
;e3ecnckDL(Bj6TLX5 . SPECIFICATION SAND PILE FORMING METHOD AND APPARATUS
TECHNICAL FIELD The present invention relates to a method of forming 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 plurality of sand compacting and discharging blades
45 arranged eadially and driven vertically by the downward cylinder 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
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.    2 2 May 2003 First, the hollow pipe 41 is
driven into a predetermined depth by using the vibro-hammer 46, the sand is
charged from the hopper 42, and compressed air is blown from the compressed
air supply pipe 43. At this time, air pressure in the hollow pipe 41 is
such a degree that soil around the pipe 41 does not flow into the pipe and
must not be such large pressure 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 at a constant speed in this state, almost a11 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 pulled out
of she ground by a predetermined length. As a result, the discharged sand
is compacted by the discharging blades 45. If the sand is discharged into
the soft ground in the above manner, pressure in the pipe 91 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 carried out. After that,
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2 May 2003 the above operation is repeated to form the sand pile. A degree
of above pressurization is determined based on earth pressure by
calculating in advance the earth pressure according to the depth of the
lower end of the hollow pipe 41. As other sand pipe forming apparatuses,
there is one disclosed in Japanese Patent Publication No. 8-1060 which was
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
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 introducing 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 lid 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   4 2 May
2003 be provided for vertical movement and the downward cylinder for
driving the discharging blades has to be provided on the tip end side in
the hollow pipe. The blades and the cylinder may be broken by sand charged
into the hollow pipe and pressure generated in fitting in the hollow pipe
and may be obstructions in discharging the sand. Furthermore, in this
apparatus, 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 calculated 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.   5 2 May
2003 In the apparatus shown in FIG. 1.6, because the tip end of the casing
pipe is closed with 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 discharged, the ball
valve becomes an obstruction 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 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 lid is controlled to be equal to earth
pressure measured around the tip end lid 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 she
steps of   6 2 May 2003 compacting sand discharged from a casing pipe
having a tip end lid and increasing a diameter of the sand simultaneously
by intruding the casing pipe again, wherein pressure in intruding the
casing pipe again is controlled based on a measurement value of an earth
pressure gage provided to a tip end of the casing pipe to thereby form 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 lid
mounted to a tip end of the casing pipe, wherein the tip end lid is formed
of a tip end lid 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 valve seat portion with which the ball valve comes into
contact to make the tip end of the casing pipe airtight and the tip end lid
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.   7
BRIEF DESCRIPTION OF THE DRAWINGS 2 May 2003 FIG. 1 is a vertical sectional
view of an essential 



portion of an embodiment of a sand pile forming apparatus 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. I. 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 sectional view of a state in which a
predetermined amount of sand is charged into a   8 cylindrical case. 2 May
2003 FIG. 12 is an explanatory view of stress acting on an inner wall face
of the case shown in FIG. 11. FIG. 13 is a simplified sectional view of a
state in which a predetermined amount of sand is 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 samefunctions as those of the prior art are provided with the
same reference numerals. FIG. 1 is a sectional view of a tip end portion of
a sand pile forming apparatus of the invention and FIGS. 2, 3, and 4 are
respectively sectional view's 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 lid 12
of a ball valve type to a tip end (a 1 over end in FIG. 1! of a casing pipe
11 and is   2 May 2003 . . used for forming a sand pile in soft ground in
improving the soft ground such as a layer of argillaceous which is a
sediment 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 diameter. A nozzle portion 21 for
shouting a j et of air is provided in the casing pipe 11 to pass through a
wall face of the casing pipe 11. The nozzle portion 21 discharges the jet
of air downward. At an inner periphery of the tip end of the casing pipe
11, a valve seat portion 14 with which the ball valve (described later)
comes in pressure contact is provided. The valve seat portion 14 has an
upper face portion 14a 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 inner
peripheral face of the pipe on an inner periphery side of the upper face
portion 14a, and a tapered lower face portion 14c extending from a lower
side of the inner peripheral face portion 14b and successively approaching
the inner periphery side of the pipe. In other words, the lower face
portion 14c 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   



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 valve
seat portion 14 for vertical movement in a tip end lid case 13 in a shape
of a hollow truncated cone . In the tip end lid case 13, a plurality of
(tour in an illustrated example) ribs 15 are formed on an inner peripheral
face of the tip end lid 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 inner peripheral face
of the casing pipe 11 in a vertical direction and a lower half portion of
the inner end is formed as tilting portions 15b and 15c successively 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 lid case 13. Inside 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 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 s to have a smaller   11 2 May
2003 specific gravity than argillaceous 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 1'o floats due to t'.^.e argillaceous earth and sand and comes
into pressure contact with the valve seat portion 14 to thereby close the
lower end of the casing pipe 11. Here, in the sand pile forming apparatus
of the invention, an earth pressure sensor S1 for measuring earth pressure
around the tip end lid case I3 is provided to an outer side of the tip end
1 id case 13 formed into the shape o-_' the hollow and substantial
truncated cone and a pressure sensor S2 for measuring pressure of an inside
of the tip end lid case 13 is provided on an inner side of the tip end lid
case 13 and' facing the earth pressure sensor S1 . An earth pressure gauge
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 lid 12, i.e., a
lower side of the point of intersection of the reinforcing members 18.
Although i t 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
end lid case 13. The sand pile forming apparatus of the invention has the
above structure. Next, a sand pile forming method of the invention by  



12 2 May 2003 . _ using the sand pile forming apparatus will be described
by 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 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 in the case 13 increases. Therefore,
the seawater does not enter the casing pipe ? 1 above the valve seat
portion 14. Then, .f the apparatus is further moved down, the tip end lid
12 eventually reaches a soft argillaceous earthand-sand layer 31 and is
intruded into the layer 31. If the tip end lid 12 is intruded into the
argillaceous earthand-sand layer 31 in this manner, the argilaceous 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-send layer 31 increases,   13 2 May 2003 _ . the
ball valve 16 receives a larger buoyant force. 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-andearth 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 the ball valve 16 does not move down, the tip end
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 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 lid 12 reaches ground 33
having predetermined strength under the hard earth-and-sand layer 32 as
showy. 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    14 2 May 2003 . 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 compressed air is sent into the tip end lid case 13 from
the air supply hole (not shown). Then, =f 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 lid 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 lid 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 16 and the tip end lid case 13 from the valve seat
portion 14 and is discharged into the   15 2 May 2003 . _ cavity 34 under
the apparatus as shown by arrows in FIG. 9. At this time, because the tip
end lid case 13 is formed 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 lid 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 8 due to friction between the
sand and an inner wall face of the case. If the force P is resolved into
fences in a perpendicular direction and a horizontal direction with respect
to the wall face, a force PN acting perpendicularly on the wall face and a
force P- acting horizontally or. the wall face can be obtained. Then, a
friction force PNF is generated upward and horizontally with respect to the
wall face en the fence PN acting perpendicularly   16 2 May 2003 



_ on the wall face by friction between the sand and the wall face. At this
time, PNF>PL, in genera, and the sand cannot move downward or there is a
hindrance to movement of the sand. In the case of the tip end lid 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 she sand and an angle of
internal friction of the sand is generated and the force P similarly tilts
upward through an angle b 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 B 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,, acing in parallel to the wall
face becomes larger than hat 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 or. the
force PN acting perpendicularly to the wall face becomes small. This is
because there is a tilt angle which causes PN=<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 forming
apparatus is pulled out of the hard earth-and-sand layer in the above
manner and, as a result,   17 2 May 200,3 the Sand S C:l.drgcd '-WC tCle
CaS' ^C~ p.~- 1 ;. 1.S d'_SC:lar'~d.~. downward th rcugh to tip end l .d y2
a:~d Tyl l s the catrit~~ 34 r ~ ~ ?O 1 r F. r ^~ ' ~ a 1 r G .., ~ ;) .,
... ., f0_ILI.. 2_01 t:le tlp .. - v.. 2. rVZ.... v:ie CaSl..~ p1.8 _~. 1S
puled Out by a p=edete'_'my.ne.~.~ ie_^.g~:?, ~~"le CaSing pipe 11 1S then
pushed dcw:~ s~;ch teat the pipe 11 is intruded into t~~e d~sc..ar ed
sa..d. t: is ~i:ne, .. g r At '^. `he ball sal ve to is pushed up by sand
which ras entered t;ne tip end lid case 13 as shown in FiG. 10 to co^:e irl
pressure contact wit:z tr:e valve seat portion 14 to close the lower end of
the casing pine 11. Therefore, the sa.^.d charged ~rto the cavity formed ~
n the earth-and-sand .layer is pressurized with the tip end lid 12 and a
diameter of the sand is increased as shown in FIG. 10. At th_s time, in the
sand pile forming method of the invention, the irtrusior_ pressure of the
casing pipe ?1'is measured by using t!~e earth pressure gauge S3 mounted to
the tip end cf the tip end lid 12 ar_d is controlled to be predetermines
pressure according ~o a soil texture. ;;:erefore, the sand pressed by
intrudin c the casir:g pipe 11 again is formed into a sand pile having a
predetermi r.ed outside diati?eter, d preCt''terIitlned length, 2,_^.d a
p?"eG'~WL'alln ed preSSLlre denS_ty. 



By repeating the similar opera~ior., a sand pile S? havin g a
predetc~'-rT.'~L;.n dd OutSlde dI.'-:I~2t~r dnd 2 predeCermln2C pr2SSUrc
der:S 7. ty 1 S -O ~.";ed In tii^.e h c=C edr t h -2,:1d-S ar:d ~ ? yer 3 ~
an d Lhe a=gillaceous earth-a:~d-sand lave= 31 as show:: in F1G. 10.   18
INDUSTRIAL APPLICABILITY 2 May 2003 As described above, acccrding to the
sand pile formi r.g method cf 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 tze 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
ccnstructicn, cost of execution, and labor costs car. be reduced and, as a
result, there is a possibility that =ntroductior. of soil improvement is
facilitated in regions where the soil improvement could not ~e carried out
for these reasons.   19 2 May 2003 WHAT IS CLAIMED IS: 1. A sand pile
forming method including the steps of driving a casing pipe having a tip
end lid of a ball valve ,type into soft ground, charging sand into said
casing pipe, 5 and then pulling said casing pipe out while leaving only a
sand pile formed of said charged sand in said ground, wherein air pressure
in said tip end Iid is controlled to be equal to earth pressure measured
around said tip end lid when said casing pipe is pulled out of said ground
to 10 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 end lid of a ball valve type
into soft ground, charging~sand into said casing pipe, 15 ,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 casing pipe, thereby solidifying by tightening the sand pile, and
simultaneously expanding the diameter of sand pile by re20 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 lid when said casing
pipe is pulled out of said ground to thereby fill said sand into a cavity
formed by said casing 25 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,   



20 2 May 2003 wherein pressure in intruding said casing pipe again is
controlled based on a measurement value of an earth pressure gauge provided
to said tip end lid to thereby form a sand pile having desired strength and
diameter. 5 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 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 said
ball valve comes into contact to make said tip end of, said casing pipe
airtight and said tip end lid case 15 is provided with an earth pressure
earth pressure around said tip end lid said case, a pressure sensor for
mean said tip end lid case on an inside of supply hole for sending
compressed air 20 said case. sensor for measuring case on an outside of
wring air pressure in said case, and an air into said case inside 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 lid. 2~ .A_.Anl.A.A.A.Al.A.A.A.A.A.Al.A%.A.A.A.AF
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