SPECI FI CATI ON  SAND PI LE FORM NG METHOD AND APPARATUS TECHNI CAL FI ELD The
present invention relates to a nethod of formng a sand pile for inproving
ground in soft ground and an apparatus for forming the sand pile according
to this fethod. TECHNI CAL BACKGROUND Conventionally, as this type of sand
pile formng method and apparatus, there is one disclosed in Japanese
Patent No. 2791914. In the sand pile form ng apparatus disclosed in the
patent, a downward cylinder 44 driven by supplying pressurized water and a

plurality of sand conpacting and_di i bl ades 45 arranged radi al
and driven vertically by the doﬁﬂ&gﬁg?ggﬁﬁgger 44 are provided to a Iomgr

postion of a sand pile fqQrm h i 4 ] i des a-
vibro- hanrer 46 at SQNPezE&I&%&%&I‘@?%w(@@%Agﬁ%kgﬁhgpper 42 for
charging sand and a conpressed air supply pipe 43 nounted to an upper

portion of the pipe 41 as shown in FIG 15. A reference nuneral 47

dési gnates a pressurized water supply pipe for supplying pressurized water
to the do%ﬁéﬁ@%iwD44. A sand pile formng method by using this

apparatus is as follows. 1 First, the hollow pipe 41 | [ '
pPgdet ermined The present invention relates 1?0 Ps methgddolfv%gr{ng.%% a

a sand pile for improving ground in soft ground and an

apparatus for forming the sand pile according to this method.

TECHNICAL BACKGROUND

Conventionally, as this tYpe of sand pile forming method
and apparatus, there is one disclosed in Japanese Patent No.
2791914.

In the sand pile forming apparatus disclosed in the
patent, a downward cylinder 44 driven by supplying pressurized
water and a plurélity of sand compacting and discharging
blades 45 arranged radially and driven vertically by the
downward cylinder 44 are ﬁrovided to a lower portion of a sand
pile forming hollow pipe 41 which includes a vibro-hammer 46
at a head portion of the pipe 41 and a hopper 42 for charging
sand and a compressed air supply pipe 43 mounted to an upper
portion of the pipe 41 as shown in FIG. 15. A reference numeral
47 designates a pressurized water supply pipe for supplying
pressurized water to the downward cylinder 44..

A sand pile forming method by using this apparatus is

as follows.



dept h by using the vibro-hamrer 46, the sand is charged from the hopper
42, and conpressed air is blowm fromthe conpressed air supply pipe 43. At
this tine, air pressure in the hollow pipe 41 is such a degree that soi
around the pipe 41 does not flow into the pipe and nmust not be such | arge
pressure that the sand charged into the pipe is discharged outside the
pipe. By injecting the pressurized water into the cylinder 44 and
vertically noving the discharging blades 45 a plurality of tinmes at a

constant speed in this state, alnpst all sand discharged into the hollow
pi pe 41 except BipdEr e fpd lOMBLPEE ¥ 4 B+Veﬂd§ﬁﬁﬂagﬁﬁeéﬁﬁeﬁT§%ﬁ rged

bet ow t he holl ow pipe 41 by contact resiséan e bet%Fen tﬂe sagdfand t he
dischar gedeptadby using: theigiRTomphamper fth 1 SR % 1S SPREPPEATBET  of
the ground by a predeterm ned length. As a result,_ the _discharged sandis
conpact ed thf ReRPEF SharGingOBPRaESSdR 1Y A5 RboWs g t&Fs%‘ﬂ%Pﬁ%ﬁs?at o the
soft ground in the above manner, pressure in the pipe 41 is rel fsed, a
pr edet er med&dsupphit PéPeshhd AL @H&lsg*éélmﬁga@hrfﬂliﬁﬁst‘ﬁ%e Hd’pfig‘re hg; ow
pressurization in the pipe so as to balance with earth pressure according
to a di sphdeendidt igf sudhvierdegrpofthate sobl | dGPPRGetAe PéPScAdr §8€5nd
conpacting of the sand by actuation of the cylinder 44, and pulling out of
t he hol | omotpifdew ingip £he aiRerahdseneh ke eSeak r12BI8UPTSAPHER t hat ,
5

that the sand charged into the pipe is discharged outside the
pipe. : /

By injecting the pressurized water into the cylinder
44 and vertically moving the discharging blades 45 a plurality
of times af a constant speed in this state, almost all sand
discharged into the hollow pipe 41 except a part of the sand
is forcibly pushed out and discharged below the hollow pipe
41 by contact resistance between the sand and the discharge
blades 45. At this time, the hollow pipe 41 is pulied out
of the ground by a predetermined length. As a result, the
discharged sand is compacfed by the discharging blades 45.

If the sand is discharged into the soft ground in the
above manner, pressure in the pipe 41 is released, a
predetermined amount of sand is charged again from the hopper
42, pressurization in the pipe so as to balance with earth
pressure according to a displacement of a lower end of the
hollow pipe 41, discharge and compacting of the sand by
actuation of the cylinder 44, and pulling out of the hollow

pipe 41 by a predetermined length are carriedout. After that,



t he above operation is repeated to formthe sand pile. A degree of a
pr-essuri zation is determ ned based on earth pressure by cal cul ating
advance the earth pressure according to the depth of the | ower end

hol | ow pi

pe 41. As other sand pipe form ng. apparatuses, there is o

di=scl’'osed in Japanese Patent Publication No. 8-1060 which was filed
by the present applicant. As shown in FIG 16, this is one in which
cylindrical tip end lid case 13" retaining a.ball valve 16 having a
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sand and conpressed air and a gap for discharging the sand is forned
bet ween tht-ball valve 16 and the tipend lid case 13" when the san

formng the sand pile is discharged. |In the prior-art sand pile for
appar at us showfs Ptig% sand pheesEAENEBAPAEPARE ta8G S Hedisyilfy Biudes

have to

discloséd in Japanese Patent Publication No. 8-1060 which was
filed before by the pfesent applicant.

As shown in FIG. 16, this is one in which a cylindrical
tip end 1lid case 13’ retaining a ball valve 16 having a
predetermined specific gravity such that the ball valve 16
can move vertically is mounted to a tip end of a casing pipe
11 provided with a nozzle 21 for intréducing compressed air
into the pipe 11 and a valve seat portion 14 closed with the
ball valve 16 is provided to an opening portion of the tip
end (lower end in FIG. 16) of the casing pipe 11. The ball
valve 16 closes the tip end of the casing pipe 11 to prevent
earth and sand from entering when the casing pipe 11 is driven
into ground. The ball valve 16 separates.from.the'valve seat
portion 14 due to pressure of the sand and compressed air and
a gap for discharging the sand is formed between the ball valve
16 and the tip end 1lid case 13’ when the sand for forming the
sand pile is discharged.

In the prior—art sand.pile forming apparatus shown in

FIG. 15, the sand compacting and discharging blades have to
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3 be provided for vertical novenent and the downward cylinder " for .driving
t he di scharging bl ades has to be provided on the tip end side in the
hol | ow pi pe. The bl ades and the cylinder nay be broken by sand charged
into the hollow pipe and pressure generated in fitting in the hallow pipe
and may be obstructions in discharging the sand. Furthernore, in this
apparatus, because accessory equi pnent such as the pressurized water
supply device for actuating the dowward cylinder and a controller of the
device is required, the equipnent becones |arge-scale, which requires
‘extra | abbe PEPVEAEShERE gﬁrgﬁ&alo'aemﬁaﬁ #Bf the devmwasdicYlandas sand

pide forn%ng gethod b¥ using the apparatus, because it is necessary to
repeat t h&O5p8raviodsthe harBrrginonRIpARENS Hhde RESVACest oBakB®i nt o

the hol | ow pipe, blow ng conpressed air at predeterm ned pressure into the
pi‘pe, novitd® SRAeSHAQ cHhtgiengoblaneriner t i Bae blades angd shateviibndaer eby
conpact the sand, and pulling out the hollow iEe by the predetermned
| engt h, oPpe¥ak® &¥desm by chaggedehitg tllkﬁ/\;.io Apvimipgh anklepaé sspressur e
~in.the hollow pipe is controlled so as to balance with earth pressure
accor di ng 9edemdedl pIfddiera ipfthenboll bk iarriaot nate bgi ges tsuchiohs! | ow
pipe is pulled out, the earth pressure is based on a calculated value and
t her ef or e 1nogtiiselia zgima ridse iwand anrfdirtleswesee i | in beisbappardtdependi ng
on an actual condition of ground and '
because accessory equipment such as the pressurized water
supply device for actuating the downward cylinder and a
controller of the device is required, the equipment becomes
large-scale, which requires extra labor for preparation and
operation for the equipment.
In the sand pile forming method by using the apparatus,
because it is necessary to repeat the operations of charging
the predetermined amount of sand into the hollow pipe, blowing
compressed air at predetermined pressure into the pipe, moving
the discharging blades vertically in this state to thereby
compact the sand, and pulling out the hollow pipe by the
predetermined length, operation efficiency is extremely low.
Although the air pressure in the hollow pipe is controlled
so as to balance with earth pressure according to the
displacement of the lower end of the pipe as the hollow pipe
is pulled out, the earth pressure is based on a calculaﬁed
value and therefore, optimal air pressure cannot necessarily

be obtained depending on an actual condition of ground and

desired operation may not be carried out.



desired operation nmay not be carried out. 4 In the apparatus shown in FIG
16; because the tip end of the casing pipe is closed wth the ball valve
when the casing pipe is driven in, there is no fear that seawater and
. argillaceous earth and soil enter the pipe. However, when the-sand is
. di scharged, the ball valve becones an obstruction and discharge of the
sand takes tine. It is an object of the present invention to solve the
probl ens of the prior-art sand pile form ng nethods and apparatuses and to
provide a nethod of reliably and efficiently formng a sand pile having
predet er mi ned siRehl®RPRAEAERANER@n iin FAG.0d$ kbrdauske sbettipoend with
different conditions and an apparatus used for the nethod. DI SCLOSURE OF
THE | NVENPECNI\Cagdagop i ee fisr el agedwtiidutbe hald prévermhemibet caningncl udes
the steps of driving a casing pipe having a tip end Ilid of,a ball valve
t ype i nt oPdeet igr slmidercHar gi e smnids i me of eahethasi ngapiper amdl t hen
pul ling the casing pipe out while leaving only a sand pile forned of the
char ged samdifldadesousgreanth adtbrsnill anter essergipe. t Howéypeendwhed i s
controlled to be ,equal to earth pressure neasured around the tip end lid
when the thei sgngiige dischaldged,otthedfal heradrvaubecomeishenalyst fudctidhe sand
into a cavity fornmed by the casing pipe without «collapsing the cavity.

and discharge of the sand takes time.

It is an object of the present invention to solve the
problems of the prior-art sand pile forming methods and
apparatuses and to provide a method of reliably and
efficiently forming a sand pile having predetermined strength
and diameter in various kinds of soft ground with different

conditions and an apparatus used for the method.

DISCLOSURE OF THE INVENTION

.A sand pile forming method of the present invention
includes the steps of driving a casing pibe having a tip end
lid of.a ball valve type into soft ground, charging sand into
the casing pipe, and then pulling the casing pipe out while
leaving only a sand pile formed of the charged sand in the
ground, wherein air'pyessure in the tip end 1id is controlled
to heieqﬁal to earth pressure measured around the tip end 1lid
when the casing pipe 'is pulled out of the ground to thereby
fill the sand into a cavity formed by the casing pipe without
collapsing the cavity. |

A sand pile forming method includes the steps of



A sand pile form ng nethod includes the steps of 5 conpacting sand
di scharged froma casing pipe having a tip end |lid and increasing a
di ameter of the sand sinultaneously by intruding the casing pipe again,
wherein pressure in intruding the casing pipe again is controlled based on
a «-neasurenent value of an earth pressure gage provided to a tip end of
Ihe casing pipe to thereby forma sand pile. having desired strength and
dianeter. A sand pile form ng apparatus of the invention conprises a
casing pipe.provided with a nozzle for introducing conpressed.air into the
‘casi ng pi FOMRREFANY Fagyh disFhmigrdfren & apiheRe thevEagi AgtbPpe,
wrerein the tip end lidis. formed oe.a tip end |lid case substantially in
a-shape ofnd lid aRdtitreemeln® tth drnetsan@ddthppsand mimyl trpeoval ve
-housed - for vertical novenment in the tip end |lid case, and a valve seat
porti on wdh IpFmidine the Icasing phpesagain, cohegeint pregei@e Ha t. i p end
of the casing pipe airtight and the tip end lid case is provided with an .
earth predofradiarssdthd rasimapipegagainhipreestireldedubdstede an @ end i d
case on an outside of the case, a pressure sensor for neasuring air
pressure meashremgithyapiugecbrameantd deesturkegagsRrentded taiar tipppl y
hol e for sending conpressed air into the case inside the case. An earth
pressure gage dfortheexaging pine usd obherebyuferm a sand pile having
desired strength and diameter.
A sand pile forming apparatus of the invention comprises
a casing pipe provided with a nozzle for introducing
compressed air into the casing pipe and a tip end 1id mounted
to a tip end of the casing pipe, wherein the'tip end lid is-
* formed of.a tip end 1lid case substantially in a shape of a
truncated cone with an expanded tip end, a ball valve housed
for vertical movement in the tip end lid case, and a wvalve
seat portion with which the ball valve comes into contact to
make the tip end of the casing pipe airtight and the tip end
1lid case is provided with an earth pressure sensor for
measuring earth pressure around the tip end lid case on an
- outside of the case, a pressure sensor for measuring air
pressure in the casing pipe on-an inside of the case, and an
air supply hole for sending compressed air into the case inside
the case.
An earth pressure gage for measuring intrusion pressure

of the casing pipe is provided to a tip end of the tip end

lid of the apparatus.



of the casing pipe is provided to a tip end of the tip end 1lid of the
apparatus. 6 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a vertical
sectional view of an essential portion of an enbodinent of a sand pile
form ng apparatus according to the present invention. FIG 2 is a
sectional view taken along aline AAAin FIG 1. FIG 3 is a sectional
.view taken along a line B-Bin FIG 1. FIG 4 is a sectional viewtaken
along aline GCin FIG 1. FIG 5 is a schematic sectional view show ng a
step of wuse of the sand pile form ng apparatus of the invention. FIG: 6
‘Is a schematic sectional view showing a step of use of the sand pile
ferm ng .apparatus of the invention. FIG 7 is aschematic sectional view
show ng BRIED DESCRERTOONt OB THRIDPRAWENIGS mi ng apparatus of the invention.
FIG 8 is a schematic sectional view showing a step of use of the sand
pile form ng ami@.atusiofa tertivaht seatiohbhhG views of sectesmealtsdpl anat ory
view of a sand pile form ng nethod of the invention. FIG 10 is a sectional
expl anat ggyrtvienv of aheembodipehe ofommsagdreiiied ffrdirey i apeatabdas
according to the present invention.
FIG. 2 is a sectional view taken along a line A-A in
FIG. 1.
FIG. 3 is a sectional view taken along a line B-B in
FIG. 1.
FIG. 4 is a sectional view taken along a line C-C in
FIG. 1.
FIG. 5 is a schematic sectional view showing a step of
use of the sand pile forming apparatus of the invention.
FIG. 6 is a schematic sectional view showing a step of
use of the sand pile forming apparatus of the invention.
FIG. 7 is a schematic sectional view showing a step of
use of the sand pile forming apparatus of the invention.
FIG. 8 is a schematic sectional view showing a step of
use of the sand pile forming apparatus of the invention.
FIG. 9 is a sectional explanatory view of a sand pile
forming method of the invention.
FIG. 10 is a sectional explanatory view of the sand pile
forming method of the invention.

FIG. 11 is a simplified sectionél view of a state in

which a predetermined amount of sand is charged into a
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FIG 11 is a sinplified sectional view of a state in which a predeterm ned
amount of sand is charged into a 7 cylindrical case. FIG 12 is an
expl anatory view of stress acting on an inner wall face of the case shown
in FIG 11. FIG 13 is a sinplified sectional- view of a state in, which a
predet erm ned anmount of sand is charged into a case in a shape of a holl ow
truncated cone. FIG 14 is an explanatory view of'stress acting on an
inner wall face of the case shown in FIG 13. FIG 15 is a sinplified
sectional view of a prior-art exanple of the sand pile form ng apparatus.
‘FIG 16 isydisdmprrii €dssectional view of another. prior-art exanple of
the sand pile form ng apparatus. - BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
l.n order to norBIGpekd fizan exipanatery elew csemtreswatibpgd emen
i nvention will be described according to the acconpanying draw ngs. Here,
parts havingerhwagdnéatenofi ¢he cEse dsevrofin heIyridbi.art are provided
with the sane reference nunerals. FIG 1 is a sectional viewof a tip end
portion of a sBRE. plBeisoansimgpappfaedt secofionad ivieentdfora aithte G 2, 3,
and 4 are respectively sectional views taken along lines A-A, . B-B, and CC
in FIG 1whiTheaspnedetéemivedi agoappacét sgndsis charged into a case
in a shape of a hollow truncated cone.
FIG. 14 is an explanatory view of stress acting on an
inner wall face of the case shown in FIG. 13.
FIG. 15 is a simplified sectional view of a prior-art
example of the sand pile forming apparatus.
FIG. 16 is a simplified sectional view of another.

prior-art example of the sand pile forming apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
| In order to more specifically describe-the present

invention, the invention will be described according to the
accompanying drawings. Here, parts having the same functions
as those of the prior art are provlided with the same reference
numerals.

FIG. 1 is a sectional view of a tip end portion of a
sand pile fnrming apparatus of the invention and FIGS. 2, 3,
and 4 are respectifrel_y sectional views taken along lines A-A,
B-B, and C-C in FIG. 1. The sand pile forming épparatus is
formed by mounting a tip end.lid 12 of a ball valve type to

a tip end (a lower end in FIG. 1) of a casing pipe 11 and is



formed by nounting a tip end lid 12 of a ball valve type to a tip end (a
|l ower end in FIG 1) of a casing pipe 11 and is 8 used for formng a sand
pile in soft ground in inmproving the soft ground such as a |ayer of
;argillaceous which is a sedinent on a sea floor or the like. The casing
pipe 11 is in a tubular shape filled with sand to be poured into the soft
.ground in a vertical state and having a constant inside dianmeter. A nozzle
portion 21 for spouting a jet of air is provided in the casing pipe 11 to
pass through a wall face of the casing pipe 11. The nozzle portion 21
‘di schar gessedhe£qrtfopmizig adgandapilleAtn asofhrgrounpdriipiaprofinhéhs p end
ot the casing pipe 11, a valve seat portion 14 wth which the ball valve
(descri besbfageacuncbsesh amaprawsueré zopi htacesuprivialeds Jisediziend. seat
portion 14 has an upper face portion 14a tilting dowward as it extends
ffomthe omnersear fpberabrf tbe laket.he casing pipe 11 toward an axi al
center, an inner peripheral face portion 14b extendi ng downward in parall el
to the inner pdatigphmsing guip®fll his pipeaohubnlamnehaper ifpided wiitde of the
upper face portion 14a, and a tapered |ower face portion 14c extending
from a | osend stodebef pdhieed niietopthepheral grbaad par i sertdloadndtate
successi vel y approaching the inner periphery side of the pipe.-In other
wor ds, thend dveridqce caystdron il gy o ietist epwarx nox zdre poxtslap@l The
val ve seat

for spouting a jet of air is provided in the casing pipe 11

to pass through a wall face of the casing pipe 11. The hozzle
portion 21 discharges the jet of air downward. At an inner
periphery of the tip end of the casiné pipe 11, a valve seat
portion 14 with which the ball valve (described later) comes
in pressure contac;t is provided.

The valve seat portion 14 has an upper féce portion l4a
tilting downward as it extends from the inner peripheral face
of the casing pipe. 11 toward an axial center, an inner
peripheral face portion 14b extending downward in parallel
to the inﬁer iperipl_qeral face of the pipe on an inner periphery
side of the upper face portion l4a, and a tapered lower face
portion 1l4c extending froma lower side of the inner peripheral
face portion 1l4b" and successi_vely approaching the inner
periphery side of the pipe. 1In other words, the lower face
poftion l4c projects upward in an arc shape. The valve'seat
portion 14 is reinforced by a plurality of ribs 14d provided
radially around the valve seat portion 14 and is in contact

with and fixed to the inner periphery of the casing pipe 11



portion 14 is reinforced by a plurality of ribs 14d provided radially
around the val ve seat portion 14 and is in contact wth and fixed to the

i nner periphery of the casing pipe 11 9 through the ribs 14d as shown in
FIG 2. 'The tipend lid 12 is formed by 'housing a ball valve 16 in

. pressure contact with the valve seat portion 14 for vertical novenent in a
tipendlid case 13 in a shape of a hollow truncated cone. In the tip end
lid case 13, a plurality of (four in an illustrated exanple) ribs 15 are
formed-on an inner peripheral face of the tip end |lid case 13 to extend

‘i nward anchzouglppehne enilbsf 1édchst Bbownb ib5 FII&.i 2.contact with the tip end
(Fower end in FIG 1) of the casing pipe 11. An upper half portion of an
i-nner end of edtte ttigp rend 16id s12 ot sreflormsd abyehbusahgpar badd ¥adve
continuous fromthe inner peripheral face of the casing pipe 11 in a
vertical b riactpoassudeacbnvect kdlth paet velvef ddet ipoetie@ndld stdéorned as
tilting portions 15b and 15c successively by tilting toward the axial
center .vertiGabtimpsedmsnttinxaendp dadndaddcaler aBnfior & shapeh®2@ i s
fitted over an outer peripheral face of a |ower end of the tip end lid

case 13. .hdnbowe ruleateri 6b60&CI NOnttieet 2P ,erid Datrcade 1.6i, d plairad iwnber s
18, 18 in inverted trapezoids are provided in a shape in which the

menbers 18f (o e maseibledtiratteddesahptiant rabkyl6rase shaped dm am pl an
view, a support portion 17 is provided to project
inner peripheral face of the tip end 1lid case 13 to extend
inward and an upper end of each the rib 15 is in contact with
the tip end (lower end in FIG. 1) of the casing pipe 11. An
upper half portion of an inner end of each the rib 15 is formed
as a vertical portion 15a continuous from.the inﬁer peripheral
face of the casing pipe 11 in a vertical direction and a lower
half portion of the inner end is formed as tilting poftions
15b and 15c¢ sﬁccessively by tilting toward the axial center
in two steps as it extends downward.
A reinforcing tube 20 is fitted over an outer peripheral
" face of a lower end of the tip end lié case 13. 1Inside the
reinforcing tube 20, a pair of reinforcing members 18, 18 in
inverted trapezoids are provided in a shape in which the
membefs 18, 18 are assembled into a substantially cross shape
in a plan view, a support portion 17 is provided to projeét
upward from a point of intersection of the members 18, 18,
and a valve retainer portion 19 having an upper face curved

in an arc shape is provided on the support portion 17.

The ball valve 16 is hollow so as to have a smaller

10
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upward froma point of intersection of the nenbers 18, 18,. and a valve
retainer portion 19 having an upper face curved in an arc shape is
provi ded on the support portion 17. The ball valve 16 is hollow so as to
have a smaller 10 specific-gravity than argi'llaceous earth and sand (silt)
and is normally placed on the valve retainer portion 19. If the
.argillaceous earth and sand enter the tip end lid case 13 in execution of
construction, the ball valve 16 floats due to the argillaceous earth and
sand and conmes into pressure contact with the valve seat portion 14 to
‘t her eby. cspeeifhe gravwety dithroRrond lemsions gagéhiandreaed (siikthe agwhd pile
ferm ng apparatus of the invention, an earth pressure sensor S1 for -
neasur i nglearetmal by Rlracedioputitiet Melveprehdined pastiog 18. priiitdel to an
outer side of the tip end |lid case 13 fornmed into the shape of the holl ow
and substangiblateonsatadtboned mahd gtessdhe $dpsendSRifioraseeb3uim ng
pressure of an inside of the tip end |lid case 13 is provided on an inner
side of téeetupiendolfi donaseut8iand thaciadlt valesr tié Flesdiy ewensor Sl
An earth pressure gage S3 for nmeasuring intrusion pressure in driving in
of the cashagarpipéatéous paethdedd sand ignencbri¢oventendress&r& 1) of
the tipendlid 12, i.e., a |lower side of the point of intersection of
t he rei nfosstagtmeirbkershd8valv¢ hoemth pdrtsomal4 stwwherelithe ldrsawitigs, t he
tip end

lower end of the casing pipe 11.

Here, in the sandpile forming apparatus of the invention,
an earth pressure sensor S1 for measuring earth pressuré
around the tip end lid case 13 is provided to an outer side
of the tip end 1lid case 13 formed into the shape of the hollow

| and substantial truncated cone and a pressure sensor S2 for -
measuring pressure of an inside of the tip end 1id case 13
is provided on an inner side of the tip end 1lid case 13 and
facing-the earth pressure sensor S1. An earth pressure gage
S3 for measuring intrusion pressure in driving in of the casing
-pipe 11 is provided to a tip end (lower end in FIG. 1) of the
tip end 1id 12, i.e., a lower side of the point of intersection
of the reinforcing members 18.

Although it is not shown in the drawings, the tip end
lid case 13 is provided with an air supply hole for sending
compressed air into the tip-eﬁd iid case 13.

The sand pile forming apparatus of the invention has
the above structure.

Next, a sand pile forming method of the invention by
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lid case 13 is provided with an air supply hole for sending conpressed air
into the tip end lid case 13. The sand pile form ng apparatus of the

i nvention has the above structure. Next, a sand pile form ng nethod of the
i nvention by 11 using the sand pile form ng apparatus will be described by
way of an exanple of formng a sand pile in soft ground on a sea floor.
First, if atip end of the sand pile form ng apparatus is put into
seawater as shown in FIG 5, the seawater enters the tip end |lid case 13
froman opening in the lower end of the case 13. At this time, if the
"seawat er eniegsthe saned peXéefibrmbng pppazateasi williebeasiestt it dases.
Therefore, the seawater does not ent-er the casing pipe 11 above the valve
seat portwap d#.adheramplet b€ Sppatlagua santiuptler imosedtdaumvuricieod ip end
lid 12 eventually reaches a soft argillaceous earth- and-sand | ayer 31 and
IS intrudgdséatelbbe.l ayer 31. If the tipendlid 12 is intruded into the
argillaceous earth- and-sand layer 31 in this manner, the argill aceous

earth and sandrerdtef ff amncibeefBest Nghé sde Jiawer cand rf aipaddtuend id
case 13 and the ball valve 16 having the smaller specific gravity than the

argi | | acepyspparidtandsatbs asP4abeE YA AN, oM isHaval €S Wit PNt act
with the |ower face portion of
the tip end lid case 13 from an opening in the lower end of
the case 13. At this time, if the seawater enters to some
extent, air pressure inlthe case 13 increases. Therefo;e,
-the seawater does not enter the casing pipe 11 above the valve
seat portion 14.

Then, if the apparatus is further moved down, the tip
end lid 12 eventually reaches a soft argillaceous earth-
and-sand layef 31 and is intruded into the layer 31. If the
tip end 1lid 12 is intruded into the argillaceous earth-
and-sand layer 31 in this manner, the argillaceous earth and
sand enter from the opening in the lower end of the tip end
lid case 13 and the ball valve 16 having the smaller specific-
gravity than the argillaceous earth and éahd.is.pushed up and
comes into pressure contact with the lower face portion of
the valve seat portion 14 as shown in FIG. 6. As a result,
the lower end of the casing pipe 11 is closed and the
argillaceoﬁs earth and sand are prevented from entering the
casing pipe 11.

At this time, if an intruded amount of the tip end lid

12 into the argillaceous earth-and-sand layer 31 increases,
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t he valve seat portion 14 as shown in FIG 6. As a result, the |ower end
of. the casing pipe 11 is closed and the argillaceous earth and sand are
prevented fromentering the casing pipe 11. At this tine, if an intruded
amount of the tip end lid 12 into the argillaceous earth-and-sand | ayer 31
I ncreases, 12 the ball valve 16 receives a | arger buoyant force. - If the
tip end lid 12 passes through the argillaceous earth-and-sand |ayer 31 and
is intruded into a hard earth-and-sand |ayer 32 under the argill aceous
sand-and- earth layer 31 as shown in FIG 7, the ball valve 16 receives a
"yet | argethdubyant vharwee léndeceiwes @t dguess bwyant afércaith the val ve
seat portion 14. Therefore, sand Sis charged into the casing pipe 11 in
this state. At 1Hitshé it eard Al pafssiese thiraugdd thendrgild atedusan
amount that the ball valve 1.6 does not noved down by wei ght of-the sand.

Wien t he sapthSahd-shatgadyett 1t hadcas ngtptyded listisha hbad the bal |
val ve 16 does not nove down, the tip end if further intruded into the hard

eart h- andesatH-hayesadd. 18RS 32 Yeided aitgeratyiybadebos ceandtanan the bal |
val ve 16. Therefore, a state in which sand S can be charged into the

casing pi gerthlidgepiniaredhand sANCLS of, shehbanlanm@uneé 1dateddierdial |

val ve 16 does not nove down is charged additionally. Wile repeating

chargi ng gf ybhe1528drSoiBantheoeasi BadPcRReslind®dpressure contact
with the valve seat portion 14. rl_.‘herefore, sand S is charged
into the casing pipe 11 in this state. At this time, an amount
of the charged sand S is such an amount that the ball valve-
16 does not moved down by weight of the sand.

When the sand S is charged into the casing pipe 11 such
that the ball valve 16 does not move down, the tipend if further
intruded into the hard earth-and-sand layer 32. Thus, a yet
larger buoyant force acts on the ball valve 16. Thereforé,
a state in which sand S can be charged into the casing pipe
11 is obtained and sand S of such an amount that the ball valve
16 does not move down is charged additionally. While
repeating charging of the sand S into the casing pipe. 11 and
intrusion into the hard earth-and-sand layer 32 alternately,
the entire apparatus is intruded until the tip end 1lid 12
reaches ground 33 having predetermined strength under the hard
earth-and-sand layer 32 as shown in FIG. 8.

At this time, in the sand pile forming apparatus of the

invention, measurement values of the earth pressure sensor

S1 and the pressure sensor S2 are contrasted with.each other
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intrusion into the hard earth-and-sand | ayer 32 alternately, the entire
apparatus is intruded until the tip end Iid 12 reaches ground 33 having
predeterm ned strength under the hard earth-and-sand |ayer 32 as shown in
FIG 8. At-this.time, in the sand pile form ng apparatus of the invention,
nmeasur enent val ues of the earth pressure sensor Sl and the pressure sensor
.S2 are contrasted with. each other . 13 such that pressure in the tip end
lid case 13 corresponds to earth pressure around the apparatus, the earth
pressure changing as the apparatus is intruded, and the conpressed air is
‘sent intoshdle thik erkssuiredse the tipnehtel hdresspily dudresgormds dwwn) .
Then, if the tip end lid 12 reaches the predetermned ground 33 in the

above manggrthtpeesstirecaappadathe appaddtars, cdiHe upetll. pAésshics tine,
because the conpressed air is suppli-ed through the air supply hole (not

shown) openangihgtds thlkeappAretds!isgl igasaded, sual thatcdlgrdsesswierin the
tip end |lid case 13 becones substantially equal to the earth pressure

around t hes agiet atrito ithel BepSand-Pid &4y Mi3ngrarppehat #br Gupg he Haleent i on,
air pressure in a cavity (see a reference nuneral 34 in Fl 9) forned

under the(fép SREwh)d case 13 due to -pulling out is kept equal to the
earth pressure around the apparatus and the cavity does not coll apse.

Conpressed air fen NiPdKLE igtehd N8 L£aP BB aRiNS the predetermined
ground 33 in the abdvelnanner, the entire apparatus is pulled
out upward. At this time, because-the compressed air is
supplied'thfough;the air supply'hoie (not shown) opening into
the tip end 1lid case 13 such that the pressure in the tip end
1id case 13 becomes substantially equal to the earth pressure
around the apparatus in the sand—pile forming apparatus of
the invention, air pressure in a cavity (see a refe;ence
-numeral 34 in FIG. 9) formed under the tip end lid case 13
due to;pulling out is kept equal to the earth pressure around
the apparatus and the cavity does not collapse.

Cgmpressed air is introduced into the casing pipe 11
in. synchronization with the pulling out and a jet of air is
spouted from the nozzle portion 21. As a result, the sand
S charged into the casing pipe 11 is.pressurized downward and
the ball valve 16 in pressure contact with the valve seat
portion 14 is pushed down. Thus, the lower end of the césing
pipe. 11l is opened, the sand in the ¢casing pipé 11 passes through
a gap between the ball valve 16 and the tip end 1lid case 13

from the valve seat portion 14 and is discharged into the
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in.
the nozzle portion 21. As a result, the sand S charged into the casing
pipe 11 is pressurized downward and the. ball valve 16 in pressure contact
with the valve seat portion 14 is pushed down. Thus, the |lower end of the
casing pipe 11 is opened, the sand in the casing pipe 11 passes through- a
.gap between the ball valve 16 and the tip end lid case 13 fromthe valve
seat portion 14 and is discharged into the 14 cavity 34 under the
apparatus as shown by arrows in FIG 9. At this time, because the tip end
“lid case d3visyf ®4 neddent th¢ hepsdapeusfas hehdwoh [ low drameatiad E0GHe v th t he
expanded lower end in the sand pile form ng apparatus of the invention,
t-he sand S i s ditsdargedmeyobebbuseThhe t5p kechldel aageplBors fassade of
the sand and fornmed between a periphery of the ball valve 16 and an.i nner
face of tietéditherthaddedotasite hibllSowitdein catdwh cohat withatv@sxminded
cylindrical tip end case when'the ball valve 16 noves down and because
there is sohetrastid ahl whe mard péleofogrieg aipgth ety ed the isarshtSemnd the
inner face of the tip end lid case 13. The reason why there is no friction
is as fol tpwssand 15 tRedCasBaofetinempstRLyar tTIYS iidbeealudd B ¢ap o case,
If the sand S is packed into the case to about a height H as shown in FIG

11, a horpzeshgk dPreR FapdpirasFREns Betlebatd g dfphwt @htr Phetdel 5and and
an angle of internal

valve 16 and an inner face of the tip end 1id case 13 is wider

~ than that in a case of a cylindrical tip end case when the

ball valve 16.moves down and because there is substantially
no friction generated between the.sand S and the inner face
of the tip end lid case 13.

The reason why there is no friction is as follows.

In the case of the prior-art cylindrical tip end lid
case, if the sand S is packed_into the case to about a height
H as shown in FIG. 11, a horizontal force P expressed as a
function of weight of the sand and an angle of internal
friction of the sand is generated as shown in FIG. 12. The
force P tilts upward through_an angle 0 due to friction'
between the sand and an inner wall face of the case. If the
force P is resolved into forces in a perpendicular direction
and a horizontal direction with respect to the wall face, a
force P, acting perpendicularly on the wall face and a force
P, acting horizontally on the wall face can be obtained. Then,
a friction force Py is genérat'ed upward and horizontally with

respect to the wall face on the force Py acting perpendicularly
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upward through an angle S due to friction between the sand and an inner
wal | face of the case. If the force Pis resolved. into forces in a
perpendi cul ar direction and a horizontal direction with respect to the
wal | face, a force P. acting perpendicularly on the wall face and a force
.PL acting horizontally on the wall face can be obtained. Then, a friction
force PNF is generated upward and horizontally with respect to the wall
face on the force PN acting perpendicularly 15 on the wall face by friction
‘bet ween tdre Samdwvablt faeevey| friatéonAbetiesent ithe, sRNE>RRd ithegarpddal , and
t he sand cannot nove downward or there is a hindrance to novenent of the
sand. | n faeecasht dfhihainegy dhe Pl d icagenaralhe agithpdieofs aride cangidtow
truncated cone, on the other hand, if the sand Sis packed in the case to
about a heoyhtddwrasshownther&liG alltindrahoei zomoslerfesrtce f s magsbed as a
function of weight of the sand and an angle of internal friction of the
sand i s gener atlad thandaiskeofothe tHisiemnd drild/ chisket snupharshape cuitlen angl e
due to friction between. the sand and an inner wall face of the case as
shown i n kdIHoddtribvetred, cbreausa the wahlerf haed,t iiff $Hehrsmrgh Sanisangl e 0
wWth respect to a perpendicular direction, a force PN acting
per pendi cphakéy 10 the owdd facebolecormesighmalH ers tdtmwr hat #IG .t HS ,case of
the cylindrical case and a force PL acting in parallel to the wall face
beconmes a horizontal force P expressed as a function of weight of the

sand and an angle of internal friction of the sand is generated

and the force P similarly ltilts upward through an angle 9§
due to friction between the sand and an inner wall face of
the case as shown in FIG. 14. However, because the wall face
tilts .through an angle 0 with respect to a perpendicular
direction, a force Py acfing perpendicularly tb the wall face
becomes smaller than that in the case of .the cylindrical case
and a force P, acting in parallel to the wall face becomes
larger than thét in the case of the cylindrical case by
contrast. The friction force Py, acting horizontally with
réspect to the wall face due to the friction between the sand
and the wall face on the force P, acting perpendicularly to
the wall face becomes small. This is because there is a tilt
angle which causes Py <P, due to a size of the a tilt angle
8 of thewall face and, as a result, the friction force between
the sand and the wall face appal;ently becomes zero.

The sand pile forming apparatus is pulled out of the

hard earth-and-sand layer in the above manner and, as a result,
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| arger than that in the case of the cylindrical case by contrast. The
friction force PNF acting horizontally with respect to the wall face due
to the friction between the sand and the wall face on the force P. acting
perpendicularly to the wall. face becones small. This ' is because there is
a.tilt angle which causes PNf<PL due to a size of the a tilt angle 8 of
.the wall face and, as a result, the friction force between the sand and
the wall face apparently becomes zero. The sand pile form ng apparatus is
pul l ed out of the hard earth-and-sand |ayer in the above manner and, as a
‘result, titetdendaddclacheaedgedtionthet mascasy ngigs pel 1ils i didlckahgeded '
dewnward through the tip end lid 12 and fills the cavity 34 forned bel ow
t-he tip edowhward2thidreght tize cabp nengi Joed 112 isnd fiilllled Whe dawidy 34
predeterm ned | ength, the casing pipe 11 is then pushed down such that the
pi pe 11 iSorméd uskelow nthee tthip etidsdHar §éd sWhdn thetdasingneipéhkl bad | val ve
16 is pushed up by sand which has entered the tip end |Iid case 13 as shown
in FIG IPalbedod®t iby [ eadet cined Véndich hechvaloes Seqtpiporiian 14 to
close the lower end of the casing pipe 11. Therefore, the sand charged -

into the theentyusivsdedown $leh et el feand 1 dyernntrydebsintiagathed th the
tipendlid 12 and a dianeter of the sand is increased as shown in FIG

10. At thdssthaegednsahe.samd ghie §ime) ngheddiad voflddel 6 iivenishd t he
i ntrusion pressure of the casing pipe 11 is
up by sand which has entered the tip end lid case 13 as shown
in FIG. 10 to come in pressﬁre contact with the valve seat
portion 14 to close the lower end of the casing pipe 11.
Therefore, the sand charged into the cavity formed in the
earth-and-sand layer is pressurized with the tip end 1id 12
and a diameter of the sand is increased as shown in FIG. 10.
At this time, in the sand pile formipg method of the
invention, the intrusion pressure of the casing pipe 11 is
measured by using the earth pressure sensor S3 mounted to the
tip end of the tip end 1lid 12 and is controlled to be
predetermined pressure according to a soil texture.
Therefore, the sand pressed by intruding the casing pipe 11
again is formed into a sand pile having a predetermined outside
diameter, a predetermined length, and a predetermined
pressure density. |
Byrepeatingthésimilaroperation;asandpileSPhaving'
apredeterminedoutsidediameterandiapredeterminedpressure

density is formed in the hard earth-and-sand layer 32 and the

argillaceous earth-and-sand layer 31 as shown in FIG. 10.
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measured by using the earth pressure sensor S3 nmounted to the tip end of
the tipend |lid 12 and is controlled to be predeterm ned pressure according
to a soil texture. Therefore, the sand pressed by intruding the casing
pipe 11 again is forned into a sand pile having a predeterm ned outside
di,aneter, a predeterm ned |length, and a predeterm ned pressure density. By
.repeating the simlar operation, a sand pile SP having a predeternined
outside diameter and a predeterm ned pressure density is fornmed in the
hard earth-and-sand | ayer 32 and the argillaceous earth-and-sand | ayer 31
-as shown in FIG 10. 17 | NDUSTRI AL APPLI CABI LI TY As descri bed above,
aeccording to the sand pile formng nethod of the invention, it is-possible
~too fill tTRDEIARRIARt BPPLAEABALIMY fornmed by using the casing pipe wthout
collapsing the cavity to formthe sand pile and it is possible to conpact
the sand pil e tAs detsaimilgssiabedest recgiridiagdtdi thetsand Hicke fomminde

met hod is useful in inprovenent of the soft ground such as sea floor
ground whmethod d4f ktley inveadliloapsét iAuglibie tto fhélsthd sgane ifrdran ng
apparatus of the invention, in spite of a sinple structure, it is possible
to reliabhy dorimy feorsmalbpi teimnpdtheatasing pipe, witheosarcsldaps ey

di scharged snoothly. Therefore, efficiency of operation is inproved and
days requtheddwnitexecibrmantlod sconbpilet and,it is possible to compact

the sand pile to obtain desired strength and diameter.
Therefore, the method is useful in improvement of the soft
ground such as sea floor ground which is likely to collapse.
According to the sand pile forming apparatus of the
invention, in spite of a simple structure, it is possible to
reliably form the sand pile and, at this time, the sand can
be discharged smoothly. Therefore, efficienéy of operation
is improved and days required for execution of construction,
‘"cost of execution, and labor costs can be reduced and, as a
result, there is a possibility that introduction of soil
improvement is facilitated in regions where the soil

improvement could not be carried out for these reasons.
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cost -of executi.on., and |abor costs can be reduced and, as a result, there
is a possibility that introduction of soil inprovenent is facilitated in
regi ons where the soil inmprovenent could not be carried out for these
reasons. 18 * CMS WAT IS CLAIMED IS: 1. A-sand pile formng-rethed

i ncl-uding the steps of driving a casing pipe haV|ng
ball valve type into soft ground, charging sand intB“ﬁ ||m
and then pulling said casing pipe out while |eaving sm

formed of said charged sand in said ground, wherein air pressure in sald
tip end I'i'WHAB TOCLAIMED IS0 be equal to earth pressure neasured around
said tip end lid when said casing pipe is pulled out of said ground to
thereby fill saild sandandt pidec&viring ngomeetiody inailddiay the pitpgswiotthout
coll apsing said cavity. 2. A sand pile form ng nethod including the steps
of> conmpacdingin@ns casthargepef hamiagcastig phpelibavitng ballilpvadwe |id
and increasing a diameter of said sand sinmultaneously by intruding said
casi ng pi p@}éﬁéaiﬂto WEF€igr dUrRs,s W ddindigait Agtsaishicnsardng papegain is
controll ed based on a nmeasurenent val ue of an earth pressure gage provided
todsgl d tign@nehéh ol D1iRgr 88Ydf 8aBLAgSphgepblie wha\llengedeam@eebns.tyr engt h

an i ameter.

sand pile formed of said charged sand in said ground,

wherein air pressure in said tip end lid is controlled
to be équ-al to earth pressure measured a_round said tip end
1lid when said casing pipe is pulled out of said ground to
thereby fill said sand into a cavity formed by said casing
pipe without collapsing said cavity.

2. A sand pile forming method including the steps of
compacting sand discharged from a casing pipe having a tip
end lid and incrieasing a diamete.r of said.sa:nd simultaneously
by intruding said casing pipe again,

wherein pressure in intruding said casing pipe again
is controlled based on a measurement value of an earth pressure
gage provided to said tip end lid to ;:=hereby form a sand pile
having desired strength and diameter.

3. A sand pile forming apparatus comprising a casing
pipe provided with a nozzle for introducing compressed air
into said casing pipe and a tip end lid mounted to a tip end
of said casing pipe,
| wherein said tip end lid is formed of a tip end 1lid case

substantially in a shape of a truncated cone with an expanded
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3 A sand p|Ie fornlng apparatus conprising a ca5|ng plpe prOV|ded W th a 
nozzl e for introducing conpressed air into sai e and a tip end

lid nmounted to a tip end of said casing pipe Ln sald tipend lidis
- formed of a tip end |lid case substanti aIIy in a ﬁ’ﬁ'ﬁ" lm”m' ted cone
w th an expanded 219 LILILELIELELELIE  rt * I t|p end,

a ball valve housed for vertical novenent in sald t|p end |i% ¢ase, and a
val ve seat portion with which said ball valve cornes into contact to make
said tip end of said casing pipe airtight and said tip end lid case is
provi ded twiphend,earbhlprwaiveechsessdr foar verdsmalnpoyvamentprigs siaisd
around said tip end lid case on an outside of said case, a pressure sensor
for neasurtihp ehd pldssase,i andabdvhilpeesdat! phrtdsam oritdn whisitdesanid sai d
case, and an air supply hole -for sending conpressed air into said case

i nsi de saidatasealde Cthaecsandtp kentarct ng &k aaisl acigorehidigpff saddi m 3,
wherein an earth pressure gage for nmeasuring intrusion pressure of said
casi ng pi peaksnpr pipdeditr@ighti pnendadld %dipd enld iehddsdd.i2@rovided

with an earth pressure sensor for measuring earth pressure
around said tip end 1lid case on an dutside of said case, a
pressure.sensor for measuring air pressure in said tip end
lid_case on an inside of said case, and an air supply hole
for sending compressed air into said casé'inside said case.

4. Thé sand pile forming apparatus according to claim
3, wherein an earth pressure gage for measuring intrusion
pressure of said casing pipe is provided to a tip end of said

tip end 1lid.
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