; e3ecnckDL(Bj 6TLX5" . SPECI FI CATI ON SAND PI LE FERM NG METHOD AND APPARATUS
TECHNI CAL F| sent invention relates to a nmethod of form ng a sand
pile for ijﬂﬂﬂﬂ@ﬂﬂ@Mﬂ@mnd in, soft ground and an apparatus for form ng the
sand pile & this method. THCHNI CAL BACKGROUND Copv@ayizoea !y, as
this type of samd'“ffile form ng nethod and apparatus, there is one disclosed
t n Japanese Patent No. 2791914. In the sand pile form ng apparatus
di'sclosed in the patent, a downward cylinder 44 driven by supplying
pressuri-zed water and a pluralityspECsRDdAC@opacti ng and di schargi ng bl ades
"45 arranged eadially and driven vertically by the downward cylinder 44 are
provided to a |ower gyodpi pnref FoRSENG MATRIGRIANHOA PPARANMIBI pe 41 which

i ncl udes a vi bro-hamer 46 at a head portion of the pipe 41 and a hopper 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

desi gnat e PG ES/YT | wat er supply pipe for supplying pressurized water
to the do&%ﬁ%rd d§ in ggD44. A sand pile form ng nmethod by using this

apparatus s a5 ol L MEcone 22 MBXGR0031EUY o he oW DDeoBhihy

driven into a pr erm ned dé by using the Vi bro-hamer

charged fro oppe 2, r | Lol I fromthe conpressed
air suppl y‘—’1 Egplgg4g}f§t %Pgi %mgfq%éﬁ%g)rge%oﬁ%g%ﬁiré %C?lf?hg\éﬁgﬂdov%néqﬁél 41 is
such a degree that soil .around e pi 41. does not. flaow into th i, pe and
st not FERRARCIARE Jattte PR Pe PR LA G ik dite B Rt BFpBur s

di scharged outside the pipe. By injecting the pressurized water into the
cylinder 44 and vertically noving the discharging blades 45 a plurality of
times at con nt ed in this state, alnobst all sand discharged into

t he holloaﬁﬁﬁﬁﬁ LeiggﬁgRQUHQrt of the sand is forcibly pushed out and

di scharged bel ow t he hOJ|OW/fipe 41 b¥ contact re is%an%e bet ween the sand
and the di schar FEHSHeCRB L F5FEIEI RS CHed 3P IPdw HEREMAR G ReBliPPed out
of she ground by a predetermi ned length. As a result, the discharged sand

i s conmpact®f BPRITE [t Schdigihd SoPRGed1d5108e% kB dananrsedPeERRFGRY i nt o
the soft %%ound in the above manner, pressure in the pipe 91 is released, a
predeterni'@%l%h%unt of sand is charged again fromthe hopper 42,
pressurization in the pipe so as to balance with earth ' pressure according
to a di spl acemert® dhen IverPehd 6PTPAHBINGPPGFFFiYse S CHP SR RatGethAd
compacting of the sand by actuation of the cylinder 44, and pulling out of
t he hol | oWRgdi et 48 IRWRWVRHE FotldmATied 4| BhgT ®1 BveS¢Rpt Y éBIRIRESMEbEed hat |

3

water and a plurality of sand compacting and discharging
blades 45 arranged radially and driven vertically by the
downward cyiinder 44 are provided 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
porticnof 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.
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2 May 2003 the above operation is repeated to #orn1the sand pile. A degree
of above pressurization is determ ned based onjearth pressure by
calculating in advance the earth pressure according to the depth of the

| ower end of the hollow pipe 41. As otfer sand pipe fornlngzep%@xgg

there is one disclosed in Japanese Patent Publication No |ch mas
filed before by the present applicant. As shown in FIG 16, this is one in
which a cylindrical tip end lid case 13' retaining a ball valve I6 having a

predeterm ned specidd ¢ tg{@MbﬁLXo%Uﬁbpéh@i ihgrbakh M ye ﬁ?e&%@g%‘i%hed

Vertically is nounted to a tip end a casing pipe 11 provi

le 21 1 t
por ti on 14C‘é§¢%%2%¢ W%‘y& H A s Valv'@ﬁ% :gﬁr%ﬂﬁﬁﬁe&’saﬁ%%%@%aﬁ? éﬁ}f?in
o ol osns RO ULl 28t il e I0Aa s f 1S SSUN% ATkl cofiE el V2 Ve

16 cl oses € casin reven ear ang from
entering when the caS|n drlven i nt round. The bal Ive 16
separ at es Fromt eIX/EI % Qéat %‘% Jfﬁi)ﬁ Eﬁmﬁuea%%éﬁreesss“tﬁee ot t?‘f? k?é &%and
conpressed air for .dischar gth sand 1§ fornmed bet n the
ol | var v s A 1HeS 5’5 Sne PR 5oe Y £ therr des R P oPSt BLnfRgSt he
sand pile is schar n the prior-art sand pile formng par at us shown
in FIG 15’°th E%n‘b%‘ét?h@eaﬁ&dd%ﬁaﬁ“@%éf |Shfgs tRvEet gresﬁuéeway
2003 be provi ded for vertical npvenent and the downward cylinder for
driving ti&ak $&%afgnAgcbrages h%EOtU‘%éjlﬁ?%\}lsdgélsSHatrﬁ@ PHtéAdesthe in

t he hol |l ow pi pe. The bl ades and the cylinder may be broken by sand charged
into the BR%wW pi pe and pressure generated in fitting in the hol | ow pi pe
and may be obstructions in discharging the sand. Furthernore, in this
appar at us, becaB¥e 120Gy Byt PRRAUSHERda¥AtRE pridas irhe ey Wak@e Isuppl y
device for actuating the downward cylinder and a controller of the device

i s requirdd anderetiul prkhY Mestighe § hiead §echaapanavhl afe # duprrekuesd £yl abor
for preparation and operation for the equipnent. In the sand pile formng
met hod by ofsitdgnashe@ tagpacasiantharasd in ikl hatkasen ineeosepehl $drd
operations of charging the predeterm ned anount of sand into the holl ow

pi pe, bl owiirsgheorgedsigen dire do ldravd etigranidied xgeeds ar paicht oft bive ps prd
novi ng the discharging blades vertically in this state to thereby conpact

t he sand, isnd oplibilng pasthadhe diolargv dsi peh dg e dheopi @detles maktow enip d,
operation efficiency is extrenely ow Although the air pressure in the

hol | ow pi gé by contecltl gg¢ssis tanado Hetiwawe Mie baad tanprdss s doroyeli ng to
t he di splacenent of the |lower end of the pipe as the hollow pipe is pulled
out, the bartdespréssurd ithimseidnon theahollavedipel ¥éd drsd puerest orue;
optimal air pressure cannot necessarily be obtained dependi ng on an act ual
condi ti onodf tdreoyntbuantt wesa revedpbe anii o dra g ngsth .be Asaer iredwiit,, thés 2 May
2003 In the apparatus shown in FIG 1.6, because the tip end of the casing
pi pe i s cHisethawdeh tdendals vahpacthbdnbiyhéheadiisgharging blades 45.

If the sand is discharged into the soft ground in the
above manner, pressure in the pipe 51 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 compaeting 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,



pipe is driven in, there is no fear that seawat er and argillaceous earth
and soil enter the pipe. However, when the sand is discharged, the ball

val ve becones an obstruction and di scharge of the sand takes tine. It is an
obj ect of the present invention to solye the problens of th? m;ajon git sand
pile form ng methods and apparatuses and to provide a nethod o e?| ably
and efficiently formng a sand pile having predeterm ned strength and

di aneter in various kinds of soft ground with different conditions and an

appar at us gggdabgvet BpeRitioth D SELOBUREACE oTHE NWVENTI QM A sand pile

form ng nethod of the present invention includes the steps of driving a

casing pipe havifiGg,ild §edabide0h 2NAll YA ¥en IyDeqsBbonaall Yoy,
charging sand into the casing pipe, and then pulling the casing pipe out

whi |l e | eavj ile | t.he d ' rqund,
wherein ai J?H%rag{sygﬁPge?j%B% r?gﬂ){’ icpaféén\gf%%I’?slhjc3%?rgé%%e%ﬁgo%%bfe%eéggls%ug:%eart h
pressure neasured arpound.the tip e l.i d when, the.casi pi i.s pulled out
of the gro%%%ofol?%ergbghﬁ ﬁePttl%e Osr}gntdief n]t%w a c%?/?t(g?fggﬁebgg)‘}owh tE4si ng

pi pe wt hoy% collapsing the cavity. A sand pile form ng nethod includes she
st eps of "2 May 2003 conpacting sand di scharged from a casing pipe
having a tip engSA | id.and increasi ng 4 di.anet er of the sand sinultaneously
by intruding t héca&HgE ppRYafaPh, tardrei% RRATAN'ES T | hEFL8i 0§ CRE
casing pipe again is caontrolled _based on a, neasurenent val ue of an earth
pressure g‘gjg%gﬁ?%‘?ﬁidéﬂJtaBa&eﬁepPéﬁﬁn&fPthlEQEFﬁﬁ Wpd 't]oo'%l% #8fm a
sand pile having desired strength and dianeter. A sand pile form ng

appar at us %#l?qilgbﬁi%‘a’éﬁt Pontesmpiesanta LRI hg2Prpe provided with a nozzle
for introducing conpressed air into the casing pipe and a tif. end lid
nounted to a ti BSef@oum tReFEasi h§. pipesS Wherd Aant KBichpaenylingrisator med
of atipendIlid case substantially in a shape of a_truncated cone with an
expanded tGiP & hiBaFpsealvé ReFsed ¥ng & draltarahBoedbnhaviinche tip end
lid case, and a valve seat portion with which the ball valve conmes into
contact td@iRfteeined sndcofichaerayditiy e Hiat ity abl tnelveplénd |id
case is provided with an earth pressure sensor for measuring earth pressure
around t hecan gosied vieird ikl vl aamointede o the easkecfaapeassngerseasor
for neasuring air pressure in the casing pipe on an inside of the case, and
an air suppl yrwtisgidbmwisend my zohprels ek dint jaducihe cererensedeaihe
case. An earth pressure gage for neasuring intrusion pressure of the casing
pi pe is priovidede pipe ilp end of vehwet spagnportdonf 1éhelappdraitl. the7

BRI EF DESCRI PTI ON OF THE DRAW NGS 2 May 2003 FIG 1 is a vertical sectional
vi ew of amadslserslivd 16 is provided to an opening portion of the tip

end (lower end in FIG. 16) cof 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 éasing pipe 11 is driven
into ground. The ball valve 16 separﬁtes 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 lid case 13’ when the sand for forming the
sand pile is cischarged. |

In the prior-art sand pile forming apparatus shown in

FIG. 15, the sand compacting and discharging blades have to



|
|

portion of an enbodi nent of a sand pile form n? apparatus according to the
present invention. FIG 2 is a sectional view taken along aline A-Ain

FIG 1. FIG 3 is a sectional viewtaken along a line B-Bin FIG |I. FIG 4
is a sectional view taken along a Iine%C-Cln FIG 1. FIG % {/ya2668enmatic
sectional view showing a step of use of the sand pile formng agpara us of

the invention. FIG 6 is a schematic sectional view show ng a step of use
of the sand pile form ng apparatus of the invention. FIG. 7 is a schematic

TR ki P U g e L T
O o AL P L1108, SRR, O el et Lo LG e Sl or
et o AU Lot 0 L7 AR P L8 T 1 e
predeterm ned anmount of sand is charged into a 8 cylindrical case. 2 My
2003 FI G MEY P& RFCERBIUNEEHACHZ BALBIITT E86 Beti AY RIPANCPEESAHFE face
of the case shown in FIG 11. FIG 13 is a sinplified sectional view of a
state in WS a9 ddef b hined misbemo blowamidg andmaybe ¢hrbractisesin a
shape of a hollow truncated cone. FIG 14 is an explanatory view of stress
acting on ign discharging the sand. Furthermore, in this apparatus,
because accessory eguipment 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, wﬁich 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 effiqiency'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 1s based on a calculated
value and therefore, optimal air preséure cannot necessarily

be obtained depending on an actual condition of ground and

desired operation may not be carried out.



{
inner wall face of the case shown in FIG 13. #IG. 15 is a sinplified
sectional view of a prior-art exanple of the sand pile form ng apparatus.
FIG 16 is a sinplified sectional view of another prior-art exanple of the
sand pile form ng apparatus. BEST MIDEFOR CARRYI NG OUT THEinM\é In
the i'nven

order to nore specifically describe the present invention, ion
wi ||l be described according to the acconpanyi ng drawi ngs. Here, parts
havi ng the sanefunctions as those of the prior art are provided with the

sanme reference nunerals, FIG,_ 1 is a secti | .view of a tip end portjion of
a sand pile for %ﬁha?pﬁglpﬁﬁi‘é“%sf $H'T rivenition lgﬁdgﬁlcéél.sez,t%?, Lakd 3 %r e
respectivel ectional view,s taken along line -A, B-B, and CGCin FIG
L The. St FREET01 1 R Bfb 8ot GRS S LAor hi HAL Mg o (s 6AaLPRd 12
of a ball valve type to a tip.end (a 1 over end in FIG 1! of a casing pipe
11 and isPiP® My 9Bbeern inysdd oS ¥Hrif g arl sERatpPrEvAT S0 Yr ound i n

i nproving the soft ground such as a layer of argil]aceous which is a

sedi nent G¥H SECePBDredrthnand Re1I1ITRE IS HF Riee 11 Haveve s, t vbalar
shape filled with sand to be poured into the soft ground in a vertical

stat e and thevbagdal e chisieim roag dehelibadelt 8B 1VAE hegeme spantdit puct ben
shouting a j et of air is provided in the casing pipe 11 to pass through a
wal | faceagid tdies Qusigr) pfpohel satide tredeed ecipeg ti on 21 di scharges the jet
of air downward. At an inner periphery of the tip end of the casing pipe
11, a val ve seafltpast honob4 amtt tofnttiheh pirtes doell |ined viel gulesersdkde | Gl er)
cones in pressure contact is provided. The valve seat portion 14 has an
upper facerpdiltenen dlathe | pragradewnwartdagiile eftentisg f mnetthbHe kendler

peri pheral face of the casing pipe 11 toward an axial center, an inner

peri pher akpbace thrdd amd 4boeptrenddeg adownierdl ofh pat adbey &odt he i nner
peri pheral face of the pipe on an inner periphery side of the upper face
portion 1éd&fianicéra iapered ipuerarfdape lpdid v dng o axt @il ngd ftamarag d lower
side of the inner peripheral face portion 14b and successively approaching
t he i nner aper dpheakytex da ofa timipiiadd o fotshet warcdsd twhieH oMerf Sanet
portion 14c projects upward in an arc shape. The val ve seat portion 14 is
rei nforcedobyia ipiny alrid ya®f apphsatdd psed ded: rad ahdtyhadound the val ve
seat portion 14 and is in contact with and fixed to the inner periphery of
t he casing pipe 11

DISCLOSURE OF THE INVENTION

A sand pile forming method of the present invention
includes the steps of driving a casing pipe 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 pressure in the tip end 1id is controlled
to be equal to earth pressure measured around the tip end 1lid
when the casing pipe is pulled ocut of the ground to thereby
£ill the sand into a cavity formed by the casing pipe without
ccllapsing the cavity.

A sand pile forming method includes the steps of



10 . _ through the ribs '4d as shown in FIG 2.2 May 2003 The tip end lid
12 is formed by housing a ball valve 16 in pressure contact with the val ve
seat portion 14 for vertical novenent in atip end lid case 13 in a shape
of a hollow truncated cone . In the tig end lid case 13, a plpagl 2¢y3of
(tour in an illustrated exanple) ribs 15 are formed on an inner peri pheral
face of the tip end lid case 13 to extend i nward and an upper end of each
the rib 15 is in contact with the tip end ( lower end in FIG 1) of t he

casing pi Q%n\?ﬂa«il Tha PO hal EEQQEge‘&” fPordL I A tf;@lﬁé ﬁé‘\f}ﬁ? 151s

formed as portion ont i nuous from nner per era face

of the casr i P n ertica i ortlon of

t he inner rﬁplgd FB%H%% 5§a¥lpﬁl%gapghéﬁgks8?§%Qgﬁ%“%§%§§% 98F§yby
tilting toward the axial center in_two as .t_extends down ward. A
reinforci g tube B9 0% the€asoPer PaRs lﬁ%%) Ip’erW’}peFrJé?éP Pﬁ@ésblfrea Jlrbwer end
of the tlp end 1d case 13. Inside the reinforcin g gp a pair

rei nforci g % W 4BSiRg| RvErt ddalthpey F Ut 5P Eijopia&@&i i ef“ shape
in which the menbers 18, 18 are assenbled into a substanti| aIIy cross shape
in a pl anMEEEH SPGBt RBrEAYR R 5 VT 8SHE 3D A0 € war B1Pr om a
point of intersection of the nmenbers 18, 18, and a val ve retai ner portion
19 havi nge&¢ Wpdhs %b%v@ﬁpﬁnténtéﬁé%p@ﬁ% Hrovndedidn LY diHport
portion 17. The ball valve 16 is hollow so s to have a smaller 11 2 May
2003 specideisd rpch\atsendigh ardi fLareses -earth and sand (Silt) and is
normal |y placed on the valve retainer portion 19. If the argillaceous earth
and sand enter Rh=nd p1é@df4>rmlees@g@raﬁueﬁghwm‘mntmetqqrmzrzmesthe
ball valve 1'o floats due to t'.”.e argillaceous earth and sand and cones
i nto pressurcescog an'lpe/vip&lm\th@edawehseamqmrltd drod4inpretieceébyg cl ose the
| oner end of the casing pipe 11. Here, in the sand pile form ng apparatus
of the incempiresseahacar fhtpresswas seagorpShridr hepsemd nigl @ arduntpradssur e
around the tip end lid case I3 is provided to an outer side of the tip end
1 id caset@3af bipedndnbd the shapegopipe,herhreaidiow térel Sipbstrahtiad is
truncated cone and a pressure sensor S2 for neasuring pressure of an inside
of the tipoemeéd iod @aseplEnd prowaee subahannhedlly de ef sttagpdigpfend i d
case 13 and' facing the earth pressure sensor S1 . An earth pressure gauge
S3 for neagunicageidntbuei ehthr essexpandedr t¥pngnd n ofbalie vadsiangrquigeed 11 i s
provided to a tip end (lower end in FIG 1) of the tip end lid 12, i.e., a
| ower si décef veke ipailnimodfenidrtersecthont vp tha Leétntasei ngnrerbersl vs.

Al though i t is not shown in the drawings, the tip end lid case 13 is
provi ded weth poraibnsupphywhote flee sehti gl eomumessachtd lcditact e tip
end lid case 13. The sand pile form ng apparatus of the invention has the
above struakdr eheNexp, erdd sehdHe | § Didnipigo ered ihodi @i t tared ivTnerdiwrerdey

lid case is provided with an earth pressure sensor for
measuring earth pressure around the Eip end 1id 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
cf the casing pipe is provided to a tip end of the tip end

lid of the apparatus.



!
12 2 May 2003 . _ using the sand pile formng épparatus wi |l be described
by way of an exanple of formng a sand pile inisoft 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 enter$ the tip end lid case ﬂ,?éé;ée an
opening in the lower end of the case 13. At this tinme, if the séawater
enters to sone extent, air pressure in the case 13 increases. Therefore,
t he seawater does not enter the casing pipe ? 1 above the valve seat
portion 14. Then, .f the apparatus is further poved down, the tip end lid
12 eventual ly reaches a soft argillaceous earthand-sand |layer 31 and is
i ntruded int | ayer . t id 12 is intruded into the
argiIIace@&gggg&ﬁﬁﬁﬁ%z%%ﬁéNléée&H§1QQ$@3ﬁ§§rnnwmn, the argil aceous earth
and sand enter fromthe opening in the lower end of the tip end |lid _case 13
and the ball vaF¥8-16 Havitng &he! Skl PEFTIPBEIT Ve Y R4 t3°t paRePRéal
argillaceous earth and sand is pushed up and cones into pressure contact
with the Pewdlonacd por tepedimens ¢4l ve sset Pore | barnings aphewd tiue FI G
6. As a result, the |ower end of the casing pipe 11 is closed and the
ar gi | | acesagsogaing amd Fandove eeprekanead iforom enteri ng the casing pi pe 11.
At this time, if an intruded anmount of the tip end lid 12 into the
argil | aceous eafFi@.addisenrd seataror&ll inceeastesen aldng Mayl I2C0R-A.inhe
ball valve 16 receives a | arger buoyant force. If the tip end |lid 12 passes
t hr ough t Eé&Gar gi.l | aceous earth-and-sand layer 31 and is intruded into a
hard earth-and-sand | ayer 32 under the argillaceous sand-andearth | ayer 31
as shown in FI &IG, Bhesbal lsevalivendb rieei veken yébnbargarineud@rahtid orce
and conmes into pressure contact with the valve seat portion 14. Therefore,
sand S isrtBarged into the casing pipe 11 in this state. At this tinme, an
amount of the charged sand S is such an anount’'that the ball valve 16 does
not noved down bycweight af skbhe isand. When tdheesaslobgi 8 CHareged-g ntrp the
casing pipe 11 such that the ball valve 16 does not nove down, the tip end
if furtheprgntnuded into the hard earth-and-sand | ayer 32. Thus, a yet
| ar ger buoyant force acts on the ball valve 16. Therefore a state in which
sand S can be chagged i Ntz0 stdhenasi NG quPeodd] i+ Obtsi detngnd sadsl oF of
such an amount that the ball valve 16 does not nove down is charged
addi ti onahk¥. o¥hiche EEPRAtYING Ciw¥@ing 8bphRet$3N& S HHY oidfen€ashng pi pe
11 and intrusion into the hard earth-and-sand {ayer 32 alternately, the
entire apparatusigs ¢ ntd Wledneaddi d ke dd orend Jidk Ishdeaehes g 33
havi ng predeterm ned strength under the hard earth-and-sand | ayer 32 as

showy. in,&kGor8rnll shhics dile. rdMifg sppdrhihe ter Mg appaiatys, of the
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 sectional view of a state in

which a predetermined amount of sand is charged into a



i nvention, measurenent values of the earth pressure sensor Sl and the
pressure sensor S2 are contrasted with each ot her 14 2 May 2003 . such
that pressure in the tip end lid case 13 corresponds to earth pressure
around the apparatus, the earth pressuge changing as the apgghﬁéy20?§

i ntruded, and the conpressed air is sent into the tip end |i S from
the air supply hole (not shown). Then, =f the tip end lid 12 reaches the
predeterm ned ground 33 in the above manner, the entire apparatus is pulled
out upwarqj f« this imsS because the conpressed air is supplied through
the air suh% §nﬂoﬁgaén8? ?homn) opening into the tip end Iid case 13 such
that the pressure in.the tip end Jid case 13 becaones _substantially equal to
the earth preSSLﬁiﬁ%ﬂ%éLﬁFt#ﬁ?%ﬁﬁéﬁ%&ﬁgrynvfﬁg ggnaiﬁﬁFE F&Fﬁfﬁbc%bﬁ' at us
of the invention, gir gress re.in a cavitg ésee % reference nuneral 34 in
FIG 9) forMeerukder £ Eetpg ERE 193P a2 d0e E6 pdiiiing out is kept
equal to the earth pressure around the apparatus and, the cavit¥ does not
col | apse. Conprds<ed o ri§ s2i piPBaLESEd S TirRnahasT FRY pPhea18tage in
synchroni zation with the pulling out and a jet of air is spouted fromthe
nozzl e porthbph 2 preRderemained ameussna@issanar §edchargechénégsengapepe 11
is pressurized downward and the ball valve 16 in pressure contact wth the
val ve seatimportsard4of sapbhshédwddwmuncrhiued cheel ower end of the casing
pipe 11 is opened, the sand in the casing pipe 11 passes through a gap

bet ween t he bal IFNal Vd 16 and epdre anateny viewcagestiBessoarthegvahvanseat
portion 14 and is discharged into the 15 2 May 2003 . _ cavity 34 under

t he appar dtrusserasvahbwiceby afr thWwe icesldl Ghdwn Aint BL6.t Llde, because the tip
end lid case 13 is fornmed into the shape of the hollow truncated cone with
t he expanded | owdlG.edd il theisgdd fuidee feort omga Appacatwf afpthert+ayention
the sand S is discharged snoothly. This is because a gap for passage of the
sand and feoramesl et fveene as perdi phéery fofrntimey bappavatwe.16 and an i nner face
of the tip end |lid case 13 is wider than that in a case of a cylindrical
tip end case whanc.ha doald aad wepl6f hredesedawvrarid thiesause shetRekrs
substantially no friction generated between the sand S and the inner face
of the tiprand4dst casendBe dhetheasemdMpi Idefermsngoappheticas.is as
follows. In the case of the prior-art cylindrical tip end Ilid case, if the
sand S is packed into the case to about a height Has showmm in FIG 11, a
hori zontal force P expressed as a function of weight of the sand and an

angl e of ipseEr nadpH ricH iCARRT IHBeogandHEs YermveEted as shown in FIG 12.
The force P tilts upward through an angle 8 due to friction between the

sand and an innen Wallerf 3G ird hepeaseichl 1bhRifGP dise rgsob¥ed into
fences in a perpendicular direction and a horizontal direction with respect

to the walihea@s,orf froveca rRMAaCtd Mgy PEr pRNdiccdd arbyd tedded eyl ¢ b ages and a
force P- acting horizontally or. the wall face can be obtained. Then, a

friction hecemgMyiny aeaanaiced upeald pAdLBOIAZDNG @lHeysMhbr UrRsesisto the
wal | face en the fence PN acting perpendicularly 16 2 May 2003

as those of the prior art are provided with the same reference

numerals.

FIG. 1 is a sectiocnal view of a tip end portion of a

sand pile forming apparatus of the invention and FIGS. 2, 3,

and 4 are respectively sectional views taken along lines A-A,

B~B, and C-C in FIG. 1. The sand pile forming apparatus is

formed by mounting a tip end 1lid 12 cf a ball valve type to

a tip end (a lower end in FIG. 1) of a casing pipe 11 and is
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_on the wall face by friction between the sand and the wall face. At this
time, PNF>PL, in genera, and the sand cannot nove downward or there is a

hi ndrance to novenent of the sand. In the case of the tip end lid case in

t he shape of the hollow truncated coneg on the other hand, i%l%&e ;@ dSis
packed in the case to about a hei ght as shown in FIG 13, 7 al
force P expressed as a function of weight of she sand and an angl e of
internal friction of the sand is generated and the force Psimlarly tilts
upwar d throuegc?ﬁan angle b due to fr.ilct i,on g%\/\een ttcmjle)isand and .an H;ner
val | face bict HOTASE ™S Kowd ThPRE 1145 CASwdd 8P P aRad BB - ERE Mal S ace
tilts througf an anale wth esggct to a EerpendiCﬁgaﬁ direction, % force
P' acting YerpB8RAFEHI SFFY A2t HRY WAL #4828 1HEEETHS ¥nufPet S ehafd iRl in the
case of the cylindrical case and_a force P,, acing in parallel to the wall
face becoEs 3 &i%ferf ¥R REt tPR tiidScase of the cylindrical case by
contrast. The friction force PNF acting horizontally with respect to the
wal | face due t&heheamiing intPdel heth LRedsiN@UaRd HeRml filaee withthe
force PN acting perpendicularly to the wall face beconmes small. This is
because t Ifand it® Pa idaured| nhhi thecaadés gpEdRl idue tte et 5¢2k dfathe a
tilt angle 8 of the wall face and, as a result, the friction force between
the sand and hhaying b facs tapparierride siconesezer A Thez banpoptienfdl m ng
apparatus is pulled out of the hard earth-and-sand | ayer in the above
manner andeoraspautésug i, jetl R dvhy I20@dtivedaml . dasdigedeipd 1 d e
CaS' "C~p.~- 1 ;. 1.Sd _SClar'~d.~. dowmmward th rcugh to tipend | .d y2
a: ~d Tyl lospébe Tatosugha 3dlrl face?Cf the Easimg-pipe all rTe.nqzzle) .,
oo ., fOILI.. 201 t:letlp .. - v.. 2. rVZ ... viie CaSl..~ pl.8 ~. 1S
pul ed Qut pbytdgp=@detie'schargees the it . gf & r ddvwewdadi ngApigre ikinelS t hen
pushed dcw. ~ s~;ch teat the pipe 11 is intruded into t~~e d~sc..ar ed
sa..d. t:pegiphen®, of. thel tAb efd obetbal tasbhgveipe 135, pushervaipsdnt sand
which ras entered t;ne tip end lid case 13 as shown in FiG 10 to co”:e irl
pressure pemrtach WMtwzthrwiei¥hl vige S8l ]l parlveon dekdnilse@seat &e) lcumys end of
the casing pine 11. Therefore, the sa.”.d charged ~rto the cavity forned ~
n the eartih- grdssand .dapwedct Sipressuidaad with the tip end lid 12 and a

di aneter of the sand is increased as shown in FIG 10. At th_s tine, in the
sand pile formngeneihed ndat heodtventionast Ba wppeusiDee gyesst e 4f the
casing pipe ?1'is neasured by using t!~e earth pressure gauge S3 nounted to
the tip epdiefingh@ohhRaendatiidk bxktands if$ca0the ol desh i b s edptferdd nes
pressure according ~o a soil texture. ;;:erefore, the sand pressed by
intrudin grthgeCasising RiRse 1l agahArhsahonsmd )i Mt sangh pihgehavi ng a
predeterm r.ed outside diati?eter, d preCt"terIitIned | ength, 2, ~.d a
p?"eG ~Wpakkphedanr eg8ld i densh t¥ib extending downward in parallel

to the inner peripheral face of the pipe on an inner periphery
side of the upper face portion l4a, and a tapered lower face
porticn l4c extending froma lower side of the inner peripheral
face portion 1l4b and successively approaching the inner

periphery side of the pipe. 1In other words, the lower face
portion l4c projects upward in an arc shape. The valve seat
pertion 14 is reinforced by a pluralility 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
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By repeating the simlar opera~ior., a sand pilie S? havin g a

predetc~' -rT.'~L;.n dd QutSlde dl.'-:1~2t~r dnd 2 predeCerm n2C pr2SSUrc
der:S 7. ty 1 S-O~.";edIntii“.e hc=Cedr t h-2,:1d-Sar:d ~ ? yer 3 ~
an d Lhe a=gillaceous earth-a:~d-sandpve= 31 as show : infﬁ% %@ 3 18

| NDUSTRI AL APPLI CABI LI TY 2 May 2003 As descri bed above, acccr |Hb 8 t he
sand pile form r.g nethod cf the invention, it is possible to fill the
sand into the cavity fornmed by using the casing pipe wthout collapsing the

cavity tot%@@ﬁiﬁ“%ﬁ%”‘i@él?éﬁngsighkﬁ§ﬁ9ﬁ§i§&@.t?hconpaCt the sand pile to

obtain desire rengt’h and dir anet ér erefore, e nethcd is useful in

i nprovenent of e soft around, such, as-sea f.l oor. . around which js_likely to
col | apse. Accorépﬁg%ig Fﬁgpgﬁﬁ% E?I%ng?ﬁFﬁS §5p83&ﬁﬁ?%ﬁat%%l ngakyﬁon, in
spite of inple structure, it is,possible toreliably formthe sand pile
and. Cat ¢ Hits T RESSI S Aot LR E DB T B G SRR yPOTRGPBr Qe £O8
efficiency of operation is ipproved and days required for execution of

censt r uct V& E &t Wﬁvﬁﬂﬁﬁﬁnfgn? She Fﬁgoiléo§ﬁ Ccar. e & g @hd? as a
result, there is a possibility that =ntroductior. of saoil inprovenent is
facilitat88Lilew eErBA3tRAE ¢ he Eoithe hpPS/Ehe A €%E d ok Pkt Bd out
for these reasons. 19 2 May 2003 WHAT IS CLAIMED IS: 1. A sand pile

fornmi ng nethédobaciundrngt thessrepsdoexdmpiiengrabgadPnarpi pernadi ag antip
end lid of a ball valve ,type into soft ground, charging sand into said
casi ng pi panes gedirh@erulidcy ehidheatingepipéiducans |18 Itendxitedl y a
sand pile fornmed of said charged sand in said ground, wherein air pressure
in said tipvend &hd &8 Coperoin@di ¢dsh écﬁlﬁaprigoléaiﬁ h presysiaet messur ed
around said tip end Iid when said casing pipe is pulled out of said ground
to 10 thetbbytipl éndai tosandendt bnaFE@vity ¢brieel dyssap diepsihh. pijre

w t hout collapsing said cavity. 2. A sand pile form ng nethod including the
st eps of dppeirnge hf gast nigompicfeahaimmgr &nd pfeadchithefrid bal1s falsmed ype
into soft ground, charging~sand into said casing pipe, 15 ,then pulling

sai d casi ag pwvpecduhloyertaopnreiletcemntinedt dgom whe limdeayerdpbrdna b sand
pile formed of said charged sand in said ground, and thereafter re-charging
t he casi ngapepef tHherabky nobidef Vi nigh hyveirghten agrehe isandngiad €,ownd

si mul t aneousl y expandi ng the di aneter of sand pile by re20 thrusting a
casi ng pi helfwberetibnabf phessuneri andaid fopmeddaki diilsic@nboaltdiethd o be
equal to earth pressure neasured around said tip end |id when said casing
pi pe i s pubbednautsoefssatdsgioeng bg thérteby tiolkrehitthesamxd dlntcentexavity
formed by said casing 25 pipe without collapsing said cavity, and the

met hod i nchudivBgsthessteps wfecosmpast dogneamrd .di scharged from a casing pi pe
having a tip end lid and increasing a dianeter of said sand simnmultaneously
by intruding sai deGasicw-iiPpe uagab0,is fitted over an outer peripheral

face of a lower end of the tip end 1id 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
members 18, 18 are assembled into a substantially cross shape
in a plan view, a support portion 17 is provided to project
upward from a point of intersection of the members 18, 18,
and a valve retairer 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
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20 2 May 2003 wherein pressure in intruding said casing pipe again is
control |l ed based on a neasurenent value of an earth pressure gauge provided
to said tip end |lid to thereby forma sand pile having desired stren th and
diameter. 5 3. A sand pile forning appafatus conprising a cas 8
provided with a nozzle for introducing conpressed air into said ca5| ng pipe
.and a tipend lid nounted to a tip end of said casing pipe, wherein said
tipendlid |sjorned of a tip end lid case 10 substantially in a shape of
a truncat §8SGone WEER Varr Llpdndéd Stilg ARV R ST IR Al S aisled ok angd ti cal
novenent in said tip end lid case, and a valve seat portion with which said
bal | val véScomsmailiyopdamestont heake Ly detiag.rertd Rt isen d $asi Ty giige
airtight and said tip end lid case 15 is provided with an earth pressure
earth preasgid laaames sHExkch ignehnd s tMese; im i@ Ssid e senso3 ifror
mean said tip end |lid case on an inside of supply hole for sending

conpr essedx@icut2®rsy I caserrae8son, f @heMBRSUr IVl $8SE6081 88 tQUISILa Pf
wring air pressure in said case, and an air into said case inside 4. The

sand pi | echar BiAg 18PN &t ¥Se 2CEAr a0 da0,&! Al omBlensi A sart b pressure

gauge for neasuring intrusion pressure of said casing pipe’is provided to a

tip end Oggﬁﬂﬁ%fvbp*edeé(¥af§e !éaé“Bofobé £ @bAtﬁeéeéyAkrgéEA A A

CAAL. Al

B! Ww nhc?Y] cal ca ] caV] ca] cal cal.ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca]c
2] c] ca] ChPHATC AT KaTUa ] Uof CaF Baf Bapae Ve x g o el calealcalealeal
$b™ Wb d Z
Jca] cal o] oa] caf ealfii%rii}uéii SRR ]re%g&é’%ca BN GE A FTTaFSaToa] Cal
ca] cal ca] ca] ca] ca] ca] cal ca] ca] ca] ca]sca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]é§'35¥t pressure sensor ¥ méasuring earth pressure

"N' P " #HCHIHIHHHHSS B SSS1900884 xsni d_Z] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ééP@éFca}'l@a]téa‘-] &t dich|Egs T T HealtdpdafeapbaPeaprapéalevRes &
18] &&&&& " O }' ' (K(y((( )Q1)n)))*
e xx 1l gdnthle Al jp &rohidal cajseal daf enked] tat cal va] g maactalha] baldajwcal] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal +L++++, U, q,, m../*/ 1/ U [x1{1111!2
\ 222443564787 ¢48kxsmnitd 2] [ralroad tad cadwa] eadical pa]asa]ma] sahcsaa]rc&]Zc&]ocra] calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 480888@®| 99;
; <- <M<a<bmessueizr-{presrub>oE>2R?2hednied of] J4ded cadgagsa] talicahea] A&l cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cajcajcal!? @
@ @ @AYAL A Ay ARANMNA BARTBRBWRRBGG de of the tip end lid case 13 and”
CCCBDzDDEFF} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] ca] §ah@algcah@aéaa};aakfgalsaal_v@a]s@a]s@ad a2 .FGan earth pressure gauge
Go GuGv GEEGH<Hz HHHHII | HK} KbMo MM

00" PWPQORER! &5Sheshci i & ahgaheaVdc alealseale ahehd ool £8licab e alitakaaligr] cal ca
] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =Sn5pSzSSS, TgTTT! U UUUWACW

? YV, Eéﬁ:&a@ddex} gaé&aasl&a] FPJ&é}C@i&%lr?adﬁ‘] CQ] e calecal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca!l BYGYKYLYMYQY] YYYYY

YYY2Z747 \\ /\/\1
Ica] cal ca Z gél[lf;gICI f3261] fl:lyé\lU] c %'fﬁaca] gb{ec’\a] caU}pgg% ca]bgg%ﬁa%’fgla%] &l cal oa

Ul c"aU] calgatca
JDgna %hé: llnef%f?llﬁﬂ I&Ebl fm"rl\]In 'ncn} x| wmhc”YTni d*] ca] ca] ca] ca] ca] c

alc ca] ] ca] ca] ca] cal ¢ at]( alc }‘ ] cal.cal.c a] ca]
ca] ca] ca] ca8Hi Hégl"%%g@sfhi‘ aS] I%!‘s 'g \§§ %b}; ig() %}Ee ]C*%] s
lid case 13 is provided with arn air supply hole for sending
compressed air into the tip end lid case 13.
The sand pile fcrming apparatus of the inventicn has

the above structure.

Next, a sand pile forming method of the invention by
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way of an example of forming a sand pile in soft ground on

a sea floor.

First, if a tip end of the sand pile forming apparatus
is put into seawater as shown in FIG. 5, the seawater enters
the tip end 1lid 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 in the case 13 increases. Therefore,
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 1id 12 eventually reaches a soft argillaceous earth-
and-sand layer 31 and is intruded into the layer 31. If the
tip end lid 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 sand 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
argillaceous 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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If the tip end lid 12 passes through the argillaceous
earth-and-sand layer 31 and is intruded into a hard
earth-and-sand layer 32 under the argillaceous sand-and-
earth layer 31 as shown in FIG. 7, the ball valve 16 receives
a yet larger buoyant force and comes into pressure contact
with the valve seat portion 14. Therefore, 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 theball valve 16 does not move down, thetipend if further
intruded into the hard earth~and-sand layer 32. Thus, a yet
larger buoyant force acts on the ball valve 16. Therefore,
a state in which sand 3 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 1s intruded until the tip end 1lid 12
reachesgroumj33havingpredetermine&strengthunderthehard
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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such that pressure in the tip end 1lid case 13 corresponds to
earth pressure around the apparatus, the earth pressure
changing as the apparatus is intruded, and the compressed air
is sent into the tip end lid case 13 from the air supply hole
(not shown).

Then, if the tip end lid 12 reaches the predetermined
ground 33 in the above manner, the entire apparatus is pulled

. out upward. At this time, because the compressed air is

supplied through.the air supply hole (not shown) opening into
the tip end 1lid case 13 such that the pressure in the tip end
lid 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 reference
numeral 34 in FIG. 9) formed under the tip end 1lid case 13
due to pulling out is kept equal to the earth pressure around
the apparatus and the cavity does not collapse.

Compressed 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 casing
pipe 11 is opened, the sand in the casing pipe 11 passes through
a gap between the ball valve 1€ and the tip end 1lid case 13

from the valve seat portion 14 and is discharged into the
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into the shape of the hollow truncated cone with the expanded

lower end in the sand pile forming apparatus of the invention,
the sand S is discharged smoothly. This is because a gap for
passage of the sand and formed between a periphery of the ball
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
" 0of the tip end 1lid case 13.

The reason why there is no friction is as follows.

In the case of the prior-art cylindrical tip end 1lid
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 § due to friction
between the sand and an inner wall face of the case. If the
force P is resolved into fcrces 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 generated upward and horizontally with

respect to thewall face cn the force Py acting perpendicularly
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face. At this time, Py >P,, in general, and the sand cannot
move downward or there is a hindrance to movement of the sand.

In the case of the tip end 1lid case in the shape of the
hollow truncated cone, on the other hand, if the sand S is
packed in the case to about a height H as shown in FIG. 13,
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 tilts upward through an angle 0
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 8 with respect to a perpendicular
direction, a force P, acting perpendicularly to the wall face
becomes smaller than that in the case of the cylindrical case
and a force P, acting in parallel tc the wall face becomes
larger than that in the case of the cylindrical case by
contrast. The friction force P, acting horizontally with
respect to the wall face due to the friction between the sand
and the wall face on the force Py acting perpendicularly to
the wall face becomes small. This is because there is a tilt
angle which causes P,.<P, due to a size of the a tilt angle
f§ of thewall face and, as a result, the friction force between
the sand and the wall face apparently 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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the sand S charged intc the casing pipe 11 is dischargsd
downward thrcugh the tip end lid 12

formed kbelow the tip end 1id 12. W
pulled out by & predetermined length, the casing pipe 11 is
then pushed dewn such that the pipe 11 is intruded into the

discharged sand. A% this time, the bal
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up by sand which has entered the tip end 1id case 13 as sheown
in FIG. 10 to come in pressure contact with the valve sezat
portion 14 to close the lower end of the casing vipe 11.
Therefore, the sand charged into the cavity formed in the
earth-~and-sand .layer is pressur lzed with the tip end lid 12
and a diameter of the sand is iﬁcreased as shown in FIG. 10.

At this time, in the sand pile forming method of the
invention, the intrusion pressure of the casing pipe 117is
measured by using the earth pressure gauge S3 mounted to the
tip end of the tip end lid 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 irnto a sandpile having a predetermined outsids

diameter, a predetermined length, and a predstermined
pressure density.

By repeating the similar operation, a sandpile SP having
a predeterminad outside diameter arnd a2 predetermined pressure
density is formed in the hard earth-and-sand layer 32 and the

-

argillaceous earth-and-sand laysr 31 as shown in FIG. 10.
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INDUSTRIAL APPLICARILITY

As described above, according to the sand pile forming
method c¢f the invention, it is possible to fill the sand into
the cavity formed by using the casing pipe without collapsing
the cavity to form the sand pile and it is pcssible to compact
the sand pile to obtain desired strength and diameter.
Therefore, the methcd is useful in improvement of the soft
ground such as sea floor ground which is likely to collapse.

According o 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, efficiency of operation
is improved and days required for execution of constructicn,
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 te carried out for these reasons.
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sand pile formed of said charged sand in said ground,

wherein air pressure in said tip end 1lid is controlled
to be equal to earth pressure measured around said tip end
1id 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
driving a casing pipe having a tip énd lid of a ball valve

type into soft ground, charging-sand into said casing pipe,

then pulling said casing pipe out over a predetermined

length while leaving only a sand pile formed of said charged
sand in said ground, and thereafter re-charging the ;asing
pipe, thereby solidifying by tightening the sand pile, and
simultaneously expanding the diameter of sand pile by re-
thrusting a casing pipe,

wherein air pressure in said tip end lid is controlled
to be equal to earth pressure measured around said tip end
1lid when said casing pipe is pulled out of said ground to
thereby £ill said sand into a cavity formed by said casing
pipe without collapsing said cavity, and

the method including the steps of compacting sand
discharged from a casing pipe having a tip end lid and
increasing a diameter of said sand simultaneously by

intruding said casing pipe again,
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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 lid case
10 substantially in a shape of a truncated cone with an
expanded tip end, a ball valve housed for vertical movement
in said tip end lid case, and a valve seat portion with
which éaid ball valve comes into contact to make said tip
end of'said casing pipe airtight and said tip end 1lid case
15 is provided with an earth pressure sensor for measuring
earth pressure around said tip end lid case on an outside of
said case, a pressure sensor for measuring air pressﬁ;e in
said tip end 1lid case on an inside of said case, and an air
supply hole for sending compressed air into said case inside
20 said case.
4, The sand pile forming apparatus according to claim
3, wherein an earth pressure gauge for measuring intrusion
pressure of said casing pipe is provided to a tip end of

said tip end 1lid.



