DESCRI PTI ON

TI' TLE: GROUND | MPROVEMENT METHOD

TECHNI CAL FI ELD
[ 0001] The present invention relates to a ground
i mprovenent nethod for a weak ground by suction of pore water

and application of inpact.

BACKGROUND ART

[ 0002] The applicant proposed a ground inprovenent
met hod that uses the super well point (SWP) in the patent
docunment 1. The SWP is a nethod for punping up saturated
groundwat er by propagati ng negative pressure.

According to this ground inprovenent nethod, a
groundwat er | evel |owering device (SWP device) is buried in
a target ground. The SWP device includes a strainer pipe
that is buried underground, a water-perneable strainer part
at the lower end of the strainer pipe, and a filter forned
on an outer circunference of the strainer pipe. By evacuating
air with a vacuum punp, the groundwater flows into the
strainer pipe. The groundwater is then sucked by a drai nage
punp provided inside the strainer pipe, and drained out to
the ground surface through a drainpipe. By suction of pore
water in the ground, the groundwater |level is |owered, and

vacuum evaporation is facilitated, so that the ground is



settled. Further, an air sucking-sendi ng pipe for inproving
water perneability is installed in the ground to alternately
send and suck air into and fromthe ground.

In the soil particle structures of the target ground,
pore water between soil particles is replaced with vacuum
evaporated air by evacuation of air with the vacuum punp of
the SWP device and drai nage of water with the drai nage punp
and by sending and sucking of air with the air sending-
sucki ng pi pe. By adding a surcharge with a pl anned enbanknment
on the target ground, the soil particle structures are

conpressed. Thus, the settlenent of the groundis facilitated.

Cl TATI ON LI ST
Pat ent Docunent
[ 0003]

Patent Literature 1: JP6158555B (JP2014-196614A)

SUMVARY of invention
Techni cal Probl em
[ 0004] The ground inprovenent method in the patent
docunment 1 can inprove the bearing capacity and strength of
the ground by facilitating settlenent of ground through
vacuum evaporation. However, the settlenment anmount of the
ground may be insufficient.

More specifically, after the punp is stopped, the

bearing capacity of the ground may decline owng to the



groundwat er | evel recovery. Further, one tine of enbanknent
may not sufficiently consolidate the ground.

FIG 6 shows characteristics of the relation between
time and settlenent amount. Wth the first consolidation
(using the SW and the air sucking-sending pipe in
conbination and one tine of enbanknent), the settlenent
anmount may be around 90 % of the target settlenent anount,
as shown by the obtained characteristic A

This is considered to result fromthe remaining main
parts of the flocculent structure of soil particles. As shown
in FIG7, in a weak ground, mnute soil particles, such as
clay and colloids, stick to each other in water to form
flocculent structures. The flocculent structures retain a
high pore water pressure. Under the first consolidation
(conbi nati on of the SWP and t he air sucking-sendi ng pi pe and
one tinme of enbanknment), the main parts of the floccul ent
structures remain, as shown in FIG 8, even though the pore
wat er pressure declines through vacuum evaporati on.

[ 0005] The target of the present inventionis to further
facilitate settlenent of the ground by conpressing the soi

particle structures in the ground i n whi ch pore water between
soil particles is replaced with vacuumevaporated air through
evacuation of air wth the vacuum punp of the SWP device and

drai nage of water with the drai nage punp.

Sol ution to Probl em



[ 0006] To sol ve the above i ssue, the invention discl osed
inclaimlis a ground inprovenent method i ncluding: burying,
in atarget ground, a super well point device that evacuates
air with a vacuum punp so that groundwater flows into a
strainer pipe buried wunderground, the strainer pipe
i ncl udi ng a wat er - perneabl e strai ner provided at a | ower end
of the strainer pipe and a filter fornmed on an outer
circunference of the strainer pipe, sucks the groundwater
wi th a drainage punp provided inside the strainer pipe, and
drains the groundwater out to a ground surface through a
dr ai npi pe; | owering a groundwater | evel by sucking pore water
in the ground; and causing settlenent of the ground by
facilitating vacuum evaporation, wherein the nmethod further
i ncl udes applying an inpact force to the ground to conpress
a soil particle structure in the ground so that settlenent
and consolidation of the ground is facilitated, in which the
pore water between soil particles of the soil particle
structure is replaced with vacuum evaporated air through the
evacuation with the vacuum punp and the drainage with the
dr ai nage punp of the super well point device.

[ 0007] The invention disclosed inclaim2 is the ground
I nprovenent net hod according to claiml, wherein the applying
of the inpact force includes: adding a surcharge on the
target ground by laying a first enbanknent on the target
ground; and running a vibration roller over the first

enbanknent .



[ 0008] The invention disclosed in claim3 is the ground
I nprovenent net hod according to claim2, wherein the applying
of the inpact force further includes: further adding a
surcharge on the target ground by | aying a second enbankmnment
on the first enbanknent; and running the vibration roller
over the laid second enbanknent, whereby the settlenent and
the consolidation of the ground is secondarily facilitated.
[ 0009] The invention disclosed in claim4 is the ground
I nprovenent net hod according to claiml, wherein the applying
of the inpact force includes: hamrering a casing pipe into
the target ground, putting sand into the casing pipe; and
vibrating the casing pipe with a vibratory hammer.

[ 0010] The invention disclosed in claim5 is the ground
i nprovenent nethod according to claim4, further including:
renovi ng the casing pipe so that a sand pile is forned; and
on an upper end of the sand pile, formng a cap |layer with

a cohesive soil that constitutes the target ground.

Advant ageous Effects of Invention

[ 0011] According to the present i nventi on, t he
settlenent of the ground can be further facilitated by
conpressing the soil particle structures in the ground in
whi ch pore water between soil particles is replaced wth
vacuum evaporated air through evacuation of air with the
vacuum punp of the SWP devi ce and drai nage of water with the

dr ai nage punp.



BRI EF DESCRI PTI ON OF DRAW NGS
[0012]

FIG1 is a schematic 1long profile showing a
configuration of an enbodinent to which the ground
i nprovenent method according to the present invention is
appl i ed.

FIG 2 shows a second enbanknment and application of
I npacts to be done after the process of FIG 1

FIG3 is a schematic long profile showng a second
enbodi nent .

FIG4 is a schematic view showing an effect on a
floccul ent structure according to the present invention.

FIG5 shows a characteristic of the relation between
time and settl enment anmount according to the present invention.

FIG 6 shows a characteristic of the relation between
time and settlenent anount.

FIG7 is a schematic view of the floccul ent structure
with a high pore water pressure.

FIG8 is a schematic view of the floccul ent structure
retaining its main part with a |lowered pore water pressure
after the first consolidation (conbination of the SW and

the air sucking-sendi ng pi pe and one tinme of enbanknent).

DESCRI PTI ON OF EMBODI MENTS
[ 0013] Her ei nafter, enbodi nment s of t he pr esent

i nvention are described in detail with reference to the



dr awi ngs.
[ First Enbodi nment ]

FIG 1 shows a schematic configuration of an enbodi nent
to which the ground inprovenent nethod according to the
present invention is applied. The enbodinent includes a
target ground 1, a SWP device 2, a planned enbanknment 3, and
a vibration roller 4 (inpact application device).

[ 0014] As shown in the figure, the target ground 1 to
which the present invention is applied includes: an
i nprovenent target stratuml1l constituted of a cohesive soil;
and a wat er-perneabl e stratum 12 constituted of a sandy soi
under the i nprovenent target stratuml1l. Multiple SWP devi ces
2 that | ower the groundwater |evel are buried in the target
ground 1 at intervals.

The pl anned enbanknent 3 is | aid over the target ground
1, in which the SW devices 2 are buried at intervals,
thereby adding a surcharge to the target ground 1. On the
pl anned enbanknment 3, the vibration roller 4 as an inpact
appl i cation device is placed.

The stratum below the inprovenent target stratum 11
may be a hard cohesive soil or a bedrock.

[ 0015] The SWP device 2 includes: a strainer pipe 21 to
be buried in the target ground 1; a strainer part 22, a
filter 23, a drainage punp 24, and a drainpipe 25 that are
provided to the strainer pipe 21; and a vacuum punp 26

provi ded on the ground.



[ 0016] In the target ground 1, the strainer pipe 21 is
buried such that the |ower end thereof reaches the water-
perneabl e stratum 12 below the inprovenent target stratum
11. The lower end of the strainer pipe 21 is provided with
the water-perneable strainer part 22 having a | arge nunber
of small apertures. On the outer circunference of the | ower
part of the strainer 21, the filter 23 is forned.

The drai nage punp 24 is arranged inside the |ower end
part of the strainer pipe 21. The drainage punp 24 drains
out the groundwater to the ground surface through the
drai npi pe 25 that is arranged inside the strainer pipe 21.

The vacuum punp 26 is arranged on the ground and
connected to the upper end of the strainer pipe 21 via a
hose 27. The vacuum punp 26 perfornms vacuum suction to
evacuate the air in the strainer pipe 21. Accordingly, the
groundwater in the inprovenent target stratum 11l flows into
the strainer pipe 21.

[ 0017] The SWP device 2 as described above evacuates
the air in the strainer pipe 21 buried in the target ground
1 with the vacuum punp 26 on the ground, causes the
groundwater in the inprovenent target stratum 11 to flow
into the strainer pipe 21 through the strainer part 22 at
the lower end and the filter 23 around the strainer pipe 21,
sucks the flowing groundwater with the drainage punp 24
provided inside the strainer pipe 21, and drains out the

groundwater to the ground surface through the drainpipe 25,



as shown by arrows. The drained water is stored in a water
storage tank via a not-illustrated hose.

The SWP device 2 thus constitutes a pore water suction

mechani sm
[ 0018] When the groundwater level falls, pore water
bet ween soil particles in the inprovenment target stratum 11
is replaced with air. When a surcharge, such as an enbanknent,
I's placed on the inprovenent target stratum1l in which pore
water is replaced with air, the soil particle structure is
conpressed and the ground settlenment is facilitated. This
i ncreases the strength of the ground.
[ 0019] The pl anned enbanknment 3 as a surcharge is laid
over the target ground 1 beforehand, so that the ground
settlenent can be effectively facilitated. By the suction
effect of the SWP device 2, the differential pressure from
the atnospheric pressure nay also be added to the target
ground 1.

Thus, the soil particle structure is conpressed by a

conmbi nati on of the groundwater drawdown through suction of
pore water and facilitation of the ground settlement with a
pl aced surchar ge.
[ 0020] Further, the vibration roller 4 runs over the
pl anned enmbanknent 3 to apply inpacts to the inprovenent
target stratum 11, which is immediately below the planned
embanknment 3.

Thus, in addition to facilitating settlenent of the
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ground by placing a surcharge, inpacts are applied by the
vibrationroller 4. Asillustrated, the vibrations of inpacts
applied by the vibration roller 4 are transmtted fromthe
pl anned enbanknent 3 to the bottomof the inprovenent target
stratum 11, thereby facilitating consolidation of the soil
particle structures.

[ 0021] As descri bed above, to facilitate the settl enent
of the target ground 1, the conbination of the groundwater
drawdown t hrough suction of pore water and placenent of a
surcharge is enployed. To facilitate the consolidation of
the target ground 1, inpacts are applied. The facilitation
of the settlenent and consolidation is done in conbination
for a predeterm ned necessary period of tine, so that
conpression of the soil particle structures is facilitated.
Accordingly, settlenent of the target ground 1 is further
facilitated.

[ 0022] FI G 4 shows an effect on the floccul ent structure
according to the present invention. By applying inpacts with
the vibrationroller 4inadditionto facilitating settl enent
of the ground with the laid planned enbanknent 3, the
consolidation of the soil particle structures in the
i nprovenent target stratum 11l is facilitated.

[ 0023] FIG5 shows a characteristic of the relation
between tinme and settl enment anount according to the present
invention. The characteristic X 1is obtained by the

conbi nati on of: groundwater drawdown through suction of pore
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water with the SWP device 2; and facilitation of ground
settlement with the pl anned enbanknent 3. By further applying
inpacts with the vibration roller 4 in addition to the
characteristic X, the ground settlenent and consolidation
can be facilitated, as shown by the characteristic Y.
[ 0024] As the characteristic B in FIG6 shows, the
settlenent anount can be increased far beyond the target
settlenment anount L.
[ 0025] According to the ground inprovenent nethod in
the enbodinent, the SWP device 2 evacuates air with the
vacuum punp 26 and drains water with the drai nage punp 24,
so that pore water between soil particles of the soi
particle structures is replaced with vacuum evaporated air
in the inprovenent target stratum 11l of the target ground 1.
The soil particle structures in which pore water is repl aced
vacuum evaporated air are conpressed by the planned
enbanknment 3 laid to facilitate the ground settl enent and by
the inpacts applied with the vibrationroller 4. Accordingly,
the settlement of the target ground 1 can be further
facilitated.
[ 0026] FI G 2 shows a second enbanknment 5 and application
of inpacts to be done after the process of FIG1

More specifically, the second enbanknent 5 is |aid over
the first enmbanknent 3, which is |aid over the target ground
1, and the vibration roller 4 runs over the second embanknent

5. Accordingly, inpacts are applied to the i nprovenent target
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stratum 11 i nmedi ately below the first enmbanknment 3 and the
second enbanknent 5.

Thus, in addition to facilitating settlenent of the
ground by placing surcharges with the first enbanknent 3 and
t he second enmbanknent 5, inpacts are applied by the vibration
roller 4. The vibrations of the inpacts applied by the
vibration roller 4 are transmtted through the second
enbanknment 5 and the first enbanknment 3 to the bottomof the
| nprovenent target stratum 11. This further facilitates
consol i dation of the soil particle structures.

[ 0027] In FIG5, the characteristic Y is obtained in
t he enbodi nrent shown in FI G 1, which enpl oys the conbi nation
of groundwater drawdown with the SWP device 2 sucking pore
wat er and facilitation of ground settlenent with the pl anned
enbanknment 3 and application of inpacts with the vibration
roller 4. The characteristic Z is obtained by facilitating
the ground settlenent with the laid second enbanknent 5 and
by applying inpacts with the vibration roller 4, in addition
to the characteristic Y. As shown by the characteristic Z,

settlenent and consolidation of the ground can be further
facilitated.

[ 0028]

[ Second Enbodi nent ]

FI G 3 shows a second enbodi ment. The second enbodi nent
i ncludes the target ground 1 and the SWP devices 2 as with

the first enbodi nent, and further includes sand conpaction
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pile devices 6 (inpact application devices).

[ 0029] As shown in the figure, multiple SW devices 2
are buried in the target ground 1 at intervals, and multiple
sand conpaction pile devices 6 as i npact application devices
are buried in the target ground 1 at intervals.

Each sand conpaction pile device 6 includes a casing

pi pe 61; a vibratory hamrer 62 provided at the upper end of
the casing pipe 61; and sand 63 that is put into the casing
pi pe 61.
[ 0030] More specifically, the vibratory hamer 62
applies inpacts to the upper end of the casing pipe 61,
t hereby hammering the casing pipe 61 into the target ground
1 until the lower end of the casing pipe 61 reaches the
wat er - per reabl e stratum 12.

The sand 63 is then put into the casing pipe 61, and
the casing pipe 61 is pulled up to a certain height.

The vibratory hamrer 62 then applies inpacts to the
casing pipe 61 to hammer the casing pipe 61 into the ground
again and vibrate the casing pipe 61, so that the sand 63
forms a sand pile.

[ 0031] The operation of putting the sand 63 into the
casing pipe 61, pulling up the casing pipe 61 to a certain
hei ght, and again hamrering the casing pipe 61 is repeated.
The casi ng pipe 61 is then renoved. Accordingly, the cohesive
soil that constitutes the inprovenent target stratum 11 is

replaced with the firmpile of the sand 63.
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Thus, in addition to the groundwater drawdown by
suction of pore water, the vibratory hamer 62 applies
I npacts to the casing pipe 61. The vibrations of the inpacts
on the casing pipe 61 by the vibratory hamrer 62 are
transmtted from the upper part to the bottom part of the
i nprovenent target stratum 11, as shown in the figure. This
facilitates consolidation of the soil particle structure.

[ 0032] The upper end part of each pile of the sand 63
is then filled with a cap layer 64. The cap layer 64 is
formed of the cohesive soil that constitutes the inprovenent
target stratum 11

[ 0033] By formng piles of the sand 63 with the sand
conpaction pil e devices 6, the cohesive soil around the piles
is also hardened. As an advantageous effect, water in the
i nprovenent target stratum 11l can be drai ned out through the
piles of the sand 63, as shown by arrows.

[ 0034] The water can be drained out to the water-
perneable stratum 12 through the piles of the sand 63
arranged at intervals, sucked by the SWP devices 2 arranged
outside the piles at intervals, and ejected (punped up) to
the ground surface, as shown by arrows.

This can facilitate punp up of water and contribute to
| ower costs.

[ 0035] As described above, lowering the groundwater
| evel by sucking pore water in the target ground 1 and

facilitating consolidation by applying inpacts is enployed
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i n conbination for a predeterm ned necessary period of tine.
This facilitates conpression of the soil particle structures
and further facilitates settlenent of the target ground 1.

[ 0036] More specifically, in addition to facilitating
settlenent of the ground by sucking pore water, inpacts are
appl i ed by the sand conpaction pile devices 6. As a result,
consolidation of the soil particle structures in the
i nprovenent target stratum 11 is facilitated, as shown in
FI G 4.

[ 0037] In FIG5, the characteristic X is obtained by
| owering the groundwater |evel through suction of pore water
wth the SWP device 2 and facilitating settlenent of the
ground with the planned enbanknment 3. By further applying
i npacts with the sand conpaction pile devices 6 in addition
to the characteristic X, the settlenent and consolidation
can be facilitated, as shown by the characteristic Y or the
characteristic Z.

[ 0038] As the characteristic B in FIG6 shows, the
settlenent anmount can be increased far beyond the target
settl enent anount L.

[ 0039] As described above, according to the ground
I nprovenent nethod in the second enbodi nent, the SWP device
2 evacuates air with the vacuum punp 26 and drains water
with the drainage punp 24, so that pore water between soi
particles of the soil particle structures is replaced with

vacuum evaporated air in the inprovenent target |ayer 11 of
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the target ground 1. The soil particle structures in which
pore water 1is replaced by vacuum evaporated air are
conpressed by the inpacts applied by the soil conpaction
pile devices 6. Accordingly, the settlenent of the target
ground 1 can be further facilitated.

[ 0040]

[ Modi fi cations]

Al though the above enbodinents enpl oy  vacuum
evaporation with the SWP device and application of inpacts,
the present invention is not limted to these. Alternate
sending and sucking of air through an air sucking-sendi ng
pi pe buried in the ground may al so be enpl oyed.

Al t hough nul tiple SWP devices are buried in the target
ground at intervals in the enbodi nents, a single SW device
may be buried in the target ground.

Further, the nunber of buried sand conpaction piles is
not limted. Naturally, other detailed configurations can be

appropriately nodified.

I ndustrial Applicability

[ 0041] According to the present invention, settlenent
and consolidation of the ground can be facilitated by
applying inpacts to the target ground and conpressing the
soil particle structures in which pore water between soi
particles is replaced with vacuum evaporated air through

evacuation of air with the vacuum punp and drai nage of water
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with the drainage punp of the SWP devi ce.

Ref erence Signs List

[ 0042]

1. Target ground

11. | mprovenent target stratum (cohesive soil)
2. SWP devi ce

21. St rai ner pipe
22. Strai ner part
23. Filter

24. Dr ai nage punp
25. Dr ai npi pe

26. Vacuum punp

3. Pl anned enbankment (first enbanknent)

4. Vibration roller (inpact application device)

5. Second enbanknent

6. Sand conpaction pile device (inpact application
devi ce)

61. Casi ng pi pe
62. Vi brat ory hamer
63. Sand

64. Cap | ayer



18

CLAI M5

1. A ground inprovenent nethod conpri sing:
burying, in a target ground, a super well point device
t hat
evacuates air wth a vacuum punp so that
groundwater flows into a strainer pipe buried underground,
the strainer pipe including a water-perneable strainer
provided at a lower end of the strainer pipe and a filter
formed on an outer circunference of the strainer pipe,
sucks the groundwater wth a drainage punp
provi ded i nside the strainer pipe, and
drains the groundwater out to a ground surface
t hrough a drai npi pe;
| owering a groundwater |evel by sucking pore water in
t he ground; and
causing settlenment of the ground by facilitating
vacuum evaporati on, wherein
the nethod further conprises applying an inpact force
to the ground to conpress a soil particle structure in the
ground so that settlenment and consolidation of the ground is
facilitated, in which the pore water between soil particles
of the soil particle structure is replaced with vacuum
evaporated air through the evacuation with the vacuum punp
and the drainage with the drainage punp of the super well

poi nt devi ce.
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2. The ground inprovenent nethod according to claim 1,
wherein the applying of the inpact force includes:

adding a surcharge on the target ground by laying a
first enmbanknment on the target ground; and

running a vibration roller over the first enmbanknent.

3. The ground inprovenent nethod according to claim 2,
wherein the applying of the inpact force further includes:
further adding a surcharge on the target ground by
| ayi ng a second enbanknent on the first enmbanknent; and
running the vibration roller over the laid second
enbanknment ,
whereby the settlenent and the consolidation of the

ground is secondarily facilitated.

4, The ground inprovenent nethod according to claim 1,

wherein the applying of the inpact force includes:
hanmeri ng a casing pipe into the target ground,
putting sand into the casing pipe; and

vibrating the casing pipe with a vibratory hanmer.

5. The ground inprovenent nethod according to claim 4,
further conpri sing:
renovi ng the casi ng pi pe so that a sand pile is forned;

and
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on an upper end of the sand pile, formng a cap |ayer

Wi th a cohesive soil that constitutes the target ground.



