Specification Title of the invention Device for

Vi bration Conpaction of Sand G ounds Technical Field

The present invention relates to a device for

vi bration conpaction of sand grounds (hereinafter

referred to as "rod conpaction device", and its nethod

is referred to as "rod conpaction nethod"), and it
particularly relates to a rod conpaction device with

which it is possible t@patcatfaidstdohi ng performance

of a rod conpaction nmethod using a plurality of steel
pitetied DrtHesaciventsteel s (hereinafter, both are
generally referred to as nere "rods"), vertical

pr openties dbreachbrad iaowd Ccemngiaat iiont es Yabsrhkt@eemnds
respective rods, and to achieve inprovenents in

urii ¢ ohmiardl effiedtd ve sand grounds. Background Art A
conventional rod conpaction device will now be

expl ai n&dh & npaeserdante vwirithi Fngs.e 116t and th/7,a andviae for
general rod conpaction nmethod will further be

expliaradgdam acogpaahdéenwd i Biegsl dB8ocamdd9(hleimpidbfter
is a side view showi ng an overall view of a
conwénatirevhlt o ad tonpactingre devbcedeqripre Seditofl L tas method
uni axial rod, and Fig. 17 is a front view of the

sdn®. rédmarad¢ fly toa aod" tompavtkpa criet dwdmies ko dEt hogend it

particularly relates to a rod compaction device with
which it is possible to maintain, during performance
of a rod compaction method using a plurality of steel
pile rods or H-section steels (hereinafter, both are
dgenerally referred to as mere “rods”), vertical

properties of each rod and constant intervals between
respective rods, and to achieve improvements in

uniform and effective sand grounds.

Background Art

A conventional rod éompaction device will now
be explained in accordance with Figs. 16 and 17, and
a general rod compaction method will further be
explained in accordance with Figs. 18 and 19.

Fig. 16 is a side view showing an overall view
of a conventional rod compaction device comprised of

a uniaxial rod, and Fig. 17 is a front view ¢f the



in which vibrations are transmtted to a ground via a

rod using a vibro hamrer to perform conpaction of

sand grounds. As for the applicable types of soil

since the rod conpaction nethod is basically a

vi brati on conpaction nethod for sand grounds, such

met hod is intended for sand grounds that can be easily
conpacted through vibration, and it is generally

appmed tGesendajigundsrbalcogmapatbirche thad D§ siatethod
nore than 74 i and a content rate of not nore than

35% wiheéchntvarisesat doe 0fa t he trach coipactd ono net bedurnd via
preventing |iquefaction, increasing bearing

resistdnee iand consbapt reatwetri ap ofe sébtdrenemhpaikction of
| oose sand grounds, and it is used for conpacting

f supdat gopsirols var Asus ccionsh euetpipdnsc sbdle asypes of soil,
bui | di ngs, roads and tanks and backfill portions of

r et orenttde revdi magpagltlisoor mehehdd kes Devsdceall that

is used in a conventional uniaxial rod conpaction

metiHpda wildn nownbe cxpbai medthod decorsande gwid hnBisgs.such
16 and 17. In the drawings, the rod conpaction device
1ristkodpt fsedteinded for @ded graneds tWer aan e easily
nmount 6 fixedly provided wth a vibro hammer 4 on an
uppErP 8aitfeat et thovadt WA rabhiaomni,.axdmafl ridd Bsogemerally

| ower surface thereof is attached to a | eader 3 of

t BErkigldeEocrand rigunds having a particle size of not

more than 74y and a content rate of not more than 35%.

The intended use of the rod compaction method
is preventing ligquefaction, increasing bearing
resistance and constant reduction of settlement of
loose sand grounds, and it is used for compacting
foundations of various constructions such ds
buildings, roads and tanks and backfill portions of
revetménts, retaining walls or the like.

Device 1 that is used in a conventional uniaxial
rod compaction method will now be explained in
accordance with Figs. 16 and 17. In the drawings,
the rod compaction device 1 is comprised with a
crawler crane 2, wherein a mount 6 fixedly provided
with a vibro hammer 4 on an upper surface thereof and
an uniaxial rod 5 on a lower surface thereof is

attached to a leader 3 of the crawler crane 2 in a



freely elevating manner, and wherein the uniaxial rod
5 is vertically driven and pulled out along the |eader
3 into a sand ground Gthat is to be inproved so as
to transfer vibration of the vibro hammer 4 to the
sand ground G via the uniaxial rod 5 to perform
conpaction of the sand ground G Next, general
procedures of a rod conpaction method will be
expraenedeilr wccondaneandt h Fh@whdBe iandhOunASaxial rod
shown in Fig. 18(a), the uniaxial rod 5 is set on an
uppers swfiaceadfl st be isaaf Onound] GelddouleailrPvate leader
Next, as shown in Fig. 18 (b) , after the wuniaxial
rofl bnke driseendi greodhe santa0r alHdt & by dughroved so as
vi bration of the vibro hammer 4 so as to reach a
presctirbed Uept kb iftora t ipmovefrenhe anidb abt @amw@ehidndo the
the prescribed depth for inprovenent as shown in Fig.
1 zyd gheownidad atiaodh® isnpuldiedl ovbdbys ato perform
prelimnarily cal cul ated prescribed anount Umand is
f \reher cdri rnolfy teher elirmd narbhyndatcul at ed
prescri bed amount Dm as shown in Fig. 18 (d). In this
manner , Ngpgon, r gpeati al driogeadguard @bl ki ngpdutompaction
actions of the uniaxial rod 5 (see Figs. 18(e) to
(M9 thedewddnd by crmpll &itnoe dhel b e ovediascecwiactieidys . 18
by vibration of the vibro hammer 4 transferred via the
uriaski &P -r 0@ 5 snelwhadpi MYyl g opédaitd bnstieemmi aximg rod 5
the uniaxial rod 5. Since

1s set on an upper surface of the sand ground G to

be improved. Next, as shown in Fig. 18 (b}, after the
uniaxial rod 5 is driven into the sand ground G through
vibration of the vibro hammer 4 so as to reach a
prescribed depth for improvement, and after reaching
the prescribed depth for improvement as shown in Fig.
18(c), the uniaxial rod 5 is pulled out by a
preliminarily calculated prescribéd amount Um and is
further driven by a preliminarily calculated
prescribed amount Dm as shown in Fig. 18 (d}.

In this manner, upon repeating driving and
pulling out actions of the uniaxial rod 5 (see Figs.
18(e) to (f})), the sand ground G to be improved is
compacted by vibration of the vibro hammer 4
transferred via the uniaxial rod 5 and tamping

operations when driving the uniaxial rod 5. Since



3 the surface |ayer of the sand ground Gis gravitated
by the conpacting operations, refill sand is filled

to such portion as shown in Fig. 18 (g) while
executing the rod conpaction nethod such that
conpaction of the sand ground Gis perforned to
achieve an inproved ground. In this respect, the
prescri bed amount Um of pulling out and the

prt@fé:rélpﬁggtﬁgli@aymgﬁ Egadrs'a\ﬂ@ggrgﬁﬁldt%e @'g@%@ﬁtated

rod 51s o on t Si's void ratio
V%a}éec@@t&\@ﬁﬁascaﬂ‘ﬁﬁgof:pte@eaé’ibﬂ'é“mre?%'i‘q Gravads Q 2Rd 1 ed

sign val ue N val ue of the 'inproved ground after

ccm%tar%ow%ﬁuapgrg@ow ah rigmresig Lenoib éﬂx@e@tlng

a bolting pitch Is determned "to execute the rod

CQW@d@%d’F@%QE@ idw %eé@o%{hg‘ﬁ’%h QR XM 8 it &n ®F the
tip trace pattern of a rod conpaction nethod for an

| gy e Bturp@péhl%f gOPE o e § NS eXaHPL&e AR improved
prescri bed amount U of pulling out is defined to be

3gbummhile the prescribed anount D of re-driving is
deflned to be 2.0 mto execute the rod conpaction

met hod. 1 Fuktihies , rbRe 4O, cemachrar cebhad dount Um of
executed in principle in that a ratio of not |ess

t pan 24 3gi SukeaflRives pvd Becrasnestad Ouhhepnpit lddgaeytving
l ength for inprovenents in a depth of 2 mfromthe
sffdrcehbkay@liaxial rod 5 is obtained on the basis of
a void ratio N value between sands of the original
sand ground G and a design wvalue N’ value of the
improved ground after compaction, whereupon a total
tampering length h and a bolting pitch d is determined
Lo execute the rod compaction method. Fig. 19 shows
one example in a rod tip trace pattern of a rod
compaction method for an improvement depth of 10m.
In this example, the prescribed amount U of pulling
out is defined to be 3.0 m while the prescribed amount
D of re-driving is defined to be 2.0 m to execute the
rod compaction method. Further, the rod compaction
method is executed in principle in that a ratio of
not less than 2/3 is re-driven with respect to the
pulling out length for improvements in a depth of 2

m from the surface layer.

In this manner, since compaction effects



In this manner, since conpaction effects 4 achieved

in a general conpaction nethod are mainly for

perform ng conpaction of the sand ground through

vi bration of the uniaxial rod 5, transfer of vibration

by the vibro hammer 4 is limted to proximties of

the uniaxial rod 5. In such a case, the dianeter of

the i nproved pol e i nproved by conpaction is small so

t hathweered t i hs aaignade ta li Moy e cax g OuNd thib@Nare mainly
extensive scal e, construction needs to be repeated at
snabt petchesnigchowpdct ésul b fi B hae draawdagkound tthatough
construction costs will be increased. It has

accobdiarnglon loef shggesitiedk Aaloto énp| dyednsife Morfodtibration
conpacti on nethod wherein a rod main body nmade of a

stleel tphieper idmdoa htainon dkodk iavl hg it edd atdt @rroximities of
equi valent to or larger than the outer dianeter of

t heh e odnimixi dbdyodr & .apdrt fwom each sat herthandiameter of
di sposed coaxially, and a tip end portion of the rod

el ine bodp rande d heo Liep i ewpd- dv oedkbar e oorquipt ed owi tils small so
coupling nmeans having a snmaller rigidity than the rod
mdimabotgsedf fir aimepl etoJapaneseePat eptound on an
Lai d- Open Publication No. 2005-83080 (Claim21 and Fig.
1)9xtPasdne Docadent donddpanese oPatremé dkaitch @penrepeated
Publ i cati on No. 2005-83080 (Claim 1l and Fig. 1)

at small pitches which will result in a drawback in
that construction cecsts will be increased.

It has accordingly be suggested a rod employed
in a rod compaction method wherein a rod main body
made of a steel pipe and a tip block having a diameter
equivalent to or larger than the outer diameter of
the rod main body are apart from each other and
disposed coaxially, and a tip end portion of the rod
main body and the tip end block are coupled with a
coupling means having a smaller rigidity than the rod
main body (see, for example, Japanese Patent
Lilaid-Open Publication No. 2005-83080 (Claim 1 and Fig.
1)) .

Patent Document 1: Japanese Patent Laid-Open

Publication No. 2005-83080 (Claim 1 and Fig. 1}

Disclosure of the Invention



Di scl osure of the Invention 5 Since the rod of the rod
conpaction device disclosed in claim1l of Japanese

Pat ent Lai d- Qpen Publication No. 2005-83080 (Claim1l1

and Fig. 1) is, after all, a uniaxial rod simlar

general rods, even when an inproved pole is forned

t hrough conpaction based on | ongitudinal vibration

and | ateral wvibration of the rod as disclosed in

cl ai m 1S doh celaplanese dPad éntt Heai do@perppbkitciaih odeNd.c e
2005-83080 (Caim1l1l and Fig. 1), its vibration width

wid il s dko skidn tedctla jpn oXi wift | @spehddwe Baitax @l Ladd sdGpen
that this rod does not result in an effective

SEluwil donaafl odrifiwbaclo Dwhad sy theapm ar aard .FAg. 1) is,
techni cal subject to be solved is accordingly

oedureedal d,def ing aani e hprovesemti k anggeanfe tde sadd, even
ground to be as |large as possible, to allow

siwhgn aapodsrexeced go fer iseductmed d¢threpehi tdorepaction
operations of small pitch construction, and to enable
réducedons ilrroastodiceadn widst st iamd andi s aneobjlect

of the present invention to solve such a subject. The
pvedune tiipvermn f ohhivasr bder ssudestleds ¢ @ iachi byémt He of
above object, and the invention according to claim1l
pPararesg Fad eqonpect dofpdaviFodl i het idavitoe. Bl thy-83080
arranged to have a substantially

{Claim 1 and Fig. 1), its wibration width will be
limited to proximities of the uniaxial rod so that
this rod does not result in an effective solution of
drawbacks owned by the prior ért.

A technical subject to be scolved 1s accordingly
occurred to define an improvement range of the sand
ground to be as large as possible, to allow
simultaneous execution for reduction of repetitive
operations of swmall pitch construction, and to enable
reductions in construction costs, and it is an object
of the present invention to solve such a subject.

The present invention has been suggested to
achieve the above object, and the invention according
to claim 1 provides a rod compaction device, the
device being arranged to have a substantially
box-shaped manner, and comprising a beam for mocunting

rods of which lower surface is fixedly attached with



box- shaped manner, and conprising abeam for nounting
rods of which lower surface is fixedly attached with 6
a plurality of rods at constant intervals in a

per pendi cul ar manner and a vi bro hanmer fixedly
attached to a central portion on an upper surface of
the beam for nounting rods, wherein the vibro hamrer
is coupled to a main wire of a crawl er crane such that
the yibeahegPess thegbeam fosn BRWH E NgnkQasy 2 28d itihea
rods can sinultaneously performvertical novenents;

t e FPEneaPachirOm ek ee fid t ek iGOPPr hSiige A fixedly
box- shaped netallic hol der maintaining the respective

r edst atheenstant ddieryal poandi ahl ew AG wefdiCalirface of
novenents of the rod, wherein the rods are fitted

wittHe M @ymi Ab@ Rbayh t DEQr tblkigs haliesrefid Mhd GBbro hammer
provi ded at the hol der and wherein the holder is

cdupleedip De@nt 8uXith A @hywWirlee o&f at Be aGF B e r Eh@N8uch that
According to this arrangenent, the plurality of rods

| S 1ad teiohied hemblke paaie f19& a ADBBL AG UTOESH 3t r o@ENStAM the

intervals with respect to each other so that

Virkrdad | ©in 0 1 ind tva BE 6 urEnges e Wiflolr if anget i e detveedment s ;

the rods and outer peripheries thereof by synergic

adthensodfl ddweppkuriadnt §eafi doOdviditas Forsmp hesefnof ea

the vibrations are transferred to the sand ground.

Forctzhes h apleed rods afli T 1 edhiorltdoe t he sbioxt shapedy the
respective rods at constant intervals and allowing
vertical movements of the rod, wherein the rods are
fittedwith play intoplay inserting holes of the rods
provided at the holder and wherein the holder is
coupled to an auxiliary wire of the crawler crane.

According to this arrangement, the plurality of
rods is attached to the beam for mounting rods at
constant intervals with respect to each other so that
vibration of the vibro hammer will range to between
the rods and outer peripheries thereof by synergic
actions of the plurality of rod vibrations, therefore
the vibrations are transferred to the sand ground.

Further, the rods fitted into the box-shaped
metallic holder with play will always maintain the

constant intervals while performing driving and

pulling out actions with respect to the sand ground.



metallic holder with play will always maintain the
constant intervals while performng driving and

pul ling out actions with respect to the sand ground. 7
The invention according to claim?2 provides a rod
conpacti on device, the device being arranged to have

a substantially box-shaped manner, and conprising a

beam for nounting rods of which lower surface is

fi xedl yTakt aghesh whitdh aapbralidy b rodsimab ¢ganstafks a
intervals in a perpendi cul ar manner and a vibro
hamercdinpadity; aht@aehadd 0 aheedkral cPOFELORY HrAAged to
upper surface of the beam for nounting rods, wherein

t e wé bao shas@esanits £OUP| @b L-OsRaPRIN Mhh@erOf &nd
craw er crane such that the vibro hamer, the beam

f eon@ubtiing r&dse aankd hemb@ds: LAY $oud tapequsiyh lower
performvertical novenents; the rod conpaction device

f wnthes ceotpr ESixrgd By box tshaped wiehakl peuhel ety of rods
mai ntai ning the rods at constant intervals and

akltowiangs ventt dalt @pvamentisn of peepatiicwheneimuiher and
respective rods are fitted with play into play

I aseritdmy hohes roff itthed 1 gspectdaec 8088 provndathl iportion
the hol der, wherein a gate-shaped guide franme for

goindiawy vepkicadunbieerrend § ahet ee bramdOrmeountiing rods,
rods is provided on both sides of the beam for

nplretd egh rthds tDbsbandthfiaee tis facep lvh@reonathmin wire
box- shaped

0of a crawler crane such that the vibro hammer, the
beam for mounting rods, and the rods can
simultaneously perform vertical movements; the rod
compaction device further comprising a box-shaped
metallic holder maintaining the rods at constant
intervals and allowing vertical movements of the rod,
wherein the respective rods are fitted with play into
play inserting holes of the respective rods provided
in the holder, wherein a gate-shaped guide frame for
guiding vertical movements of the beam for mounting
rods is provided on both sides of the beam for mounting
rods to stand face to face, wherein the box-shaped
metallic holder is fixedly attached to proximate of
lower end portions of leg portions of the gate-shaped

gulide frames, and wherein an upper frame of the

gate-shaped guide frame is coupled to an auxiliary



metallic holder is fixedly attached to proxi mate of

| ower end portions of |leg portions of the gate-shaped
gui de frames, and wherein an upper franme of the

gat e-shaped guide franme is coupled to an auxiliary 8

wire of the crawler crane. According to this

arrangenent, in addition to the actions achi eved by

t he above-described invention according to claiml,

bot hrei des ohet he-rdeaer foFrafeUNting rods to which the

vi bro hanmer and the rods are nmounted will be guided

by the gatseshaped tgutie § raneane diahtt he f espactiiven to
rods will continuously nmaintain verticality by the

gatlee shapedo nguiadeh f e amel eventife vEbbiveadddycribed

mai ntai ning properties of the hol der shoul d be

| aicky ag tvilth ex c Pertidmg ng drliaving anc tPild i dgsodlf the beam
operations of the rod so as to enabl e execution of

drf or ngoamd: publ kogs dud whardt iths Wiblt o aspeskrt @and the
t he sand ground. The invention according to claim3
proviides rae modntepaeiilan Wevgoaedddiebdevihee betBgshaped
arranged to have a substantially box-shaped manner,
arthidenpiiahag s@ belamtf drh epurtdge t ode of odki ehi 11

|l ower surface is fixedly attached with a plurality of

r ot tamuwonsl ghaiimtter val e b b ia goet pendy cih argamarethaped
and a vibro hamer fixedly attached to a centra

p&ftids frame even if verticality maintaining

properties of the holder should be lacking while
performing driving and pulling out operations of the
rod so as to enable execution of driving and pulling
out operations with respect to the sand ground.
The invention according to claim 3 provides a
rod compaction device, the device being arranged to
have a substantially box-shaped manner, and
comprising a beam for mounting rods of which lower
surface is fixedly attached with a plurality of rods
at constant intervals in a perpendicular manner and
a vibro hammer fixedly attached to a central portion
on an upper surface of the beam for mounting rods,
wherein the vibro hammer is coupled to a main wire
of a crawler crane such that the vibro hammer, the
beam for mounting rods, andthélnnicansimultaneously

perform vertical movements; the rod compaction



on an upper surface of the beam for nounting rods,

wherein the vibro hammer is coupled to a main wire of

a craw er crane such that the vibro hammer, the beam

for mounting rods, and the rod can simultaneously
performvertical novenents; the rod conpaction 9

devi ce further conprising a box-shaped netallic

hol der mai ntai ning the respective rods at constant

| dtear Vak s fandc Rk koW dgp Yelsti e@l ampwaneshs g d t he v2008i ¢
wherein the respective rods are fitted with play into
phayl d @s et ingt Hohds Hf t hbe Heaspeetiive: roda spravi dedstant
in the holder, wherein the holder is arranged to be
fiesdyrabttachalkl eideivdchabte rwilda I espeehmeror &ro £ UAPLrods,
machi nery of the crawl er crane via an arm and
Wadreer i hheheet alsipecc hokv@ek cids @auplract t edaniadxXiplliaaf Vinto
wire of the crawl er crane. According to this
apangemesne r tiim@dds T eenottot htehe canh ¢ 60S wLchi ®¥edpbyvided
t he above-described invention according to claiml1,

even tife the lh@erwhdeesi mot hhawe laieei gt asufdhgieentto be
for maintaining vertical driving and pulling out of

t icaeody whda aannbrigentat apdsibilen wafth he e der wid lan

be fixed at a predeterm ned position since the hol der

I 8 peoup|reachtion eany uppet heaehiawel g rot rtalvee cr Aal en erane and
via an arm therefore directions of driving and
puhleirgiputhefmetallic holder is coupled to an auxiliary

wire of the crawler crane.

According to this arrangement, in addition to
the actions achieved by the above-described
invention according to claim 1, even if the holder
does not have a weight sufficient for maintaining
vertical driving and pulling out of the rod, the
arrangement position of the holder will be fixed at
a predetermined position since the holder is coupled
Lo an upper machinery of the crawler crane via an arm,
therefore directions of driving and pulling out of
the respective rods with respect to the sand ground
will continuously be maintained in a perpendicular
manner.

The invention according to claim 4 provides a
rod compaction device, the device being arranged to

have a substantially box-shaped manner, and

10



the respective rods with respect to the sand ground

wi Il continuously be maintained in a perpendicul ar

manner. The invention according to claim4 provides a

rod conpaction device, the device being arranged to

have a substantially box-shaped manner, and 10

conprising a beam for nounting rods of which | ower
surface is fixedly attached with a plurality of rods

atc @Ppetiantn g Nhebéalss £HramRAIPENdILUW Sl s MBINEFH AR 1D wer
vi bro hanmer fixedly attached to a central portion on

ans Wppek eSUrs ate &8 1yhe thearm bar wiBWtd RAUPHAS ity of rods
wherein the vibro hamrer is coupled to a nmain wire of

a £f and 86 teranel seh vided 1 heavplhg Hdmeil 4 PenaB9@® and
for nmounting rods, and the rods can sinultaneously

per fvorht v ek b ingdl r NMOVEEBNES a Ht0dc he@MRACHI @R e¥hteportion
further conprising a box-shaped netallic hol der

NRimt &hNupg d hes LeIRREE | ¥€ QS Bk anC G afb udt eh¥alkods,
and allowi ng vertical novenents of the rod, wherein

then¢ eepective vots Argahimtetedi sWebpl @y ikt & phayn wire

inserting holes of the respective rods provided in

t ket hol dew Mher eiraridesiehdarha s teRUPYEbEQ alammer, the

auxiliary wre of a crawler crane and wherein a vibro

t dnpen  £$ ot ad itrog ar e@rt,r aknpordi ®nro@s adadpper

surface of the hol der.
simultaneously perform vertical movements; rod
compaction device further comprising a box-shaped
metallic holder maintaining the respective rods at
constant intervals and allowing vertical movements
of the rod, wherein the respective rods are fitted
with play into play inserting holes of the respective
rods provided in the holder, wherein the holder is
couple to an auxiliary wire of a crawler crane and
Wwherein a vibro tamper is mounted to a central portion
on an upper surface of the holder.

According to this arrangement, in addition to
the actions achieved by the above-described
invention according to claim 1, as the vibro tamper
on the holder is mounted, the surface layer of the
sand ground will be compacted by shaking movements

of the vibro tamper after performing the rod

compaction method.

11



According to this arrangenent, in addition to the

actions achi eved by the above-described invention
according to claiml1, as the vibro tanper on the

hol der is nmounted, the surface |ayer of the sand

ground w Il be conpacted by shaki ng novenents of the

vi bro tanper after perform ng the rod conpaction

nmet hod. 11 The invention according to claim5 provides

a rod Ebgpdctventdeni cecwiverdingt ke holdem iSs provides a
arranged to nmaintain the direction of vertica
mAvEheEmBreict ite deoviioe aperpémndibs &o Ibenei sbyrirenged
own wei ght. According to this arrangenent, since the
hdldera lams oyetihien diwee tiniam | @fis veottor dedg maov ekainms of
1 or 4 has a weight sufficient for enabling the rods

t & hperedi yBnai Reg PR pikidd butahnem tthe isandognrowrd ght .
in a perpendicular manner, the respective rods wl|

be dri&efodidlpdl fedtbats pr ardgamenfoust ynce the holder
per pendi cul ar nmanner to execute the rod conpaction
mSPHOHC YER tHe Fheerdtt varadcori Agacrdiagmty, ¢heim 1 or
plurality of rods is attached to the |ower surface of

t He Teain?f ore iblykt Bt ¥ beld eqtt chpst gmabhivgvdike rods to
respectively, the conpaction area wth respect to the

s&Fd GrbuiRg BRthe ¥ M édmsh@d bnf AEPhédani9dngeground in

i ncreased, and since the respective rods are fitted
& perpendicular manner, he respective rods will be

driven and pulled out in a continuously perpendicular
manner to execute the rod compaction method.

In the inventicn according teo claim 1, the
plurality of rods is attached to the lower surface
of the beam for mounting rods at constant intervals,
respectively, the compaction area with respect to the
sand ground by the rod compaction method will be
increased, and since the respective rods are fitted
with play into play inserting holes formed in a
box-shaped metallic holder at constant intervals so
as to assure driving and pulling out operations of
the rods into and from the sand ground while
maintaining the constant intervals between the rods,
the constant intervals between the rods during
driving and pulling out operations will be

continuously maintained. In this manner, no

12



with play into play inserting holes fornmed in a

box-shaped netallic holder at constant intervals so

as to assure driving and pulling out operations of

the rods into and fromthe sand ground while

mai ntai ni ng the constant intervals between the rods,

the constant intervals between the rods during

driving and pulling out operations will be

cohe f heausl yn maiintiai medcaus ¢8i  yrenefEi P mdments
deflection will be caused by bendi ng nonents
ocruenirag nvnerh ¢ het hedsodrse adrd ani v @hoi Ak opold eeh loléd out
fromthe sand ground, and it will be possible to

actue at élhe peahdr gt dendod xwdpddt iwnl detthodp by sisele to
of a plurality of uniaxial rods. In the invention
accotdirad & by cp armo;m a h gare-ds kapega gtiide fiiabtoids by use
provi ded such that both sides of the beam for
nouht & ng Inods 1 oft vt hef | nuentxi bal acodsding to claim1l

are guided to performvertical novenents, and since a

| ower pértitdre of nivien ighv 8- Sirapeddguigletbratmin 2, a
fixedly attached to the holder and coupled to an
aldteaspaped ghiaderbnkere icsapeovikedespedtivbat both
rods can, in addition to the effects of the invention
adgclotelbngft 6hel diean fperfoumt Vgt rodls wovertentsnvention
whi | e being apart from each other at constant

| MEFYRAS N o petpéAdilc e wuAderd so perform vertical

movements, and since a lower portion of the
gate-shaped guide frame is fixedly attached to the
holder and coupled to an auxiliary wire of a crawler
crane, the respective rods can, in addition to the
effects of the invention according toclaiml, perform
vertical movements while being apart from each other
at constant intervals in a perpendicular manner so
that compaction of the sand ground on the basis of
mutual actions of vibrations of the rods can be
achieved at an even higher accuracy.

Inthe invention according to claim 3, the holder
is mounted toeulupper'machineryrofthe crawler crane
via an arm, the position of the holder can be fixed
so that it does not accidentally swing. 1In this
manner, the rod compaction method can be accurately

performed while continuously maintaining the
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that conpaction of the sand ground on the basis of

mut ual actions of vibrations of the rods can be

achi eved at an even hi gher accuracy. In the invention
according to claim3, the holder is nmounted to an
upper machinery of the crawer crane via an arm the
position of the holder can be fixed so that it does
not accidentally swing. In this nmanner, the rod
cospaetisane et had £ap1ke peeneatei Ny thenf r gBd Wb etneir
conti nuously maintaining the 13 specified intervals
befyeen Jalt el s ARd dhelk ngverticahinty: dYr iohe:
driving and pulling out operations of the rdods wth

respeet thik i Be oFanth e JrAHM. whiR H NEe 5RYRY I 09 the sand
according to claim4, a vibro tanper is nounted to a

cantsahdporti on on an upper surface of the hol der so
that the vibro tanper is operated for perform ng

sinul taneousl ¢ {AawRert 1\@noh cddied sHf ace daveh aft e vibro
execution of the rod conpaction method. In this
megmep e rsiincembampd d Ngo Gan- decpenf gssediadfd esnt B® upper
rod conpaction, positional setting and noving tine

caubeasavasf sohtdhaiothe t i 8 thort coApl etiwpcandidper is
costs involved in the assenbly/dismantling can be nore

r eteed tiethRAIf d hep e bERREI1 NG BY miSie: 8f e FRG P€Sampering of

separately. In
the surface layer after execution of the rod
compaction method. In this manner, since tampering
can be performed after the rod compaction, positional
setting and moving time can be saved so that the time
for completion and the costs involved in the
assembly/dismantling can be more reduced than the
tampering by use of machines separately. In
performing tampering, the respective rods will
function as a gate-shaped guide frame for the tamper
so that lateral shift, which might cause trouble in
performing tampering, can be prevented, and it is
accordingly possible to performeffective compaction
by tampering.

In the invention according toclaim 5, the holder

of the invention according to claim 1 is arranged to

have a weight sufficient for holding vertical

movements of the respective rods in a perpendicular
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perform ng tanpering, the respective rods wll
function as a gate-shaped guide frane for the tanper
so that lateral shift, which nmight cause trouble in
perform ng tanpering, can be prevented, and it is
accordingly possible to performeffective conpaction
by tanpering. In the invention according to claimb5,
the holder of the invention according to claim1lis

armanged !t cch8avesp et ghte sfdschents it HehditnFrom each
vertical novenents of the respective rods in a

pes peedi atl &p e clids NMBANER £ elrien 1 85 PEEHI ¥ 1 KAYSy Wild RE11ing
apart fromeach other at specified intervals, and

dro wt ng pantla plilloln 1gc a@U OPEERLI OIS €3N her BeGW A eh Y a
performed in a perpendicular direction with respect

t o ¢ hp esanidcugeaungi evernt i dnt e Wat eeshaped gui dhe sand
frame of the invention according to claim2 is not
provoded, endn iitf | Shposfd Pkeshapblaighids addintd OBFf the
to the effects of the invention according to claiml,
a fravendablen sardrgl pugdtef cveimhpgher naC W asY i@t &N z2nd
extensive scale and in a sinultaneous manner. Brief
Exipt ahait p on sdfb X det &r awitrgsn Fi On 4409 tAi ShdBoViBW effects
showi ng an overall view of a first enbodi ment of the
pretenhei nvenénbdnon FagcoXdsna tonil yiawishow pgvarable
condition in
sand ground of even higher accuracy on an extensive
scale and in a simultaneous manner.
Brief ExXplanation of the Drawings
Fig. 1 is a side view showing an overall view
of a first embodiment of the present invention.
Fig. 2 is a front view showing a condition in
which a rod compaction portion of the first embodiment
of the present invention is set on a sand ground.
Fig. 3 is a front view showing a condition in
which the rods are intruded from the condition of Fig.
2 into the sand ground up to a prescribed depth.
Fig. 4 is a side view showing an over all view
of a second embodiment of the present invention.
Fig. 5 is a plain view of a catch hawk employed
in the second embodiment.

Fig. 6 1is a side view showing an overall view

of a third embodiment of the present invention.
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whi ch a rod conpaction portion of the first enbodi nent
of the present invention is set on a sand ground.
Fig. 3 is a front view showing a condition in which
the rods are intruded fromthe condition of Fig. 2
into the sand ground up to a prescribed depth. Fig. 4
is a side view show ng an over all view of a second
enbodi ment of the present invention. Fig. 5is a
pl ai n virew of 7da0atch bapk £ipl oyedy ép bhaseserdused in
enbodinent. Fig. 6 is a side view show ng an overall
viewe a¢hiadheftheibedhrentawfl Fhey present difivenkiidie view
15 Fig. 7(a) is a plain view of a keeper used in the
t ho £d (ethodi nent, and Fig. 7(b) is a side view of
(a). Fig. 8 is a side view show ng an overall view of
a fourt Wienbodli denta of i tanpereworbiovelngsan peerafll view
the present invention. Fig. 9 is a side view showi ng a
condli &i deumt mheclbod heehaurd b ealgd Mreabtmefi t@gparse type
conmbi ned use type of Fig. 8 is set onto the sand
grofindheFipgr e i@nts anpkaitn onew showi ng a condition in
which a vibro tanper used in the enbodi nents of Figs.
8 and 9Fiig sétisFagidd VWisew shdeivieew showingi sheps which
for

the fourth embodiment of tamper combined use type of

Fig. 8 is set onto the sand ground.

Fig. 10 is a plain view showing a condition in
which a vibro tamper used in the embodiments of Figs.,
8 and 9 is set.

Fig. 11 is a side view showing steps for
executing the rod compaction method using the present
invention wherein a condition of preparing bolting
is shown.

Fig. 12 is a side view in which rods are intruded
from the condition of Fig. 11 into the sand ground
up to a prescribed depth.

Fig. 13 is a side view showing a condition in
which the rods are pulled out by a prescribed amount
from the condition of Fig. 12.

Fig. 14 is a side view showing a condition in
which the rods are re-driven by a prescribed amount

from the condition of Fig. 13.
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executing the rod conpaction nmethod using the present

i nvention wherein a condition of preparing bolting is
shown. Fig. 12 is a side viewin which rods are

intruded fromthe condition of Fig. 11 into the sand
ground up to a prescribed depth. Fig. 13 is a side

view showi ng a condition in which the rods are pulled

out by a prescribed anobunt fromthe condition of Fig.

12. FigFiv4 ikSaisi de widw ghow nghavwiondi &i @ondition in
which the rods are re-driven by a prescribed anount

f rdrd ehe védb t hemmof r Fng. fI8r t6mmagctifhg sthesisderface
vi ew showing a condition in which vibro hanmering for
corpgerimgr the surs &cer foaperd faordm drh ¢ s pedfidrimad of Fig.
fromthe condition of Fig. 14. Fig. 16 is a side view
sAHdM ng a conventional device used in a rod

conmpaction nethod. Fig. 17 is a front view of Fig. 16.
Figs. 18{8), U8(by, a18{tde v8(eh ,sh8Me)ng18(konaedtional
18(g) are explanatory views show ng steps of a

g&hff f er 8¢ Tdnpactd o fetctgek a Fitg.or 9med herd -

expl anatory vi ew showi ng one exanple of rod tip trace
patternsl8f & Hehéral Foant view of Fig. 1l6.

Figs. 18{a), 18(b), 18(c), 18{(d), 18(e), 18 (f)
and 18 (g) are explanatory views showing steps of a
general rod compacting method. |

Fig. 19 is an explanatory view showing one
example of rod tip trace patterns of a general rod

compaction method.

Best Mode for Carrying Out the Invention

The object of increasing the area of improvement
for a sand ground by a rod compaction method as much
as possible, of reducing repetitive operations of
small pitch construction through simultaneous
operation, and enabling reductions in construction
costs has been solved by providing a rod compaction
device, the device being arranged to have a
substantially box-shaped manner, and comprising a
beam for mounting rods which lower surface is fixedly

attached with a plurality of rods at constant
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conpacti on nethod. Best Mdde for Carrying Qut the
I nvention The object of increasing the area of
i mprovenent for a sand ground by a rod conpaction
met hod as nmuch as possible, of reducing repetitive
operations of small pitch construction through
si mul taneous operation, and enabling reductions in
construction costs has been solved by providing a rod
conplaetiverl s devaqges rpee dievidte haianm e raangedvi ® rateanme r
a substantially box-shaped manner, and conprising a
befainx € di ynoumnt eny erdbdsowhai obe howerl swpio kade n sohi xedlypper
attached with a plurality of rods at constant 17
i ey Yakse iaf at ber peredih cibar mannéri nandr adwsi, b daptier the
fixedly attached to a central portion on an upper
suriflace bRmtner beanchkerp hedntiong moglsn whereigfthecrawler
vibro hanmer is coupled to a main wire of a craw er
creaen sush athathilte Whbr ¢ ilamehantther bedarhd obeam for
mounting rods, and the rods can sinultaneously
PEF R AL var t1 e¢db . nevedretihs tddsr athworpactl baneders te
further conprising a box-shaped netallic hol der
MBS BP Bing ¢ heircedpaee veaands ; att vonsbantcompeerhiad s
and al low ng vertical novenents of the rod, wherein
t Wee ¥ eSpedidNeheods arpriistired wi thppt apaprd mpitallic
inserting holes of the rods provided at the

holder maintaining the respective rods at constant

intervals and allowing vertical movements of the rod,
wherein the respective rods are fitted with play into
play inserting holes of the rods providéd at the
holder and wherein the holder is coupled to an
auxiliary wire of the crawler crane.

Embodiments of the present invention will now
be explained in detail in accordance with Figs. 1 to
15. Fig. 1l is a side view showing a first embodiment
of the present invention, Fig. 2 is a front view
thereof, and Fig. 3 is a side view of main portions.
In the drawings, 10 denotes a crawler crane used in
the rod compaction method, wherein the crawler crane
10 is comprised of a base carrier 11, an upper
machinery 12 mounted on the base carrier 11 on a freely
turning manner, and a boom 13 pivotally attached to

a front portion (right end portion of Fig. 1} of the
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hol der and wherein the holder is coupled to an
auxiliary wire of the crawl er crane. Enbodi nents of
the present invention will now be explained in detai
in accordance with Figs. 1 to 15. Fig. 1 is a side
view show ng a first enbodi mrent of the present _
invention, Fig. 2 is a front view thereof, and Fig. 3
is a side view of main portions. |In the draw ngs, 10

denot €s MaehaM €f yCLanenused rigk 1 § el £Qd tGPaghhdRk r . The
met hod, wherein the crawler crane 10 is conprised of

a tase CArrs efougdl ean UpPes manahi Deky112a AAUShEedu@Aliary
the base carrier 11 on a freely turning nmanner, and a

bednr 4315 ot akkypaid ached focka frmnt Bardwon, (right

end portion of Fig. 1) of the upper machinery 12 in a

freely ehevaimimgdiannet . akheshdeamild Fsgeaupl edowid hi s

a minwre 14 and an auxiliary wre 15 at respective

j acksafigeld showh)at Bher iesbe dh sk rag SReWE iide &l gScolipled

to 3is arranged in that a vibro hammer 17 is fixedly

coupl eda deaom albedm A6mbam gt iragl £ 0ds ity dedni m a

substantially planar rectangul ar-shaped manner,

wisertes hahwa & bilg 18 ad8rare ¢espeatl aet y hiaipeed| anner,

coupled to a | ower surface thereof at a specified

i mherwali nwittvo respectl 8o dacha otherespacaotiharl worrdssedly

by di sposing the rods 18, 18 proxi mate of both end

pertimhsdoft ¢ he beam 16shorf amenthrey eofdsatt he specified
interval with respect to each other. 1In other words,
by disposing the rods 18, 18 proximate of both end
portions of the beam 16 for mounting rods, the
respective rods 18, 18 can be fixedly coupled to the
beam 16 for mounting rods at a specified interval with
respect to each other. The rods 18 are comprised of
steel pipe rods or of H-section steel.

The respective rods 18, 18 of the present
invention are shaped in a block-1like shape such that
the rods 18, 18 maintain a specified interval with
respect to each other and such that driving and
pulling out operations can be performed in
perpendicular directions when the respective rods 18,
18 are driven into or pulled out from a sand ground

G to be improved by the rod compaction method, and

a substantially rectangular-shaped holder 19 is
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respective rods 18, 18 can be fixedly coupled to the
beam 16 for nounting rods at a specified interval with
respect to each other. The rods 18 are conprised of
steel pipe rods or of Hsection steel. The respective
rods 18, 18 of the present invention are shaped in a
bl ock-Ii ke shape such that the rods 18, 18 nmaintain a
specified interval with respect to each other and

sysho bhade @niy g A4 n PHLIL PG 104 -QPST @ iﬁ\%ﬂ%ﬁga{‘irps holes

performed in perpendicular directions

respect hvg Qs fife ré%p%fcetﬁ’(rieV%dd{“Ps ory @?%g%q(i%éte of

froma sand ground G to be inproved by the

COpaRt ity "Bbhad o 2Bdo 2 syRStaM iakl -
rectangularvghapedgholger 19 iéﬁqga%%oéfhbdeﬁlﬁ%%%hby

thepevareibored il @yri RIS NG N0l 5p b n 492 S e ERG ve

respective rods 18, 18 proximate of “~both end portions

ofréhe hal defgl9nviher RN ya v aboues desaly Bemth E5thiglg 194
correspondi ng respective ‘rods 18, 18 into the play

| neet hi pAalp) eshd e s b2 £ Mrh rRlAY. 1 4 her segpeat e driven
rods 18, 18 will be driven into and pulled out in

verit alarh rﬁﬁtlilcé“cﬁ YAl & n MRt PhNY 48 SPEELided while
interval with respect to each other. In this respect,

aeftof ditRd A Onkhe Y eSERL o £MROEL PRAL, wihe, MENSEcefto each
rods 18 is not limted to
other.

In this respect, according to the present
embodiment, the number of rods 18 is not limited to
two, but it is also possible to form the holder 19
to be of substantially square-shaped manner wherein
four rods 18, 18, 18, 18 are fixedly attached to
proximities of four corners of the holder 19, whereby
rod compaction can be performed on a more extensive
scale.

In this manner, the holder 19 is arranded in that
the rods 18, 18 are fitted therein with play, and in
that at least both end portions are fixedly attached
to proximities of lower end portions of two opposing
leg portions 20a, 20a of a gate-shaped guide frame
20 to be formed uniformly with the gate-shaped guide

frame 20. 1In this respect, lower end portions 20b,

20b of the leg portions 20a, 20a are formed to project

20



two, but it is also possible to formthe holder 19 to
be of substantially square-shaped manner wherein four
rods 18, 18, 18, 18 are fixedly attached to
proximties of four corners of the holder 19, whereby
rod conpaction can be performed on a nore extensive
scale. In this manner, the holder 19 is arranged in
that the rods 18, 18 are fitted therein with play,
afkem thlatl@beleasir batk entl parkt itonsdare ¥9 xedhyy upper
attached to proximties of |ower end portions of two
ofposnh ag 0 & egf pdi ¢ igdise 2@, a 208 @hidegdtrensh@ied sQuiodp 1 ed
frame 20 to be fornmed uniformy with the gate-shaped
guicdet hér ame: 2D1i akry tWi Ber aspeach i 1leovitie end bpos thanmer 17
20b, 20b of the leg portions 20a, 20a are forned to
prig ectup2@df tamtthe hower wilréate ehdihhehotdehelD.can be
An upper franme 20c of the gate-shaped guide frane 20
i s robuplddialtbyt heveuki inaray mere <ibd whidlle i heawinko.
hamrer 17 is coupled to the main wire 14 such that
t hey cahlubéhemndi kpdialddgaoped ti noasperiperide ciukam 16 for
manner. Further, both edge portions of the beam 16 for
MWt hgngods &s ea ergagerk g dbetth Hegh pbdewi eprsr 20ans 20a,
20a of the gate-shaped guide frane 20 so that the beam
16 Fap o fimbdnet ioregk ¢ odb aipse ¢ g wlied ebf rialree gt eoshaped the beam
frame 20 to be vertically novable in a perpendicul ar

16 for mounting rods is guided by the gate-shaped

frame 20 to be vertically movable in a perpendicular
manner. In this manner, the rod compaction portion
A of this embodiment is formed.

When setting the rod compaction portion A on a
sand ground G to be improved, the rod compactiocn
portion A is first disposed at the target point by
the crawler crane 10 as shown in Fig. 1, and the lower
end portions 20b, 20b of the gate-shaped guide frame
20 are then entered into the ground surface iayer
poertion as shown in Fig. 2 such that the gate-shaped
guide frame 20 is fixed on the sand ground G in a
perpendicular manner, whereupon the beam 16 for
mounting rods can perform vertical movement in
perpendicular directions while being guided by the
gate-shaped guide frame 20 by actions of the main wire

14 as shown in Fig. 3. At this time, the gate-shaped
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manner. In this manner, the rod conpaction portion A

of this enbodinent is forned. When setting the rod
conpaction portion A on a sand ground Gto be

i nproved, the rod conpaction portion Ais first

di sposed at the target point by the crawler crane 10

as shown in Fig. 1, and the |ower end portions 20b,

20b of the gate-shaped guide frame 20 are then

erte¥ed faede R growmdsperfded baybhe povdi bhagy wire 15
shown in Fig. 2 such that the gate-shaped guide frane
20§ sthexek avileme wamdegridunfo® ot @vepdrigendicomerrent
manner, whereupon the beam 16 for nounting rods can
p&ts HF ALFE § it © reedmasc 9 mp aparigendilee | ar t gisece hong the
whi | e bei ng guided by the gate-shaped guide frame 20

by &2%i s of 8t hatmi Bh@i rend49a9wmdwhi-in Fig. 3. At
this tine, the gate-shaped 21 guide frame 20 is
suspendé@ by ithe efixgEitar yhvii ke agnsérugeiemanseing a rod
crane 10 for preventing concurrent descending thereof
aEIMp AR tHEt R At 1S dASEf el akpag 18, th8 Pt r art,
the sand ground G |In this respect, while construction
uSHYS BEMET L BP&cth DntAst hodldi § oMRBCEXFIThi Red Hat

the priaor art, construction using the rod conpaction

& HoAT 4¢Et dichdhod RFRSEdsdMV s AVERN o Wt 19 epexplained

eﬁplained | ater in accordance wth Figs. 11 to 16.
ater in accordance wiith Figs. 1 to 16.

Figs. 4 to 5 show a second embodiment, wherein
Fig. 4 is a side view and Fig. 5 is a plain view of
a catch hawk 21. The catch hawk 21 is arranged
'similar to the holder 19 so as to fit the rods 18
therein with play for maintaining specified
intervals between the rods 18. The present
embodiment differs from the embodiment as shown in
Figs. 1 to 3 in that the catch hawk 21 employs four
rods 18, 18, 18, 18, in that it comprises play
inserting holes 19a, 19a, 19a, 19a for the respective
rods 18, 18, 18, 18 for maintaining specified
intervals between the four rods 18, 18, 18, 18, in
that no gate-shaped guide frame 20 is provided, and
in that the rod compaction portion B of the present
embodiment is arranged by coupling a rear end portion

of the catch hawk 21 that corresponds to the holder
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Figs. 4 to 5 show a second enbodi nent, wherein Fig. 4

is aside viewand Fig. 5is a plain view of a catch

hawk 21. The catch hawk 21 is arranged simlar to the

hol der 19 so as to fit the rods 18 therein with play

for maintaining specified intervals between the rods

18. The present enbodinment differs fromthe

enbodi mrent as shown in Figs. 1 to 3 in that the catch

havk 2l tehpl 6y s sfownboadanelBt 48, th8, ubPert mébALindry 12

conprises play inserting holes 19a, 19a, 19a, 19a for

t hef rebpecidawlerodsrdBe 18 #8a I f @knm@ i ai ni ng

specified intervals between the four rods 18, 18, 18,

18, in Whieat tos gabd- shapedcguicte gsafodD BSis placed on

provided, and in that the rod conpaction portion B of

t heo pr esand g 2ohadi ento d Simap £arget, byheotplisng 83 nenr 18,

end portion of the catch hawk 21 that corresponds to

t 8 hot der r22adeaf ttdhepérfirenbeditneni 1t notenepper in a

machi nery 12 of the craw er crane 10 via an arm 22.

Wpear p e dricdh tempacnmarporti ba Raisnphdadchonspeaciafied

sand ground to be inproved, the rods 18, 18, 18, 18

ariertae r saded Wbt berkemm ver tbcala alovetkrls siimalar to the

per pendi cul ar manner whil e maintaining specified

i ity vatdesdhibespevstbddinant stineresimel@ostia itde of the

above-descri bed enbodi nent since the position of the
catch hawk 21 is fixed.

Figs. 6 and 7 further show a third embodiment
of the present invention, wherein Fig. 6 is a side
view therecf, Fig. 7(a) a plain view of a keeper 23
corresponding to the holder 19 and the catch hawk 21,
and Fig. 7(b) is a side view thereof.

The present embodiment differs from the first
and second embodiments in that it does not comprise
the gate-shaped guide frame 20, and in that the keeper
23 is not coupled to the upper machinery 12 of the
crawler crane 10 by the arm 22. Accordingly, the
keeper 23 of a rod compaction portion C according to
the third embodiment is comprised by a metallic heavy
item having a substantially square shape, wherein
play inserting holes 1%a, 19%a, 19a, 19a for the rods
18, 18, 18, 18 are provided proximate of four corners

such that the rods 18, 18, 18, 18 are respectively
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catch hawk 21 is fixed. Figs. 6 and 7 further show a

third enbodi nent of the present invention, wherein

Fig. 6 is a side viewthereof, Fig. 7(a) a plain view

of a keeper 23 corresponding to the holder 19 and the
catch hawk 21, and Fig. 7(b) is a side view thereof.

The present enbodi nent differs fromthe first and

second enbodi ments in that it does not conprise the

gaf etshkapethguieden fwamd 301 agnd ithd habdishe keepar, 28, 18
is not coupled to the upper machinery 12 of the
crinkeredraneoclG by ke msm 23. WACERr @il ywitle maintain
keeper 23 of a rod conpaction portion C according to

t hepehiirfi edbdditent ails aoapiiesed dica retiaklkd Gheauy own
item having a substantially square shape, wherein
plegiighserdf nohdokespkda,2 19aand9ahelYxdwert he redporised
18, 18, 18, 18 are provided proxi nate of four corners

suzh Bhatedhg racsn 1Baviithgl18, wkdi @ne rsaspeitiivaly £33
fitted therein with play. The rods 18, 18, 18, 18
fiatédviimie vhe tkeepér m23ramehta ayfwitlHe nebdtsaiim a
specified interval s between each other by the own

web ghpegfdi belkeepeand®r and t he keeper is conprised

as a heavy item having a weight sufficient for

al | om n@svetd §call brsl enleove ,oft tdekeege i PR is comprised
per pendi cul ar manner.

0of a metallic heavy item formed toc have a
substantially square shape, and while an
intermediate portion thereof is formed in a
girder-shaped manner, it is not limited to such an
arrangement. Further, pipes 23a, 23a, 23a, 23a
forming the respective play inserting holes for the
reds 18, 18, 18, 18 are fixedly formed proximate of
four corners of the keeper 23, wherein the respective
rods 18, 18, 18, 18 corresponding to the pipes 23a,
23a, 23a, 23a are fitted therein with play,
respecfively, and the respective rods 18, 18, 18, 18
dre arranged to perform vertical movements in a
perpendicular manner while maihtaining specified
distances via the pipes 23a, 23a, 23a, 23a.

Figs. 8 to 10 further show a fourth embodiment
of the present invention, wherein Figs. 8 and 9 are

side views thereof, and Fig. 10 is a plain view showing
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As described above, the keeper 23 is conprised of a
nmetallic heavy itemfornmed to have a substantially
square shape, and while an intermediate portion
thereof is formed in a girder-shaped manner, it is
not limted to such an arrangenent. Further, pipes
23a, 23a, 23a, 23a formng the respective play
inserting holes for the rods 18, 18, 18, 18 are

fixedbndiof B RLOXIHMEBLE Ofvibo CHPELS2ef ithGounted to
keeper 23, wherein the respective rods 18, 18, 18, 18

COsT espPNEh Mg g £ DB rpiPestB3a ke 38 238, 23a are
fitted therein with play, respectively, and the

respectine d06erk®edB8abd&e & nareoar 3RIH-t90on portion
performvertical novenents in a perpendicul ar manner

whb | e fmed 1é abRid e 8 P @it £4 i ndirSt ap¢eT 4 & ERQ DI PRE rod
23a, 23a, 23a, 23a. Figs. 8 to 10 further show a

f odbtalp £DOERNBBE £ DEnt o PreaeNt niiVENHHh9hd iMEL €I Pn that
Figs. 8 and 9 are side views thereof, and Fig. 10 is

a pl aiib Vo ewamtwd Ng4 24 ar€QRAH 1} OBoud WECR A i1 BEAtral

tanper 24 is nounted to a central portion of the

keppert izth ofS tdas Kddedrabdvien tihe ddl Compaetiidh portion

portion D of the present enbodinent differs fromthe

rod o £otpactihan: @o&hbom iGoh thhatdhiid enhedireits iffurther

that a vibro tanmper 24 is fixedly coupled to a

cemvnglled to an auxiliary wire 15 of the crawler crane
10, while the remaining arrangements are identical
to those of the rod compaction portion € of the third
embodiment.

Steps of the rod compaction method using the
present invention will now be explained in accordanhce
with Figs. 11 to 15. In this respect, while steps
of rod compaction using the rod compaction portion
A of the first embodiment employing the gate-shaped
guide frame 20 will here be explained from among the
rod compaction portions A, B, C and D as shown in each
of the first to fourth embodiments, the steps will
be common to all of the rod compaction portions B,
C and D of the other embodiments so that steps of the
rod compaction method using these rod compaction

portions B, C and D will be omitted here.

A. Preparations of Bolting (Fig. 11)
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portion of the keeper 23 in the rod conpaction portion
C of the third enbodinent, and in that it is further
coupled to an auxiliary wire 15 of the craw er crane
10, while the remaining arrangenents are identical to
those of the rod conpaction portion C of the third
enbodi nent. Steps of the rod conpacti on nethod using
the present invention will now be explained in
accordamee: M dhcdhfsctlilohOpd®.t ildn tAiiSs rAspeeld, to a sand
while steps of rod conpaction using the rod
cofpacticdre postben i m 10d vekie Hy rskeealedi 18pt crane 10 and
enpl oyi ng the gate-shaped guide frane 20 will here be
exptai.neddr orhanmerg t hag,r ogheompacs+ SRapardi oS ds frame
B, Cand D as shown in each of the first to fourth
enbodimemisy stheed @psdwid Ibyberdomms theldralvltdhe crane
rod conpaction portions B, C and D of the other
enbodtperirsi @ 1batestepd pb rithtonkod 0oNpAChi ®F both leg
nmet hod using these rod conpaction portions B, C and D
wipbrbe oonst2 @d, he@le AL Pheparsaat¢ o8k agfe Boytiing: (fHigme 20
11) 25 The rod conpaction portion Ais guided to a
sahgt ogitdunds & fa clee Jiapeoved byibhe odr vl @r semaney ddund G
and set. For the setting, the gate-shaped guide frane
20t i saf pestp aed ¢t emdexr byadmien ngot he toaliex thangoslDtion
to drive lower end portions 20b, 20b of both |eg

cf the holder 19, In this respect, since the catch

hawk 21 is fixed to the upper machinery 12 of the
crawler crane 10 via the arm 22 instead of the
gate-shaped guide frame in case of the second
embodiment, the position of the set catch hawk 21 will
be fiXxed. 1In case of the third and fourth embodiments,
the set position of the keeper 23 is fixed by the cwn
welght of fhe keeper 23.

In this manner, when the lower end portions 20b,
20b of both leg portions 20a, 20a of the gate-shaped
guide frame 20 of the rod compaction portion A of the
first embodiment are intruded into and fixed within
the sand ground G, the gate~shaped guide frame 20 is
suspended to such an extent with which concurrent
descending can be prevented when winding the
auxiliary wire 15 of the crawler crane 10 and

intruding the rods 18.
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portions 20a, 20a of the gate-shaped guide franme 20

into the surface |ayer portion of the sand ground G

in a perpendicular manner so as to fix the position

of the holder 19. In this respect, since the catch

hawk 21 is fixed to the upper machinery 12 of the

crawl er crane 10 via the arm 22 instead of the

gat e-shaped guide frane in case of the second
erfbodintntusibe paSikods ofFife det) catch hawk 21 will

be fixed. In case of the third and fourth enbodi nents,

t he set Tpesitilbnoohatmivee kKebper s2& d subiteed thy ihérawhe the
wei ght of the keeper 23. In this manner, when the

| owedls eh@ por tions RObs c 20bedf degtthh | egipardnpasyidGay the
20a of the gate-shaped guide frame 20 of the rod
corfpattisgroiportt tom Aodfs €186 thier sk reitrigadiumedtC aridl 1 settle
intruded into and fixed within the sand ground G the
gatieckhbhped gut 8élfir mwn Q0P sP.suspeadédphot suchtar point
extent with which concurrent descending can be
prelvenedsd e wisridiggat ke ok plri arlyowerle 216. of t he

crawl er crane 10 and intruding the rods 18. 26 B.

| i+ uBiidA igfg Rods Raly. (F2)g Thé3Wi bro hamer 17 is
actuated to intrude the rods 18 up to a prescribed

dept h. Abeonpasyilgatieepuilitedisiwh oy & be epdsib@d pirount

sand ground Gw ||l settle
Um of pulling while maintaining the vibro hammer 17

in operation. Also during this time, the sand ground
G is gradually compacted by vibration transmitted to
the rods.lS by actuation of the vibro hammer 17.
D. Re-driving {Fig. 14)

The rods 18 are re-driven up to the prescribed
re-driving amount Dm while maintaining the vibro
hammer 17 in operation. At this time, the sand ground
G is tampered with the tip end portions of the rods
18 while the sand ground G is compacted by synergetic
actions with the vibration of the rods 18.

Since the surface layer of the sand ground G is
settled accompanying the re-driving, rod pulling out
and re-driving processes are repeated while filling
the refill sand P, P... to the settled portion using
the tractor shovel 26, and compacting of the sand

ground G is performed until the prescribed ground
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such that refill sand P, P... is input to the point

of settling using a tractor shovel 26. C. Pulling of

Rods (Fig. 13) The rods 18 are pulled out by a

prescri bed anount Um of pulling while maintaining the

vi bro hanmmer 17 in operation. Also during this tine,

the sand ground G is gradually conpacted by vibration
transmtted to the rods 18 by actuation of the vibro
hatterek/.crbwnRe-ds i vieg-§£dg. 14) The rods 18 are
re-driven up to the prescribed re-driving anount Dm

WHE | eVt aTaimpge t hagvi @ Dg . hareyer 17 in operation.

At this tinme, the sand ground Gis tanpered with the

tip endSpord e onseofcodhp arcadsonl®dwhthe triel saadpgotindn

G is conpacted by synergetic actions with the

vinpe Bhiogh éntilse rodsel8.nSifice dinen surftageo kajem of o f

the sand ground Gis settled acconpanying the
rewprexigatedypu Imnfromt thadswe-facei 1@ ypFfocesdhes rods
are repeated while filling the refill sand P, P... to

t HeS sett ¢ | et potd drendi ngp liakee d tagtaort esippe el ni26 p lande 25,
conmpacting of the sand ground Gis perforned until

t her prigsee i thedpgroung i PP e(d Byeseck oenngd s hreegderth tamper
E. Vibro Tanpering (Fig. 15) Since the conpaction by
t@ﬂr@bidmnﬁ@&deg the bottom surface of the beam 16

for mounting rods for performing compaction for 2 m
of the surface layer so that compaction of the sand
ground G is performed from the prescribed depth up
to the surface lavyer.

In this respect, the present invention can be
variously altered unless departing from the spirit
of the present invention, and it can be well
understood that the present invention also covers
those alterations.

Industrial Applicability

The device for vibration compaction of sand
grounds of the present invention is intended for use
for sand grounds that can be compacted by longitudinal
and lateral vibration, is mainly applicable to
vibration compaction of sand grounds having a
particle size of not more than 74p and a content rate

of not more than 35%, and is used for compaction of
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met hod tends to be insufficient at portions of
approximately 2 mfromthe surface |layer, the rods 18
are detached and replaced by a tanmpering plate 25, or
vibro tanpering is performed using the vibro tanper

24 while leaving the bottom surface of the beam 16

for nmounting rods for perform ng conpaction for 2 m

of the surface |layer so that conpaction of the sand
gridang a@d iSo wer bar nedr{ by thenkrascs thed dephbnumsto
the surface layer. In this respect, the present

| MeNt Hom AN PEa daiEimust ¥nalst el pakess eEPSE titA®ns of
fromthe spirit of the present invention, and it can
ber enet b mides sbeod 4 hat ntifiey pkegand. i nvention al so
covers those alterations. Industrial Applicability
The device for vibration conpaction of sand grounds
of the present invention is intended for use for sand
grounds that can be conpacted by |ongitudinal and

| ateral vibration, is mainly applicable to vibration
conpaction of sand grounds having a particle size of
not nore than 74g and a content rate of not nore than
35% and is used for conpaction of 28 foundations of
various constructions such as buildings, roads and
tanks and backfill portions of

29



revetnents or retaining walls. 29 What is clained is:
1. A device for vibration conpaction of sand grounds,
- the device being arranged to have a substantially
box- shaped manner, and conprising a beam for nounting
rods which |ower surface is fixedly attached with a
plurality of rods at constant intervals in a

per pendi cul ar manner and a vi bro hammer fixedly

atitraghed st - pagqRtd @ gportion on an upper surface of
the beam for nounting rods, wherein the vibro hamer

i's couphed A ogavARidN #bEe Of Bz EHAM €L onpla@ei SHCR f sana
that the vibro hanmer, the beam for nounting rods,

al’gi:&lﬁﬁdrsqutﬁén@Wé&a%@i%§yar%£8%@ M 1463 a
novenents; the rod conpaction  device further

CONH & 8hg fa DOY- HapednaRiad | hen ok det i L ALRI NG ng a

the respective rods at constant intervals and

ald euh N ¥ @i & 116311 HPUIROLSh PRt D6 Wedd.s u MWISERT Bt FE€xedi1y
respective rods are fitted with play into play

| Rset 4 & AE dhak £61h0fh t&'@u!’:ﬁiﬁe@fi ¥e NlesPLevideds taint
the hol der and wherein the holder is coupled to an

awndéeawy 1w 1e 8fpd Ffetidavd €l a6 BR8N aATEVH EBiPhammer
vi bration conpaction of sand grounds, the device

beiing: al yargetla thelRVico aa Ut 2841 8ld ¥tk SPRPEY upper
manner, and conprising a
surface of the beam for mounting rods, wherein the
vibro hammer is coupled to a main wire of a crawler
crane such that the vibro hammer, the beam for
mounting rods, and the rods can simultaneously
perform vertical movements; the rod compaction
device further comprising a box-shaped metallic
holder maintaining the respective rods at constant
intervals and allowing vertical movements of the rod,
wherein the respective rods are fitted with play into
rlay inserting holes of the respective rods provided
at the holder and wherein the holder is coupled to
an auxiliary wire of the crawler crane.
2. A device for vibration compaction of sand
grounds, the device being arranged to have a
substantially box-shaped manner, and comprising a

beam for mounting rods of which lower surface is

fixedly attached with a plurality of rods at constant

30



beam for nounting rods of which |ower surface is
fixedly attached with a plurality of rods at constant
30 intervals in a perpendi cular manner and a vibro
hamrer fixedly attached to a central portion on an
upper surface of the beam for nounting rods, wherein
the vibro hammer is coupled to a main wire of a
craw er crane such that the vibro hanrer, the beam

fornteRwHl 0« @dS e r@ich d DO uUNQHS nGAn LM HANQAUSEY hammer
performvertical novenents; the rod conpaction device

ﬂgiheﬁnynmtk$dea Q@“&héﬁﬁiﬂ@labwﬂti@@|6@'an upper
mai ntai ning the respective rods at constant intervals

anshi alfla@ NGt vehtd G aROCIENESudft {he F8ds, WEBERIJin the
the respective rods are fitted with play into play

I neEbkong fhes afs tdheup espeaid v heds Wiove ded adkbrawler
t he hol der, wherein a gate-shaped guide frane for

gut dang \eardhcalh 2PVeRentsi vt ot heakeam,f arh S0URLENIF o ¢

rods is provided on both sides of. the beam for

nowmt g ng odedisg siaad thacerbad acen Wieel fahk@usly

box-shaped netallic holder is fixedly attached to

proxt fbtrimesv e oft ilcower merd: ok tisgnst BE  Iregl pos hiberst 06n

the gate-shaped guide franes, and wherein an upper

f rierei cef filnetpatre-csbaped gimge o ragr -ish 40eiQ| 8@ 01 al ¢

auxiliary wire of the crawl er crane. 3. A device for

vithr bt eon reohphetiimoim of td@ndkespective rods at constant
intervals and allowing vertical movements of the rod,
wherein the respective rods are fitted with play into
pPlay inserting holes of the respective rods provided
at the holder, wherein a gqate-shaped guide frame for
guiding vertical movements of the beam for mounting
rods is'provided on both sides of the beam for mounting
rods to stand face to face, wherein the box-shaped
metallic holder is fixedly attached to proximities
of lower end portions of leg portions of the
gate-shaped guide frames, and wherein an upper frame
0f the gate-shaped guide frame is coupled to an
auxiliary wire of the crawler crane.

3. A device for vibration compaction of sand

grounds, the device being arranged to have a

substantially box-shaped manner, and comprising a

beam for mounting rods of which lower surface is
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grounds, the device being arranged to have a
substantial ly box-shaped manner, and conprising a
beam for nounting rods of which | ower surface is 31
fixedly attached with a plurality of rods at constant
intervals in a perpendi cul ar manner and a vi bro hammer
fixedly attached to a central portion on an upper
surface of the beam for nmounting rods, wherein the

Vit peldargTar i Schedplved i @ 8 1B 11 Weheodf radd aW @bnstant
crane such that the vibro hamer, the beam for

MoiLkE blﬁgrafloﬁ_si,n ansle the 1 ©dsuaayr siaAn & @@1@@?&1 ¥ibro hammer
performvertical novenents; the rod conpaction device

fuf t hedlconpt taichE: @ box-shapad det abbira i #R! d&F an upper
mai ntai ning the rods at constant intervals and

aldonfagevesfi tale MyeReHbs nespactinvg ebdse whRdrein the
wherein the rods are fitted with play into play

i nsEbrbngaholes 0F tdvaup Begeatd e 9ds prioveded at crawler

the hol der, wherein the holder is arranged to be

f reeed y eatstacihabhe/tdet Rehahilier wi HamwEpPECtt i 8RR amipper

machi nery of the crawler crane via an arm and

wheren b itlte nedal,| icnboltdsr sdeouphedstion@ntawedu aLy

wire of the crawler crane. 4. A device for vibration

canpatoiron wérsarc 1 ghowrdsentBe dave ce diki agmararcanged

to have a substantially box-shaped manner, and

colprisenduwrther comprising a box-shaped metallic
holder maintaining the rods at constant intervals and
allowing vertical movements respective of the rod,
wherein the rods are fitted with play into play
inserting holes of the respective rods provided at
the holder, wherein the holder is arranged to be
freely attachable/detachable with respect to an
upper machinery of the crawler crane via an arm, and
wherein themetallic holder is coupled to an auxiliary
wire of the crawler crane.

4. A device for vibration compaction of sand
grounds, the device being arranged to have a
substantially box-shaped manner, and comprising a
beam for mounting rods of which lower surface 1is
fixedly attached with a plurality of rods at constant

intervals in a perpendicular manner and a vibro hammer

fixedly attached to a central portion on an upper
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beam for nounting rods of which |ower surface is
fixedly attached with a plurality of rods at constant
intervals in a perpendicular manner and a vi bro hamer
fixedly attached to a central portion on an upper 32
surface of the beam for nounting rods, wherein the

vi bro hammer is coupled to a main wire of a craw er
crane such that the vibro hamrer, the beam for

et ARG o QOs, tRBA Hden T eds q@@uﬁtmﬂé aneays! Wherein the
performvertical novements; rod conpaction devi ce

furihes eemési Dg @ofifp(l§ﬁalﬂ%d deial hi Gikd d¢f & crawler
mai ntai ning the respective rods at constant intervals

angk #h bOWtth VehhitCat h BDYERAS Shaimkde, F ethe BRAREI flor
the respective rods are fitted with play into play

| meRrh tAg ot €8s0f dihe eespecsbve JOUSspmM €8deAlsly
the hol der, wherein the holder is couple to an

agre t faky Weetobad cravwkelef ane @ wlehel Ardo Movice
tanper is nounted to a central portion on an upper

sunfackeal ddwphalsdaig 3. bde- dawipeed f A bW 1Y abi v lder
conmpaction of sand grounds according to claim1l or 4,

Whrer e hatiinel el dare #ssperanped o d@i Ataigpibeant
direction of vertical novenents to be perpendicul ar
byiritsrowl smeinghtll 1a83ing vertical movements of the rod,
wherein the respective rods are fitted with play into
play inserting holes of the respective rods provided
at the holder, wherein the holder is couple to an
auxiliary wire of a crawler crane and wherein a vibro
tamper is mounted to a central portion on an upper
surface of the holder.
5. The device for vibration compaction of sand
grounds according to claim 1 or 4, wherein the holder

is arranged to maintain the direction of vertical

movements to be perpendicular by its own weight.
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