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 reduced by suppressing. the increase of stress between the |ower part of
steel pPt ea%ac hé”brﬁﬁﬁ%} BiitRg ttb APGREGTPr 8dd6ri Ad®alatietbg epile or
Particu . SLIt or. gravel  bed,, though not well r-ecognized yet,.

wat er j%?ﬁé ?%'Oé%géto%??o{TeéP%@f%P?%sb%%fe 9 its pressure and quantity

can perwy tpdd€i veish PEESSIEL Appng soil particles to be raised, 17
February 2004

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,
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- February 2004 unaffected by conpressed water 3. resu

2 thus noving the particles to renove stones and rocks positioned below
the steel pile for easier driving. However, when the steq& '&ﬁa&?og{iven
into gravel where stones and rocks. are each solidly joined due'to {he
particles consisting of sand and clay, driving efficiency will fall. To
sol ve such problem, conventional process has tried to prevent such fal

of the driving efficiency by increasing the pressure and.quantity of water
jet. Wth such approach, however, tBe driving efficiency could not be
enhanced up to _your expectation, even when two pressure-feeding punps are
used. Ihh¢$g@%viﬁg SR8 PBY3RORFn§oexsmanat srtpnesciindnsonisr @osddrjpmessed
wat er 3béf0§prﬁged frfn1ﬂﬂ§z%e 2 provided at a lower end of steel pile 1.
As showR“TR” Pt 8 (AT Ronpredsctf i er 8l Vi ayed from nozzle 2 pernits

CSpLl particl s ueound dedl Avel Bl bG CALTLEY ALODG, SLSRo kB kiont 0

the ground togéether wth water, where cavation e 4 can

the growiélre astidndist bALEArdyk &l 1M SeaBAVWEYST s aBY €R kR SHED RS 0GRSS.
gravel 6 consisting of stones and rock pi-eces cannot be renoved unless

suf fi ci patiickdd ecordibyiconpfessed vai®rcBay Coasequent byricebativeliyia
| arge-si zed mass 8 consisting of nultiple gravels 6 still remains within
the grofiktl - sBOt Fat Vet sumdulrrddd ean obeneeteiammldrpvdereofhas eekipdl eol.

Wth the increased prgééure and quantity of conpressed water 3, the
excavat PO HE eSHCRaf3de A5 | FPRedpdr iAd ef fisigRcyaruini neFeasing pabei cl es

7 is deli onto-th al. gn teel ;pile 1. ether with water, in
whi ch ?%%%%{ omeG%@? oﬁugﬁgﬁg?toégo?wgﬁgﬁ Iagéé-s%}%ggeiggéatFBRrH8F8'4

| nevi { adgeoddePoshbs dearaR) EREScHoRepSI U AbMid | BhaAEEYC!S, 6117

3. As a t, 1t wil Becone
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 such large-sized excavation hole 4 inevitabiy—“

deposits a great mass 8 consisting of multiple gravels 6

e
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nore difficult to drive steel pile 1. If the pressure of conpressed water
3 is increased twice that at the initial stage as descrijbagprakpyeosuch

i ncrease of the pressure only results in requirenent for nore
conpressor-rel ated devices and higher cost, and yet you cannot expect

i nprovenent of driving efficiency coomensurate with such higher cost. Even
worse, it is expected that driving efficiency wll be sonetines degraded
agai nst your expectation. SUWMWARY OF STHE | NVENTI ON Accordingly, it is a
mai n obj ect of the present invention to provide a nmethod and apparatus for
driving anpfiectifhi BR eemPrassgfoatel i Vi ndiseff repahey Mt WiddebeeoBe. |n

accor dangeraM breicasPed @fiddespeeseptd nyentipn, tnd hgiesisoroyi ded a
met hod for driving piles with conpressed water being jetted froma | ower

end t her EFFRTSAFEh atere i 48t SNCX8ASPR (tHAF a thidtte 3% BRFvERLERRD t he

ground wstdge the auaHiBSaCALYREPI sheh NIndQidsed sowmargasheemaipozzl e for
jetting conpressed water therefromwhich is provided at a |ower end of the

pile. AtTERESantd PRI LTI edOEdTRFE FEPLASSOTHERAYLSh) BIEEES dBMwar dl y
from anohbhgenazahe has yettipd c&MBY esgrdtalmptbeaRintommichihg al so
provi ded ﬁ%.a | ower . end of the_EiIe. I n accordance with anot her aspect of
the presBhtrCiFNENCPBRERSHELE 14 ERr BNFHEH IR afPaF at U FoodePyi #h pil es
conpri si ng: edpaiited dhayedr FHamgdreiffi Be@ePiviQ 1i B0 sbhet Sl dgraqds@zzl e for
jetting therefrom conpressed water downwardly which is provided at a | ower
end of tﬂ%@ﬁﬂﬁﬁa?03r0%§#ﬁ9¥?§é8nmater supply for supply of conpressed water
to said nozzle therefor, 17 February 2004 3a

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,



anot her nozzle for jetting therefromconpressed air downwardly which is
provided at a lower end of the pile, and a conpressed air I supply
of conpressed air to said nozzle therefor. BRI EF DESCRI PW@%EE‘

DRAW NGS Ot her objects, features and advantages of the invention wll be
apparent to those skilled in the art fromthe follow ng description of the
preferred enbodi nents of the inventi,on, wherein reference is made to the
acconpanyi ng draw ngs, of which: Fi 9 1 is a schematic side view showi ng a
first enbodi ment of 17 February 2004 4 the invention Fig-2 is a section
showi ng a Stegﬁ%ﬁlére %1;29 first enbodinent of the invention, to which is
mount ed a pipe Brg., 3°74%kn fl%ar g6&4tLRet i BiRTShsRrngcamprRssedendinf a pi pe
of a fideinwardddi weith dfs phevidsenit anloféd.¢hd SracRargial | ¥,qut - anay

per spective vge%ﬁg}%@sg %ilrm‘gs\gr enﬁ of a steel pile of a first enbodi ment
of the invention. " Fig b i3 af BXPY ahdt oFYPRIEC 0 rFameRFrAed aal owee end of a
steel pidi gozzle|thmredobodi ment of the invention, which is actually
driven into the ground. Fig.6 is a section of a testing device of a first
enbodi mrent 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
schematically perspective view show ng a second enbodi nent of the
invention. Fig.8 ill uBRTER @ESEGRIPXPIMaEt any sedines for expl aining a prior
art, wherein Fig.8(A) is a partially enlarged exlanatory section with
conpressed water being sprayed at |ower pressure, while Fig.8(B) an

ex| anat ory sgEpgpnokitedtisgerfeptesssr end advantages of the invention

will be apparent to those skilled in the art from the
following description of the preferred 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



DESCRI PTI ON OF PREFERRED EMBODI MENTS Hereinafter is described a first
enbodi ment of the present invention with reference to Figssd, tov6pggin @
first enbodi ment, the present invention is adapted to an extractor jointly
used pile driver for driving a pile by applying static load to a steel
pile. Reference nuneral 12 designates steel pile wall consisting of a
plurality of steel piles 11, to whigh is fixed extractor jointly used pile
driver tlve Rabrdmriyn2004 5 13, having fixing |l eg 14 sandw ch the above
plural steel piles 11. Shifting device (not shown) permts the fixing |leg
14 to BRig+ovebl @ gkohgonhehbwhygt adisnakll engeh oFf & hei sseekmpbbemeak! 12,
said fixing leg 14-having a gl_ urality of holding portions 14A at its |ower
part, t%stq??olld’ivﬁé‘ttlﬁé-sg@e‘f’ P el sndlqumted @ piiPg-the pile driver 13

t her et Qi I NE ipi Iae drilver 3 hag, hol dj n‘g_ arnms_ 15 for holding steel pile 11,
and pressiire pi 1% GrivEFFeREFLLL0r SHR%IRT 13 toteT 79 My ahdPiBRePng t he

hol di U%iﬂt”%nﬂo%diﬁeﬂkpSEZéhégiwequ% mounted to along the steel pile 11
conprises external tube 22 and internal tube 23, thus form ng conpressed

vater assagts 24 PEHMELILAT (8l YRl dhd (X I HdAnd UDS)15geand an
outer surface of the internal tube 23, while form ng conpressed air
passagerZb ofi tahisteehepiibéeohad fintdie cdbodAmeat! 6¥eEhendn@bnt henpi pe 21 is
provi ded nozzle 26 for conpressed water, which has inner surface 26A

t aper i Ag-9-Bovidf dit IRXRIGRetogvd segs ishowhowmngi g. 3owAr @&nldoweff @ndteglt he
nozzle 26 for_. conpresses water is positioned the said internal tube 23,

thus f&rmen@Tarfbt hers o iFenty Ot gy eidstantdion, Adhiddholih fatwagly, at

an upp(?]]rri%j‘_,:geiégfL t Eepggggunz&- is integrally provided jig 28, to whi ch is
rot at abl'y noun 6d hook anchorabl e to an upper edge of the steel pile
11, Th@ibLg 48 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



has stopper wire 30 therebelow and sling wire 31 thereabove. The | ower
part of the pipe 21 is fixed to the steel pile 11 wth st
havi ng | egs 32A at both sides thereof, and has protrusi oﬁgq?gé@ggpgﬁn,
t hus sandw ching 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
communi cating with the 17 February 2004 6 conpressed wat er passage 24, and
ai r host adaprER9 3G xEegmlfv cati sgndrinht bbecebpressddralr spasiaga 125
respectjvely.. ..The ter hose .adapter 33 is connected through high pressure
resi st ainlt' _h%hslef%gl \cl)?%‘flg%e pfneosts L?Sg)wﬁﬂnﬁesr@.ltér LEEnprEsREd REL &4 teuppl y
connectgsl, 410 ah e85 nd ank 37 d kW s rstared r b ubnmerged punp 38,
" GapEer Al Hhan” RS oo T LB el oBhe “iraldr

while the air hose adapter 34 through hos o alr co

conpr essed @irdseppiyg New tie wliiiqG agihei Ply SbeehoRik i 1l Wibhsthe
use of the above apparatus wil| be expl ai ned. 'I%e pipe 21 rs i ted up
with thet’slanginkr doBeropajritg tA8s Weilddnpha Heoak 29 tdiereofais apchgred to
the upper edge of the driving steel pile 11. Pipe 21 is placed within '
concaver Hpore oihe Adbiver ebP phereta, Bmel phbe| dwevepald hher bofidiag fi xed

Wi th band 32 'V\/ngse Iglgz 32A are welded to steel pile 11. As shown in

Fig.2, Stopper”w Far307P39hBEi t 55784 aPid6t erllsurdnde BFre@swre stpélepil e

11. Thypniddr 290K 229 oS c omsteel pile 11, the tunbling of steel
pile 11 can rtf% A pr"féi'\%g%t Qﬁp ofvélflgrr%lomtrf% %‘E%pb‘é‘f’é%}r}‘?% 8be he'dhpan in
Fi g. 1, aafdsenist.he holding arnms 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 W tgipehe luseemdvatilye tbunt@d &d raddy tRanstdd SHeL eby

‘pressing the steel pile 11 into the ground until it arrives at a

h comprises external 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 air. 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

anchorable

-

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




predeterm ned depth. Then, the holding arns 15 are detached therefrom
which are raised again in preparation for the next operati riving
process will be repeated. to successively drive steel pﬁ?é@BEfEVEQQ€ng
such driving process, high pressure punp 36 and arr conpressor 40 are each
actuated, thereby spraying conpressed water W squeezed by nozzle 26, 17
February 2004 7 while injecting cBnpressed air A as well. Thus, there can
be for MERPRBESEPS | OfRHOT e Basbagew e | omed eadrof Hdwe stgahpphle 41, as
shown ié%ﬁﬂ ..5. The gpavels 42 stored in the excavation 41 are vibrated by
the forcé derivitngd Mdticdhis ccxmrrasrast aWr apdsangeA2swhidspesniivenarti cl es

(not shgun) C tq .gravel 42 are . renoved such that the renoved
particles a‘?’%%]gl ng?egd% %Fg the §F oFRATECEAG i aist abégbf pteselumei | e 11

t oget hetesiwithhtdingSlePalsed gt &l he same tine, when conpressed air A
rises in a state of foam'%rﬁfgt %ﬁﬁ%ﬁ%ﬁﬁlgp%€b$§t8§ GPAVErS sedo watgar eby

gener atsupg lyo-comineedeli ftio- ughteff ecdnk WH h;igugh ; gf fact gravels 42 are
stirred or agitated, so that the soil pa#?i%ﬁégﬁwﬁﬁihs%éﬁgdeg% eﬁrgyel 42
are rePPEGTEREMPURE Ifas 18 Ireef ehie edi ko hivaet f&a@fa@edjﬂgtﬁ%égﬁaﬂgsgs to
t he pri33rt art, and then, deconposed into fine gravels 42, as a result. In
addi ti on, tSt AHFi AGRREEFINT AR IRF aompive sssdimatia’ sabptliye  conpressed air A

permts the drkg%nghre i§tance of .the steel %Pilg 11 to be drastically
| owered. After the stesl SiPd PEHONNAT eht¢fl t RElaBoVd rtterthet heepi pe

21 is detagBeghd¥e |l ddtd NG 4P Ji ame wi.th the use of sling wire 31, while
the steel band 32ei§£%isconngépgd% r§§Plﬂépagd part of the Iegs 32A due to

fth{ﬁrCEpagfomﬂ@Ipibgwih toerd F{Ld ngpofi e tRbP. 131y Rﬁﬂiagﬂﬁpé%n?iéhe
) .
ga, 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:



pi pe 21 only. Hereinbelowis shown a Table 1 related to a result in an
experinment where a steel pile of 7 neters length is driv | avel
bed, which shows interesting data obtained from cont rasﬁ&oﬁébﬁagggogﬁ
according to prior conpressed water jet jointly used driving nethod to

t hose based on the present invention where conpressed water and air jet
are jointly used, 17 February 200458 each of which using a hydraulic pile
dri ver Mvitieactiroyeafir@) dafpsdassi dABLER ladhogal e. | ehupl exswdredrdyvh ngdri vi ng
time (kg/cm)resistance(m nute) water15065 Pile driving with, water1005540
conpr edsagedatacavetipoi holg diebelomt ehe7040985 ¢ndspfigkbet abeel pile

excl usivel ywat er 503032 ) used for water . water 304038 Pile driving

wi t hwat'ér 156ai S BI5 13 (e ilter9yafelgofd stored in the excavation

41 are vibrated by the force deriving from compressed water W
and air A, while soil particles (no£ shown) attached to gravels
42 are removed such that the removed particles are delivered
onto the ground alonthhe 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 interesting 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,



p and conpressed airwater100air 53012 i | nt y injection jo used.water

70air 52010 (a double tube consistingwater 50air 5106 of r d
i nternal water 30air 5159 tubes used.) As is evident fronﬂgﬁékﬁgﬁ?goﬁg
according to the prior pile-driving nethod of conpressed water jet jointly
type, when the nozzle jet pressure is raised from50Kg/cm, for exanple,
to |00Kg/cm, the driving pressure is raised from30 to 55 tons, which
proved that nere increase of the jet pressure cannot reduce the driving
pressure. 17 February 2004 9 This jeaches that when pressure driving a
steel pile in a gravel bed, the increase of the jet pressure results in
deeper excavation fornmed bel ow the steel pile such that a nass of gravels
i s accunedt ed ohithevdiott enhydrernaot pold nocleasextiectdriof rig poessure. On
t he ot her hand, when the nozzle jet pressure is |owered from 50Kg/cnR, for
exanpl e, “Y830Kg/ cn2 yet the driving pressure is raised. Consequently, .it
has proved '

TABLE 1

nozzle jet pressure driving driving time |
(kg cm?) resistance (minute)
) waterl150 65
) Pite driving with, — 40
' compressed water jet water100 59
jointly  used. water 70 40 35

(a single tube

exclusively water 50 30 32
used for water.)

water 30 ' 40 38
Pile driving with | water150 | air 5 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 10 ' 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.



that efficient operation can be possible only after the nost suitable jet

pressure is set, corresponding to the condition of the H?W%Hﬂé Baoand
nmere increase of the jet pressure cannot inprove. the ef iC|ené§ ?or
pile-driving. Incidentally, the reason for blank of pile-driving time in
the Table 1 corresponding to the nozzle jet pressure of 150Kg/cn2 or above
in the prior pile-driving nethod of” conpressed water jet jointly type, is

that reactive pH% WF2qhfs Mfftadfien Riessude erivdrer acsbrehasipal ked out

in the, m f experinent _such that the further operation could not
pr oceg%l. gﬁ%%éagdi%lggh,xtglcecor‘lﬁf;ﬁﬁafg t#e 65"Iee-?ﬁ*'r viPAGSBERodF ST L tconpressed

wat er @bt ret@vdOidy | ¥o 1, e, v Lon,.1he ile-drivin
resi stance indicated the cl)omﬁ(gtg‘\%g%ﬁet{}\ﬁe%%%g plh%)é;zflég? e?h%%r: e%sﬁ'gﬁsi S

50Kg/ an?, gwdiedlts pir O Vatk i he off asd i 0ad | 3ot dRdusRG Wit Bot Racpanal! el e
injection of conpressed air at 5Kg/cn2 as conpared with the prior
pi | e- dFIiMiRg mPries§uak -cofipr eslsed otieter hiaetl, | okhéd y thEpe nos4al reduction
of thelg%le-driyi ng resi_stance was caused by the lift-up effect of foans
gener &P M Castdc i AFPERINITIP™ he0KBfcmot . t Korcemmrpdeed tai r3okmmthat  the
gravel re siirred to make pores anong the gravels floating within a
pool if\et}t,\ﬁ'eéeexéc%vva%}gor}rjﬁ'ueoﬁse‘fr- Hus ’fae’tﬁfaqné:onﬁ gusPHLY dribi RgsresPeednce of
the staml PitficddnleBpE2aYi80%at0 ndSpELERIIY shpUN I the fable 1

e addi

obtai ned formthe above experinent, t 1 onal Y e 6P c oSt eB8RH ai r

has pramedbie ke gl suaedriastdeaal Iopdedipesaihg pb! @hQrEMLHEdSﬁ?iéEance'
Referring to Fig.6 (A and (B), there is provided an experinental nobdel the

presefthe niamdert imade, and weireh pheredse sbonese52 eaandh sl R2Ac¥REE: P! aced
‘o a bottom of cylindrical container 51, into which was inserted a |ower
‘end ofi"®¥&GNEe thgbeefficiency 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. )



Under such condition, an experinment was conducted with respect to nere,.
jet of water 53, and additional jet air wunder the sane n ose
results were visually conpared'. As shown in Fig.6(A), V\ﬁerFngL?aQyQO 53
is jetted, the sand 52A anong the stones 52 were renoved, shlftl ng upward
together wth water 53, while stones 52 were deposited on the bottom of
the container 51. In such case, Jpﬁ)oved that the higer the pressure of

wat er 53 vas, e danse depes! 4 %@mefessoaseBﬂﬁadO%%r Sehi 4 g5

cl earances or pores anong the sane below the double tube 54 e ot her
hand, esesnrigientasteti@di @iodde $aieoki Mmdhe el efi B3hwes fgeidLd, ¢ bt
proved that there could be devel oped sone force to lift up stones 52

t oget Her akilteh t@alcﬁdraSZAcaletygredut:Iee thies@idk-dirmiviimgt he fiortmarofe f oans, so
that the additional injection of air, at the sanme tine as the jet of water
coul d enl ar ge Rgdees iagonte sFigr &d @)onesd5X Eis cbhpaeed s whrhvtided] edn of
wat er 53 onIy Accordl to a first enbodi nent of the invention, there is
provi (’fé‘d’ei %I?I Wﬁg P§leé€|ntp|’r‘e"‘i’1t<i’ﬁt Bafife grbulBichi e ¥rel ai d
of jet Inj5E‘2CtI ressed --- Afromthe_ | ower end

of thé steesl pllegwﬁer i 7 Confiies s ‘i Fgﬂrﬁarkﬁlc’fzw ?f SHEIRIRHGRE ted
from the d.quen ead, of; 356%9&&6 wht AIQUE o0l PALLECleR DRI,

gravel 42 to be refoved so as to form excavation her ebe o Then
the grawl $442 stored wthin the excavation hole 41 are allowed to VI brate
owng to injection force fromconpressed air A and water W whil e each
gravel 42 is vedkircadch sédridediahy i 88 eRperisenef EPEEsEaEtedl AR N the
formof large foam"a" to generate pores thereanong, whereby the
p}le-eheiswziepg resi searcejof stffeebatpete 53, and additional Jjet of air-

under thé same condition, whose results were visually compared.

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 stones 52 were deposited.on the 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 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

.) the water 53 was Jjetted, 1t proved that there could 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



21 can be reduced to inprove- pile-driving efficiency when driving piles

in gravel bed. Further, there is also provided an appar at r bV Nng
steel pile 11 with the jet or injection of conpressed mét?gzréb&}aé%gbg%/r A f
romthe lower end of the steel pile, which conprises: a pile
driver/extractor 13; a nozzle, 26 for i1ronpressed water, said nozzle 26

bei ng pledeirdéd Jatt tad dwerm ent fudhersd eet piéel 13i18 hihgh RLSSWE puUnp
36 for supply of conpressed water Wto the nozzle 26; another nozzl e 27
for c&5ressEd &iindAndsfarmozrdeeR74Beiting ke soepoowdded aisthe dgwer end

of the ile 11 an.air. conpressor-40 for supply of conpressed air A
to theeﬁgggkégér} f%orjleco%ﬁr ekBBECRE O,  Wfdrebjheonpreeebd vt erstWies

j ettedyfirgmt n for. GO essed ter .to formexcavation hole 41
bel ow t he | O\Ag?lee%ggéagfa %tQ e st%edi n‘ﬁ I %ril,a\ﬁaﬁf"fag aC tHeP S PFRY to
conpr essgdcai on Afoirei Hroat @bnff QBde N0zzhe 24 theref qf - JF?Te W tF\ the
injection or jet force resulted fromconpressed air A’and wat er Wethe
gravel §ragedt dRed swivdw tniddlely - exceomed | adrhobe thd aige abFowedyLQsyibrate,
whil e each gravel 42 is vertically stirred during the rise of conpressed
air A PFhTthe fHtmidie| digen f odim 'laxrge t dogenerat'e por egeaswaget hpogeavel s
42. 12h§? ruary 2004 12 = Thus, the |ower end of the steel pile 1i can be
driven IRt o the? gr BUREEBY APSI B T8 iating| yeaiskande f ofcestewmy epole and
yet sugh appar yus.L§,LAgXpensive as it uses relativel _conmpact air

conpr e'ggor. Fu?{eherr%agggtghe%;onlyar?pe%%veed &t eA A iBE 8¥ifé€tlle§7‘cﬁ’nj whewd from

the nozzieiny e ded Ahdeiepkawer end of the steel pile 11, the water
wi thin the excavation hole 41 <can be greatly bubbled, thereby efficiently

stirring the Rymhelrs 42neremalie t RARS | Gt dRILT hn Wg‘fpﬁ‘af@ﬁ% it gasier
t:3 drive the lower end of the steel pile 11 into each cl'earance '
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 aig A and water
. W, the gravels 42 stored within thezéxcavation hcle 41 are
allowed to vibrate, while each gravel 42 is ve;ti;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



anong the gravels 42- In addition, as the nozzle 27 for conpressed air is

positioned either on the sane plane or downward rel ative-t r end
of the nozzle 26 for conpressed water, the conpressed aielr7 %b&/\%h%ggg%\%essure
is lower than that of the conpressed water Wcan be sucessfully injected.
In Fiq.7 show ng a second enbodi rent of the invention, the sanme portions
as those described in a first enbodinent will be designated as common
reference nunerals, and their repeated detailed description will be
omtted. In a %ﬁlcond enbodi ment, vilwratory pile-driver/extractor 13A such
as a vi bratory "Walffirer*1% bepebyeadf of pile- drevingildevicean g Vipratory
pi I e-drinver /sl rgeloLg13A has built-in vibrator 62 and chuck 61 t erebel ow
for holding an ugper part YIPEYERY pefletivelwhi xhshal bpdoaidevelhetdfd ed up
by crangdabetWhdd &, i L4, cted to actuating power generator 65 through
oper ati on %ni t 64%h V\%‘f%ﬁ?ﬁgg{s?tsrtﬁ%t U E RS Wetle?S oplr 4EE6N tediatt ived yi & SO
oper at edmphat ikt alofipr@% do5- al ,py\gg? o yibrate through_a power source of
t he ac:tiuati ng power ggneratots)rr 6ﬂ5, t 1]'-é're Y (;irﬁfavf:ﬁﬂp§?§g?dp'rallé £1 ciamt det he
gr ounddireht tpnpndeseddl 7 fabr URE Y nd004 .1 ; nd -ajr A being jetted
or injected fromthe | ower end of theﬂgt 22e7l V%%ﬁlélgi?ianttﬁées&ﬁﬁeﬁaﬁﬁér as
that offathper stteadniptilerent., Adoorehogrt qiansecond eém@ﬁlgg aof ﬁhe
invention, .there is_provided a pile-driving apparatus |C£ cor’rﬁ Psédd: a
vi br at 6#Y pPfe- BFPREMYexBdii®d, 13 A hareloy 7| éf?ﬁci@ﬁtl)ﬁ”p§€§§§gngwatggr’

whi ch | vigded at_a |ower end of the steel pile 11, a high pressure
punp 3%%‘8%&%%% b oF2EBmbReds dd ot erhawa in s avidi cnozak es 26t dasheezlg 27

for cappressefeilhA ich is also provided at a |ower end of the steel
p}le 11: an air conpﬁégggg Of_é%e Steel pile 11 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 sucessf#lly
injected.

In Fig.7 showing a second embddiment of the invention,
the same portions as those describéd in a first embodiment will
be designated as éommon reference numerals, and their repeated

. detailed description will be omitted.

In a second embodiment, vibratory pile-driver/extractor
", 13A such “éé a vibratory hammer is employed for pile-~driving
devicg. 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 is 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



40 for supply of conpressed air to said nozzle 27, thereby inproving the

efficiency for pile-driving with the use of relatively ifexagnsi o4
apparatus in the sane manner as that of a first enbodi nment. |ﬁ%>’\3§nt al ly,

the present invention should not be limted to the foregoi ng enbodi nents,
but can be nodified wthin a scope of the invention. For exanple, the
present invention- can be applied Egt only to steel pile, but to
relatively long pile such as H sections pile, steel tube pile or concrete
pile. Mateher¥ 9adisis Pypesngl jetessurer oknjwébedt 6kym the lower end

pile-dri verélr%xt.ract or' may be optionally selected- Furthernore, the feed
tube f&t cbpr &d€&d dirlsa)! bd "seihf afamer ryHitatat 28 ot hédnpe &s gedt watter

i nst ead, of dli?A a doubl e tube of the enbodinment. 17 February 2004 14 \Wat
is clained 1.A rethod for drivi ng piles with conpressed water being jetted

froma lovwer enpdddaghgof voWhi Chd b dhalagidlinesd | Bst h@tgea Pil & s, driven
Bl 3

into the ground with the conpressed water being jette ownwar 9tom a
nozzl e therrg et $i pgoeoapa ess qrb MaLE®S1 viier £F 5 0 thé Chnk 8nPreviiad At ?fl | ower
end of the pile, at the sanme tinme conpressed air being also injecte

downwardibr ¥t anidieh@irivexrZeatractpst LBhg eonprzessed taiffot heses resaehi ch

is also provided at a | ower end of the pile. 2. An apparatus for driving
pil es (?"c?ﬁﬁﬁ'si‘ﬁb‘.ceh dSinevdfedertt & @Han i 9 1199 iteahe grouhd; =

nozzl e f.Q, | ' fr ssed wat er _downwardly which is provided
o a otk |t dld (A AT EO0PLERSRY 4R SPup RRERh PR dpy Grid C
conpr essRG At 86 ;t & SRbsk1wWzzhe ider ebabresaRat ey ngzzl‘ﬁ]if ettin

t herefrom conpressed air downwardly which is provide at a [ ower end of

:}E‘e pi Ipesovel deaiprte ss atbwairt esudppisy ther ssiéenl Yoiofe GONPIAS otk akdms Qe $ai.d

nozzle therefor. 3. A nethod for driving piles according to claiml1,

wher ei rtOsafdrnoel f opf compressed air to sald 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.



conpressed air has its |ower and positioned below a | ower end of said
nozzl e for conpressed water, whereby the conpressed alrfﬂpéﬁhd 2b§5S
pressuri zed than the conpressed water is jetted fron1beIOM/sa|d nozzl e for
conpressed water, thereby allowi ng the conpressed water to form an
excavation hole beIOM/the end of the pile, while allow ng the conpr essed
wat er and conpressed air to stir gr@éls contained in said excavation hole,
form ng pores anbng the gravels, into which the pile is to be driven. 4.
An appWfhat isscliigreddri vi ng pil es according to claim?2, further conprising: a
pi pe renovably provided along said pile, said pipe having outer and inner
tubes to define a passage for conpressed water between an inner surface of
the outer tube and an outer surface of the inner tube; and another passage
for conpresked aArmehodifer driving Piae with pempresmd water being jetisdAremsaglower

COMDr €8P ot i L YAgREH:ALa Jn! AAEL. I i0TrRE doBoBRoBGuId CER HE' Y

2004 1 hpressed sald nozzle f conpressed air

i's di sgsngdssell wattobeing jenel dbwaaatdlp desage nboe conjurhns ecmpiessedvvatee Sai d
conpressed water supply is connected tqo . an_upper end of salid passage for,
conpr ethseefrogy tdiich isnprovided it fclowssicad of e plecdt thesamg Jans compresschalét ed an

o1 Fes Sl AsorileP st MG R WoBRE A=A for RraddoGiRBRSY U rberfih | 19,
di sposwﬁlcagpmaslpwﬁwatfd lsder Wt fofahe pild.ow the | ower end of said nozzle

for conpressed water, said nozzle for- conpressed air allowing the jetting
of air less pressurized than the corrpressed water. 6. An apparatus for

driving pi Ifs acRArAbAdak FoP BV %nﬁe@c and 5, said nozzle for

- cpnpressed water  conprising an 1 frfer sur ace Whl ch tapers toward the | ower
‘end t her eof a pile dﬁrvelammmﬁn@abﬁe intoitlé pepupd] es according to clai m 4,
wherein a |l ower end of said is fixed to the pile with a steel band

having | egs3 apz%fqngﬁﬂas@erg PH‘ ‘FQ?&WEFE‘? Natsrslowayardly mhdch isipravidgghat 8 saj d

pi pe i eon with protrusions that engageably sandw ch the
band, ﬁm%é%é ﬁi‘?tf;ifgftlng up notion of said pipe permts said welded |egs

to be br Okemcoﬁpreéseﬂai/iteﬂsﬂpply fbrisupply ofi doaprassabwdien g said abailenterefoler ei n
said pile is steel pile, . H sections pile, steel tubea‘iqolle Qr . concrete

pile. 9. Ana[&%rflﬁ’?% fopieting thepefrom jcemprgssesh i dgwnwardiy, which isprevided sai d

pile i I ections pile, steel tube pile or concrete pile. 17
Febr ua'ér:t f%)%%h BHH of the Hles

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 below_e lower end of said nozzle for compressed
o7 water, whereby 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



16 METHOD AND APPARATUS FOR PI LE DRI VI NG ABSTRACT A net hod for
pile-driving and apparatus therefor, which can inprove deriWéb%rgEBﬂ)@i ency.
A lower end of steel pile 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 pravided-
anot her nozzle 27 for conpressed airld Air conpressor 40 is connected to
the nozzle 27 for supply of conpressed air A The conpressed water Wis
jetted fromthe nozzle 26, thus form ng excavation hole 41 below the | ower
end of fatopeiprinsed whier, ¥ likewisgr @i ackzle forrcofapressed pizde ikpbsadnatthowazzl e
27, gravels 42 are vertically  rocked during the rise of the conpressed air

A in actbeinsaid passagenfor cogmpressad at, while saiheauiprgssed watstsupply iy canaected4 t o ]E)e
i 4 d
Steel i pibel BREBALAL BsA P BAHDMSR Saier fnd fiRedisd il compiriSipd bUEHRIETC, O

FI GUREisconnected an upper end of said passage for compressed air.

5. An apparatus for driving piles according to claim 2 or 4, wherein said nozzle for
compressed air is disposed approximately flush with or below the lower end of said nozzle
for compressed water, said nozzle for compressed air aliowing the jetting of air less

pressurized than the compressed water.

6. An apparatus for driving piles ac;,cording to one of claims 2, 4 and 5, said nozzle for

compressed water comprising an inner surface which tapers toward the lower end thereof,

7. An apparatus for driving piles according to claim 4, wherein a lower end of said pipe
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 wifh 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.





