METHCOD AMBLARRARATUS FOR Pl LE- DRI VI NG BACKGROUND OF THE I NVENTION (a) Field
of the Invention The present invention relates to a nethod for driving pile
such as steel pile, H sections pile, steel tube pile or concrete pile, and
an apparatus therefor. (b) Description of Prior Art In the past, for a
met hod of  driving piles such as steel pile, H sections pile, steel tube.
pile or concrete pile, there have been prdposed a pressure pile
driver/extractor for drivin piles wth static |oad, or a vibratory
hammmer for driving pil &THOPh A¥PHARPAERTUSOFORhBSEERPREY I ocesses are
jointly used so-call ed water jet process, depending on the driving |ength
of a pile or a condition in the ground. According to such water jet

process. along a steel pikcksaBBND! 8¢ GRparRyRRrhaNng (ts Tower end
provided with a nozzle ang its upper end connected to a punp. Conpressed

water fed framthe1ausE ikthet hakesn@gueazed out fromthe nozzle to be jetted,
thus form ng an excavation hol e below a- | ower end of the steel pile and
renovi ng sand t her effhempresssociaténniont redasespatd om véthad erfo rActordimg
to such prior water-jet jointly type process, driving stress can be reduced
by suppressPhdet sidhcpraasédest dtirless BetsReéAaonBe Hidwer Pefal ofubeelilsi |ax
and the ground, omﬁngéto hi essuri zed water %et. Particularly, for

silty or gr49BfrBES, ﬁ&ugﬁgﬁggnaéPPaFééﬁﬁnF2§He§% water jet which is .
controlIednxgghnégﬁggékibg %ESFQE§§SHEE and quanti;y can permt pore water
pressure anong Sorl "particles to be raised, 2

In the past, for a method of driving piles such as
steél'pile, H sections pile, steel tube p'ile or concrete'pile.,
there have been proposed a pressure pile driver/extractor for
driving piles with static 1load, or a vibratory hammmer ‘for
driving piles with wvibration. For these prior processes are
jointly u.sed so-called water jet process, dgpending on the
driving length of a pile or .a condition in the ground.
According to such water Jjet process, along a steel pile is
mounted to a pipe having its lower end provided with a nozzle
and its uppér end connected to a pump. Compressed water fed
from the pump is then sgqueezed out from the nozzle to be
j.et.t_ed, thus forming an excavation hole below a lower end of
the steel pile and removing sand therefrom in association with
dissipatiohn of water.’

According to such prior water-jet jointly type process,
driving stress can be reduced by s_up'pressing the incfease of
stress between the lower part of steel pile and the ground,
owing to highly pressurized waf';er jet. Particularly, for silty
or gravel bed, though nét 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,



t hus noving the particles to renove stones and rocks positioned bel ow t he
steel pile for easier driving. However, when the steel pile is driven into
gravel where stones and rocks are each solidly joined due to the particles
consi sting of sand and clay, driving efficiency will fall. To solve such
probl em conventional process has tried to prevent such fall of the driving
efficiency by increasing the pressure ang quantity of water jet. Wth such
approach, however, the-.driving efficiency could not be enhanced up to your

expect ati on, n@semoVieg M PA33¢Nesl @IS e WRH. rddk i b SHi { fneq
and (B) show ng expl anatory sections where conpressed water 3 is sprayed

from nozzl e n2lpwothdedtakelaplidwefoendasgiest@eivinge 1. As shown in Fig.8
(A, compressed water 3 sprayed fromnozzle 2 permts soil particles
surroundi ng gravel BoWEVBE&.cark¢rd tdlcongtseéel Phl¢e 15 oArdVERe HRBANMPravel.
together with water, whereby excavation hole 4 cagigf%fornﬁd in_the ground,

as il lustrat®F 6y SFPRSF5.2NbwE9SKS R%&h WBAch sie celynest oUF gto the
i sti f . d J. i b f.fici d
const sting %ar?%%@g§ ?&qzsfl%q,liél@ a(\tessaprﬁfmg d ce_l}é?g?}ﬁg‘QVHH e%%f%%lén?ggm#élgls

af fected by "conpressed wat er nsequently, Ively |"ar'ge- si

8 consi stingaafy .Mild idd 18I ek Sphosidh| £6ARLAEI¥AADI PrbBEsSr adBd L1SQd hay
it would be an obstacle to driving of steel pile 1. Wth the increased
pressure angrgventi tsuaaf L£ahhrefsetewalmvihg tdlf bxicavat | bp Hakeedsday bche
still deeper and a | arge anmount of soil particles 7 is delivered onto the
ground al ongresegirepi pad] ygethéy wech wWater, iIetwhi ditdassudhonwarnroasia
bottom of such Iarge-sizegﬁexCavatio hol e 4 inevétably ggposits a eat

]
mass 8 cons{POMER§Tof THA t Ilglﬁﬁa_veeﬁ @gency could not 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 providéd at a lower
end of steel pile 1. As shown in Fig.8 (A), compressed water 3
sprayed from nozzle 2 permits soil particles surrounding gravel
6 to be carried along steel pile 1 onto the ground together
with water, whereby excavation hole 4 can be formed in the
ground, as illustrated by 'arrow 5. However, even with such
process, gravel 6 consisting of-stones and rock pieces cannot
5e removed uhless sufficiently affected by compregsed water 3.
Consequenil§, relatively a large-sized mass '8 consisting of
multiple gravels 6 still remains within the ground, so that it
would be an obstacle to driving of steel pile 1.

With the increased pressure and quantity of compressed
water 3, the excavation hole 4 can be still deeper and a large
amount of soil particles 7 is delivered onto the ground along
steel pile 1 together with water, in wh}ch case, however, on a
bottom of such 'large—sized excavation hole 4 inevitably

deposits a great mass 8 consisting of multiple gravels 6



3 unaffected by conpressed water 3. As a result, it wll becone nore
difficult to drive .steel pile 1. |If the pressure of conpressed
water 3 is increased twice that at the initial stage as. described above,
such increase of the pressure only resBlts in requirenent for nore
conpressor-rel ated devi ces and hi.gher cost, and yet you cannot expect _

i nprovenent @k rdbivi@0uef Lombeasye£onERASUBAL AsWd hrssieht hi ghewiddsthedddRn
worse, it is expected that driving.efficiency will be sonetinmes degraded
agai nst youmoerpedi it SUMVERYVEGF FHEel NVENTE ON -Ac&dr di-hgl yPreEsyge gof

mai n obj ect of the present invention to Rr ovi_de a m?_th d réd 2PRRAr At us for
driving a picCBPRRFERA cCHALEhpt dve VGRAATE SefPiEReEF tatt Sl ‘dost-2Y [Frage

accor dance Va\'ist he2 185,95 EBBLUN e @fn t DR PLESEN s | PHENLIrRRsutBEIRIYS AIRMicded
a nmethod for driving prles with conpressed water being sprayed froma | ower

end t her eof ,; Wi iiremeRar aetremicaed donghaisoompessad deviceas ahsd imjerired
fromthe |lower end of the piles. BRI EF DESCRI PTI ON OF THE DRAW NGS O her

obj ects, feafastes and ageant ages cannht i A¥EACEon iWPrPVBEeapparcdnt 4% timgse
skilled in the art fromthe foll ow ng descrjption of the preferred

enbodi ment s St iCABNFYY EAFTEAS Tt ef -1 r EPEP efid@ReFs Shite tBVSPhyOrse. it
accompanyl nq . ALBURGR (ndh WL6H, Fegf}%%mgy SGREMBLEC <l eV S NG 2

first embodi et ESt _ the invention. is a section show ng & stee
pile of a fidgling@bp8iRestpectation.

SUMMARY OF THE INVENTION °

Accordingly, it is a main object of .the present
invention to provide a method and apppratus for driving a pile
which can improve driving efficiency at lower cost. |

In accordance with a major feature of the present
invention, there is provided a method for driving piles with
cpmpressed water_being sprayed from a lower end thereof, which
is characterized in that compressed air is also injected from

the lower end of the piles.

BRIEF DESCRIPTION OF THE DRAWINGS

S~

IOLher objects, features and advantages of the invention
will be apparent to those skilled in the art from the f?llowing
description of the preferred embodiments o©f the invention,
wherein referehce _is' made to the accompanying drawingsc .of

which:

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




of .the_invention, to which is nounted a pipe. Fig.3 is an enlarged section
showing a ower end of a pipe of a first enbodi nent of the invention. Fig.4
is a partially cut-away perspective view showing a | ower end of a steel
pile of a first embodiment of the invention. Fig.5 is an explanatory
section showng a lower end of a steel pjle of a first enbodi nent of the

i nventi on, v%lch IS ac;tually driven into the ground. Fig.6 is a section of
a testing de P rst " enbodi ment of the inventi on, wherein Fig.6(A)

is a secti Orki%btza'@d a DY euRt 84 L-ﬂ&mé{\éﬂ' hegkLg1 6(GB) DY g Al ”ﬂi‘sé‘séﬁb%Eg\Ent
and air jet 1'g.7 1s a schematically’ perspective view show ng a secon

enbodi ment ff tthe IiMeRiiion, Ebgw181¢}h|1.§t:ﬁcﬁ{rﬂ,%dala @ipkanatory section for -
explaining a prior art, ‘wherein Fi g.8(A) is a partially enlarged exl anatory
section wit IFico@pries sed amdibegelesrgt spnageaw g | aweower essliref ahpipe of a
Fig.8(B) an exlanatory section at higer pressure. DESCRI PTI ON OF PREFERRED
EVBODI MENTS fHgisd; r‘i’&'lbtf’@ri“'ie§td@§c'f4‘%eﬂ'“é?’fttlr@t embodi nent of the present
invention w_th reference t In, a first enbodi

Fj g .
bresent 1 nvaHddn 4% RARBTRIALEY AT R l]’sleed' Tiing G otorer
criving 2 pidy bk GPUROpTIBLEE 4 0RO diGlond! b «BB EheaRe BHTer 2

12 deS|gnates st eel consi st ng o urality o Sstee es 11,

to which is diigxed I%tamcé:qnaxmt@iﬂyy déed ol |sﬁod’ihéera low'érl%nd'iadf ng Ek¥emng
| eg 14 sandwi ch the above plural steel piles 11 hifting device (not

shown) per mpidet lvef fa xfigst egmidch inente afoviaid eirateongidme whoigh t 1isli agkually -
| ength of the steel pile wall
driven into the'ground.
Fig.6 is a section of a testing device of a first embodiment of
the invention, wherein Fig.6(A) is é section obtained by waiér
jet, while Fié.G(B) by jointly used water and air jet.
Fig.7 is a schematically perspective view showing a second
embodiment of the inventiop. .
Fig.8 illustrates én explanatory section for explaining a prior
art, wherein Fig.8(aA) 1is 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 present invention is adapted
to an extractor jcintly\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




12, said fixing leg 14 having a plurality of holding portions 14A at its

| ower part, thus holding the steel pile wall 12 to fix the pile driver 13
thereto. The pile driver 13 has holding arms. 15 for --holding steel pile
11, and pressure pile driver/extractor neans 16 for raising and | owering
the holding arms 15. A pipe 21 renpvablysmunted to along the steel pile 11

conpri ses exter ,&gﬁef%& Lot ggn gn&HP “Phe! ys 6O mglcer@emswes

wat er passage "2 en an nner sur ace o e externa t ube 22 and an
outer surfacg .ofsﬂlh&m@t Aialcet Uk t23Fhowai) | gefrﬁrimsngn@omkﬁaﬁgemegl n4passsge
25 within the internal tube 23. At a |lower end of the pipe 21 is provided
nozzl e 26 f orovedriE eakeng waher lodgidludiasli Mrsrgtdur 6ficeh26sttesderphle t sadid
the lower end, as shown in Fig.3. At a |lower end of the nozzle 26 for

conpr esses vée?crersﬁ‘%d pbirindndagt Hé Awindgntrphrrabbey 28t paidipg, ﬁ’Pﬁ@lonS

ot ES%PB@% e paclaPrE BRour ks po1MRe el Sisien ok PREL, 2415
mount ed hogk Z&é‘r%gﬂ% ﬁ%ﬁ‘% Lo £4 ¢ g@fét@d%hgf %1 K- Legl ph&eh;% h-lc;liﬁlhbg

28 has stopper wre Ing Wwre er eabove | ower

part of the fyme 2isisgbixedoh@aihbe treeh pidiaell with sheel pbagdusdd hayiag
| egs 32A at both sides thereof, and has protrusions 26B thereon, thus

sandmnchlrm;dﬂuyeﬂﬁaxtﬁ@@mdrszpaas stfowkox nréi s g E@delowaglagathetboEdgnQ
at an upper end of the pipe 21 are provided water hose adapter 33
connunlcatlﬂfmﬁtﬂ$the 6 conpressed water passage 24, and air hose

adapter 34 communigating "%thréxﬁ‘&&ol eseebd o PAESAPe 22 LESRECLIYE Yy
comprises external tube 22 and internal tpbe 23, thus forming
compressed water passage 24 between 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
for compressed water, which has inner surface 26A tapering
toward the lower end, as shown in Fig.3. At a lower end of the
nozzle 26 for compresses water is positioned the said internal
tube 23, thus forming another nozzle 27 for compressed air. As
shown in.Fig;Z: at an upper side of the pipe ‘21 is integrally
"provided Jjig 28, to which is rotatably mounted hook 29
anchorabl%-to an upper edge of the steel pile'll. The 3jig 28
has stopper wire 30 therebeldw 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 51des thereof, and
has protrusions 26B thereon, thus sandwiching 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

e L T,




The water hose adapter 33 is connected through high pressure resistant hose
35 to high pressure punp 36 or conpressed water supply connected to water
tank 37 in which is stored water by subnerged punp 38, .while the air hose
adapter 34 through hose 39 to air conpressor 40 or conpressed air supply.
Now the driving action of steel piles Jl with the use of the above
apparatus will be explained. The pipe 21 |s lifted up with the sli Wi r

31 of jig 287"RAPFeS hewﬁ'g&f 29’3%&950f ?é an@!‘l’gr ed 1 thgsﬁppe%4a€3‘%§ of 34
the drivi ngiaﬁuﬁshi@atgn?ﬂwi&pﬁhélcbﬁpagggsa W5t hi gl LONLAVEs PRLELEBE 144y Of

steel pile 11, and t ower part thereof Is fixed wth band 32, whose |egs

32A are vel ggd tatskrealodd | 8addteAS38hawWn EtOnkedtdd $heppgh WM idh 3PréSsure
positioned at outer surface side of steel pile 11. Thus, if hook 29 is

det ached frosstseaht phdee 13’ thehtighblpiregsafrestpagip @6 eoxllcempréesed i vater
prevented owing to the stopper wire 30. As shown in Fig.1, after the
hol di ng ar nSUBBlYHf CRRPRecHRE vEP YIteExd@nko Xt b phiehwds| stPxgd JRtieery

ile 11 to be fixed, th tic l.gad i lied to the st ile 11 wth
Phe use of PRPBEITGcPRBR: Plet S itGartier GLET nBpah, “BPELErng 4 hevSrdt hifee

11 into t gl élgrgfpdcom% sozi Lo Y ic\égufbre@tse aaEEegﬁbE%@.nEd depth. -

Then, the ng arns = 15 are detached therefrom which are raised again
in preparation for &g 0REt aepeiali 8BtionSWE stdll Vhbiles PLOGETH thH | hise
be repeated- to successively drive steel piles 11. During such driving

prcoess, high phesshre ppgarr3dusndidilr beoeppdsadoerd40 are each actuated,

t hereby spraying conpressed water W squeezed by nozzle 26, 7 while
i nj ecting conpresseth&iPipe agl wes | Liffted uphwithcihepsling wire 31 of jig

28, while the hook 29 thereof is anchored to the upper edge of
the driving steel pile.ll. 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 1in Fiqg.2, stoppér wire 30 is posit_ioned 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
prevénted owing to the stopper wire 30.

As shown in Fig.l1, afier 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 piJ;;e driver/extractor means 16, thereby 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 drivin§ process will be repeated to
successively drive steel piles 11l. During lsuch driving prcoess,
high pressure pump 36 and 'airl compressor 40 are each ‘actuated,

thereby spraying compressed water W squeezed by nozzle 26,

I B



formed excavation hole 41 below the | ower end of the steel pile 11, as
shown in Fig.5. The gravels 42 stored in the excavation 41 are vibrated by
the force deriving fromconpressed water Wand air A while soil particles
(not shown) attached to gravels 42 are renoved such that the renpved
particles are dellvered onto the ground al ong the surface of steel p|Ie 11

t oget her Mﬁtg g|35| d water. At the $ame tlne Wg— re ed air A -
rises in a t'até oamnga"com?r?/sesret ATy 2vidsr afest ‘ré?s iae &§P&byPe
generating $8:fahl %QcabfaklﬂB RbhECh E\QEQWSUHQ f%xfr@ﬁten& h&s Q{ﬁé/eé&é'f? Bif‘e

stirred or agitate so that the soil particles which bind each gravel

are renoved 1fir o@st hhdBsSi8 ¥ & S erthd Ogidvd e 40 eseshdty Dar ags a@iaca\sawon
the prior art, and then, deconposed into fine gravels 42, as a result. In
addition, 94ili mdengvikicatierh bpywihg fogcet Merifvdag froh aymprelssedomatessad
air Apermts the driving resistance of the steel pile 11 to be drastically
| oner ed. Af 888 ef& fedfh e| sofl pargicdes |(H°Fh§h%%\/ea%?ﬁ’|‘é‘?d ‘tq’legfﬁ?)%l?l

Steor band 49 are; ERBRRBY: SoRT At Hat " SeiBtef sRetiBiEst Sl et Piverede

force associged #id NgtBenh (diidiy ofnd NSuREREe 2bs twéelenamnq 1t heod ikl po

up of pipe 21 only. Héreinbelow i's shown a Table 1 related to a resu
an experi neghtpheiesapsited waitee.0fat7 v aidmd aigld) ivhell i dRiprddiised Hiavel

bed, which shows interesting data obtained fromcontrast of those

according tdspsi dm gowpréssed fHearer”af et itoivedtyjcaddd dribdatgsvedimdel®

t hose based on the present invention where conpressed water and air jet are

jointly used®. 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 afe removed from the
mass 8 referred to in the preceding paragraph as to the 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
welded part of the legs 32A due to the force associated with
the liftiqg 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 experiment where a steel pile of 7 meters length is driven
into a gravel bed, which shows interesting data obtained from
contrast of those according to prior compressed water jet

jointly wused driving method to those based on the present

invention where compfessed water and air jet are jointly used,

D © s .




each of. which using a hydraulic pile driver/extractor of 90 ton cl ass.

TABLE | nozzle jet pressure driving driving tinme (kg/cnR)

resi stance (m nute) waterl 50 65 Pile driving with
wat er | QO 55 40 conpressed water jet jointly
used. wat er 70 40 35 (a single tube
excl usively wat er 50 30 : 32 used
for water.) water 30 40 38 Pile driving with
wat er | 50 air 5 35 8 15 conpressed water jet and
conpressed air water| GO  air 5 30 - 12 injection
jointly used. each of wnich using@t§farkQ1ic YiNneddriver/extrflor of 90 ton

10 (a doubl e tube consisting wat er 50 air D 10

6 of external @rf&sinternal wat er .30 air 5 15

9 tubes used.) As is evident fromthe Table 1, according to the prior
pile-driving nethod of conpressed water jet jointly type, when the nozzle
jet pressure is rai sedAdBLEM 50Kg/cm for exanple. to | OOKg/[err] the
driving pressure is raised from 30 to 55 tons, which proved that
nmere increase__of _the jet pressure cannotreduce the driving pressure

nozzle jet pressure driving driving time
(kg/cm?) resistance (minute)
water150 65
Pile driving with. . _
compressed water jet water100 _ 55 40
jointly - used. water 70 40 35

(a single tube

exclusively water 501 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
njection 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 g

tubes used.)

.As is evident from the Table 1, according to the prior
pile-driving  method of compressed water jet jointly type, when
the nozzle jet pressure is raised from SOKg/cm"-, for example,
to 100K'g/cm"‘, the driving pressure is raised from 30 to S5
tons, which proved that mere increase of the jet pressure

cannot reduce the driving pressure.



9 This teaches that when pressure driving a steel pile in a gravel bed, the
i ncrease of the jet pressure results in deeper excavation formed bel ow the
steel pile such that a nass of gravels is accunul ated on the bottom t hereof
to increase the driving pressure. On the other hand, when the nozzle jet
pressure is lowered from50Kg/[err], foP exanple, to 3CKg/[err], yet the
driving pressure isrHiadi SR cHeNIAGEICRHe, prdsshias Pravedgt Batstefdll piqrt in
operation can be possible only after the nost suitable jet pressure is set,
correspondi ag graviefe keddi tihen dhcraaséowfdathen. jeind pressuirecr easelod tilme

] et pressure cannot inprove the efficiency f.or El|e driving. InC|dentaIIy
t he reason 99Rer W3RV atgon pﬁqlé“%?lk?ﬁlrﬂj*’ theres ‘F‘hl Ph%e faphethgt a mass

correspondln to the nozz e sur e ,of I abov, |n th rior
pi | e-dri vi ngpn%’fahvezl of err esse \%;t er ee[ kjlgi A Spe tlhé:tereseséactt’lh\'/ee

pile of thedmr.?gulI&eegh%edrlaﬁr/%r%qwr V‘@%nﬁ“' Ieﬂeeuttw trt&zrméﬂs je@f
the experinent stch that the further operation could not proceed. In

addi tion, gseaxsling 19 tbrepblie-flionisargmin® Forcanpimesed vet 60KgAem&i,r
jet joi ntIy type of the invention, the pile-driving resistance indicated

the | owest et ushevhdriving rozssijeetipresisieds (Corssquenilyeh-ifr dwed puevied
drastically reduced with the parallel injection of_ conpressed air at [err]

as conpar ed-Rittt hefﬁécb?‘i”or OBFP’B"-HPPvFﬁ‘(j‘ s hBBSSFbéﬁnﬂ“éé’se%ifWa‘f efbfefmost
jointly typg

%’?{ eq;Jct ansuOf t.h eesp ecdr VII’] dei\%s an %eil.fl_s%d ?ﬁ

the Iift-upr sy FHRE S Serst &F Y n REEEEPRPCPIRInith e Jé’t of °f'h

conpressed @id . £SWikdat M. tQﬁdgfné?e‘é%' Si?(@fé‘aéé | pEed te0 Beggﬁremgmuae

% €p

gravel s floating W|t I'n a pool in the excavation hole us reducing t

pi | e-dri vi ngngesieSt amee efflibeenteel £oi! epile- drlv:Lng Inc:.dentally, \t.he-
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 jet
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 wmethod of
compressed water and air jet jointly type of the invention, the
pile~driving resistance indicated the lowest wvalue when the
nozzle jet pressure is SOKg/cmz, which proved to be drastically

reduced witﬁ the parallel injection of compressed air at SKg/c_ml

~
~

, 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 compressed air, such that
the gravels were stirred to make pores among the gravels
floating within a pool in the excavation hole, thus reducing

ﬂhe pile-driving resistance of the steel pile.
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10 As clearly shown in the Table 1 obtained formthe above experinent, the
additional jet of conpressed air has proved to be able to drastically
reduce the pile-driving resistance. Referring to Fig.6 (A and (B), there
is provided an experinmental nodel the present inventor made, in which
plural stones 52 and sand 52A were placedOon a bottom of cylindrical

t ai 51, into whi i ted ~end of doubl e tube 54 Und
cuch condi ti on. an SXpEHTRER RBE"EoNBULPBA AP PodA A rirEn e ghove

wat er 53, gg% i,tJdon L .of _al er.4h dijt;i_o

results were |€13&aiﬁ%/ cglllrr%ajrag }Q%gﬁg O\Lﬂ‘ﬂ% [ nOfFi g?@?%?gﬁﬁehtlgnp’yaﬁgfv%% f’g
jetted, the,saiphd2A e ide) 5} oRefuc? Wed 6 1 EEDYLDvishi Fo gt Hpwar d
together with water 53, while stones 52 were deposited on the bottom of the
contai ner 51. In suwdEedmsiEng i toprrdved t hay tdied higer tthe qar essurproafideai ean
53 was, the denser deposition of the stones 52 occurred with | ess

cl ear ances epgpuimmntaipngotihd ddee pedsant hdndenlbos tnaste 54inQOvhilgh opheral

hand, when air was jetted at the same tinme the water 53 was jetted, it
proved thatStere®e THUPBIbEAEY I hedesBnPlesede A i PPLEPMsiTheSy bPndrical
together with sand 52A. omwing-to the rise of air . in the formof foans, .so
Lhat the adITHIAT | Rectith oFhAFR 1A% nenBaTseth b 18¥etheerdr O dltete
coul d enl argg bargs anong stirred stones 52 as conpared with the jet of

wat er 53 ontIy. According-to a first enbodi nent of the invention, there is

provided a nmethod fipjass i 88 8bR&LtRELE bh IdkSeiifed OkAd Wddaddhed ¢ of

jet or injection of conpressed water Wand air A fromthe |ower end of the

steel pile redipial NnteomERSsgdt of water 53, and additional jet of air
under the same condition, whose results were visually compared.
As shown in Fig.6(aA), when only water 53 is jetted, the sand
52A among the stones 52 were removed, shifting upward together
with water 53, while stanes 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 aif was jetied at the same time
the water 53 was jétted, it proved that there could be
developed some force to lift up stones 52 together with sand
52A owing‘io 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 comparéd
with 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

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



11 water Wjetted fromthe lower end of steel pile 11 allows soil particles
bi ndi ng each gravel 42 to be renopved so as to form excavation hole 41

t her ebel ow. Then, the gravels 42 stored within the excavation hole 41 are
alloned to vibrate owing to injection forcéalXrom conpressed air A and water
W whil e eashtgradelie42eds fremt itbal llpwetri enéd ofurstieg 1t ipd el slel of L bowspr esskd
air Ain the form of Iar%e foam"a" to generate pores thereanon wher eby -

the pile-drP3Fh§ctesi biaRdedoreashedrayiqle 42 £QnPBe TIAYESD £ %ﬁprt&/eform

pile-driving efficienc en driyin iles ip,gravel. bed. Further, there is
al so provi dgﬁcﬁ‘ﬁa Par atus fég dtrri‘?/?%kgelscfwéel ngf’é 11" tgﬁatvhéels] et“orswreé

injection of; cRIRr ensed 0akak i¥Whanb13l 1A {FOM i DEwd @S 988k of RRviH LSl o

pile, which conprises: a pile driver/extractor 13; a nozzle 26 for
conpressed yajectichl Bopodzlfeordb domipigspeaviaded mtamd | vaeceremd ofhilke siael
pile 11; a high pressure punp 36 for supply of conpressed water Wto the
nozzl e 26; anavéer 43028 vt feglloonghiassd during the draseziaf 29ompresgsed
al so provided at_the lower end of the steel pile 11, an air conpressor 40
for supply BtTcofipriRsethai rfR™ o the 19FZ81 e L9787 or Acon}? esERYL LR e A POTES

wher eby co essed water Wis jetted fromthe nozzle 26 for mr.essed. .
wnter to fobheERRotTI oRPREREY ST e AL CRE MY B St SFeBoRl e

while at the; saug, tige, LAUREESSEd aixﬁpﬁ»,defs iprajl‘ach%;d;viﬁgn} LPei B02RES 2dhen

therefor. Then, wth the injection or jet force resulte rom conpressed

air A and vateviNg pheegravehavdd dear.ed within the excavation hole 41 are

allowed to vibrate, while each gravel 42 is vertically stirred during the

ri se of conpressed lauthﬂeir.n‘ ttteefeoor mof dlwoge frparhded an apparatus for
driving steel pile 11 with the jet or injection of compressed
water W and air A from the lower end of the éieel pile, which
comprises: a pile driver/extractbr 13; a nozzle 26 for
compressed water, said nozzle 26 being provided at a lower end
.of the ste.el pile 11; a high pte_ssure pump 36 for supply of
compressed water W to the nozzle 26; another nozzle 27 for
compressed air A, éaid nozzle 27 being also provided at +the
loﬁer 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 excavation hole 41 are
allowed to vibrate, while each gravel 42 is vertically stirred
during the rise of compressed air A in the form of large foam “a

" to generate pores among the gravels 42.
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to generate pores anong the gravels 42. 12 Thus, the |ower end of the
steel pile 11-can be driven into the ground by applying relatively a smal
force thereto, and yet such appparatus is inexpensive -as it uses relatively
a conpact air conpressor. Further, as the conpressed air A can be directly
I njected fromthe nozzle 27 provided at the |ower end of the steel pile 11,
the water within the excavation hole 41 can be greatly bubbl ed, thereby
efficiently stirring the gravels 42 to A@ke them float therein, which nmakes
it easier to drive T, o Bf ePReCst éble (FteelPI IR ol balRTcIRardhkeen
anong the  gravels 42. .In addifipon a the. nozzl e 7. for

conpr essed “‘gior the 9IEBUPE; SYe APRIYIRY rSEatfﬁslysa?rresm%]rgngorgre dRETRr
relative t t r -he je. 26 of4 C e 8

t he conpre?&&jigﬁ %ﬁ%ﬁo%gsggggggfe&?sﬁ%%%géﬁﬁﬁg% ?%a{t g?@gtﬁgﬁgﬂ%ygiy a

conpr essed oot MWr HhpREssStCessitldy, | i echedcohprEsged SHANMANEh be
second enbodi nent of the invention, the sane portions as those described in

a first enmmdigsdlly widjedsedlesighathRd aszeasn@? referictme aumehel s.owsr end
their repeated detail ed description will be omtted. In a second

enbodi nent ofvitliat styepi pdleridMer /ex¢ruster W3Ahduchles exghavphtiony hedienetl
is enployed for pile-driving device. The vibratory pile-driver/extractor
13A has buidam i Peyi IFERaF 162 hwebtedick BheraRy ebESHWCLEPLAY distd i hpehe

o o B b SRR Sl b B Db Skt 48

Wih the stryelurg,dhig,0Rde, PRSEaLhen diild: 63118 99 WS 8ot carance
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 1lower end of the nozzle 26 for
compressed water, the compreSéed air'A whose pressure is lower
than that of Lhe coﬁpressed water W can be sucessfully
injected; |

In Fig.7 showing a second embodiment of the invention,
the same portions as those describéd in a first eﬁbodiment will
be'designated as common reference numerals, and their repeated
detailed description will be omitted.

In a second embodiment, vibratory pile~-driver/extractor
13A such £§ a vibratory hammer is employed for pile-driving
device. éhe vibratory pile-driver/extractor 13A has built-in
vibrator 62 and chuck 61 therebelow for holding an upper 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 thé structure thus made, operation unit
64 is so operateé 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
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t hrough a power source of the actuating power generator 65, thereby driving
steel pile 11 into the ground with conpressed 13 water Wand air A being
jetted or injected fromthe |ower end of the steel pile 11 in the sane
manner as that of a first enbodi ment. According to a second enbodi nent of
the invention, there is provided a pile-q%iving apparatus which conpri ses:
a vibratory pile-driver/extractor 13A ahozzl e 26 for conpressed water,

whi ch is prostded vatasd | @aiveraebdiof tieetetieer pinikediled af homgh theediswes pnd
36 for supply of conpressed water Wto said nozzle 26; a nozzle 27 for
conpressed &% phewsiterli Pidiesol br 60i dE® af3Be | RGN EnP Df LthRE sRkel pilnst
11; an air conpressor, 40 for supply of conpressed air to said nozzle 27,

t her eby i npr %ig‘met"rtré efficiency for pile-driving with the use of

relatively inexpensiye3aRaLAtUS i LRe.HATEABBASheAE 1821 Ole@ {Ad&ition,
enbodi ment. Incidentally, the present invention should not be [imted to

t he foregoi Nhexrdods NpRbeidddIt aCaileedradihigethppd Fitus SEOPR @bonipidses: a
i nvention. For exanple, the present invention can.be applied not only to
steel pile, bibratemneltlierdniveodgxprietauch3as B seerilenbpifay, comptessdie
pile or concrete pile.  Further, wvario types, of  pressure or

vibratory pi¥ateFi v ydudsaerorifgd e Bpigﬂﬁil Bpds @fe ey SUYSHY RV Mork: a
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nozzle 26; a nozzle 27 for compressed air A&, which is also
provided at-a quer end of the steel pile 11; an air coméressor
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
or concrete pile. Further, various types of pressure or
vibratory pile-driver/extractor may ‘be optionally selected.
Furthermare, the feed tube fér compressed air may be separaté

from that for compressed water instead of using a double tube

of the embodiment.




CLAI M5 What is clainmed: 1. A nethod for driving piles with conpressed water
being-jetted froma |lower end thereof, which is characterized in th
conpressed air is also injected fron1the | ower end of %%e~pfr”—§'~%%*f_’—
apparatus for driving piles conprising: pile driver for “ﬁ“‘“ma
into the ground; a nozzle for corrpressecl‘lwater which is mm@ mm

end of the pile; a conpressed water supply for supply of ressdd What er
to said nozzlgMderefor; another nozzle for conpressed air which is

provided at a lower end of the pile; a conpressed air supply for supply of
conpressed air to said nozzle therefor. This Sheet Has Been Repl aced

What is claimed:

1. A method for drivipg piles with compressed water
being jetted from a lower end thereof, which is characterized
in that compressed air is also inﬁected from the lower end of
the pile.

2. An appararus for driving piles comprising:

a pile'drivér for driving a pile into the ground;

a nozzle for compressed water which is provided at a
lower end of the pile;

a compressed water supply for supply of compreésed
water to said nozzle therefor;

another nozzle for compressed air which is provided
at a ;ower end of the pile;

| a compressed air supply for supply of compressed air

to said nozzle therefor.

This Sheet Has Been Rep
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