncordi ng to (1) is driven into the ground, the

B e oy 2, 2R e RSB oS ERHIRAL Bl chflord AEIAE! LB HoRRin IRk B ) |

Furt her nore, i pe’pl accordin penetrates into the

bearing stratumaor the |like, the .bearing.capagit f e Di can be

i mproved %BH‘E%Q&%’MP‘&E g tgl?eir%\‘ii W‘OEMF&B}%‘ S%’lﬁn)énalogtﬂ%h%& gB?‘%nge pile
according to (2), the dianeter-reducing ratio D21D1 that is %a ratio

bet weén tand thaeusidediamstes aed thednside dipmcten therqof deerrae 2@y fO e + aper ed
portion and the outside dianmeter D1 of the |large end of the tapered portion
is in thexsieaciga rato 6f @Agthdo Biadfter FHYD] in whichtthelengihddl petiveenme legeMdg to (2)
can reduce the construction resistance conpared to the straight steel pipe

pile at thQ alsiil afl of iR tBpdred ﬁ@ﬂﬁh isiditvided battk @asidsdigmiefer Ddrifliye larger ease
the end bearing capacity of the pile. 10ln the steel pipe pile according to

(3), the g pered portion is a penetrated portion that penetrates
into the eglggéf?ﬁ&&gt?atum so that the end bearing capacity of the pile

required as the.foundation of the AN o] i £.S ared to
the strai ght h_s'ié)efhep%f)eé PR Pgleﬁﬁ%?fggltgﬁf ﬁ:é g?greg I:hg d%%%%?ggmﬁgg ”lg?gf T
same pl ate thickness as. wel |l . e steel .pipe pihe according to :
the ri&t i PHMDinFarchds optside ey 20 Sff?@eeﬁléds %SF{%F&H ﬂi?%o% fie

| ongi tudi nal direction of the pile and the entire length of the steel pipe
pile is OdigbeteoD0.of theslargetead may berlat® fodh?5.use, the construction resistance

of the pile can decrease at the time of penetrating into the ground and the
end bearing capayiThystedl pifrepile according to (1) or (2), wherein the entire tapered portion

may be a penetrated portion that penetrates into a bearing stratum of a ground.
(4) The steel pipe pile according to (1) or (2), wherein a ratio in which a sum
15 length L of the length H1 of the tapered portion and a length H2 of the straight portion is
divided by the length H1 of the taper portion may be 0.01 to 0.1.

(5) The steel pipe pile according to (1) or (2), wherein the outside diameter D1
of the large end may be 600 mm to 3000 mm.

Effects of the Invention
20 [0016]

In the steel pipe pile according to (1), the ratio between the length H1 of the
tapered portion having the tapered outside circumferential face and the tapered inside
circumferential face in the longitudinal direction of the pile, and the outside diameter D1
of the large end of the tapered portion is in the range 0f 0.1 to 2.5. Thus, when the steel

25  pipe pile according to (1) is driven into the ground, the workability can be improved



pile can increase at the tine of penetrating into the bearing stratum
conpared to the 20straight steel pipe pile having the same pile outside
dianeter and the sanme plate thickness t as well. In the steel pipe pile
according to (5), the outside dianmetergDl of the large end of the tapered
portion is at |east 600 nmso that when the tapered portion penetrates into
the cORparedth Slisthigh sttd@igeuiki dBurthermond, svhen thedted aus paleagcasflinghe
tapered portion and the 25projected cross-section area of the steel pipe

Pile €0 the)Yerifalinflhe 6dD sichiin bih8 URDENS Bekring Caiieif bethadiciong St rat ym

g:g ib(ra]coms\ %eRI EE DtEge endI earing capacity of the pile that is obtained
crease. . 5[0017] FIG IAis a
f r ont dyl §9§: ﬁ? fWﬁqEWCé‘gégége%E%%%%e%gﬁg a tapered portion
according to an odji nent . of th e Lhvention. . . [
vertical crossii g’@tSFeSLBIPe ‘P}I%ﬁfqor‘ﬁﬁg %Or églq'hﬁ d]taﬁlgpeg'tr% e "Sté" 32@%5{%?” Ig St ﬁe

tapered portion according to the enbadi mnent of t ' '
1C i s5a aresbewisen deantsiecameRe N2 41 Gt (eecealsal] SORSIRITHE s noun
in FIG1B illustrating the steel pipe pile having the tapered portion
accor di ngnt the fasiderdiactiete M1 afithe hegepnéoé the tapsredpprgian is in the rangg f 0/} i s a
cross-sectional view taken along a cross-sectional line b-b shown in FIG

tlﬁei | | ustep atdsng ThHE ths @edl pRieRBlepicterding st () daheeduap éreadngiouctivn mesistase di ng t o
compared to the straight steel pipe pile at the time of the pile construction and can
significantly increase the end bearing capacity of the pile.

10 In the steel pipe pile according to (3}, the entire tapered portion is a penetrated
portion that penetrates into the bearing stratum so that the end bearing capacity of the
pile required as the foundation of the steel pipe pile is improved compared to the straight
steel pipe pile having the same pile outside diameter and the same plate thickness t as
well.

15 In the steel pipe pile according to (4), the ratio H1/L between the length of the
tapered portion in the longitudinal direction of the pile and the entire length of the steel
pipe pile is 0.01 to 0.1, so that in practical use, the construction resistance of the pile can
decrease at the time of penetrating into the ground and the end bearing capacity of the
pile can increase at the time of penetrating into the bearing stratum compared to the

20  straight steel pipe pile having the same pile outside diameter and the same plate thickness
t as well.

In the steel pipe pile according to (5), the outside diameter D1 of the large end of
the tapered portion is at least 600 mm so that when the tapered portion penetrates into the

bearing stratum, the outside circumferential face area of the tapered portion and the

25  projected cross-section area of the steel pipe pile to the vertical direction that is supported



15 embodi ment of the present invention. FIG 2 is a graph
illustrating a relationship between a ratio Hl/Dl of the taper |ength Hl
and the pile outer diameter D1 of a straight portion, and a construction
resistance ratio with respect to the gpraight steel pipe pile.

FIG3 is a graph illustrating a relationship between a di ameter -reduci ng
rati o 20 pp2hdBeating striv@ncendetomt laoge areishs tahoering camcity ofithegilodleat it o t he
straight steel pipe pile. FIG4 is a graph illustrating a relationship

bet ween the . dijanktghsdseduci ng ratio D2/ D1 and an end bearing capacity ratio
with respect to the straight steel pipe pile. FIG5 is a graph illustrating
a relationship between a ratio H /Dl of the taper | ength HL and the
pil e outside dianeter D1 of the straight portion, and the end bearing

25capacity ratio with r i kpe pile. 11

FIG 6A is an expl anat oﬁ@ﬁf@@ﬁgﬁ&&ﬁﬁcﬁ\ipﬁ% ar o%lrsld resi stance that is
generated when the straight steel pipe pile penetrates the ground.

FIG 6B is an é¥pl7anatory drawing illustrating the ground resistance that

i s generated when th_e steel pipe pile having the tapered portion penetrates
t he ground. SFIRBG7IA issa forftrview illuistratinid 4 siee! pitei nily hanmgst tepgrehporéipe|  pi pe

pile as a conparative exanple. FIG 7B is a vertical cross-sectional
Vi ew i | | Ugtéinene ah BMbeEmaingbf the pskntihpemtiph] e as the conparative exanpl e.
FIG 7Cis a horizontal cross-sectional viewillustrating the straight steel

P‘,\,@EN%? OF\)Ii '[ e Oig]mhﬁa CORAA MR- SXATRAIS e WiRAtLER: BESCR Mt B REviddE
the tapered portion according to the embodiment of the present invention.

10 FIG 1C is a cross-sectional view taken along a cross-sectional line a-a shown in
FIG. 1B illustrating the steel pipe pile having the tapered portion according to the
embodiment of the present invention.

FIG. 1D is a cross-sectional view taken along a cross-sectional line b-b shown in
FIG. 1B illustrating the steel pipe pile having the tapered portion according to the

15  embodiment of the present invention.

FIG. 2 is a graph illustrating a relationship between a ratio H1/D1 of the taper
length H1 and the pile outer diameter D1 of a straight portion, and a construction
resistance ratio with respect to the straight steel pipe pile.

FIG. 3 is a graph illustrating a relationship between a diameter-reducing ratio

20  D2/DI1 and the construction resistance ratio with respect to the straight steel pipe pile.

FIG. 4 is a graph illustrating a relationship between the diameter-reducing ratio
D2/D1 and an end bearing capacity ratio with respect to the straight steel pipe pile.

FIG. 5 is a graph illustrating a relationship between a ratio H1/D1 of the taper

length H1 and the pile outside diameter D1 of the straight portion, and the end bearing

25  capacity ratio with respect to the straight steel pipe pile.



Preferred enbodi nents of the present invention are described in detail with
15 reference to the acconpanyi ng draw ngs. [0019] FIGS. |Ato 1D
illustrate a steel pipe pile 1 having a tapered portion according to one
enbodi nent of the present invention. [{§020] 20The steel pipe pile 1 having
the tapered portion of the present invention is driven through an

appropri ate Comgt ek aexpiRhhoy dawngdHusratinga gtdund resisténed thalke st eel pi pe
pile 1 is constituted of a hollow strai ght portion 8 and a hol | ow t apered

portion enéFFl%d%Jh’éﬁ‘it ral ble@bige PidspehetBSHRREowidl e out si de di aneter and
a cylindrical shape. The Tapered portion 4 has a large end (an end portion

of the | arge difSet fiedindoh\BhwED AQDKGR douaNcandnlaga of the

strai ght porti ahd a n e rtion of the 12 small

di aneter side) .6 that is. opened., A'S ot h.of .1he insi I er and the
out si de @F‘&%@e@ﬁv@?%{%@ql BB’&rpé@ hﬁ&’lngi%%gﬁerﬁfl 3%@?&’9@1@%%329?%&%@6 the smal |
end 6 fromthe |arge end 5. In_other words, a tapered,outside .

ci rcubf er ent i aFI€akleis2 i view ﬁW@Hlﬁth%Ftﬁeég}EisFe@ﬁPﬁPEPgﬁ?‘? QFORIAE 4r e
provi ded at the tapered portion (an end portion) 4, wherein the 5 tapered
out si de exampkf erential face 2 and the tapered inside circunferential face
3 gradually reduce the dianeter toward the end (the small end 6) of the

t aper ed porti orFid TB)staertial erosesgiivtsiviat ilblistrativig the straighn steebpipagdey (t he

| arge end 5) between the tapered portion 4 and the straight portion 8. The

steel pi i % Rnnected to a steel pipe having a dianeter |arger
t han theggiﬂPéeéognuéagEg’e fﬁggreter of the straight portion 8 at a 10 head

portion of the teql .l e BLlPeh SQ RS it ASkARA (fo LiigRiuappipsont a

force and a no ment, an explanatton is given for a
case in which the pile, outsidle di aneter of the straight portion 8 is the
same 18s thilgias dhe ¢omparaivg&Xa@mBl®s of the tapered portion 4. [0021]

DETAILED DESCRIPTION OF THE INVENTION
[0018]
Preferred embodiments of the present invention are described in detail with
15  reference to the accompanying drawings.
[0019]
FIGS. 1A to 1D illustrate a steel pipe pile 1 having a tapered portion according
to one embodiment of the present invention.

[0020]

20 The steel pipe pile 1 having the tapered portion of the present invention is driven
through an appropriate construction method such as a vibration method. The steel pipe
pile 1 is constituted of a hollow straight portion 8 and a hollow tapered portion 4. The
straight portion 8 has a constant pile outside diameter and a cylindrical shape. The
tapered portion 4 has a large end (an end portion of the large diameter side) 5 that

25  continues to an end face of the straight portion 8 and a small end (an end portion of the



15As shown in FIG 1B, the cross-sectional shape of the tapered outside

circunferential face 2 and the tapered inside circunferential face 3 in the
| ongi tudi nal direction of the pile nay be a |inear shape (a planar face) or
may be a curved shape (a curved face; jpot shown). Al so, the cross-sectional
shape of the tapered outside circunferential face 2 and the tapered inside
ci r cunf exgallidddmdtacedes 6ithattiepdnedgi Alsdi beth o thedisiérdinmateofind e opiside may be
convex (concave toward the inside in the radial direction) toward the

out si de_igfhdié Sl Bberdl pBHonANurhb @iy i Buce eirakhontidl @id A hemphé riar may be

convex (concave toward the outside in the radial direction) toward the

{aper od 88091 abt S PEuRKErERpfSg bfAE JeuRRRA! (EEbREh diepiiee Mo, The

tapered § Tentl ace e tapered insi

circunferential face 3 _nm r a reduce 1.he, di i shape
inthe | Gﬁgvm?rd?rﬁﬁf R Pl%ﬁladg}ff 4 {% t?:ﬁeff%f Pﬂfé%(/aé‘re?ﬁﬁ’&{"éﬂ g’e‘g%}%g%}tggt hat

the 13 tapered outside circunferential face 2 .and the, tapered |nside

ci r cufif eraperedadutside eirgmpfgrential fapeid and g‘ﬁéﬁ??r‘?flrmﬁla%%‘ih%f@’ffngﬁ'a%%e %o that the
steel pipe pile 1 can be manufactured with a | ow cost and the cross-section
t her eof qeadvatly cahice theatimhsterf mrebithend Ktbe swalyendi6) ofdhe Hpewd OB it he
pile. 5[0022] In the enbodi nents showmn in FIGS. |Ato 1D, a ratio
(HL/ D1;  ah¢ lid Rngfudisndhikction fbanioandary (ibilabe ties) engedn thit tapereihe t aper ed
portion 4 in the longitudinal direction of the pile is divided by the pile

out si de m Pt s ibh8. | eRGLtBel(difepileaP@by be Baiirectelito akeelr wor ds,
t he di stgjr?cé i%nween S?ﬁl rgle end 5 an?:lﬁti e smal Iyend 6) HL of 10 the

t d tsjd ' ti t [WaTaX/Np I IRl 0
| angi tuitias hapce PRBRGIBregfin PR Re Rl B R yRagluch 8 g 0

out si de dianeter Dl of the |arge end) D1,of the strai.gh [L 8 (the

st eady pdiced partivaatfp steed BH%etpéI%tl Bsde a"éﬂla‘iaa%?aé%‘? lﬁoglg%‘%tilpfg{)cefg E, a

Simlarly, aratio (the ratio of length to di amgterf) H / D], bel'}é tﬁn t he

| engt h Himomentthereaipen ithessrafeodimentua S¥danaiian 1t HYE 19T 3LaseHB W %ﬁ Bd portion
4 in the 15l ongitudinal direction of the pile and the pile outside dianeter
D1, is O.gild sutddEdiatricicr of thestraight portinaB inthdisame ethat efibe lage eust 3 of thep/ D1; a
di aneter-reducing ratio in which the end outside dianeter D2 of the snall
end is dit\ébg@gpgﬁiohme pile outside dianmeter D1 of the straight portion)
that is a tati1 0 between the outside dianeter D2 (the end outside dianeter)

of the end (the[oﬁgﬁll end) 6 of the tapered portion 4 and the pile outside

15 As shown in FIG. 1B, the cross-sectional shape of the tapered outside
circumferential face 2 and the tapered inside circumferential face 3 in the longitudinal
direction of the pile may be a linear shape (a planar face) or may be a curved shape (a
curved face; not shown). Also, the cross-sectional shape of the tapered outside
circumferential face 2 and the tapered inside circumferential face 3 in the longitudinal

20  direction of the pile may be convex (concave toward the inside in the radial direction)
toward the outside in the radial direction from the central axis of the pile or may be
convex (concave toward the outside in the radial direction) toward the inside in the radial
direction from the central axis of the pile. Also, the tapered outside circumferential face
2 and the tapered inside circumferential face 3 may gradually reduce the diameter ina

25  step shape in the longitudinal direction of the pile. However, it is desirable that the



20 diameter D1 of the straight portion 8 be 0.70 to 0.95. The

di aneter-reducing ratio D2/D1 is the dianeter-reducing ratio of the end of
the steel pipe pile. Also, in the enbodinent, follow ng Equation (1) is
establ i shed among the | ength HL of theg3stapered portion 4 in the

| ongi tudinal direction of the pile (the axial direction of the pile), the
out si de gipareatarsi@cinfunt fenta dadet handsthra kdpersddiside @rcmnferen@qdéaf@cﬁp brothei on 4
the pile outside 25dianmeter D1 of the straight portion 8, and the taper

angl e 0. jndd shameorthPharbed §bd so thaf the st¥ebpipe plien chinbe rangiactofedtwich aat i o of
| ength to dianmeter H /D1 varies between 0.1 and 2.5 and the range of the

di anet er i LQ_ R4 | R rAET
ho t apel ST £ O e 0055 Ae doscr | be

above, the ratio.{the ratio of length to diameter) Hl/ Dl between the | ength
(the tap_rﬁmﬁﬂﬁf ®Pi®of the tapered outside circunferential face 2 and ?he
tapered inside circunferential face 3 in the longitudinal direction of the
pile and the p![@@%ut side dianeter DI is a range of 0.1 to 2.5. Also, the
di aneter-reducing ratio D2/Dl 10 that is the ratio between the outside
di ameter D2 of It e eestwdimérds stesm indhef. bA&t I PharatigdEd 4ol 5dpEe shleagtnd t he
pile outside dianeter DL of the straight portion 8 is set to a desirable
range, i Ro didigfterilkndisch the tedgetDOT the Zaperal PorBsn 4 Tinthe lengtwdinpbdirgchien
determ nation of the ranges is described with reference to FIGS. 2 to 5.
[0024]  ofthe pile is divided by the pile outside diameter D1) between the length (the taper
length, in other words, the distance between the large end 5 and the small end 6) H1 of
10 the tapered outside circumferential face 2 of the tapered portion 4 in the longitudinal
direction of the pile and the pile outside diameter (the outside diameter D1 of the large
end) D1 of the straight portion 8 (the steady portion having a constant outside diameter)
is 0.1t02.5. Similarly, a ratio (the ratio of length to diameter) H1/D1 between the
length H1 of the taper inside circumferential face 3 of the tapered portion 4 in the
15 longitudinal direction of the pile and the pile outside diameter Di,is 0.1t02.5. ltis
desirable that a diameter-reducing ratio (D2/D1; a diameter-reducing ratio in which the
end outside diameter D2 of the small end is divided by the pile outside diameter D1 of
the straight portion) that is a ratio between the outside diameter D2 (the end outside
diameter) of the end (the small end) 6 of the tapered portion 4 and the pile outside
20  diameter D1 of the straight portion 8 be 0.70 to 0.95.  The diameter-reducing ratio
D2/D1 is the diameter-reducing ratio of the end of the steel pipe pile. Also, in the
embodiment, following Equation (1) is established among the length H1 of the tapered
portion 4 in the longitudinal direction of the pile (the axial direction of the pile), the
outside diameter D2 of the end (the small end) 6 of the tapered portion 4, the pile outside

25  diameter D1 of the straight portion 8, and the taper angle 6.



15FIG 2 is a graph illustrating a relationship between the ratio (the
ratio of length to dianeter) H/Dl that is the ratio between the taper

|l ength HL of the tapered portion 4 and the pile outside dianeter DI of the
straight portion 8, and the constructijgn resistance ratio with respect to
the straight steel pipe pile. Also, FIG 3 is a graph illustrating a

rel ati on%a(ﬁpl]j@%lthqmi aneter-reducing ratio D2/ D1 of the tapered
portion 4 and the '20construction resistance ratio with respect to the

straight steel @Efifogeh&il lth%rml[l Offlt% ?ﬁo%@‘ijen':g{kﬁo%iaﬂl&epﬂﬂml $RicobétRebn t he

construction r ance ra Iving test (a conparison test) was

f d i d (. il k : | .
b1 o 1 nid #g Ehed Spantis fiam sareet dEReL AT PBRS beleh BOgRpES P1Pe

i nvention and the straight steel pipe pile 10 sgg\gg Ln FIGS. 7A to 7C
that is @ thearngens thotmper angle/fcerespprdsdetwern e T o dti on resistance
was obtained until these steel pipe piles reach the bearing 15 stratum
The cgnstructi ggoasgsi stance ratio is the construction resistance ratio of
the steel pipe pile 1 having the tapered portion with respect to the

construction resi ALaea aBhvd. R Biié ahe Rticdrealgtipid@iambded) HOD1IbetwieG 2, t he
di arreter-reduc?%g&trsaﬁéoaDZ‘/ff)l IS 0?% and in Fgltmc); 3, the ratio of length to

diameter L1 e oha Gt 1L RSl bANI ARG diftufifershital (AR & tRPOT LT ON)

H /DLl is ruction-resistance is neasured using the steel
pipe pile 1 having the diangeter-redycing.ratio. D2 (7 I nt from
FIG 2, ttﬂ@r%m@ga%f?‘aﬁ%s%%’%@ﬁeE’H%H%?I?%{ugfmf%% tigh o |pé1r‘°fes‘1tngrtﬁ%ﬁe%1 and
the construction resistance ratio is the sarrg 85 t hat 'Ilusttr.abgg?i' n FI G 2.
Al so, whemtsifediemater Pids pamngeds Pditade® iAlspdhs @Eﬁteﬁﬁ%ﬂ}gﬁ&% pi pe
pile 1 having the ratio of length to diameter H/D1 that is 10 different

from1Bl G tBat it the reths bethatn the dutsideediameteeDaiod ther end-(thesimallrgd} 60f B°p2/ D1 and
the construction resistance ratio is the sanme as that illustrated in FIG 3.

Her ei naf ttﬁﬁerefh&ﬁona AQhSpid dultsibediampteriDled theikissghigottion 8 566826k I n FI G
2, regarding the steel pipe pile 1 having the tapered portion according to

15 the e | Fint ’ afldAEN7008.0.9he Thetréddof f@tthe of length to
di amter@ﬁ%ﬁ%%g%ggﬁeoﬁrﬁgﬁgﬁgt hgéHl of the tapered portion 4 in the

| ongi tudi pal directi.on of the.pil.: ' [ di anmeter D1 of the
strai ght $REFEIRHI8 O\];gi?‘? r@ﬁlg%ﬁlﬁ)ﬂgscflﬁ%:i Hoﬂ rlsréz}grr?pg‘% E)aliilgss{?ggﬁit he construction

resistance ratio that is the ratio between the construction resistance of
the steel pipe 80?24 1 having the tapered portion and the construction

resi stance of the 20straight steel pipe pile 10 of, the aratj.ve exanpl e
is illaustrated Eﬂ(ba(j}s@g@pgélﬂuaﬁgﬁmg @;%lgionrs)hlp between the ratio t%g?atlo of lengtﬁ P

to diameter) H1/D1 that is the ratio between the taper length H1 of the tapered portion 4
and the pile outside diameter D1 of the straight portion 8, and the construction resistance
ratio with respect to the straight steel pipe pile. Also, FIG 3 isa graph illustrating a
relationship between the diameter-reducing ratio D2/D1 of the tapered portion 4 and the
70  eonstruction resistance ratio with respect to the straight steel pipe pile. InFIG. 2 and
FIG. 3, in order to obtain the construction resistance ratio, a driving test (a comparison
test) was performed using a test ground (a soil tank) with respect to the steel pipe pile 1
having the tapered portion of the embodiment of the present invention and the straight
steel pipe pile 10 shown in FIGS. 7A to 7C that is used for the comparative examples.

25  The construction resistance was obtained until these steel pipe piles reach the bearing



As shown in FIG 2, the construction resistance ratio of the steel pipe pile
1 having the tapered portion draws a convex-downward curve while the |ength
of the taper portion 4 varies. In addition, it is found that when the ratio
of length to diameter H /D1 is extrenglsy small, the construction resistance
ratio of the steel pipe pile 1 having the 25tapered portion approaches the
const r uctsiygiind. e Siketcangrictioh raistdnae edtioes theardstructioe resiarce m@torftfp h¢ geel
resistance ratio is 1) of the straight steel pipe pile 10 of the

conpar at | | sido fhabnyherioh heistaict of b | engt h
np tp\éﬁe Wﬁg ‘%ﬁ ?aje?éd 136rt1d>ﬂ with réﬁ n of i g

to di ane | ar ge, e construction resistance ratio of

the steel rgwgfggll{gfpe rPémW nqn%(f)tg 2{,%%9&51%96@10 Hhélﬁ%?a%r@m% 0h&d in

const r uct € ratio algt st pi pe pile 510 of the
corrparatlve exanpl e.

6
constructh @n3= Y@Pé’lﬁ&:“é‘gﬁ’f Ot%@n?}PW%hﬁ@laf’F gﬂl( dba?% %&%{r@g‘i%% ?%e)d that is
taken in the construction until the pile reaches the be n um when
t he piSl e postie) dblyPLét @8. (B&?@tth%@%sruq’f@ntrﬁfést@wdﬁHleewi%ia f&%ﬁh‘a {eat/er) The
10construction resistance ratio is the construction resistance of the steel
pi pe pi | epife pidevl havihdthetdiesterregueing catiodp/P 1 tthat is ditlrent SOOI G 8shst ance of
the straight steel pipe pile 10 of the conparative exanple is 1.0. In other

wor ds, t hgepiish bkideR tha 1REb S RAGH tb didngetérs] B iand dhdagonsimactioatresistirsevween
the construction resistance of the steel pipe pile 1 having the tapered

portion g@go {Nfie CRRSES ﬂﬂ&@z‘llﬁﬁra{t&ﬂnﬁilme Bfsol WBerSthe dbskktuctbeekispheeispi [ e 10

of the 15conparative exarrp e. The construction resistance ratio has a
negati ve correl at| on the Y0 fghat When the
const r uct PEAUE %W%ergp%%@géﬁgg%i&ﬁgg%h%&u?%% out pﬁnt{:l of the
machi ne), the constructl on re i stance r de rea t he
ConstHct difhreshEam Mhich-dhe earolsinroerys (o Rt rr S aAo o Bt
shortened and the construction cost can be | owered, |If t&gg{ cgﬁ F]g:%l on
must be 2Gmstrpitionaesistinceiratiaisghesmessihadbusieiadda HiGhe Ty

period), since the construction resistance ratio decreases and the output
that is regud 3 edll beexplhiged sutstquentlyon i s | owered,

[0025]
In FIG. 2, regarding the steel pipe pile 1 having the tapered portion according to
15  the embodiment of the present invention, the ratio (ratio of length to diameter) H1/D1
between the length H1 of the tapered portion 4 in the longitudinal direction of the pile
and the pile outside diameter D1 of the straight portion 8 varies along the horizontal axis
and the construction resistance ratio that is the ratio between the construction resistance
of the steel pipe pile 1 having the tapered portion and the construction resistance of the
20  straight steel pipe pile 10 of the comparative example is illustrated along the vertical axis.
As shown in FIG. 2, the construction resistance ratio of the steel pipe pile 1 having the
tapered portion draws a convex-downward curve while the length of the taper portion 4
varies. In addition, it is found that when the ratio of length to diameter H1/D1 is
extremely small, the construction resistance ratio of the steel pipe pile 1 having the

25  tapered portion approaches the construction resistance ratio (in other words, the



the machine that is used in the construction can change to a machi ne havi ng
a | ower performance (output) and the construction cost can be |owered.
Accordingly, the construction resistance ratio decreases, and thereby the
construction period and the 25construggi on machi ne can be selected flexibly
according to the needs of the construction. 17 \Wen the cost (or energy)
for manutasduiciitgresisensd aeb ipi pef the bteaightisteel pige piie 16 apthesdmparativon i s

consi dered, the construction resistance is required to decrease by at |east

10% [ 00%%&]1@%. S RN riyNitd BuRd i ek iR 86 boleagthhedintetdrdlldDanet er H /D1
is 0.1, the bconstruction resistance ratio is 0.9, simlarly when the ratio

of length ﬁgmglgg{ﬁgégpe Fékez{ﬁg@%ﬁ@oégsﬁﬂ@e ﬁﬁ&%?fh@%%éepﬁgé gﬁémwgg theatio is 0.7,

e
and whent lameter H/D1L is the construction

resistance ratio.is 0.9.. Accordingl whe I alel . 1 0.l

D1 | s WOt Beihsfiglon {SRokdRub S Mnig PRt bbep T <1
steel pipe pile 1 having the tapered portion is |lowered by 10% conpared to
t he 1600&&@@@‘?@@3@5@%%@5- of the straight steel pipe %i le 10 g}‘j t he
conparative exanple. In addition, when the ratio of length to dianeter

H /Dl is in th¢0026hge of 0.4 to 1.7, the construction resistance of the
steel pipe pile 1 having the tapered portion is |owered by 20% conpared to
the constructi gnifeqsbstheinoentivh, theeonstrmtightesistanet opibpeilpid @load (f t he
conparati ve exanple. 15Accordingly, the ratio of length to diameter H /D1

I's requir &eﬂﬁta{i’c tHa®is%aRer 9 thO¥SHstrhRNGAAS tHeileir@ithe et deaiige by at
| east 10% In this case, the length of the taper portion 4 in the

| east 100 1o This case, the length of 1l i on -
i mos. ¢ noem oL Heds s (b ERENRD ¥ apaR) fhe Ebubdlabed | BE D (e

ti f i
L gn IS &08 c t(_-:ogﬁnpqg ti qhég' 9}1 g?sdé ﬁﬁl Raﬂrresﬁ tl?)%{ody l eg%)g?F y%% r%:sﬁstélﬁcz: otf aieds?é:e'i f&%%%ﬂte r1enewing

the tapered portion when the construction resistance of the straight steel pipe pile 10 of
the comparative example is 1.0. In other words, the construction resistance ratio is
defined by the ratio between the construction resistance of the steel pipe pile 1 having the
tapered portion and the construction resistance of the straight steel pipe pile 10 of the

15  comparative example. The construction resistance ratio has a negative correlation with
the construction speed. In other words, when the construction is performed with a
predetermined output (the output of the machine), the construction resistance ratio
decreases, and therefore the construction speed increases. Thus, the construction period
can be shortened and the construction cost can be lowered.  If the construction must be

20  completed within a predetermined period (the construction period), since the construction
resistance ratio decreases and the output that is required for the construction is lowered,
the machine that is used in the construction can change to a machine having a lower
performance (output) and the construction cost can be lowered. Accordingly, the
construction resistance ratio decreases, and thereby the construction period and the

75  construction machine can be selected flexibly according to the needs of the construction.



20 this case, the length of the taper portion 4 in the |ongitudinal
direction (the axial direction of the pile) is 0.4 to 1.7 tinmes the length
of the pile outside dianeter DI. Wien the steel pipe pile 1 having the
tapered portion that has the above-degeribed range of the ratio of |length
to dianmeter HL/D1 is driven into the ground, the ground resistance

decr eas esmgfﬁlqh@ B&R (§:ReM9Y krbhdnufacneiaane aisel p2i filkZBhavirdgBthe tapered | n FI G 3,
gt

regardin e steel pipe pile 1 having the tapered portion according to the

embodi ment... the di e o080 kDR Pduitdiab desretidedbyraaldast W86 Ween t he
out si de apgﬁ%f§$ghﬁﬁ§%€Pﬁéﬁgﬁﬁkﬁtﬂe snafl ené) 6 of the tapered portion 4
and the pile ogé(]?igﬁe di aneter D1 of the straight portion 8 varies along the
hori zont al axi the construction bresistance ratio that is the ratio

bet ween the construction resistance of fhe steel pj j ing the

t aper ed portioﬁséhqwﬂHEFE%QSWPﬁ%?FSﬁpQ%é?%@ﬁh%gmggkgﬁgﬁgi%ﬁ%&ﬁﬁgsteel pi pe
pile 10 of the conparative exanple illustrates algng the verti Xi S.
As sh§wn constfeicGoBresistanchmtiotie 819, gplarlyiwhen thewslip of length @é&@%ﬁﬁhﬂ i on of

t he enbodi nent, when the diameter-reducing ratio D2/D1 is 0.7, the

const r uctii Orhé esiskiaisEredibtanad fatio is0.0, Adantenmthe ratiored laigintetdiametetuci ng
ratio D2/D1 is 0.95, the construction resistance ratio is 0.9. In addition,
when t he g /pret 85 B uRiR bR dsRiAR Bitioii509. 7Acterdighf whehehecmtis bf uct i on
resistance ratiro Is less than or equal to 0.9. Furthernore, when the

di anet e 41 San el AGLAL H/ P (Hh theraRaB0r 6.2 102 Shbe Lhucetiod fasistdnogiof si st ance

ratio is Or ~equa n ot her words, when the

di aneter-reducing ratio /D1 i 0.80.t 4400 tion

resi st anceebPIPe eéﬁ@@}ﬂg%"p pﬁeﬁé’oﬁl%ﬁ/?or%é?%% %%%gﬁg@%&g% iH{(;en i s | owered
to about less than or equal to 80% conpared 1o e construction,resjstance
of tH® steoaslmtionresistanse oé the straighpstesl HlPF‘ePlgf‘opr%fﬁtﬁ‘% F%Paéﬁté%p?x&.%l’}% ggscri bed
above, it is preferable that the dianmeter-reducing ratio D2/ 517 gg 0.70 to
0.95 to |gaMetont et trsttiact iengthie diastetardtl/BY inin thetsee ob96 0 A-7alifi tion, it
is preferable that the 20di aneter-reducing ratio D2/D1 be 0.80 to 0.94 to

| over  t he, GeRSdtonGhdiinde@F itisd At gipeypiletchavirizObe tape@dPprtion is lowered Wbr eover ,
t he machine (rank of the machine) that is used for the construction is

sel ected apg Bﬁﬁh%%ngtﬂeQ%nMclﬁbﬁ‘%sfs@ﬁﬁe ofiid strbighOited) ipe(pite lorafske i n force)
that is require or general construction. In the Table 1, as an exanple,

the output of the vibratory pile
comparative example.

15 Accordingly, the ratio of length to diameter H1/D1 is required to be 0.1 to 2.5to
lower the construction resistance by at least 10%. In this case, the length of the taper
portion 4 in the longitudinal direction (the axial direction of the pile) is 0.1 to 2.5 times
the length of the pile outside diameter D1.  Itis preferable that the ratio of length to
diameter H1/D1 be 0.4 to 1.7 to decrease the construction resistance by at least 20%. In

50  this case, the length of the taper portion 4 in the longitudinal direction (the axial direction
of the pile) is 0.4 to 1.7 times the length of the pile outside diameter D1. When the steel
pipe pile 1 having the tapered portion that has the above-described range of the ratio of

length to diameter H1/D1 is driven into the ground, the ground resistance decreascs and

then the workability enhances.

25 [0028]



19 driver that is used in the general vibration nethod and the
correspondi ng output of a vibratory pile driver which is required when the
construction resistance ratio (the construction |oad) of the steel pipe

pi | e decreases by 20% and 25% are shoyg. As shown in Table 1, when the
construction resistance ratio of the steel pipe pile decreases 5 by 20%

the output of phercysblegiramy (hé beeldipessite Chaviiethe eqmesdrmiriiabaogots
/13 : Hive rank.
Furt hernore, when the Construction resistance ratio decreaseof tgk;n%% t he

output Ol ot RER! AL MidMS HHIE! D IBS HaaRAE lctityedathepmide mor e

. _ _ is further
e pr e b O
pr ef er abidiameigrdel of the G ehipatie Y @#QS@Z‘ER&% ao%%tai"a%'ﬂ%% Iﬂ?@s“g.“g%’rﬁt%‘& 0. 94.
5 resistance ratio that is the ratio between the construction resistance of the steel pipe pile 1
having the tapered portion and the construction resistance of the straight steel pipe pile
10 of the comparative example illustrates along the vertical axis.
As shown in FIG. 3, in the steel pipe pile 1 having the tapered portion of the
embodiment, when the diameter-reducing ratio D2/D1 is 0.7, the construction resistance
10 ratio is 0.9 and when the diameter-reducing ratio D2/D1 is 0.95, the construction
resistance ratio is 0.9. In addition, when the diameter-reducing ratio D2/D1 is 0.70 to
0.95, the construction resistance ratio is less than or equal to 0.9. Furthermore, when
the diameter-reducing ratio D2/D1 is 0.80 to 0.94, the construction resistance ratio is less
than or equal to 0.8. In other words, when the diameter-reducing ratio D2/D1 is 0.80 to
15  0.94, the construction resistance of the steel pipe pile 1 having the tapered portion is
lowered 1o about less than or equal to 80% compared to the construction resistance of the
straight steel pipe pile 10 of the comparative example. ~As described above, it is
preferable that the diameter-reducing ratio D2/D1 be 0.70 to 0.95 to lower the
construction resistance by at least 10%. In addition, it is preferable that the
20  diameter-reducing ratio D2/D1 be 0.80 to 0.94 to lower the construction resistance by
about 20%.
[0029]
Moreover, the machine (rank of the machine) that is used for the construction is

selected according to the working space and the output (or press-in force) that is required

25  for general construction, In the Table 1, as an example, the output of the vibratory pile



[0032] Also, in the Table 2, as an exanple, the press-in force of the
machine that is used in the general rotary press-in nethod and the press-in
force of the machine which is 5required when the construction resistance
ratio (the construction | oad) of the gbeel pipe pile decreases by 25% are
shown. As shown in Table 2, when the construction resistance ratio of the
st eel pi AeveH the i assdaasiesgdnyra? Sirationengthesand the comesponding hutpreefa ne can
decrease reliably by one rank. [0033] 10[ Table 2] Press-in force of machine

for rot awbr%ﬁslgnéﬁ vt Br&psed WhER HReohs@wtive desihi@me eatws(tiieuct i on
resi stance Press-in force when construction resistance decreases by 25%
(1(N Nar{:%ns%uc&&ﬁ Fo%aj 5 tilg L8l pipe pile decreases by 20% and 25% are shown. As
shown in Table 1, when the construction resistance ratio of the steel pipe pile decreases
5 by 20%, the output of the vibratory pile driver can decrease reliably by one rank.
Furthermore, when the construction resistance ratio decreases by 25%, the output of the
vibratory pile driver can decrease reliably by one or more ranks.

[0030]

[Table 1]
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decreases by 25% Nanme of Press-in force machine (1(N) (1(N) machine (1(N)

RT-260H 1120 840 RT-200H 840 RT-200H 840 630 RT-200A111

In other words, a more preferable range of the

Accordingly, it is further preferable that the construction resistance ratio of the

[0031]
steel pipe pile decrease by at least 20%.

ratio of length to diameter H1/D1 is 0.4 to 1.7.  Similarly, a more preferable range of the

3



690 RT-200A11l 690 517.5 RT-150Atlll 560 [0034] Accordingly, it is
nost preferable that the construction resistance ratio of the steel pipe
pil e decrease by 25% or nore. In other words, the nost preferable range of
15the ratio of length to diameter H/B} is 0.5 to 1.4. Simlarly, the nost
preferabl e range of the dianeter-decreasing ratio D2/D1 is 0.85 to 0.93.
The genedaimet@nsdudin tatio D2Dhin@80 &r @94hown in Table 1 and Table 2; however
t he machi ne that constructs the steel pipe pile 1 is not limted to only

t he constructiﬁm3chhines shown in Table 1 and Table 2. [0035] 20As

descri bed above, 1h the steel pipe pile 1 having the tapered portion

according 22 i i ' ggdound
Fing ﬁ&g DITEDAn eI QRSrENGhIfBHe bEHeThARGR thitheu

t Sot
resi stance) thaAt t eel pipe pile receives is changed

| argely by two aneters of the.di ter-r. ' r.ati.Q. nd t he
ratio of 1 Qﬁgﬂeﬂg%om%etsﬁ?n W%ﬁim ep&?%?%é?%% rge Sg}?dr?gmrgﬁ@%h 2/D1 is the
ratio of the decrease of the diameter of the end 5 Hor(bi (m}s(ift ihe pile (the
t aper 8d petuited mhen thgepnsectionreastanceratigytthe sQnsrcHAR: 839t M55 PPfe rati o
between the length HlL of the tapered portion 4 in the |ongitudinal
di r ect i ompilardcrelres by R6%caue shaten. di Ansoem ipTable 2 wher thegogsiuciort i on 8. | f
the dianmeter-reducing ratio D2/ D1

resistance ratio of the steel pipe pile decreases by 25%, the press-in force of the machine

can decrease reliably by one rank.

[0033]
10 [Table 2]
P o f ¢ hine Press-in force required Press-in force when construction
. ress:[m Orl_c:ssinm;z ﬂig d when construction resistance decreases by 25%
Or FORIY P resistance (kN)
Name of | Press-in force decreases by 25% Name of Press-in force
machine (KN) (kN) machine (kN)
RT-260H 1120 840 RT-200H 840
RT-200H 340 630 RT-200AI0 690
RT-200AI0 690 517.5 RT-150AI0 560
[0034]

Accordingly, it is most preferable that the construction resistance ratio of the

steel pipe pile decrease by 25% or more. In other words, the most preferable range of

15  the ratio of length to diameter H1/D1 is 0.5 to 1.4.  Similarly, the most preferable range
of the diameter-decreasing ratio D2/D1 is 0.85 to 0.93.  The general construction

machines are shown in Table 1 and Table 2; however the machine that constructs the steel

pipe pile 1 is not limited to only the construction machines shown in Table 1 and Table 2.

[0035]

20 As described above, in the steel pipe pile 1 having the tapered portion according



and the ratio of length to dianeter H/Dl are within a predeterm ned range,
the entire construction resistance (the ground resistance) decreases
conpared to the straight steel 10 pipe pile 10 that is open end pile so
that the workability is inproved. [0038] FIG 4 is a graph illustrating a
rel ati onship between the dianmeter-reducing ratio D2/D1 (the horizontal

axi s) of i bR dntRaimehtphe tomsrudtiancsiannendhdeamdgsistipedithat thagrndo (t he
vertical axis) with respect to the straight steel pipe pile. FIG 5 1is a
graph 15 Lt dabd RSeldigeRliRt Qiediip cRalveRigd By tvd paraidieBlofthhie hori zont al
axi s) between the taper l'ength HL of the tapered portion 4 and the pile

outsi de %féa%{}nagrgfed%ingiatfoqﬁ/ﬁtl [?ﬁhgltf%raﬂe oF 1eABHAB QidnerGDRCAMMAY capaci ty

ratio (t ertic XI's) wth respect to the straight steel pipe pile. The

end bearipg capagity ratio, i.S.tRe end ar,i i g el pipe
i l'e 1 navngerreur s Efed b BF iheal BR e de MR il SR SAET E
straight steel pipe pile 10 20 of the npar.at Lve anpl e i . hn other
wor ds ? t@f@wiﬁbﬁpﬂ%@h%@ﬁ%ﬂwrt}%‘? fgn ghetrﬁtéo Pt\}cepggty;‘ég%&@ﬁerﬁ_ﬁ@gﬁ%ﬁ’ﬁeari ng
capacity of the steel pipe pile 1 having the tapered portjon, and the end
beari ng aapabétwgenthetieretls Filaif gl tapered pogsiopd 1pit111%109!9m6£n%1 Hucgtinnsaidhs ve
exanple. In order to secure the end bearing capacity of the st_eelzﬁgi pe

pil e, botfletduesias digmet D@ ofithestchidhaponipnthe If thp diaatbigrercdicing whd D21
straight 'steel pipe pile 10 of conparative exanple are 25required to
penetr at eanmh(%]ﬁ ol @ MGHoth fohBimétsr Bl /D 108 withid 4 pREctehsinpd tangouhstutire di anet er
D1 23 into the layer that Iis used as the bearing stratum The |ayer that
is used as _the bearl. t i . wher el aetdehat i s
gener al | yc°85tf‘éthgée%§g}°%iﬁ1§ gérpélgr% 1%%}1%? ?gﬁt}?aosﬁ teslt%%q‘%ﬁh %l%%péllﬁe, the test
method that is defined in 115 Al 219).is greater i r equal to 30 in the
ground i rﬁpﬁﬂﬁ‘ﬁgo t}gﬁ&ﬁP@Pg@%Pﬂ??{y ?%thSHvé’glfag)ilw lsalrﬁngjq:a'%e%greater t han or
5equal to 10 in the ground of cohesive soil. Here, in FIG 4, the ratio of
length to di amd0836]H /D1 is 1.0 and in FIG 5, the dianeter-reducing ratio
D2/ D1 is 0.9. Wien the construction resistance is nmeasured using the steel
pi pe pile 1 havimy4idwegraph ilmstatingmipidiionship betvesen theiipmater-Fripcing 1§l f er ent
fromFIG 4, the correlation between the diameter-reducing ratio D2/D1 and
the constpygdi @R R@Sostadaes) éfahd ApbRdipbeionahmdas dnddkearing capacity ratio

(the vertical axis) with respect to the straight steel pipe pile. FIG. 5 is a graph

15 illustrating a relationship between the ratio H1/D1 (the horizontal axis) between the taper
length H1 of the tapered portion 4 and the pile outside diameter D1 of the straight portion
and the end bearing capacity ratio (the vertical axis) with respect to the straight steel pipe
pile. The end bearing capacity ratio is the end bearing capacity of the steel pipe pile 1
having the tapered portion when the end bearing capacity of the straight steel pipe pile 10

20  of the comparative example is 1.0. In other words, the end bearing capacity ratio is the
ratio between the end bearing capacity of the steel pipe pile 1 having the tapered portion
and the end bearing capacity of the straight steel pipe pile 10 of the comparative example.
In order to secure the end bearing capacity of the steel pipe pile, both the steel pipe pile 1
having the tapered portion and the straight steel pipe pile 10 of comparative example are

25  required to penetrate by the length that is at least 1 times the pile outside diameter D1



10illustrated in FIG 4. Simlarly, when the construction resistance is
measured using the steel pipe pile 1 having the dianeter-reducing ratio
D2/D1 that is different fromFIG 5, the correlation between the ratio of

| ength to dianmeter H /Dl and the const33uction resistance ratio is the sane
as that illustrated in FIG 5. [0037] 15Here, the cost for manufacturing

t he st eelintoithelapél thatlis headi asghe bearing swatan. pdiheilayer that isiugpdas hadparinge cost
for manufacturing the straight steel pipe pile 10 by about 10% In other
wor ds, t heatasis thogropndodsséingn Niealhafiet sdepeanlly obtaihed by dimostandafi®o of t he
manuf acturing cost for the straight steel pipe pile. In addition, if the

rati o of dJeh@rfid theaot eﬂang;ﬁ@,&ﬁé te¥t tabiRBd KBS isSdeBNE@ inVIS A 12eS)Ie gheated thaie
vertical load) is inproved by 10% the 20 nunber of the steel pipe piles

that are [ 1 It ]| 0 % In
thi's casd AL 630 b B HRRBlindy bR AL B R B AL R T BERE B 00 0t
Thus, it is prefergble that. the.end.bearin cl,ty ratiQ i ncreased at

| east by eﬂﬁ%qf}ﬁ ﬁ%ﬁ’@.grqlﬁga%fﬁaﬂ%sé‘éeﬁo#g %%5%31? F@(Q%aheﬁagl%oélﬁ?ﬁﬁé? i nproved so
that the nunber_of the piles _that are used can decre .. 25[ 00 24

As shown digmeterdIlD1 s .G and indd@ 5, gheydiamptegredupingrafp ﬁ?@k*ﬁ%@reﬁﬁhi on of

the enbodi ment, the end bearing capacity ratio is greater than or equal to

1.3 at t Hke dirstrectem residtanderig nmeasired Meinthesteedpipe pilad daving teawdtip@ar i ng

capacity ratio is greater than or equal to 1.1 at the dianeter-reducing

rati o D2/1&gteto Siafbter MICDT than{yl different frdra FIGNY ehStdrmlationdetivermtier - r educi ng
ratio D2/D1 is 0.70 to 0.95, the end bearing capacity ratio increases to 1

or nmore (#Ra6kS feabiny ratd SR aniNBOCHstrBSHHR redifad@%tio B tHE baid % thith t he
steel pipe pile 1 having the tapered portion, in the range that the

di amﬁ@fr Eiﬁﬁ%?édqg Frléti,oos[f%{i%xi %e%stﬁg S e PoJeToR re&%ﬁé&? nﬁgﬁriﬁ:&‘gsiﬁgﬁﬁd ty is

gr eat an or equal 't , I'nthe range

di amet er-reduci ng ratipo D2/ is 0.80.to 0.9Q, e end_beardin city 10
o "t he. et Pipe i g hasihe The Pamsternishiisina Bam | R SRR a08 5T 000 or
more conpared to the straight steel pipe pile 10 of the conparative

exanpl e. thecersalationesiweanothe ratiotofilength tor dipmptea Hil Al andyide gprsiedon r educi ng
ratio D2/ D1 be 0.70 to 0.95, so that the end bearing capacity of the steel
pi pe pi | eedisthace mtjo isthe sapeastiapidnstiated inddGeadses to nore than the end
beari ng capacity of the straight steel pipe pile 10 by 10%or nore. It is
further 15pref gpgditje that the range of the dianeter-reducing ratio D2/Dl be
0.80 to 0.90.

15 Here, the cost for manufacturing the steel pipe pile 1 having the tapered portion
is higher than the cost for manufacturing the straight steel pipe pile 10 by about 10%.
In other words, the cost for processing the tapered portion 4 is about 10% of the
manufacturing cost for the straight steel pipe pile. In addition, if the ratio of the end
bearing capacity (the resistance with respect to the vertical load) is improved by 10%, the

20  number of the steel pipe piles that are required to support a predetermined load can
decrease by 10%. In this case, the material cost of the steel pipe pile can decrease by
10%. Thus, it is preferable that the end bearing capacity ratio be increased at least by
10% or more. The end bearing capacity ratio is further improved so that the number of
the piles that are used can decrease.

25 [0038]



Al so, as shown in FIG 5, when the ratio of length to dianeter HL/Dl is
0.3, the end bearing capacity ratio is about 1.2, when the ratio of |length
to dianeter H/D1 is 2.5, the end bearing capacity ratio is 1.1 and when
the ratio of length to diameter H/D1 246 1.0, the end bearing capacity
ratio is 1.4. Accordi rygl¥ it is preferable that the ratio of 20 length to
di anet er Hl / D1 Aseshows in §1G. 4 insthesiest pipe pile hdayiag thaigperappetiop opthet he st eel
pipe pile 1 having the tapered portion increases to nore than the end
beari ng capmdirmgntothe ehé bedringi ogpacitytratid ispgrgaerphdreorig@ublyto 1stdhe nore. [ 0039]
If the ratio of length to dianeter H1l/ Dl decreases and the

di anet er -digdetei-Rguding aiticoDDRI 1R 0.70; bed R %end bB&ring Qpasisi rago ¢gtater than
(specifically, plastic deformation) of the 25 tapered portion 4 can be

suppr esseg. hz(i)l 191 48k thdianBleRYGub b $atid D2/ HF @HLT ARLRdingy, ih ke rolimt

of the rati f length to dianeter "Hl/ Dl be set and the Iower Ilimt of the

di - i i D2/ D . i i.] e i h
o et e ARk TRl PRI El 0 00 e G R Pk e, e
2l o and Lhe SHd) Dol CORTLLY L2LLG of e PEPRD) | TSl R © ©

preferably 1.4. In addition, the lower limt of the ratio of length to
di anet er piby pie | baving thedaperel nortip.dp greaphge hatthe ginmetegrredusingyiaioo. 4, and
nost preferably 0.5. Simlarly, the lower limt of the dianeter-reducing
rati o D2/ID/Dilds Prééfte Ol the@nd Gearingy eappoitfie gedatey tanl0 eqaaldo iddt Thus, in
preferably 0.85. Furthernore, the upper limt of the dianeter-reducing
rati o D2/{Rd rdnge B2 IRy ARh¥ieRrddeinf it D2ESIEE @WOMO@-.%thefelﬁﬂﬂ:Bﬁiﬂ‘gﬂ\?ﬁacity

preferably 0.93, and nost preferably 0.90. Accordi ngly, en
consiqgeri : truct i I i l.ACr ease
of thlt@a15 en ée%fg?lg%gclg%???%né glt@ it%%gbzi lg)&lﬁvé]ﬂoﬁgl}lbﬁﬁeeakgsq t9 %p(? e J()at(rgﬂ'fbl airegnge of

Lhe 15 1 8 SLabeRLP b2, 0L UEH 6 R el &y deahed bty Ioph
hat 1 s CHETtE BALbE Sameaiegenias RERDY G b 0afHe olionh P IERRS 0o gD 5 1
descri bed. When the pile 20outside dianeter D1 of the straight portion 8
that is atapadity dfdbesteslpips pils bhavingths tapskedyigydon increases to more than the end
bearing capacity of the straight steel pipe pile 10 by 10% or more. It is further
15  preferable that the range of the diameter-reducing ratio D2/D1 be 0.80 to 0.90.
Also, as shown in FIG. 5, when the ratio of length to diameter H1/D1 is 0.3, the
end bearing capacity ratio is about 1.2, when the ratio of length to diameter H1/D1 is 2.5,
the end bearing capacity ratio is 1.1 and when the ratio of length to diameter H1/D1 is
1.0, the end bearing capacity ratio is 1.4.  Accordingly, it is preferable that the ratio of
20  length to diameter H1/D1 be 0.3 to 2.5 so that the end bearing capacity of the steel pipe
pile 1 having the tapered portion increases to more than the end bearing capacity of the
straight steel pipe pile 10 by 10% or more.
[0039]

If the ratio of length to diameter H1/D1 decreases and the diameter-reducing

25 ratio D2/D1 increases, the processing cost (specifically, plastic deformation) of the



pile 1 is 100 nm the plate thickness t of the steel pipe pile 1 is 4.2 mm
In addition, when the pile outside dianeter D1 of the straight portion 8
that is at the base end side of the steel pipe pile 1 is 76 mm the plate
thickness t of the steel pipe pile 1i2 2.8 mMm In FIG |IA or 1B, the ratio
(the ratio of length to di arreter(% H /Dl between the |ength Hl of 25 the

t aper ed dapesédimrtion ¢ ot e amppiesbed ade opleatroachiere thipdt sdrelprgbledhat the
circunferential face 3 in 26 the longitudinal direction of the pile, and

t he pil e wpéslie oflieraticess PAgthtid diaaittesiHlEDd basetand tiof lotweelistitrafitight porti on
8) i1s 0.1to 2.5. On the other hand, regarding the di nension of
the strai@hhetstR8hciRE PRIOAM)/O11E sof the conparative exanple that is used in
the test, the pile outside dianeter D1 is 100 mm 5and the plate thickness t
of the steel pi I j [ : j jle 1
navi ng ¢ he t apdy B hsFpiod pte f Hiline Ofphred poriop, Rer AR bRE Y

portign 4 including.the taper i nsjde.circunferentjal face t he
Paper 3d sanSiston feistaee e SEbSeSrife hEWFLy BXon b2k fpTof st im when
the steel pipe pile 1 10 having.the tapered_portiqon is driven into. the
ground, A& @%h@gth@%diaﬁwtqré&@? mée%bgﬁe%@%éabéﬁé% perdrFisEbhohdi s
further effectively perforned conpared to that when the strai ght steel pipe
pil e 10 ils additivrrthe tveer dinet off theiratio ofdengtls trdiweten 2] istahteastftl.r e t aper ed
portion 4 penetrates the bearing stratumso that the end bearing capacity
of the stpeferaplyp®3phbe pleforblyn@4] 46 hog prefetablgr(t 3. orsSinglaflyrthé bywer fiptiov ed
conpared to the end bearing 1l5capacity of the straight steel pipe pile 10

of which Jrhe @i @tei”—kl%d%Eﬂ$ rEh ADBISY isPleradlytd1P0, Rhait PrdfftabKTESE afd ke st eel

pipe pile are the sane. Thus, the construction period of "'the pile and the

nb f vy Il . > ! t eel
o1 pe 101 | @8R o iebdbiel b il OF 558 EFrec RO BERTIAAR LT e
t eel i i i t ti t h. 1 hat
atio (1 HECENLn Ve RGP L hdCBEers R i Tofnd REtReREl por i on
4 in the longitudinal direction of the pile and the entire length (the sum
of the | dh¥th H2 of the straight portion 8 and the taper length HL of the

tapered portion 4) L of the steel pipe pile is in the range of 0.01 to 0. 1.
I f the | ength Hiccofditidly wimmewasidering the decrease of the construction resistance ratio

and increase of the end bearing capacity ratio as a whole, the most preferable range of the
15 ratio of length to diameter H1/D1 is 0.5 to 1.4 and the most preferable range of the
diameter-reducing ratio D2/D1 is 0.85 to 0.90.
[0040]
Here, the size of the steel pipe pile 1 having the tapered portion that is used in
the test for obtaining the graphs shown in FIGS. 2 to 5 is described. When the pile
20  outside diameter D1 of the straight portion 8 that is at the base end side of the steel pipe
pile 1 is 100 mm, the plate thickness t of the steel pipe pile 1 is 4.2 mm. In addition,
when the pile outside diameter D1 of the straight portion 8 that is at the base end side of
the steel pipe pile 1 is 76 mm, the plate thickness t of the steel pipe pile 1 is 2.8 mm. In
FIG. 1A or 1B, the ratio (the ratio of length to diameter) H1/D1 between the length H1 of

25  the tapered outside circumferential face 2 and the tapered inside circumferential face 3 in



25portion 4 in the longitudinal direction of the pile is |onger than one
tenth (0.1) of the 27 entire length L of the steel pipe pile, since the
processi ng range of the tapered portion 4 per one pile becones |ong, the
processi ng cost of the pile increases zgnd beconmes uneconomical. In
addition, if the length HL of the tapered portion 4 in the |ongitudinal

di r ect i orthofongitedipallderettionséfahe pile, tahd thepils dutsidiy damptet D1dthe cutsidene entire
length L of the steel 5pipe pile, since the absolute value of the
frictionaliam&st stthngeaighiabortich §)éceilued. by the circunferential face of the
pile fromthe ground becones |arge, the above-described decreasing effect

of the construeiq @B ofifef hld R dﬁiﬁgﬁﬁeﬁmkﬂ%nJﬂ%sw%ﬁtst&lﬁpeghe ppRe pile 1
having the tapered portion, It Is preferable that the ratio of the length

H1 of the,.tapered.porti . | I I ihal 5 di ! 1 respect
to the onpt FATPERRPGhER ekl ARk Ern SRS SR GifghEEEDY 100
Additionally, it is preferable that the.s e of the tapered portion 4 be
det er i n@&délﬁ&wa'ieﬁ%f’ﬁ?%%t ?gt?’FStthHlBﬁp’(lT ﬁe“?ﬁ’ﬂ'o of length to dianeter)

bet ween t he Iength HL1 of the tapered portion 4 in the |ongitudinal
direction of tH804dill e and the pile outside diameter DL of the straight
portion 8 is in the range of 0.1 to 2.5, and the ratio (the

di anet er - r educilnthersidel pipeP2le Dihabigibetaptive portios dés phictenatiethaDhe B8tfe t he
tapered portion 4 and the pile outside dianeter DL of the straight portion

8 is in theré@patont ifbhilng theQaRhed {08134 Sjrcumferentiahfadéldiok tiertapdred t he st eel
pi pe pile 1 having the tapered portion, the pile outside dianmeter DI of the

strai ght pesgd agblﬁﬁfg&%nﬁal Lzeﬁé}éﬂ'ﬁteﬂﬂé B%]agﬂg sBatlBY WPhéH thb %ﬁ%ﬁpiﬁ?@iléﬁn 20

When the tapered portion etrates t earing stratum the larger the
pile . dianeter,.the |arger t.he.area, of th uft si LI kal face of
Phe tperiumish sl paiog it AR B r arSied 48 SO FlbOR P FRE% i
stratum and the reactiagn_fqrce_ (and the.confinin ressure ai nst. the
beari ng SfdbgeANSEEGPELS ﬁgﬁ@g@fquﬁwgly Heffopge‘LF‘é?@%%‘gToetﬁ?th@gnttﬁ SHRIEY out si de
diameter D1 of the steel pipe pile 1 having the tapered portion be 600 nm
or 25 norseel Fipetpiler] fos drivantiaie thégravsingApdessobed afove.be pitire tapsepdt he
econom c efficiency are 28 considered, the pile outside dianeter D1 nay be
3000 nmm giorfi@s4$ pertetifatel ehicntaeing stratum soribitehabidebdatiag capeeitpbhthe steel plkaess t
of the straight portion 8 of the steel pipe pile 1 having

pile 1 having the tapered portion is further improved compared to the end bearing

15  capacity of the straight steel pipe pile 10 of which the pile outside diameter D1 and the

plate thickness of the steel pipe pile are the same. Thus, the construction period of the

pile and the number of the driving of the pile can also decrease, and economical steel

pipe pile foundation can be constructed.

[0042]
20 It is preferable that the steel pipe pile 1 having the tapered portion be

manufactured such that a ratio H1/L between the length (the taper length) H1 of the

tapered portion 4 in the longitudinal direction of the pile and the entire length (the sum of

the length H2 of the straight portion 8 and the taper length H1 of the tapered portion 4) L

of the steel pipe pile is in the range of 0.01 to 0.1, If the length HI of the tapered

25  portion 4 in the longitudinal direction of the pile is longer than one tenth (0.1) of the



the tapered portion be 6 mMmmto 30 mm such that the strength of the steel
pipe pile is secured, and the material cost and the construction cost
decrease. Simlarly, when 5 workability or economc efficiency at the tine
of manufacturing is considered, the plygte thickness t' of the tapered
portion 4 and the plate thickness t of the straight portion 8 nmay be

subst ant ieatiteylegthi &l of thestédhipipequleesintdthe papessad mogsdidbe tipered pogiaant i al f ace
2 connects to the pile outside circunferential face 9 of the straight

portion Behayd Rtk K8mePIREAAE pRickRirpudosi @E&h@})ﬁ@ﬁkﬁasd@hndﬁbédsmnés a step.
Simlarly, the tapered inside circunterential face 3 10 connects to the

2 R SR i e i e o o,
tion 8. at the ti f ti f 1 UCL LR, ;
P P DR R 0SB AT tle

t hi ckness t of the straight portion. Specificall it is.preferable that

the pfat @merimthﬁlég%th@'ab‘ésﬁufﬁw@W&BMC onal F%ﬁta&l%gl%lsﬁﬁ?eﬂ%dj&thﬁ\ In this

case, the 15tapered outside circunferential face 2 and the pile outside

ci r cunf ercémtuin&dreritiat face obthetrhle fsm iegrounsbrecpmas Breee theboredesssibed | v

continue at the sane level. Simlarly, the tapered inside circunferenti al

face 3 anm@ciehgn@effectionticdensthictvmtaisenice abconasdow. oThushin the s@elghipe portion 8

do not necessarily continue at the same |evel. [0044] 20Wen the

above- desgii108diRt 168 tapBleASoRidrS it ks PRYdritle HA® tHea RS SOhD MirgttOH 1 io$ the

construc eg, the construction is capable of being perfornmed by an

appropriate _kno i . T i i driven
TohatRgf 493 e OB AP el OF b Rlpce! BNl LenBBVL BF

into the ration e pilFe driving

met hod, the jacked pili met hod, .the rotar. [.eSS- LN t ny ot her
appr Gfri ép"eStﬁaII%p%E)‘ ]?er(gg]( F00¢1 ?Tref*ﬁa’&lf’nﬁgf gd%g%fer;@e that HH Sﬁg&t (%:athg

manuf act uri ng net hod of the steel pipe pile having the % pered portion at

t he abovdapfeetponien 4&6&6%@6@@%@%@%&%@ (ﬁEeraﬁ%g @8 Pbed bel ow. In
other words, the steel pipe pile may be manufactured by a cold bending or a
col d pr esHiatherribegvden tins Wegthtihl 6fthetaperedaedtiquod i the laigitadisalsditestioppbe. | n
addition, the large end face of the 5 short pipe having the tapered shape
i's wel dednt pil¢ hel @B Pilk daRIdIdidhcesDI af gletstraigheporfibp 8 iaindhe femgs bELIL tpi pe
pile having the tapered portion may be manufactured. Here, fan shaped steel

Strip is.fﬁ,%ﬁ%ﬁfﬂagbgth%%& S8k S0 ARS) DIVOHBhvibetehtidenahag: pad both

end portions of rocessed steel strip are joined by welding so that the

Fan debpa @ eredeprjs Egts POERESER At R PR S B Bab s R BRES 11

the large end portio f the short pipe of the tapered shape is
substantifapgilofmgogh@gas t he outside dianeter of the straight steel pipe.
In addition, the plastic form ng of the end portion of the steel pipe is
perforned and t[Ré#43]t he steel pipe pile having the tapered portion may be
manuf act ur ed.

In addition, in the steel pipe pile 1 having the tapered portion, the pile outside
diameter D1 of the straight portion (the linear shape portion) 8 may be at least 600 mm.
20  When the tapered portion 4 penetrates the bearing stratum, the larger the pile diameter,
the larger the area of the outside circumferential face of the tapered portion 4, and the
area that is supported by the bearing stratum and the reaction force (and the confining
pressure) against the bearing stratum becomes large. Thus, it is preferable that the pile
outside diameter D1 of the steel pipe pile 1 having the tapered portion be 600 mm or

25 more. Furthermore, when the using purpose of the pile and the economic efficiency are



I ndustrial Applicability 15[ 0046] The steel pipe pile is capable of
bei ng provided, in which the end bearing capacity can be obtained, the

resi stance can decrease at the tine of the pile construction and the plug
effect of the pile end that becones thg resistance at the tine of the pile
construction can be relieved. 20 Brief Description of the Reference Synbols
[0047] 1 SddERe®RiR hiffsifSTiafietdPTRENHY b3 (0 TEREREDIRORDIOM)iS 2 TAPERED
OUTSI DE Cl RCUMFERENTI AL FACE 3 TAPERED | NSI DE Cl RCUMFERENTI AL FACE 254

TAPERED BCHTLON bk feRThiekhesTt Br fbi 8 3t stoh Ne1 PORTI
OF LARCE DIANETER SIEE) 6 SNK?L END (EN (%E%END EQD EEE$FCN gENE%ALL >N

AT e o P Sl e e

secured, and the material cost and the construction cost decrease. Similarly, when

5  workability or economic efficiency at the time of manufacturing is considered, the plate
thickness t' of the tapered portion 4 and the plate thickness t of the straight portion 8 may
be substantially equal. In this case, the tapered outside circumferential face 2 connects
to the pile outside circumferential face 9 of the straight portion 8 having the constant pile
outside diameter D1 without a step.  Similarly, the tapered inside circumferential face 3

10  comnects to the pile inside circumferential face 7 of the straight portion 8 without a step.
Since the tapered portion 4 receives the load more than the straight portion 8 at the time
of construction and after construction, the plate thickness t' of the tapered portion 4 may
be larger than the plate thickness t of the straight portion. Specifically, it is preferable
that the plate thickness t' of the tapered portion 4 be 6 mm to 40 mm. In this case, the

15 tapered outside circumferential face 2 and the pile outside circumferential face 9 of the
straight portion 8 do not necessarily continue at the same level. Similarly, the tapered
inside circumferential face 3 and the pile inside circumferential face 7 of the straight
portion 8 do not necessarily continue at the same level.

[0044]

20 When the above-described steel pipe pile 1 having the tapered portion is
constructed, the consiruction is capable of being performed by an appropriate known
construction method. The steel pipe pile 1 may be driven into the ground by, for
example, the vibration method, the pile driving method, the jacked piling method, the
rotary press-in method or any other appropriate pile construction method.

25 [0045]



DI AMETER IS CONSTANT) 9 PILE OQUTSI DE Cl RCUMFERENTI AL FACE 10 STRAI GHT STEEL
PIPE PILE 11 SO L (OR SO L I NCLUDI NG STONE OR ROCK) THAT IS TAKEN 10 WTHI N
STEEL PIPE PILE 12 PILE I NSIDE Cl RCUMFERENTI AL FACE 13 SO L (OR SO L

| NCLUDI NG STONE OR ROCK) OF QUTSI DE ORSTEEL PIPE 15 SOL (OR SAOL

| NCLUDI NG STONE OR ROCK) SURROUNDI NG 15 END PORTI ON. OF STEEL PIPE PILE 31
What is cl ai nedAs the maputastusinganethodyef the pleelqipgpilcshaying the tiperd@Rttionatt i on

having a cylindrical shape; and 5a tapered portion that continues to an end
of the stthaabdme-deactibedrend pdrtam, metiwidsimagtibametdeas denctited belosi. ddn dilenet er
t her eof decrease away fromthe end,
words, the steel pipe pile may be manufactured by a cold bending or a cold press forming
in order to form the end portion of one steel pipe. In addition, the large end face of the
5  short pipe having the tapered shape is welded to the end face of the straight steel pipe and
the steel pipe pile having the tapered portion may be manufactured. Here, fan shaped
steel strip is processed to the tapered shape through the cold bending and both end
portions of the processed steel strip are joined by welding so that the short pipe having
the tapered shape can be manufactured. In this case, the fan shaped steel strip is
10  processed such that the outside diameter of the large end portion of the short pipe of the
tapered shape is substantially the same as the outside diameter of the straight steel pipe.
In addition, the plastic forming of the end portion of the steel pipe is performed and then
the steel pipe pile having the tapered portion may be manufactured.
Industrial Applicability
15 [0046]

The steel pipe pile is capable of being provided, in which the end bearing
capacity can be obtained, the resistance can decrease at the time of the pile construction
and the plug effect of the pile end that becomes the resistance at the time of the pile
construction can be relieved.

20  Brief Description of the Reference Symbols

[0047]

1 STEEL PIPE PILE (STEEL PIPE PILE HAVING TAPERED PORTION)

2 TAPERED OUTSIDE CIRCUMFERENTIAL FACE

3 TAPERED INSIDE CIRCUMFERENTIAL FACE

25 4 TAPERED PORTION (END PORTION, TIP END PORTION)



wherein a ratio of length to dianmeter H /D1 in which a length HL between a
| arge end and a snmall end of the tapered portion is divided by an outside
dianeter D1 of the large end is 0.1 to 2. 5. 10 2. The steel pipe pile
according to claim1, wherein a di ametsgr-reducing ratio D2/D1 in which the
outside diameter D2 of the small end is divided by the outside dianmeter D1
of the | arge ensd LARGEMNDAESI®BORTIAN OMBARGRDIAMIEHR 8B Bccording to
claiml1l or 2, wherein the entire tapered portion is a penetrated portion

that penetrateg i §iA13, PRBN(ERD, P ENINEND CRTONOF SMALLDIAMEEER pi pe
pile according to claim1 or 2, wherein a ratio in which a sumlength L of

t he Ieng%ﬂDgg of the tapered portion and a length H2 of the straight
portion i vided 20 by the length HL of the tapered portion is 0.01 to

i amoter D1 of Tt HRLESEDE ORI fa TG o S N O
5 8 STRAIGHT PORTION (STEADY PORTION OF WHICH THE OUTSIDE
DIAMETER IS CONSTANT)
9 PILE OQUTSIDE CIRCUMFERENTIAL FACE
10 STRAIGHT STEEL PIPE PILE
11 SOIL (OR SOIL INCLUDING STONE OR ROCK) THAT IS TAKEN
10 WITHIN STEEL PIPE PILE
12 PILE INSIDE CIRCUMFERENTIAL FACE
13 SOIL (OR SOIL INCLUDING STONE OR ROCK) OF OUTSIDE OF
STEEL PIPE

15 SOIL (OR SOIL INCLUDING STONE OR ROCK) SURROUNDING

15 END PORTION OF STEEL PIPE PILE



10

15

20

31

What is claimed is:

1. A steel pipe pile comprising:

a straight portion having a cylindrical shape; and

a tapered portion that continues to an end of the straight portion and an outside
diameter and an inside diameter thereof decrease away from the end,

wherein a ratio of length to diameter H1/D1 in which a length H1 between a
large end and a small end of the tapered portion is divided by an outside diameter D1 of

the large end is 0.1 to 2. 5.

2. The steel pipe pile according to claim 1, wherein a diameter-reducing ratio D2/D1 in
which the outside diameter D2 of the small end is divided by the outside diameter D1 of

the large end is 0.70 to 0.95.

3. The steel pipe pile according to claim 1 or 2, wherein the entire tapered portion is a

penetrated portion that penetrates into a bearing stratum of a ground.

4. The steel pipe pile according to claim 1 or 2, wherein a ratio in which a sum length L
of the length H1 of the tapered portion and a length H2 of the straight portion is divided

by the length H1 of the tapered portion is 0.01 to 0.1.

5. The steel pipe pile according to claim 1 or 2, wherein the outside diameter D1 of the

large end is 600 mm to 3000 mm.



