17 February 2004 1 METHOD AND APPARATUS FOR PI LE- DRI VI NG BACKGROUND OF THE
| NVENTION (a) Field of the invention The present inventi | at 0 a
nmet hod for, driving pile such as steel pile, H sections1gm€§h%¥§§?itube
pil-e or concrete. pile, and an apparatus therefor. - (b) Description of
Prior Art the past, for a nethod of driving piles such as steel pile, H
sections pile, steel tube pile or concrete pile, there have been proposed
a pressure pile driver/extractor for driving piles with static |oad, or a

vi bratory hammer fgr. iyi.ng piles with vibration. For these prior
processes are join8F§H§ée%k8 AE%PF@E”&@F@P FEFEpPREESEC depending on the

driving length of a pile or a condition in the ground. According to such
“water jet process, along a steel pile is nounted to a pipe having its
| oner end provided w sRcRGROZED eoraRfei EHvERPESHN ENd connected to a punp.
Conpressed water fed fromthe punp is then squeezed out fromthe nozzle to
jetted, (ehusi¢binphgthae Excawvatoon hole below a | ower end of the steel pile
and renovi ng sand therefromin associati-on with dissipation of water.
According to sub®epPiréeeRat emyestt jor nekfatgpe tor ceessthodlr fvirnglssitvwiass can
be reduce b%ag ppressinglthe i ncrease of stress between the |ower part of
a )

steel pPie® hé%r 3N Bwithg tb APGREGHr 84d6ri Ad®alatietbs epile or
Particu or.silt or. gravel  bed,, though not well r-ecognized yet,.
wat er j%?ﬁé e Oé%géto%??o{TeéP%@f%P?%sb%%fe 9 its pressure and quantity
can (b) Description of Prior Art

In the past, for a method of driving piles such as
steel pile, H sections pile, steel tube pile or concrete pile,
there have been proposed "a pressure pile driver/extractor for
driving piles with static 1lcad, or a vibratéry hammmer for
‘driving piles with vibration. For these prior processes are
jointly used so-called water jet process, depending on the
driving length of a pile or a condition in the ground.
According to such water jet process, along a steel pile is
mounted to a pipe having its lower end provided with a nozzle
and its upper end connected to a pump. Compressed water fed
from the pump is then squeezed out from the nozzle to be
jetted, thus forming an excavation hole below a lower end of
the steel pile and removing sand therefrom in association with
dissipation of water.

According to such prior water-jet jointly type process,
driving s.t_ress can be reduced by suppressing the increase of
stress between the lower part of st;el pile and the ground,
owing to highly pressurized water jet. Particularly, for silty
or gravel bed, th.ough not well recognized yet, water jet which

is controlled with respect to its pressure and quantity can’

permit pore water pressure among soil particles to be raised,



“steel pile 1. Ag,ghowp | Q.0 %hQA)stSQSFLPSlSPGed 1401 g%i%enspirn &t glé:rom

PR L O

permt pore water pressure anong soil particles to be raised, 17 February
2004 2 thus noving the particles to renove stones and rq9&§ I, bLhened
bel ow the steel pile for easier driving. However, when the §¥§%ﬁygp £ is
driven into gravel where stones and rocks. are each solidly joined due to
the particles consisting of sand and clay, driving efficiency will fall.
To sol ve such problem, conventional process has tried to. prevent such
fall of the driving efficiency by inéreasing the pressure and quantity of
water jet. Wth_ such approach however, the driving efficiency could not
be enhahRBd TRViRT {BEr PEXpEELEF| 6B, reveN wsérneso aptesogks- foeaditrignpdps
showi ng_ expl anatory sections where

d | Fi g- d (B
conpr esBek wr%hég%g?éf%%fwé %P roht Hoz et Y ovi ded at a | ower end of

conpressed waie S raye
nozzle 2 permits soil particles surroun gr avel o be tat ri%dV&tong
steel pwhérd etomddeagounsckOgebRer eabht Ns¥Bigly YosheRy gxcavaliqpghole
4 can be forned in the ground, as illustrated by ‘arrow 5. However, even

W th supdrtjprlosessongiavihg6ofonsinst iavd of 18y pnasiaibgr e€kipieaes ¢annot
be renoved unl ess sufficiently affected by conpressed water 3.

ConsequEhtl y, T? eFaiveelspch |nadd-esi z ez nresrst Boroonspsedery dias nukikedl eo

gravels 6 still Faknﬁ_wjtpin the ground, so that it would be an obstacle
Pt

to drivPhg Gt s?‘ré‘g LW OreVitRer eifdEimreys e bRareaahrdt yhef

conpr essgg. r -th vat i holLe 4 can ,be sti]l deeper _and a |arge
anount %f $O|F§pé$??c!§%§€€?%€de ?ve?ggegntaePhe gf%hndsﬁangangBQthile 1
toget heiowdddy Wat Bk, dPi WHSLNE2381eARYEVESuIP N8Bt be enhanced up to
')

your expectation, even when two pressure-feeding pumps are
used.

In Fig.8 (A) and (B) showing explanatory sections where
compressed water 3 is sprayed from nozzle 2 provided at a lower
end of steel pile 1. As shown in Fig.8 (A), compressed water 3 .
sprayed froq nozzle 2 permits soil particles surrounding gravel
6 to be carried along steel pile 1 onto the ground together
with water, whereby 'excavatiqn hole 4 can be formed in the
ground, as illustrated by arrow 5. However, even with such
pfocess, gravel 6 consisting of stones.and rock pieces cannot
be removed unless sufficiently affected by compregsed water 3.
Consequenilé} relatively a large-sized mass 8 consisting of
multiple gravels 6 still remains within the ground, so that it
would be an obstacle to dfiving of steel pile 1.

With the increased pressure and quantity of compreésed
Water 3, the excavation hole 4 can bémstill deeper and a large
amount of soil particles 7 is deiivered onto the ground along
steel pile 1 together with water, in which case, however, on a
bottom ‘of suéh large-sized excavation hole 4 inevitabiy—“

deposits a great mass 8 consisting of multiple gravels 6

e
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bottom of such | arge-sized excavation hole 4 inevitably deposits a great
mass 8 consisting of nultiple gravels 6 17 February 20041qqg%hg§%ggbpy
conpressed water 3. As a result, it will becone nore difficult 1o drive
steel pile 1. If the pressure of conpressed water 3 is increased tw ce
that at the initial stage as described above, such increase of the
pressure only results in requirenment, for nore conpressor-rel ated devices
and higher cost, and yet you cannot3expect i mprovenent of driving

ef ficiency connensurate wi th such higher cost. Even worse, it is expected
t hat dr.WW%@PePén‘é@fﬂ%%lseﬁeW@B%t3nes%déguraaeat alfaidd peapme

expect at hore SUMMARY +OR ol Hie- 1 NVENTL OGN ﬁ‘ﬁ?fé)r dinglys thel prasftd OPj ect of

the present invention to provide a nethod _and apparatus for driving a pile
whi ch cafP™B5fi56de WG ny &Ff iiQeReyeat thoGRr tdedt .2l nthecdrdhirk with an

aspect oftidee 44 egediribeMeAbbos, shBer enéfedpeo\drdad,a griskRadef gha¢ri vi ng
piles with coqgressed wat er being jetted froma | ower end thereo whi ch

is char5etErized FRIEHERSR hifiog F“?rﬁrF‘a‘%quﬁPG tRe2tRb IR IREF hanE he

conpr esskigivét efostei Bgdj ¢bt edodovamaitd| akpke@Miap POl ¥ dretihgg
conpressed_wat er therefron1mh|ch is provided at a |ower end of the pile.

At the s&hEHiSHEYcGRPPEEEERS FLFR S‘é‘F}%J‘lﬂé‘FﬁchﬁFect%‘EFrHW%r dty from

anot her pezate dred Jtﬁ&tldmglvz_(i@;mérfeiﬁﬁéln@ rwilihe el kefewddh degralis@ provi ded
at a lower_en of t ile. In accordance with another aspect of the
present ¢ PEHT ?*Ré%?%@%OBrOV|ded an apparatus for driving piles
conprising: a pile driver for driving a pile into the ground,

SUMMARY OF THE INVENTION

Accordingly, it is a main object of the present invention
to provide a method and apparatus for driving a pile which can

improve driving efficiency at lower cost.

In accordance with an aspect of the present invention,
there is provided a method for driving piles with compressed
water being Jjetted from a lower end thereof, which is
characterized in that a pile is driven into the ground with
the compressed water being jetted downwardly from a nozzle for
jetting compressed water therefrom which is provided at a
lower end of the pile. At the same time compressed air is
also being injected downwardly from another nozzle for jetting
compressed air therefrom which is also provided at a lower end
of the pile. .

In accordance with another aspect of the present
invention, there is provided an apparatus for driving piles
comprising: 7

a pile driver for driving a pile into the ground,

a nozzle for jetting therefrom  compressed water
downwardly which is provided at a lower end of the pile,

a compressed water supply for supply of compressed water

to said nozzle therefor,



a nozzle for jetting therefromconpressed water downwardly which is
provided at a lower end of the pile, a conpressed water SHQ;;E uag'gboék'ppl y
of conpressed water to said nozzle therefor, 17 February 2004 anot her
nozzle for jetting therefromconpressed air downwardly which is provided
at a lower end of the pile, and a conpressed air supply for supply of
conpressed air to said nozzle ther eéor. BRI EF DESCRI PTI ON OF THE DRAW NGS
O her objects, features and advant ag 8 of the invention wll be appar ent
to those skilled in the art fromthe follow ng description of the
preferred enbgg(gﬁper}tsngfzz#he i nvention, wherein reference is nade to the
acconpanyi ng - dfr aw ngSC 28t whith: JEtGing | herefapmmmeomprstisdedvi emwrshowi ng a
first enbodirmddyofhidh Bebpuarya2fQA 4 1BRei NURNORLEI Fr | $,@ Section
showi ng a stegl C&{l.ggree Qfqa first enbodi ment of the inventi on, to which is
mounted a pipe Eid.,3 1S an enraryedt ¥ect iR YsiiwiGRgeacreslr abndtef a pi pe
of a fifxid aBadenemredbrihe invention. Fig.4 is a partially cut-away
perspective view showing a |lower end of a steel pile of a first enbodi nent
of the invention. Fig.5 is an explanatory section showng a |lower end of a
steel pile of a first enbodi ment of the invention, which is actually
driven into the ground. Fig.6 is a section of a testing device of a first
enbodi nent of BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the invention
will be apparent to those skilled in the art from the
following description of the préferred embodiments of the
invention, wherein reference is made to the accompanying

drawings, of which:

Fig. 1 is a schematic side view showing a first embodiment of



the invention, wherein Fig.6(A) is a section obtained by water jet,while
Fig.6(B) by jointly used water and air jet. Fig.7 is a schgimf
perspective view show ng a second enbodi nent of the i nveﬁlti onfn_lﬁgbgz‘
illustrates an explanatory section for explaining a prior art, wherein
Fig.8(A) is a partially enlarged exl anatory section with conpressed water
bei ng sprayed at |ower pressure, wile Fig.8(B) an exlanatory section at
hi ger prressitwntBDERCRI PTI ON OF PREFERRED EMBODI MENTS Herei nafter is
~described a first enmbodi nent of the present invention with reference to
Figs.l1 Big& 1im a ferstiomnbbdvimmt a theepr pidrt dfnventipst i empdaphedt to an
extractor jointly used pile driver for driving a pile by applying static
| oad t &G hsednvintdonretar ghteh nvmeranntes adespgnat es steel pile wal |
consi stl_ji[l?g 3ofJ.LSaE_pnI Urnallai tg% of steel ri1| es 11, to which is_ fixed extractor
joi nt1y tsed Pi 1% FEEeE7 SEE Hﬁ%rg HOH 5 A LAhPF i i phPregila

sandwi ¢y the AR mBhyr 8%, §1tlge1mp4r{tei§1) 11. Shifting device (not shown)
I t

permts the fixing leg 1 0 be novabl'e along the |ongitudinal |ength of

the steslg.pilis vl bardfal Al dhd a3 JeabpldNav RY  RuEAld yaoﬁot%gkd' ng
portions 14A at its lower part, thus holding the steel pile wal to
fix thend log drisverllBitbestta. f e pidbeddmevwer of3thasihekdt pgn.arns 15 for
hol di ng steel pile 11, and pressure pile driver/extractor means 16 for
raisi ng“iané lighert rerRifeaiedi vgctarns showiAgpapd oRe rr emdy abi ya motaked to
al ong pL]e 11 conprises external tube 22 and internal tube 23,

t hus ftgrr{ﬁ'iefl%’%elz% s ehptidetasdadde 2nvmitiesn athidmets saetagdlyf the
) driven into the'ground.
o Fig.6 is a section of a testing device of a first embodiment of
the invention, wherein Fig.6(A) is a section obtained by watér
jet, while Fig.6(B) by jointly uséd water and air jet.
Fi§.7 is a schematically perspective view showing a second
embédiment of the invention.
Fig.ﬁ illustrates an explanatory section for explaining a prior
art, wherein Fig.8(A) is a partially enlarged exlanatory

section with compressed water being sprayed at lower pressure,

while Fig.8(B) an exlanatory section at higer pressure.

DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter is described a first embodiment of the
present invention with reference to Figs.l to 6.

In a first embodiment, the pre§§nt invention is adapted
to an extractor jointly used pile driver for driving a pile by
applying static load to a steel pile. Reference numeral 12
designates steel pile wall consisting of a plurality of steel

piles 11, to which is fixed extractor jointly used pile driver



“external tube 22 and an outer surface of the internal tube 23, while
formng conpressed air passage 25 wthin the internal t | ower
end of the pipe 21 is provided nozzle 26- for conpressed%%i%ﬁ%mg%Pgﬁ has

i nner surface 26A tapering toward the |ower end, as shown in Fig.3. At a

| ower end of the nozzle 26 for conpresses water is positioned the said
internal . tube 23, thus forning another nozzle 27 for conpressed air. "As
shown 17 Figeoingt FiRiggpefIsiide sgndvhehpibe 2bove phteglalsitpelppavieded jig
28, to ich is rotafabl unted hogk 29 anchorable to an upper edge of

t he st eig]' _pgl}fletstlllrfé %eevﬁciyeg%rlhfgmé’f’gpﬁ’&”\ﬁtrse t86 fAZiBBelB® aAdtsl brg wire
31 thergahdViee albgq! evwer RAHdiYa; -pe 21 is fixed to . the steel pile 11
with steel band 32 having Ieé%i32 %gg E%%Hﬂéidgg fhgréﬁf¥ﬂanﬁl Gswall
protrusinnss26B ERerggnlebhus: .Sandwichi ngr &b steebs bﬂ@ﬁ!di?ﬁé’ pg?[‘tigg\ém in
Fig.4. Referring again to Fig.2, at an upper end of the pipé are

provi dedt matter i hoséordappert33 thormnoilddnigng hai tdt ddie plia S ebsuar y2 2094 6
conpressed wat er passage 24, and air hose adapter 34 communicating with -
the conpresi Bite pdstuge 23 tbhepetei vBhg. piThedwnater hdsbaadaplaing3 is

connected through_hi gh ssure resistant hose 35 to high pressure punp
36. ori%%ﬁ%reggedfaétepgﬁgﬁﬂﬁlyséﬁﬁﬁecﬁﬁdf%o-MbteraW%nkPquﬁﬁr@hiehlbs

- st or ey MaLEr r p ile the air hose adapter 34 through
hose gb to 5F?Mgg%g?g§§g%9qu§$:%%%ﬁ$%5%3ﬁ3a??éé%%%ﬁ§%n$b§ﬁ?hBOH?FVBng

action agdmsstigel piles 11 with the use of the above apparatus wll be
expl ained. The pipe 21 is |lifted up with the sling wire 31 of jig 28,

.whi l e the hookA2@ieeraof rdmowtahonemhrt@d he UpRelg adge feel pile 11 .
‘“) comprises exterﬁal tube 22.and internal tube 23, thus forming
compressed water passage 24 betwgen an inner surface of the
external tube 22 and an outer surface of the internal tube 23,
while forming compressed air passage 25 within the internal
tube 23. At a lower end of the pipe 21 is provided nozzle 26
ﬁor compressed water, which has inner surface 26A tape%ing
toward the lower end, as shown in Fig.3. At a lower end of the
nozzle 26 for compresses water is poéitioned the said internal
tuBe 23, thus forming another nozzle 27 for compressed alir. As
S shown in Fig.2, at an upper side of the pipe 21 is integrally
provided Jjig 28, to which is rotatably mounted hook 29
anchorablg‘to an upper edge of the steel pile 11. The jig 28
has stopper wire 30 therebelow and‘sling wire 31 thereabove.
The lower part of the pipe 21 is fixed to the steel pile 11
with steel band 32 having legs 32A at -both sides thereof, and
has protrusions 26B thereon, thus saé&wiching the steel band
32, as shown in Fig.4.

Referring again to Fig.2, at an upper end of the pipe

21 are provided water hose adapter 33 communicating with the




the driving steel pile 11. Pipe 21 is placed within concave portion 11A of
steel pile 11, and the |lower part thereof is fixed with aMhose

| egs 32A are welded to steel pile 11. As shown in Fig. 2,192{%{)%@29\%; 30
is positioned at outer surface side of steel pile 11. Thus, if hook 29 is
detached fromsteel pile 11, the tunbling of steel pile 11 can be still
prevented owing to the stopper wiré 30. As shown in Fig.1, after the

hol di ngF AR SEEDf Yter dravergd3 Ritxed 4wd st eek piHesaval haigtal! 0\§4st eel
pile 11C.c;oul?1e fti_xed, the static load is applied to the steel pile 11 with
the use of pIié dfdy et/ Sttt emmmasferd 621t herebygpr @Ssi megsrda isteagl. pil e

11 i nt opthe,groun til. it arrjves at a 'predetermnm ned depth. Then, the
hol di ng ar ms 1‘%%93H etaéigﬁtégr tir?erﬁr(ﬁ’r‘h““\ﬁ’ﬁtéﬁ drerqugiselighainressure

pr epar aldsaithat Hagenepst  PRErAL | ch drivi rocess wi'll be repeated.
to successively drive steel pg?'fegg&lsls. Durf HeP sgghgﬁr CoMRgepr68eyaterhi gh

pr essursappdyp cdmnerdedl toC YRS SHnL03Rr €, ctyat her eb rayi ng
conpressed water W squeezed by nozzle %-g gil?%geig?lual;% %g%ﬁe wﬁﬁ?%egg

i nj ect iSH§TESHPepyER B8 Avtaslenclhe Thus hokkermgam bes ogﬁgguseggcgg%gi on
hol e 4%9b |l ow.the | ower end of the steel pile 11, as shown in Fig.5. The
gravel §°42°%sP0F eBOTRTEFEC B xEh R ioinp ot smde adithsapedyby the force deriving

from corrpresseﬁlm\'{yattg‘ra r.and air A while soil particles (not shown)
attached to gravels -—427ar&"Ped@sth $Heelt Réleendvedvigdr t tice essare

del i vebedi h@niRodd e g, Al he surface of steel pile 11 together
wi th di ssi pated vvateE?é At thgqsrlgain%et B IAMRER - compressed air A rises in a

state of foamtwé pipevertigallysdibnat £sarayel s, 42, there nerating
sg-called lift-up effect. Wth such B e 21t T 9F jig :
28, while the hook 29 thereof is anchored to the upper edge of

the driving steel pile 11. Pipe 21 is placed within concave

portion 11A of steel pile 11, and the lower part thereof is

fixed with band 32, whose legs 32A are welded to steel pile 11.

As shown in Fiq.2, stopper wire 30 is positiolned at outer

surface side of steel pile 11. Thus, if hook 29 is detached

ffqm steel pile 11, the tumbling of steel pile 11 can be still
prevented owing to the stopper wire 30.

As shown in Fig.1, a-fter the holding arms 15 of pile

driver 13 fixed to steel pile wall 12 allow steel pile 11 to be

fixed, the :.static load is applied to the steel pile 11 with the

use of piie driver/extractor means 16, theréby pressing the

steel pile 11 into the ground until it arrives at a

predetermined depth. Then, the holding arms 15 are detached

therefrom, which are raised again in preparation for the next

'operation. Such driving process T;.ll be repeated. to

successively drive steel piles 11. During such driving prcoess,

high pressure pump 36 and air compressor 40 are each actuated,

thereby spraying compressed water W squeezed by nozzle 26:



effect, the gravels 42 are stirred or agitated, so that the soil particles
whi ch bind each gravel 42 are renoved fromthe nass 8 ref hpn the
precedi ng paragraph as to-the prior art, and then, decoﬁggé%ﬁgyi?gb?ine
gravels 42, as a result. In addition, stirring action owng to the foam
"a" of the conpressed air A permts the driving resistance of the steel
pile 11 to be drastically | owered. ;After the steel pile 11 is driven in the
above mainer ,inidie ipigoec@ipissHiat aghed abyad i f&ing wpukhe t3a® Wik bhe use
of sling wire 31, while the steel band 32 is disconnected from welded
part offormed egsaganidnehpbet hé bolow &Bsodpueedewnilt hft hbel Bteehgpafiet he

pi pe 21, thus enabling the lifting up of piﬁg 21 only. Hereinbelowis shown
a Tabl 1t A8 &A™ otk Fiesd+ The FPesdbert remtorpdr bnatieeereprpeionh 7

SRR A R SRR S C0 LAY Ko PSR AT e e 1 et

'S¢ .
obt ai ned from contr ast 0Se accor o prior ¢ Wi et

j oi ntl wpased dni Vigag 188099 L3 Ahesesbased eﬁokng Rt €SERALa %ggg?%LBEs“here

conpressed water and air jet are jointly used, 17 February each of
whi ch ugi ngreéa bydoasdi euphl e nditi vehé extemacbar fri3Q1lean £+asge1THBLES!
nozzl e jet pressuredrivingdriving tinme (kg/cm)resistance(m nute)
wat er 1506885 Pilie quunﬁganngthe surface of steel pile 11 together

with dissipated water. At the same time, when compressed air A

rises in a state of foam “a", it vertically vibrates gravels
42, thereby generating so-called 1lift-up effect. With such
effect, the gravels 42 are stirred or agitated, so that the
soil particles which bind each gravel 42 are remoﬁed from the
mass 8 referred to in the preceding paragraph as to thé prior
art., and then, decomposed into fine gravels 42, as a result. In
addition, stirring action owing to the foam “a" of the
compressed air A permits the driving resistance of the steel
pile 11 to be drastically lowered.

After the steel pile 11 is driven in the above manner,

the pipe 21 is detached by lifting up the same with the use of

sling wire 31, while the steel band 32 is disconnected from

o

welded part of the legs 32A due to the force éssociated with
the liftipng of the pipe 21, thus enabling the lifting up of
pipe 21 only. |

Hereinbelow is shown a Table 1 related to a result in
an éxperiment where a steel pile of 7 meters length is driven
into a gravel bed, which shows interé;ting data obtained from
contrast of thoée according to prior compressed water Jjet
jointly used driving method to those based on the present

invention where compressed water and air jet are jointly used,



wat er 1005540 conpressed water jet jointly used. water 704035 (a single tube
excl usi vel ywat er 503032 ) wused for water . water 3040381$u4%nﬂh&ap
wi t hwat er 150ai r 53515 ressed water jet comp and conpresse arr er 100ai r
53012 i | nt y injection jo used.water 70a|r 52010 (a double tube
consi stingwat er 50air 5106 :

each of which using a hydraulic pile driver/extractor of 80 ron

class.
TABLE 1
nozzle jet pressure driving driving time
(kg cm?) resistance (minute)
) water150 65
) Pite driving with, -

' compressed water jet water100 99 40
jOlﬂt.l}’ used. water 70 40 35
(a single tube
exclusively water 50 30 39
used for water.)

water 30 40 38

Pile driving with | yater150| air S 35 15
compressed water jet

and compressed air | waterl00| air 5 30 12
injection jointly

- used. water 70 air 5 20 10
(a double tube

- Consisting water 50 air 5 ].O 6
of external and

internal : water 30| air 5 15 9
tubes used.)

As is evlident from the Table 1}, acFording to the prior
plle-driving method of compressed water jet jointly type, when
the nozzle jet pressure is ralsed from %bxg/cmk, for example.
to 100Kg/cm®™, the driving pressure is raised from 30 to 55
tons, which proved that mere inérease of the jet pressure

cannot reduce the driving pressure.



| of external and internalwater 30air 5159 tubes used.) As is evident from

the Table 1, according to the prior pile-driving nethod,ef r d
water jet jointly type, when the nozzle jet pressure is r@i%%%g?r@gomlcm
, for exanple, to |00OKg/cm, the driving pressure is raised from30 to 55
tons, which proved that nere incre%se of the jet pressure cannot reduce
the driving pressure. 17 February 2004 9 . This teaches that when pressure
driving a steel™pl I'€35hes dgrivifel Wik, PiafS e dedganaf at Kéepdt pplessur e

resul ts ig},.4§epgLsexcayation formed bel ow the st eel Bi | e such that a nass
of gravel’s‘is accuntil ated Of TRE°BotTomfier &t PEEFcFase®IHes dihvi ng

presséepdd dheseihesn hand, e Z jet.pre re.ls. lowered from
50Kg/cn2,pfor exanpl e,nto 30?(%?%%%‘3@&5‘%&1'%?%#%84 p‘c?‘z%éutrjéa?sargﬁgﬁd.

Consequendtayels tihascumyeded had afd ikd@in ApeRbLEOR.CaRcRE,pASS] Rl € only
after the nost suitable jet pressure is set, corresponding to the

condi t40ivigfs Pi¥eskogrdat Pon. thed otrer | handasewbén t hehd ethopr@eSsUR gL cannot

i nprove. the efficiency for pile-drivi ng. | ncidentally, the reason for

bl ank BfeIUEE dtF vilRYeEPAe G1Pm helKafie” 1 foar respoidi ng-o o3 4ke/awzz| e | et

press f. 150Ka/cn® or above .in the prior pile-driving nmethod of
conpr &eg'eg'h\/\%%lq{le 7 BERNTHYYY t’yspe’fa’isse‘f‘hzftonrsg%ﬁﬂ%ﬁ’ pi'Fg BRst RECW§Eraul i c

pile ddtvestLxdiast ongggtjpghl %'qmo%ei Ogggbf% d%;%g:‘ ta}%%rextgrgri nment such

that the further operation coul d hot proceed. Tn additit actor¥Pib.to the
pi | e- diuiiialhg eNelehoprfs suG@MILSH] W SlespBdadht 61 chQi BLLY:LYRE OF the

i nvention, the

o the foundation. and mere increase of the jet pressure cannot
w) improve the efficieﬂcy for pile-driving. Incidentally, the-
reason for blank of pile-driving time in the Table 1
corresponding to the nozzle jet pressure of 150Kg/cm2'or above
in the prior pile-driving method of compressed water Jjet
jointly type, is that reactive pile of the hydraulic pile
driver/extractor was pulled out in the midst of the experiment
such that the further operation could not proceed.

In addition, according to the pile-driving method of
compressed water and air jet jointly type of the invention, the
pile-driving resistance indicated the lowest value when the
nozzle jet pressure is SOKg/cmz, which proved to be drastically

reduced with the parallel injection of compressed air at SKg/cml

 as compared with the prior pile-driving method of compressed
water jet Jjointly type. Such- reduction of the pile-driving
resistance was caused by the lift-up effect of foams generated
in association with the jet of the cd;pressed air, such that
the gravels were stirred to make pores among the gravels
floating within a pool in the excavation hole, tﬁus reducing

the pile-driving resistance of the steel pile.



pile-driving resistance indicated the | owest value when the nozzle jet

pressure is 50Kg/cnR, which proved to be drastically re i e
parall el injection of conpressed air at 5Kg/cnR as conpaﬁzggﬁwp%}?ﬂ%bprior

pile-driving method of conpressed water jet jointly type. Such reduction
of the pile-driving resistance was, caused by the lift-up effect of foans
generated in association with the j%? of the conpressed air, such that the

gravel s were sid Iiefh g, MHER, P LS, iUTORM, 102) BBV 81 Begl 1e0A NAhM 4 DL, @

pool in the excavation hole, thus reducing the pile-driving resistance of
the steegleriirletit 1% Heebiddd yid4 10t 8% AoRddas Wi i nhbke phakldy 1o
obt ai ned formthe above experinent, the additional jet of conpressed air
has proeyedh lteo tob@ ralsltd clad 1gr aistincal ther edluee diriier ipigl ecedriistidrg- & £Si st ance-
Referring to Fig.6 (A) and (B), there is provided an experinmental nodel the
present invenBerexade®g ite whighoplUylal andt oifds 5Rhand sandp32Aidede ah aced
on a bottomof cylindrical container 51, into which was inserted a | ower
end oFﬁﬂﬁﬂﬁ“?“H%&ﬂP?ﬂﬁlLﬁaﬁrP§@§ﬁW&NﬁﬂY¢Qﬁ9raﬁaéﬁpetheHPlﬁﬁsiébh@%bted
w th respect nere, . |,e f water 53 nd additional jet air, under_ the
sane f%é%qﬁ(éé)%%osgaPésEF sWﬁﬁ%&%f%%%?l?“c&nﬁﬁ%ﬁPm ot cal .
Fig.6 , r . 1S |ett e sand a e stanes 52
wer e %?r%t\?\ea%%&sﬁﬂ i\r%'lgttgﬁpm‘/g[?l tfoggl%hgllrjm%\nﬁf%émagt eJFg\f?)ér ﬁﬁ}eggt o(%oeugsiD wer e
depositty@@d @3 .t he bottom of the container 51. In such case, it proved that
the higer the pressure of water 53 was, the denser deposition of the
stones 52 ocoudeed saidH ¢@sE 10l@ar ankeexpeiMeas arNgcbhausasl helaw

respect to mere. jet of water 53, and additional Jet of air-
under the same condition, whose results were visually comparedi

As shown in Fig.6{A), when only water 53 is Jjetted, the sand
52A among the stones 52 were removed, shifting upward together

with water 53, while sténes 52 were deposited.on the bottom of

the container 51. In such case, it proved that the higer the

pressure of water 53 wés, the denser deposition of the stones

52 occurred with less clearances or pores among the same below

the double tube 54.

On the other hand, when air was jetted at the same time

j) the water 53 was Jjetted, it proved that there céuld be

developed some force to lift up stones 52 together with sand
Szh owing-to the rise of air in the form of foams, so that the

additional injection of air at the same time as the jet of

water could enlarge pores among stirred stones 52 as compared

wiLh the jet of water 53 only.
According to a first embodiment of the invention, there

is provided a method for driving steel pile 11 into the ground

with the aid of jet or injection of compressed water W and air-Q

A from the lower end of the steel pile, wherein compressed



t he doubl e tube 54. On the other hand, when air was jetted at the sane tine

the water 53 was jetted, it proved that there could be ﬂpéf.?
force to lift up stones 52 together with sand 52A ow ng-qg\%?e r gg@%r? air

in the formof foans, so that the additional injection of air, at the sane
time as the jet of water could enlargeipores anong stirred stones 52 as

conpar &t tow th Jtetid edetf rofn watcerlhdondna AeCordengpt e arhii Lt Lrbedinent  of
the invention, there is provided a nmethod for driving steel pile T1into
the gr &&TEChEFh HiREigHd s5fcl egravel njdctticorbof renopedssed aat es Waand air

--- Afr e lower. end . of the steel ptle, wherein conpressed 17 February
2004 1f’°%\xq/§%‘grl°9v},%%lteedqflr oM EREPEENEr PNt dheelgpiveldl 42 | owersai |

partickeshlhndihao L£aCK gravel tp be re ed so as tqQ form excavation
hol e 41 t her ebel ow. Thgg“,l%zéhehoér%av&e)][ 5?42 g‘?él"g&% % AT TP THES eQ¥ADEL iten hol e

41 areialjbowednt @ovtBr @@ mOW A e s alan ign farcefromcogpressed air A
and water W while each gravd(g!}13 42 siés vagﬁi%ala};g gv%trerre Hu%%getﬁg-c i se of
conpr egsevelang As rvadteidaorip oftiarg® H020hgathk0 HIRET 3E € BMESssea

t her eanbng, whereby the pile-driving resistance of steel pile 21 can be
reduce@*fo fnptovethi 1%t i wifng lefrdieci doey wheft  dbi vigpgepikes parasavel
bed. Fﬁﬁ{eﬁgémothere IS ,@I sq provided an-apparatus for driving steel pile
11 wit e 'Y or YPRFERY i SR CoP disidstiay nasbstanemdodi rsedl r piithe

| ower epd t S Lle, whjch conmprises: a pile driver/-extractor 13;
a nozz'lgg, éz)%nf%% %%rgr%?g!siseﬁovvajtme‘?fm’seai Fnér A V389pefh§ifl 6P cdedwhena

| over &ntvigd gingsStigflgdakied8 Llg.a high pressure punp 36 for supply of

. Further,l_ there is also provided an apparétus for

i
driving steel pile 11 with the jet or injection of compressed

water W and air A from the lower end of the steel pile, which
comprises: a pile driver/extractor 13; a nozzle 26 for
compressed water, said nozzle 26 being provided at a lower end
of the steel pile 11; a high pressure pump 36 for supply of
compressed water W to the nozzle 26; another nozzle 27 for
compressed air A, said nozzle 27 being also provided at the
lower end of the steel pile 11; an air compressor 40 for supply
of compressed air A to the nozzle 27 for compressed air A,
whereby compressed water W is jetted from the nozzle 26 for
compressed water to form excavation hole 41 below the lower end
». . of the steel pile 11, while at the same time, compressed air A
is injected from the nozzle 27 therefor. Then, with the
injection or jet force resulted from compressed air- A and water
.W, the gravels 42 stored within the :éxcavation hcle 41 are
allowed to vibrate, while each gravel 42 is ve_rt:‘u.:ally stirred
during the rise of compressed air A in the form of large foam “a

L1

to generate pores among the gravels 42. - e



conpressed water Wto the nozzle 26; another nozzle 27 for conpressed air

A, said nozzle 27 being also provided at the |ower end of pile
11; an air conpressor 40 for supply of conpressed air A%%%%éﬁggg?e 27
for conpressed air A whereby conpressed water Wis jetted fromthe nozzle
26 for conpressed water to form excavation hole 41 below the | ower end of
the steel pile 11, while at the sane tinme, conpressed air A is injected
fromthe nozzle 27 therefor. Then, with the injection or jet force
resulted from gﬁlm;ressed air Aand vider W the gravels 42 stored within
the --excavati ol 8L bP¥eraphdwed. tiee vibealepivhi he each g aygl 42 is

verticallyy stidr dyring the rise of conpressed air Ain the f orm of"
| ar ge foam "a " Sgguagng at TPPLY £_I afBAg tilve lgr avessallR. fokZeFefwdialy, 2004

12 Thusa the lawat £58,9f teel pile 1j can be driven into the griound
by applying relatively a s?r%{}g or cETHRFEI e andlyetsedciredppanatys 4 S
i nexpensmpecasaiitr WS et Vely, act ajr conpressor. Further, as the
conprea;ed air A can be di rectlyrtl'tsr:l?{er'gt%%l ?lr]Smcf)ﬁ rR855fe 227 Pr edindee: at
the | oféreehlly dhjekeest eptopi {Ke lhotbhg WAL ithin the excavation hole
41 can_be greatly bubbled, thereby effici entepfg/g\délt%grdrqiantg Pﬁ% %SP’&%IG@&MZ to
make tREmhPodttadiereibe WAL chmakestét: @asihgh e dé:jcc?’e?vr%gfol ogvegj end of
t he stgel p{)l e 11 into each clearance anong the gravels =21 n"348i fiton,
as the"AbzzP® 29*PBfLlycompddssl airhéselppsi tFenedesiifer soR Lhg Same pl ane

or doe{@%@éflsrga ive to the lower end of the nozzle 26 for co resséd

wat er, S Tha Eondt e QHake, t}gewéégaﬁ.r MQns Vioivelt mdbhad thabagfelhg,

?onpr essefk Wah gr l\élw(é%n gr?dsg%estsgeu'!s eellnjpeicfeedil ‘into each clearance

) among the gravéls 42. In addition, 'as the nozzle 27 for
compressed air is positioned either on the same plane or
downward relative to the lower end of the nozzle 26 for
compressed water, the compressed Qir A whose pressure is lower
than th;t of the compressed water W can‘be sucessfullly
injected.

In Fig.7 showing a second embddiment of the invention,
the same portions as those describe‘d in a f-irst embodiment will
be designated as éommon reference numerals, and their repeated

. detailed description will be omitted.
In a second embodiment, vibratory pile-driver/extractor
T, 13a such“a[t_; a vibratory hammer is employed for pile-~driving
devicle. The vibratory Pile-driver/extractor 13A has built-in
vibrator 62 and chuck 61 therebelow for holding an uppef part
of steel pile 11, which is operatively lifted up by crane 63
while it is connected to actuating power generator 65 through
operation unit 64. With the structure thus made, operation unit
64 :f_s S0 operated that vibrator 62 is allowed to vibrate -+
through a power source of the actuating power generator 65,

thereby driving steel pile 11 into the ground with compressed



In Fiq.7 show ng a second enbodi nrent of the invention, the sanme portions
as those described in a first enbodinent will be design (%Eg[mn
reference nunerals, and their repeated detailed descri pﬁ?gﬁet\?\naéfr? e
omtted. In a second enbodi nent, vibratory pile-driver/extractor 13A such
as a vibratory hamrer is enployed for pile-driving device. The vibratory
pile-driver/extractor 13A has built-in vibrator 62 and chuck 61 therebel ow
for hol ding an upper part of steel Bile 11, which is operatively lifted up
by cran@t&zx Whpheé piri 8 derimectisd ttesl act uati agtedwerogenerat aswdb ¢4y ough

operatign unit .64. Wth the structure thus nade, operation unit 64 is so
operat &F thaf Vitsedt il Ly 4 oiRl £8™¢i R3ET t pF ot ta PBwer Sbusice of

the actyati wer generator 65, thereby driving steel pile 11 into the
gr ound e\)li\ln?btohﬂg"g%%r'essed 17 February 2004 13 water Wand -air A being jetted

or injected fromddiaihgweroensd Lfcdhe sheelaimidne 1dei N fibe sape manner as
that of a first enbédi%nen?. Accorcdi ng to a second erfmotallt‘%en%g‘(lﬁmfh%n'

i nventitdvere t her erbsipeaViadad e dieriig Vapiga 202 alHScHhich a4 ses: a
vibratory pile-driver/extractor 13A; a nozzle 26 for conpressed water,
whi ch ivs-hedd e i idte Al Higwey estdagtorhd3st eel muidzd.el 26 afohi ghmpressdy e
punp 36 for supply of conpressed water Wto said nozzle 26; a, nozzle 27
for cor’fﬁ’i‘t'cé?s”'s'ed‘ﬂg‘i‘1)’1h AS BcvHded atsé e e 4f dheowdreadne e thie st eel

01 s S BRSOy PP Yo oRRTBL SO LT 10T ©
rel ati Rl lidesBensi Veo APRAT ahUsed P LhRpSRUBMRNNEL &S thAL.Pf ;.2 filst
enmbodi nent . .
5 provided at a lower end of the steel pile 11; an air compressor
i 40 for supply of compressed air to said. nozzle 27, thereby
improving the efficiency for pile-driving with the use of
relatively inexpensive apparatus in the same manner as that of
a first embodiment.

Incidentally, the present invention should not be
limited to the foregoing embodiments, but can be modified
within a scope of the invention. For example, the present
invention . can be applied not only to steel pile, but to
relatively long pile such as H sections pile, steel tube pile

o or concrete pile. Further, various types of pressure or
vibratory pile-driver/extractor' may be optionaily selected.

) Furthérmqge, the feed tube for compressed air may be separate
from that for compressed water instead of using a double tube

0of the embodiment.



incidentally, the present invention should not be limted to the foregoing
enbodi nents, but can be nodified wthin a scope of theiﬂ?#ﬁ&dé?zo@fr
exanpl e, the present invention- can be applied not only to steel pile, bu
to relatively long pile such as H sections pile, steel tube pile or
concrete pile. Further, various types of pressure or vibratory
pile-driver/extractor' my be optionéﬁly sel ected- Furthernore, the feed
tube for conpressed air may be separate fromthat for conpressed water

i nst eaWhat isclaingda doubl e tube of the enbodinment. 17 February 2004 14 What
Is clained: 1. A nethod for driving piles with conpressed water being jetted
froma lower end thereof, which is characterized in that a pile is driven
into the ground with the conpressed water being jetted downwardly from a

_nozzle for fettiAgnedadlesdavingdiles withicompressed WatE heing igtted\ireraa fewes | over
end of | le, t:he ' o e s I ng a kN, et
doMm?@&#éAg;%%%? ngChalgazz e tor Jg'?%i ﬁ'zeegso%lﬁ%%ggﬂg g‘leréﬁ)hﬁen?e rﬁ%n%ﬁQMi ch
i s al seompressedewlatdt beingOjersd dodnaardiefrgunl 2 no2zle for faiay sdmpressud ohateyi ng
piles conprising: .a pile driver for driving a pile into the ground;, a
nozz| etherfrom tkhichy ist previded ginaclomist c8d «f theple, ol samg timgkpwpressedyaisyi ded
at a I . t =% o) ;

cormpr RNl ieBlog' Dfinfar By o HRHER 3PP ThE ek PRk 8P lckerfiy

t her ef whithdo aR6 §eeHdedat a hawed\wad dithepileh i s provided at a |ower end of
the pile; a conpressed air supply for- supply of conpressed air to said
nozzle therefor. 3. A nethod for driving piles according to claim1,
wherein saig noz - bbmbASnbt S | ower and positioned bel ow
- ayl owner endﬂof sé%?ph%étzﬁsgg?g{ﬁﬁc%ﬁglregg@eu “Wat er, wher eby the conpressed
alr whi ch i g plledsiver foe slviviideed pilbdmotthe grommgdy essed water is

a nozzle for jetting therefrom compressed water downwardly which is provided at a

lower end of the pile;
a compressed water supply for supply of compressed water to said nozzle therefor;
another nozzle for jetting therefrom compressed air downwardly which is provided
at a lower end of the pile;

a compressed air supply for supply of compressed air to said nozzle therefor.

3. A method for driving piles according to claim 1, wherein said nozzle for
compressed air has its lower and positioned belowhﬁ lower end of said nozzle for compressed
water, whcreby the compressed air which is less pressurized than the compressed water is
jetted from below said nozzie for compressed water, thereby allowing the compressed water
to form an excavation hole below the end of the pile, while allowing the compressed water
and compressed air to stir grvels contained in said excavation hole, forming pores among the

gravels, into which the pile is to be driven.

4. An apparatus for driving piles according to claim 2, further comprising: a pipe
removably provided along said pile, said pipe having outer and inner tubes to define a
passage for compressed water between an inner surface of the outer tube and an outer surface
of the inner tube; and another passage for compressed air within said inner tube,

wherein said nozzle for compressed water is disposed at a lower end of said passage



jetted from bel ow said nozzle for conpressed water, thereby allow ng the
conpressed water to form an excavation hol e bel ow t he eqqu%nkngng e,
while allow ng the conpressed water and conpressed air to stir grvels
contained in said excavation hole, formng pores anong the gravels, into
which the pile is to be driven. 4. An apparatus for driving piles according
to claim2, further conprising: a pig@ renovably provided along said pile,
sai d pi pe having outer and inner tubes to define a passage for conpressed
wat er between an inner surface of the outer tube and an outer surface of
t he i nfuercoinpressedmateanand ikewiss sagibnbode forrqongressed airris \disposad &ad thwainer
tube, wherein said nozzle for conpressed water is disposed at a | ower end
of sai endrelsspidpastagerfop compIessed(r, Mehileonaid-enpupresssd FValelt BPPLY p gonneetad; tge
said n f o I e - i ssage
For conbouer el of BIRRESTRIof bompe3RRS nd kA el ochfftofioa S8l "0
upper. Brndbnoéctahinl upgs ad offsaid; pasop fessatpreaed air. and | i kew se, said
conpressed air supply is connected an upper end of said passage for
conpressed air. 5. An apparatus for driving piles according to claim2 or

4, ‘whegein sai | g, f xi et el y £ 1 ush
W th o bol o PpARE Br Gluind B @S58 chitn ) B0RS SRR I AR or, "

nozzl ecdmpressedaires skgposedr approximiatedy flnsh withtorrbglow e lowee sad op s#id Jivzzleed
than the conpressed water, 6. An_apparatus, for driving piles accqrding to
one of 1| %qqggre%:ﬁ yer said agrgle fo5 qompressed @&Tﬁﬁféwgd Jeding: OfpHr d6s§g an

i nner ﬁﬂéEJu?ﬁ@dﬁ%h‘iﬁeE@tﬁgfés&i% the I ower end thereof. 7. An apparatus
ving pl

for dr es accortiing to claim4, wherein a | ower end of said pipe
1y fixed to the pile with a steel band having | egs at both sides, said |egs
Peing welded to the pile, while said pipe is provided therepon with

protr 13 onsAPRRRPABRE AefedBYipe pHRHHCORIENE engrRf claimseh duandi hesald FQﬁ_Zkgfﬂag f
ot v Pl A A Bt M dARRRLS (EnlY B Wineegd RO,

sections pile, steel tube pile or concrete pile. 9. An apparatus for
drivi piles according.tq claim?2, wherein said pile is steel_ pile,
H sect {-ons %maer,’arg%é?r qrivine Bﬁ%acs?rd&grrerc&l@ iWhereinp Iowgr end of spishpipe

is fixed to the pile with a steel band having legs at both sides, said legs being welded to the
pile, while said pipe is provided thereon with protrusions that engageably sandwich the band,
whereby the lifting-up motion of said pipe permits said welded legs to be broken.

8. A method for driving piles according to claim 1, wherein said pile is steel pile, H-

sections pile, steel tube pile or concrete pile.

9. An apparatus for driving piles according to claim 2, wherein said pile is steel pile,

H-sections pile, steel tube pile or concrete pile.



16 METHOD AND APPARATUS FOR PI LE DRI VI NG ABSTRACT A net hod for

pile-driving and apparatus therefor, which can inprove d&ipdgichrebhbsi ency.
A lower end of steel pil'e 11 is provided a nozzle 26 for conpressed water.

Hi gh pressure punp 36 is connected to the nozzle 26 for supply of
conpressed water W Likew se, the lower end of steel pile 11 is provided
anot her nozzle 27 for conpressed air. Air conpressor 40 is connected to
the nozzle 27 for supply of conpressedlé&ir A The conpressed water Wis
jetted fromthe nozzle 26, thus form ng excavation hole 41 below the | ower
end of steel pile 11. Wen coqpressed, ar Ais injected fromthe nozzle
27, gravel s AFEHIP IR | ABFARATYD FXY RIGE MREVANG i se of the conpressed air

Ain a formof foam" a" . Thus, the foam" a" allows the gravels 42 to be
stirred to generate pores anong grav@ls:her AS a result, the |ower end of
~steel pile 11 can be driven by applying relatively a small force thereto.

FI GURE 5
A method for pile-driving and apparatus therefor, which

can improve driving efficiency. A lower end of steel pile 11 isg
provided a nozzle 26 for compressed water. High pressure pump
36 is connected to the nozzle 26 for supply of compressed water
W. Likewise, the lower end of steel pile 11 is proﬁided another
nozzle 27 for compressed air. Air compressor 40 is connected to
the nozzle 27 for supply of compressed air A. The compressed
water W is Jjetted from the nozzle 26, thus forming excavation
hole 41 below the lower end of steel pile 11. When compressed
air A is injected from the nozzle 27, gravels 42 are vertically
rocked during the rise of the compressed air A in a form of

1]

foam a". Thus, the foam “a" allows the gravels 42 to be
stirred to generate pores among gravels 42. As a result, the
lower end of steel pile 11 can be driven by applying relatively

a small force thereto.

FIGURE 5



