1 DESCRI PTI ON Pl LE- DRI VI NG METHOD AND VI BRATI ON CONTROL METHOD
TECHNOLOG CAL FI ELD [0001] 5The present invention relates to a pile-driving
nmet hod that uses resonant vibrations to drive a pile into the ground, and a
vi bration control method that controls the vibrations applied to the pile
when driving it into the ground. The present application clains
priority on Japanese Patent Applicatioh No. 2010-007054, filed on January
15, 2010, the content whereof iséhgﬁgﬁggéﬁged herein. 10 BACKGROUND ART

[ 0002] There is a conventi nt vibration pile-driving nethod

that uses a pi | pr@uhNEAINCOMETEGH £NB PiRATAON (@hiMeol htAigpt he ground. In

this resonant vibration pile-driving nethod, the excitation frequency
appl i ed toTtbANDOGICaIALEDt 0 match the 15 natural frequency depended on a .
| ength of the pile. Using resonant vibrations generated when the excitation
frequency mogit he natural frequency are matched, the pile is driven into
the ground. This resonant pile-driving nethod is advantageous in that,

since tye pile ithe pROG: BREAMRIYal Qra%iﬁquigﬁlgrnﬁém;}ﬂ&tugés%ﬁﬁ%ﬁnsi a large

vi bration response (to acceleration and vibration) can be obtained with | ow

ener gy, angplagasi bdveGaiile Ao tHeigkRiRd 20d Wobihish £d 'fﬁ&m&&&lapéon Quggneray.
Mor eover, since the excitation frequency is hig requency along the main
pi |l e | engt{ibiala BplRidlts tlfil ey BRHROH 15 tRGrduhgi d Vi bration, this resonant
pi l e-driving nmethod has an advantage that ground vibrations can be reduced.
2 wavel ength W tie bREnh GRficAlon dMEmPhdiGit Sy RpRREEPLBRAhRALE NS P! Y
referred to as 'pile-head node nethod' )" (for exanple, “see Patent

Li t er at ur eg18-oposd) filedBH TAREry1325019! ﬂ1¥@c§1téntﬂ%h8je$lﬁg P%éo AR Hifen] €SONant

vibrations mainly using a resonance node at one velength with the
head ofp t heaoklcrasy@argnt i node (hereinafter sinply referred to as

5' pil e-head antinode nethod') (for exanple, see Patent Literature 4). PRI OR
ART LI TERADGHRE PATENT LI TERATURE [ 0003] [ Pat ent Docunent 1]
Japanese Unexam ned Patent Application, First 10 Publication No. 556-25518

There is a conventional resonant vibration pile-driving method that uses &

pile-driver to vibrate a pile and drive it into the ground. In this resonant vibration
pile-driving method, the excitation frequencj applied to the pile is made to match the
15 natural frequency depended on a length of the pile. Using resonant vibrations generated
when the excitation frequency and the natural frequency are matched, the pile is driven
into the ground. This resonant pile-driving method is advantageous in that, since the pile
is spontaneously vibrated by resonant vibrations, a large vibration response (to
acceleration and vibration) can be obtained with low energy, and the pile can be driven
20  with efficient use of low energy. Moreover, since the excitation frequency is high
frequency along the main pile length than a pile-driving method using rigid vibration,
this resonant pile-driving method has an advantage that ground vibrations can be
reduced.
Examples of this type of resonant pile-driving method are one that drives the

25  pile by means of resonant vibrations mainly using a resonance mode at one-quarter



[ Patent Docunent 2] Japanese Unexam ned Patent Application, First
Publ i cati on No. 559-98928 [ Pat ent Docunent 3] Japanese Unexam ned.
Pat ent Application, First Publication No. S61-92212 15[ Pat ent Docunent 4]
Japanese Patent Publication No. 2807794 SUWWARY OF THE | NVENTI ON PROBLEMS
TO BE SCLVED BY THE | NVENTI ON [ 0004] However, in the pile-head node net hod
described in Patent Literatures 1 to 3, 20 since the node with the greatest
strain (the amount of change in the dlgplacenent per unit of length al ong
the length of the pile) is set at the pile-head, the |load is greatest at

t he pil e- hewoclength withtliedsad of thi pifejas ginpdg Gewsmatersimply eferesionant vi br at i ons
with the fixing force of a pile driver and pile, and increases the

possi bi | i typﬂﬂ@@dnmnmth@’)dﬁrvmm sge P@h@bﬂétmslm@;@ﬂ@n@thameqm | e- head
node nethod has a problemof being difficult for practical use. 25In
conpar i son the nile by meeapd dlgesqnany vivpdionymaintydising lagesohanse medelataone-halbde net hod 3
described in Patent Literature 4 has a |lower vibration response at the tip
of the pil evaytlength wilh thehesd ofghgpilegh en prtthodo(hgesinafien semply pefyrred teasli ng to a
problemthat it has a |ower driving capability than the pile-head node

met hod. 5Thépiteriigad gntiteds metlodi3 (forrxamply, 5 Pefeet Idieti@re Aat is buried in the
ground. 5Moreover, in the pile-head node nethod and the pil e-head anti node
met hod, si RREORKETIIIBRARURE br at i ons are det er mi ned by the length of the
pile, the range of drivable pile lengths is |[imted, |eading to a problem
of | ow ver PATENIYTERSDOBE 1t is an object of the present invention to
provide a pile-driving nmethod and a vibration 10 control nethod that are
easy for pl@¥8ical use, have high driving capability, and high versatlllty
MEANS FOR SOLVI NG THE PROBLEM [ 0006] To achi eve the above-nenti oned >
obj ects, the prefeaisnt Porpmanidy] dapeaese UngxaminediBtanbApplightioneEissir ch, and

perfected the present invention based on the results as descri bed
10 Publication No. 856-25518

[Patent Document 2] Japanese Unexamined Patent Application, First
Publication No. S59-98928
[Patent Document 3] Japanese Unexamined Patent Application, First
Publication No. S61-92212
15 [Patent Document 4] Japanese Patent Publication Na. 2807794
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]
However, in the pile-head node method described in Patent Literatures 1 to 3,
20  sincethe node with the greatest strain (the amount of change in the displacement per unit
of length along the length of the pile) is set at the pile-head, the load is greatest at the
pile-head. . This makes it difficult to control the resonant vibrations with the fixing force
of a pile driver and pile, and increases the possibility that the pile driver will break down.
Therefore, the pile-head node method has a problem of being difficult for practical use.

25 In comparison with the pile-head node method, the pile-head antinode method



bel ow. [0007] To achi eve the above-nenti oned objects, the invention enploys
the following neans. 20(1) A pile-driving nethod according to an aspect of
the invention utilizes resonant vibrations depended on a length of a pile
to drive the pile into the ground. Thesmethod includes applying a |oad to a
pi | e-head of the pile, the |load being equivalent to 0.26 times or nore and

3 times o |less.t s of th and vibrating the usi ng
resonant 4FSBHRECB %etegaf%@%%ﬁ ﬁ?%a {Oavea @%ﬁ%@%ﬁéﬁq b ah%e wllEhe

pi l e-head is 25an antinode. 4 [0008] (2) Preferably, in the

pi | e- dri vihergingsiehsienpdy referyed toige nilestan adeasdinmiga preblsmghetinbdsa lggoe| engt h
resonance node and a one-wavel ength resonance node; the one-half wavel ength
r esonanc edrimiiecapabilie than éhayaleehead giotie metodaribe tipdsiéeﬁmds’teltmwf Hzased on
the length of the pile, and the pile is vibrated by using resonant

vi br at i ongdechat ie dptedlinge gounde resonance node that was sel ect ed.

(3) Preferably, in the pile-driving method of (1) and (2), the pile-head of

the pisle is griypRAvEyitth®bll&hedEiile nddibod AR1 the pHe-headedPinb@Imk@otine
pil e-head gripped by the pile clanp. 10(4) Preferably, in the plle driving

met hod of éﬁc%)the kel a{'ﬂt L forf A Rrd RedHiRR! kgv tg@'lé?lgﬂpéftthe gfl]éj tl%l'aggé ﬁ% parts that

are provi to t maln unit and arran soas to rroun pi | e- head

of the p'Ar bt ol '1 hé RGO AE%n! ‘t‘éa Fob‘i 'w“véﬂgﬂtﬁl and the sum of the
| e pile gﬁ

masses of nore and 3 tines
or |ess HB@ gﬁss of the plle. 15(5) A V|brat|on control met hod according to
an aspect ? he i nvention controls vibrations of a pile when the pile is
driven |nto t he gro nd u3|n resonant V|£¥at|ons The nethod i.hcl.udes
adj ust i nd Eme@e% Igventiop.te BERY IR 2 Pilrsdipying mgthadiand 2 wibaten of 0. 26
times or nDre and times or less the mass of the pile, based on a driving
dept hilof eom&ropthod thas artagagy xprasticeliisc draya iégh dridng papability gnd highpi | e by
usi ng resonant vibrations 20 corresponding to a resonance node in which the
pi | e- headversatifity. ant i node. (6) Preferably, in the vibration control nethod
of (5) the resonance node is a
MEANS FOR SOLVING THE PROBLEM
{0006]
To achieve the above-mentioned objects, the present inventors carried out
15 thorough research, and perfected the present invention based on the results as described
below.
[0007]
To achieve the above-mentioned objects, the invention employs the following
means.
20 (1) A pile-driving method according to an aspect of the invention utilizes
resonant vibrations depended on a length of a pile to drive the pile into the ground. The
method includes applying a load to a pile-head of the pile, the load being equivalent to
(.26 times or more and 3 times or less the mass of the pile, and vibrating the pile by

using resonant vibrations corresponding to a resonance mode in which the pile-head is

25  an antinode.



one- hal f wavel ength resonance node and a one-wavel ength resonance node, the
one- hal f wavel ength resonance node or the one-wavel ength resonance nodé is.:
sel ected based on the length of the pile, and the pile is vibrated by using
resonant vibrations 25 corresponding to the resonance node that was
selected. 5 EFFECTS OF THE | NVENTI ON [#€009] It has conventionally been

t hought that, when a load is applied to a pile, the total rmass of the

t ar get ob'&ﬁ% bei ng made to resonant vibrate will increase and the 5driving
capabilit£ mn]l be di m ni shed. However, with resonant vibrations where the

pile-head is an i po .aload is.applie t he pile-head, and the pile
is vibrated whi iﬁ%ﬁgﬁ%ﬁﬁdﬂ#ﬁéﬂgﬁ?‘aﬁ ﬁ%‘?@ﬂéﬁ@n@&?‘f SRPARGGROSINE  the force
applied to the pile stays the sang even if the vibration frequency is
changed. pBe-balf B@yplength fesopprrs medeandiaangvavelsngihdesongacepeds; i ncr eases,
t he resonance 10frequency decreases, the vibration response of the pile-tip
( pi | e- headye-half meuelergth sgsdninge aapfictor e, onetyeavstangihresmanteanpid is selegied i s | ess
than in resonant vibrations where the pile-head is anode. They al so

di scovEr etaseian théiengthiof tiad pibes tndithe plilangeibrated bevsigseramotvibratiguency i f t he
| oad applied to the pile-head exceeds 3 tines the mass of the pile. The

present i pmespbadindasthbeednpekhesieabativasaskoredance with these findings.
15[ 0010] According to the pile-driving nethod described in (1) and

the vibration C@jtﬂi@ferm%,hﬁ%&ﬁﬁcdﬁ rﬂe&oﬁ%f(l)%dﬁ@j?kﬁ@ﬁﬁrﬁeﬁgofthe _ _
above-nentioned oad to the pile-head of a pile and vibrating the pile with

(e pi e HIPERRART IR RRR B8 AL RERHC Ao AN AR SR I

| east one 200of the pile-driving depth and the ground hardness, the
accel erat f F’response of the pile-tip can be increased in conparison with a

S neell asonant  UDoheatergft inife mEREH iy p Chabop R ERIRSEeSA R | node.
't 1s pos lslili?,l a?ldtg(r)iplsai%% p?ll‘tg ?h%te ar\ggggveidgdqg tlfe:[ égnlllqmlltsan Etfrglggee(sitso iag toasTlrround
the pile-head of the pile; a weight is provided inside the main unit, and the sum of the
masses of the weight and the pile clamp is 0.26 times or more and 3 times or less the |
mass of the pile.
15 (5) A vibration control method according to an aspect of the invention controls
vibrations of a pile when the pile is driven into the ground using resonant vibrations.
The method includes adjusting a load applied to a pile-head of the pile within a range of
(.26 times or more and 3 times or less the mass of the pile, based on a driving depth of
the pile or a hardness of the ground, and vibrating the pile by using resonant vibrations
20  corresponding to a resonance mode in which the pile-head is an antinode.
(6) Preferably, in the vibration control method of (5) the resonance mode is a
one-half wavelength resonance mode and a one-wavelength resonance mode, the
one-half wavelength resonance mode or the one-wavelength resonance mode is selected

based on the length of the pile, and the pile is vibrated by using resonant vibrations

25  corresponding to the resonance mode that was selected.



internmedi ate part of the pile. Therefore, the resonant vibrations can be
control |l ed 25w thout increasing the securing force of the pile driver and
the pile-head, the possibility 6 that the pile driver will break down can
be reduced, and it is nmade nore practigal to use. Mreover, since the
resonance frequency can be adjusted with the |load applied to the pile-head,

the versatjl.l f ile-driving method can be enhanced without limted
by the r%%@%?smeﬁ%ﬁlﬂs%nl ):% At this tinme, there is no change in the

reduction 58f ground vi brations, which is one of the advantages of a
vi br at or y[OB Ye-drivi ng mnet hod. In the pile-driving nmethod according
to the aspect of the invention, the |load applied to the pile-head is nore

pref erabl y equilyhtssienversionalbsbeanrtbeught thebmeheandoad 1 apphgsktogrpilee®s t he nass
of the pile. In the vibration control nethod according to the aspect of the
i nvent i ontotal mes$ afttic sgogdtiobpbet einhmag toe rdsesmht vibrato mell preedage afd theadj ust ed
within a 10range of up to 1.1 times the mass of the pile. If the | oad

exceeds Idrivibg ommbiliheflebadienioRE&E Mbweer,wich asmant vibtatiohanderethe t he
resonance frequency with respect to the amount of increase in the | oad

not i ceabl y|dRGHEASEStINAIE AMBAL {sTPPLivM fofh@pIABEIMNE e pile s Vibkathd WhilES OF
| ess; in addition, the total mass of the vibrated target increases, as does

ess; inaddition, the _ arget i ncreases, as
ot hod deaiPPRET TSt HEmenta! BPRI e the orf AL R DB PHES T (6)

when generating ¢ nant.. vibration nly,in a one-half wavel ength resonance
node (priSﬁaglreyevrgrééﬁﬁ%ﬁ%@at%}cfge)qﬁg%ﬁ%égF%a‘r?éécri' the pile, the | ower the resonance

frequency and the greater.the ground vibrations, 20Wen it is determ ned
that the piie P 8stihgbe iatoRutiase i Srigal e he SHEe { oo
smal | at the resognance frequency of the one-half wavel ength resonance node,
the pi0 e fpqugesy decesasss: the vilwaBommernss phtheanls-tim(pilpdesd) ierpases, agd n
one-wavel engt h resonance node. B%l vibrating the pile after selecting the
r esonanc eadggiiim, the sireoratha pde-higadhistless thaarigr¢sopdntivileatiprisevhare thei s nanner ,
t he resonance frequency of the pile increases 25and the ground vibrations
decr ease, pilu-hdadut a wdvlen ghayg alstdist@ergidihatfthé¢rh & ghnbg.no chafg®Gn He resonance
frequency if the load applied to the pile-head exceeds 3 times the mass of the pile.
The present invention has been perfected in accordance with these findings.
15 [0010]
According to the pile-driving method described in (1) and the vibration control
method described in (5), by applying the above-mentioned load to the pile-head of a pile
and vibrating the pile with resonant vibrations in which the pile-head is an antinode, or
by vibrating the pile after adjusting the load applied to the pile-head based on at least one
20 of the pile-driving depth and the ground hardness, the acceleration response of the
pile-tip can be increased in comparison with a case where no load is applied, and the
driving capability can be enhanced. Since resonant vibrations are generated with the
pile-head as an antinode, it is possible to set a node where the strain is greatest in an

intermediate part of the pile. Therefore, the resonant vibrations can be controlled

25  without increasing the securing force of the pile driver and the pile-head, the possibility



According to the pile-driving nethod described in (3), since the pile-head
of the pile is gripped by the pile clanp 3, driving can be made easy. - e
According to the pile-driving nethod described in (4), since the weight is
5provided inside the main unit, by changing the weight, the |oad applied to
the pile-head of the pile can be adjust@d such that it is not less than O
26 and not greater than 3 tines the mass of the pile. This makes it

possi bl e yo, h{égﬁl%%ﬁﬁepﬁﬂf‘bnﬁgﬁﬁ%%ﬁé F%%Eﬁ%dﬁ&:ﬁ%ﬁﬂ?% BRI A0 Grdclial (b BEAL 1 on

response, using a sinple t . 013] 10According to t pi |l e-driving

met hod and the yjbratiaon nt r.ol t i-bed;. Ve | .son With
a case where a roag 1I's "ho %Eﬁﬁﬁﬂbng ﬁgﬁﬁggég%ggﬁggﬁ%ﬁfﬁﬁg@éé%er E?gn
response of .th ile-tip can. be.jncreased, an he driving .capability can
be enhanc%mePaF%?ﬁ‘i,ﬂgq %ésqiﬁ’%ﬂ%gf]i‘f’ pyf’@fquﬁgtﬁﬁiﬁmb%e %@ﬂ?&éﬂﬂ Wi t hout
increasing the fixing force of the pile driver and the pile-head, the

possi bi | i tniteddy thewange pithapile dmeihs) At ilgs Bmgalberdino ehangsdn thededistion and it
can be nmade nore practical to use. Mreover, the versatility of the

pi | e- d¥ i viohgromed Nihdatims, whick fthenecd thevidvhntages| dfmivibrapry pide-denige nustthask. | e

| engt hs that can be driven. The invention can al so achieve reduction of
ground vi br at i ofisthepiiechivirg mahod hcdohding thvthn taggesoitthe nventiom ther lpad

pi | e-driving nmethod. BRI EF DESCRI PTI ON OF THE DRAW NGS 20[ 0014] FI G
1 is a sidgplitidagtiapiRihdabigs ﬁl@f@%@f&rﬂ)lﬁ@@ﬁi/ﬂb&ﬁ&b 026 thheseorphdre agd 1 Mer
according to an enbodi nent of the invention. FIG 2 is a side diagram

of a met hod, L oF 15EHE hDigs SMhEY AP YiblaiBn LAMRN b debEdiheltd it Apaph of
the rel ationship between excitation frequency ratio and tip 25accel erati on

ratio. 8 . 4.1 g r: i J . ied | oad
ratio andoﬁgpfgvgg%ﬁg%%ykaf@ggﬁgﬁgggﬁ¥%gﬁgﬁg%R%%@¥§QM£YQ&ﬁMEEP%?Bg£is a
graph of the rel ati hi et wee lied load ratio and Iimt reach depth
rati O?SSFF%‘g% o?gpi\o E?j%e%(}ge Paes &etﬁggp%nshi p between applied |oad ratio and
driving speed ratjo FIG7 is a diagramof vibratiop response

i st 1 but | on and b ol x6aeds 111 BRSSoMeT oA RHpAP AU JBF ESHAS PbCIAREe i he

FIG 8 is a diagramof vibration response distribution and strain

di st ri but iresangnee fGagneyayidt qe@@ec%thﬁ pmoynt of increase in the load noticeably

decreases in comparison with a case where it is 1.1 times or less; in addition, the total
mass of the vibrated target increases, as does the load on the pile driver.

15 [0011] |

According to the pile-driving method described in (2) and the vibration control
method described in (6), when generating resonant vibrations only in a one-half
wavelength resonance mode (primary resonance mode), the longer the pile, the lower
the resonance frequency and the greater the ground vibrations.

20 When it is determined that the pile P is long, and the reduction of ground
vibrations is too small at the resonance frequency of the one-half wavelength resonance
mode, the pile driver 1 excites resonant vibrations in the pile P in a one-wavelength
resonance mode. By vibrating the pile after selecting the resonance mode in accordance
with the length of the pile in this manner, the resonance frequency of the pile increases

25  and the ground vibrations decrease, without changing the length of the pile.



FIG 9 is a diagramof vibration response distribution and strain
distribution in Exanple 5. BEST MODES FOR | MPEMENTI NG THE | NVENTI ON [ 0015]
15As an enbodi ment of the invention, a pile-driving nmethod and a vibration
control nethod will be explained basedyon the draw ngs FIG1lis a
si de diagramof the schematic configuration of a pile driver of this
enbodi me(rih }én FIG1, a pile driver 1 of this enbodinent is a device that
uses resdhdM! 20 vibrations to drive a pile Pinto the ground G The pile
driver 1 includes a vibration exciter 2 that excites the pile P, a pile
clanp 3, and a Awatdieg toghepidedinbg meHhngfescribed in 3)ecethe pilechesghe! thej s
attached to the vibration exciter 2, and grips the head Ph of the pile P.
The cont rple islgnipise tribe pdeolanip G dnivinglcanbhenadnteasye pile driver 1. The
pile-tip Pf is the end of the side of the pile Pthat is driving in the
ground G 25[ 0Q4&brdifg to the pile-Gheinginxthdd descebel indgh), 2inex tetvadglatis a f requency
t hat generates resonant vibrations corresponding to a resonance node at

one- hal f wevidbengide thdlaiBint, b SRABMEEhENEEIht ARE 1cAd B SIIIAD Gk adt
one-wavel engt h (secondary resonance node), with the pile-head Ph as an

anti node-oﬁg@ngléﬁéén%eqd d%uulm%gﬁﬁén& 1ERiEhUNDE ailn g@n%éérﬁ%@@%@m ally

dt
box- shape has an Tnterna ow cavity, and a n gri ppi ng
parts 32 iapi the pile: . i P Lbpi parts 32
are arr an%gg{lag%big[gé p ge‘sﬁﬁlrs %Arlf S{IE@%&@P@& ngaf’%g%ﬁddé etrt‘%seo-ﬂr%llq ?egﬁ%g.%% d protrude

d ds_f he .mai. it 31..The .cont [ t sh t
he. ori ppty AFES 3G ERbwE bomes GRR et | oo nead ph. 10 ane or &

nunber of_ weights prepared beforehand is/are provided inside the main unit
31. The f85Jof the weights 33 is set such that the sumof the mass of this
wei ght or nunber of weights 33 and the nmass of the pile clanp 3 (containing
the mdlin unit 3iccarding keethg piledrinmepagthed o the yityationeontrol methadd 3 tinmes the
mass of the pile P. Wen the weight or nunmber of weights 33 is/are provided
i nsi de t hieseried abni¢, iB¢omparisondvitht aise @ha® 4 lioad & ot applied tati [@letlicads or

| ess the mass of the pile Pis applied to the pile-head Ph. That is, the
sum of t hiie aagkestioaf respuasPof the pilettip c3n dathardmBedyand itiesdr3dngd azpabjlitvainent to
the load applied to the pile-head. [0017] Subsequently, a

met hod of hetinhihded. Fagh@ R rBodshtRgbrhiienstiah ®e @bhiv&lledbvithoup irtdasing 2R ont r ol
met hod) wi Il be expl ai ned.
fixing force of the pile driver and the pile-head, the possibility that the pile driver will
15  break down can be reduced, and it can be made more practical to use. Moreover, the
versatility of the pile-driving method can be enhanced without limiting the range of pile
lengths that can be driven. The invention can also achieve reduction of ground
vibrations, which is one of the advantages of a vibratory pile-driving method.
BRIEF DESCRIPTION OF THE DRAWINGS
20 [0014]
FIG. 1 is a side diagram of the schematic configuration of a pile driver
according to an embodiment of the invention.
FIG. 2 is a side diagram of a method for testing an example of the invention.

FIG. 3 is a graph of the relationship between excitation frequency ratio and tip

25  acceleration ratio.



Firstly,

an operator selects a pile P of appropriate I ength or thickness

(outer dianmeter) based on the hardness of the ground G and the driving. -
depth of the pile P (the distance fromthe ground Gto the pile-tip Pf, in
ot her words, the target driving depth), and grips it with the pile clanp 3.
He then adjusts the |oad applied to theSpile-head Ph of 25 the pile P such
that the sumof the nass of one or a nunber of the weights 33 and the 10

nass of the pi | eigl4ATN o el NERINGH2Bedith Aoblislisnd Ao HRPS OF the pile

P. That

is, he arrange ights n appropriate mass 1n the pile clanp

3. The opgrator then nipul at.es the control device of the pile
driver 1 gﬂ%”%ﬁ§§3$%§e¥¥ﬁPRﬁﬁﬁ%ﬁ?&’ﬁaégciter 2. He excites the pile P, which
a |l oad of betwe .26 an 3 tines the nmass of. the pil.e P i.s.being
Bop!ed to. et Gl-3dsa e ot rlbiastie BerBes it Toadielf ik ibiueach
resonance node at one-half wavel ength, and drives it into the ground G The
| oad appl Hewthtdiahe pile P is nore preferably between 0.26 and 1.1 tines
the mass of the pile P. In this way, by applying a load to the pile-head Ph
of thespile P ahlGéxsatgrapy dfithe hitiohghipbeicen applisd loaskngbnged divinge pile-tip
Pf is greater than in a case where resonant vibrations are excited in a
resonancespeedeatdd. one-hal f wavel ength wi t hout applying a load to the

pil e-head Ph of the pile P, in addition, the pile Pis driven with | ess

strain of the pFi@7headidgarh BANibrAiod régposedigtiButi@saiathivdibridlii@ns are
excited with the pile-head Ph as a node. 15[ 0018] When t he operat or

deterninegohﬁﬁ%ﬁgggxg%%ﬁﬁf gripped by the pile clanp 3 is a |long one and

that there w

be a | ow reduction effect of ground vibrations at the

f £ Qry: hoE -he- mak
SR e, e R 5B PR

the vibration exciter
vibraL'o
C

reson
pile Pi
and the
pile P.
with al

0

ns, in the one-wavel engt h resonance node. By selecting a
e%ﬁﬁﬂﬁﬁgﬂﬁ%%ﬁgPﬁ?ﬁg vibrations in accordance with the length of the
nthis nner, the resonance frequency. of the pile P .is.increased
gr ound 18 e 1 dingram of V@&@}@&dﬂ%ﬁ%ﬂ%@ﬁ%@ TP EREEM B ¢ he

[ 0019] 25According to the enbodi nent descri bed above, weights 33
okdamploveen 11 0.26 and 3 tinmes the mass of the pile-head Phis

applied to the pile-head Ph, and the pile P is vibrated by resonant

vi br at i onBENTtMOIHeS PORIMIIAIENTING BAE ANVENJON Therefore, it is possible
to achi eve reduction of ground vibrations, which is an advantage of the

vi brati on[@1l5¢-driving nethod, while increasing the accel eration response
of the pile-tip 5 Pf in conparison with a case where a load is not applied
to thespil e- headsRA enddinhdnt bSthalig@nfios S flcedrivang Metledsad a vitiragat er ni ned

driving

capability. Further, in this enbodinent, since the pile Pis

vi br at ed ggﬂﬁ(ﬁm%&wﬂjpgg;ﬂ;gﬂéjwsg@oﬁhﬁdgﬂvﬁggead Ph as an antinode, the

strain on t

e pile-head Ph can be reduced to ['ess than in a case where the

piie-head Ph 1 SpfeNO08.siqtNfagdr APRN scbMiR! dRBuiafBn bPEHAL BfiferRe uiont rol | ed

wi t hout

20

25

i ncreasing t

embodiment.

In FIG: 1, a pile driver 1 of this embodiment is a device that uses resonant
vibrations to drive a pile P into the ground G. The pile driver 1 includes a vibration
exciter 2 that excites the pile P, a pile clamp 3, and a control device (not shown).

The pile clamp 3 is attached to the vibration exciter 2, and grips the head Ph of
the pile P. The control device (not shown) controls the entire pile driver 1. The pile-tip
Pf is the end of the side of the pile P that is driving in the ground G.

[0016]



10gri pping force of the pile clanp 3, and the possibility that the pile
driver 1 will break down can be reduced. This nmakes practical use nuch
easi er. Mreover, since the resonant vibrations can be adjusted by
adjusting the load applied to the pileghead in accordance with the length
of the pile or the mass of the pile, resonant vibrations can be generated
irrespective of.the th.of i|e. there i ncr aS|n ersatility.
15[ 0020] TR P PRERY G5 S e TR R Y] SR RS DRG0 26 and 3
times the mass of the pile P, the load is nore %referably adjusted to

bet ween 0COPESSBMIInG tp atﬁ@%?é@nf%@()ﬁiﬁa%@n&ha fiveavgiengthiprimarysreppiiease medglossi bl e
to mnimze the increase in total mass of the excitation targets of the

vi br at i orersbectieserange madered qne-winslepigthe(sedoadyry 3esonpreerodsht witltheand the pil e
P, 20 and makes it possible to achieve the effects nentioned above while
suppr essi pifp-hdad Hhomdnahtitdde. pi | e driver 1. Furthernore, by selecting the
resonance node of the pile P at one-half wavel ength or one-wavel ength in
accor gance Wi t NThehsild @agp B indluddia rpaih @ni? 3 1 e igiubsatkialiyiboat shapsd 4dn be
controll ed without changing the pile P. It is also possible to select the

r esonancenARdenRinaPRaidWaLdvinemal @Mﬁ&r%?gﬁﬁﬁn%’gxﬂ g yipamednon the 25

frequency when V|brat|ng thé pile P 12 Furthernore, since the pile-head
Ph is grippefklqnt Pbi c @@j i Fg%l\@ 21]
5Subseque Iﬁtly, exa(;}rrgll1 % f %eﬁ%nﬁ\%{;%ﬁﬁg% al nélckit%%&ﬁg In these
exanpl es, | e- h ad. B

i nvesti ga?1 zﬁ a?cf%’z(gitﬁe ﬁ%d%r#ﬁ’de%é tlg{)dtﬁrs}ﬁmm eentlvveen Eeﬁ%ﬁ%mg%pl ied to
the pile the r sonance fr uenc 100f le P, an e ac eration
of the. pi IS ORTONE Prgatst Bt é?ﬁa? P Deatlerkea i (o i p
acceleration') was investigated own in FIG 2, acceleration
gauged A were a@%ea%rr?e%ber@awgmwép%ql Eefafehﬁlil%/aﬁ%pwgieauw ige | engt h
of the pile P. Therflle clanp 3 attached at the tip of the vibration
exciter 2maasiniede of theevgighte 3Pis spppuphitbatile sumof Gbidspetithishe val ues
15 shown bel ow in Table 1, obtained by dividing the mass of the pile P from
t he sum oWeigheonmasses of)WeitghEs 33i dnd thd maws & thapild tempdi(ghrtaBhg(themaimaf t er
sinply referred as to "applied load ratio'), were provided in the pile

clanp 3. Wit 3 eakebpicrigpihh anos®ris bétwlebe 0\6kna Bitinesake hiagy of2he pidsPant , the
frequency of vibrating the pile P (hereinafter sinply referred as to

Ir :ggin;ﬁ'é ie%efx HRAME BEYOr huMBEr SIRANGRE 33 afde bRR1deRliALOMS R Bt Yeanoddhe
15  of0.26 times or more and 3 times or [ess the mass of the pile P is applied to the pile-head
Ph. That is, the sum of the masses of the pile clamp 3 and the weights 33 is equivalent to
the load applied to the pile-head.
[0017]
Subsequently, a method of driving the pile P using the pile driver 1 (vibration
20 control method) will be explained.
Firstly, an operator selects a pile P of appropriate length or thickness (outer
diameter) based on the hardness of the ground G and the driving depth of the pile P (the
distance from the ground G to the pile-tip Pf, in other words, the target driving depth),

and grips it with the pile clamp 3. He then adjusts the load applied to the pile-head Ph of

25  the pile P such that the sum of the mass of one or a number of the weights 33 and the



20f requencies in Exanples 1 to 4 and the acceleration of the pile-tip Pf
during vibration (hereinafter sinply referred as to 'tip acceleration') was
i nvestigated. [0023] [Table 1] [0024] 25In a Conparative Exanple 1, instead
of using the pile clanmp 3, a pile Pwith five 13 acceleration gauges A
attached thereto was bonded to the tipléf the vibration exciter 2 using
bolts and welding. The pile P was then nmade to vibrate in the sane manner

as in Exaﬁﬁkﬁf the ble élan?ygﬁteﬂéﬁ%{?ﬁl@d LRSPiiReDBEWRRE of e piIePORALR, fid equency

and the accel eration wa C The applied load ratio in Conparative
Example 1_was 0. = he relationshi p between
t he exci t%ﬁ@#@wﬁ%ﬁ%t}}f%}aﬁp&gpﬁaﬁé ?E%asqflﬁ%es ge\é\%f]{él‘ggti on ratio in Exanples 1

to 4 and Conparative anple 1. e excitation. frequency, ratig is the val ue
obt ai ned by di vihe Haefgﬁé{%ﬁé@ﬂ?éﬁ‘ﬁﬁ%@&%ﬂ%‘fl Vige sh el Landncy in
Conparative Exanple 1 fromthe excitation frequency,i anpl e to 4 and
Conpar at i PBSIESea S Bbrptiogecifer 4 5@@6?1&5&}@‘?BlllFRéFfLiFgWg’agﬁgﬁVg}%%agétaﬁ&ned by
dividing the tip acceleration of the one-half wavel ength in Conparative
Exanpl & 13fti1mt€¢1masﬂ of the pid¢ Bishaimmanphietiambh Sgquency that gerpratenissemnf ve
Exanple 1. As shown in FIG 3, it was confirned that, as the applied | oad
rati o i ncrviastiess il 5 réshearwaendiizlaf onatial sagelbngtk.sodainives it imqengrpuid Ge
resonance frequency in the one-half wavel ength resonance node) decreases

and the tifpe adepgli@l ioqhe pidd P & hovepeetably twedne). Dhendiu titres theanassafice
frequency (the resonance frequency in the one-quarter wavel ength resonance
node) , th@neilﬁgrp_aase in the applied load ratio produced little change.

20[ 0026] FIG 4 shows the rel ationship between the applied load ratio

and the one-hal {, ﬁgﬁv\fﬁéﬁggtgpgﬁg@h%g&fb e BHlLRBEY PK bR YAL BomBLatings, by

di vidi ng the one- resonan requency Conpar at 1 ve' Exanpl e

Lo Ly Shcebal g SUSLATgAI, AESARENGes AT, e FRsh el | oxd |
represent %ib?gtgo%esl larenéex%?tgc[i ?nngpetscsyr’langg gnoEiQ gt ér‘ﬂc‘?ﬁﬂf’ \Evavelength without applying a
load to the pile-head Ph of the pile P; in addition, the pile P is driven with less strain of
the pile-head Ph than in a case where resonant vibrations are excited with the pile-head
Ph as a node.
15 [0018]

When the operator determines that the pile P gripped by the pile clamp 3 is a
long one and that there will be a low reduction effect of ground vibrations at the
resonance frequency for the one-half wavelength resonance mode, he makes the
vibration exciter 2 excite the pile P so as to obtain resonant vibrations in the

20 one-wavelength resonance mode.

By selecting a resonance mode and exciting vibrations in accordance with the
length of the pile P in this manner, the resonance frequency of the pile P is increased and
the ground vibrations are reduced without changing the length of the pile P.

[0019]

25 According to the embodiment described above, weights 33 with a load between



14 chain |lines represent approximate curves obtained fromthe actual

measur enent s. When the applied load ratio is less than 1.1, the

one- hal f wavel ength resonance frequency decreases as the applied load ratio
i ncreases. However, when the applied | ppd rati o exceeds 1.1, the one-half
wavel engt h resonance frequency hardly changes. 5[ 0027] In FIG 4, the

one-dot chajin line represen | ogi.cal, .yal ues. rived froma ve equation
(expl ai ne@% leij%f%ef' ﬁ%erfl?ﬁ/)o.%ale pile-heaq-f 1%%?18&?%@?@%8@?@}6@% e it ual
measur enent s _nent.i oned above has q slightly |arge value with respect to the
| ogi cal VRIStabraigd by mesenant yikravesyath the Prehead Kh Sognentipede: Herdyfeohisnher e
the mass ratio is 1.0 or nore. However, the |ogical value and approxi mate
curve eachpssibledoghigvaedpeiion of goundrdbratienso whidhds fin adestagagf ther esonance
frequency ratio as the nmass ratio increases, suggesting that the | ogical

val ue contfibratien ple-dagmgrmastiiodfwhileenapmirgxihrate@l autiorerelamedoHihe phe-tiact ual
measur enent s above. Conceivably, the |ogical value and approxi mate curve

conversge Rfinao@pisdoatithldcaeaehb@lafloaby abenglibd foaBopiddBeadPheartEinkialdoat i 0 as
the mass ratio increases due to a shift fromone-half wavel ength resonance

t 0 one- quaSstiBle tHBNRERRY e dRIANRAGRI vIMPERpARLilyO 38iriher, AP Stbodiment,
Concei vably, the high value of the approxi mate curvé wth respect to the

| ogi cal L S: : i j ri est. For
exanpie, aheidhs BUEHS: HBratQlty RARKEBoh Dl AEhI Y hfifodeCSL - |

di cul -wh t. hi hem t.o t.he pile ¢cla 3 i.fh the r It that
Phey devi St il PR BiedidsAA B b STeiiesls i binfit £ B¢ P pOps el g ca

I b ived by the foll ow . . . Th

voeor s e hbbival Bt 8 RURER SBarated ot e
determ ned, froma wave equation and boundary conditions. 15 Firstly, the
fol | Wi ngerippiae weeeplitenpileclagpiemd @ﬁamssyblk%fo%tthf ododiivargquidkbregk 1] [ 0030]

5In Equation 1, u is the displacenent in the axial direction, x is the
posi t i on,dawr ean be reduced. This makes practical use much easier. Moreover, since the

resonant vibrations can be adjusted by adjusting the load applied to the pile-head in
accordance with the length of the pile or the mass of the pile, resonant vibrations can be
generated irrespective of the length of the pile, thereby increasing the versatility.

15  [0020]

While the load applied to the pile P was between 0.26 and 3 times the mass of
the pile P, the load is more preferably adjusted to between 0.26 and 1.1 times the mass of
the pile P. This makes it possible to minimize the increase in total mass of the excitation
targets of the vibration exciter 2, namely, the pile clamp 3, the weight 33, and the pile P,

20 and makes it possible to achieve the effects mentioned above while suppressing the load
of the pile driver 1. Furthermore, by selecting the resonance mode of the pile P at
one-half wavelength or one-wavelength in accordance with the length of the pile P, the
ground vibrations can be controlled without changing the pile P. It is also possible to
select the resonance mode at one-half wavelength or one-wavelength based on the

25  frequency when vibrating the pile P.



the tinme, Eis the Young's nodulus, and p is the density. The

di splacenent u in the axial direction can be expressed by a function of the
position x and the tinme t, as in the follow ng equation. Here, co is the
angul ar frequency, c is the elastic wave velocity, and C and D are
coefficients. 10[0031] [Equation 2] [0Q32] In addition to Equations
(1) and (2) given above, if the boundary conditions are set at both ends of

| asti c bod = =1, : : . .ane-di i |
(el ati o body’ Eipols s HiGLHRADPRICoIRAN iblnebibbuil SRLAR

both free ends, the strainis 0, giving the follow ng equation. [0033]

[ Equat i on®*%}- 20[ 0034] From Equations (2) and (3), D = 0, and the
resonance_anqul ar frequency is as follows. Incidentally, i is a whole
i nteger, &ffMPREBhe one-half node, i = I. [0035] [Equation 4] 25[0036] 16

Thus the resonance node is expressed wth the follow ng equation [0037]

[ Equat i on[®R1] 0038] 5That is the cal cul ati on when both ends are free ends.
In contrast, when a load is applied to one end as in the enbodi nent, the
boundafy condi t Somsqamtlyascafrpldsafshe invention will be explained.

In these examples, the effects of applying load to the pile-head Ph were
investigated.
[0022]
The relationship between the load applied to the pile P, the resonance frequency
10 of the pile P, and the acceleration of the pile-tip Pf during vibration (hereinafter simply
referred as to ‘tip acceleration’) was investigated.

As shown in FIG. 2, acceleration gauges A were attached at equal intervals at
five points along the length of the pile P. The pile clamp 3 attached at the tip of the
vibration exciter 2 was made to grip the pile P. Weights 33 that obtained the values

15  shown below in Table 1, obtained by dividing the mass of the pile P from the sum of the
masses of the pile clamp 3 and the weight 33 (hereinafter simply referred as to “applied
load ratio’), were provided in the pile clamp 3. While keeping the power of the vibration
exciter 2 constant, the frequency of vibrating the pile P (hereinafter simply referred as to
‘excitation frequency’) was changed, and the relationship between the resonance

20  frequencies in Examples 1 to 4 and the acceleration of the pile-tip Pf during vibration
(hereinafter simply referred as to ‘tip acceleration’) was investigated.

[0023]
[Table 1}
{00241

25 In a Comparative Example 1, instead of using the pile clamp 3, a pile P with five



Since the end where no load is applied (the pile-tip Pf side, x=0) is a
free end, the follow ng equation is established according to Equation (3).

[ 0039] 10 Equation 6 [0040] At the end where a |load is applied
(pile-head Ph side, x=1), the inertia fprce of the applied | oad M bal ances
the elastic body, giving the foll ow ng equation [ 0041] 15[ Equation 7]

cquat | on 1560V Spir> AURERIA el e bl ] Gp s TEHERA SgbAk) e
[ Equat | orhso BusoDdefeI g | Bl b o S57 TEISAT) Dret 1 e At REageissiher o no
|load is applied (the pile-tip Pf side, x=0), Equations (6) and (10) give D
= 0 (the Bemples] Whbmng therelatidrship betiveermthereonance frequency and the

acceleration was checked. The applied load ratio in Comparative Example 1 was 0.08

5 (=0).
[0025]
FIG. 3 shows the relationship between the excitation frequency ratio and the tip

acceleration ratio in Examples 1 to 4 and Comparative Example 1. The excitation

frequency ratio is the value obtained by dividing the one-half wavelength resonance

10 frequency in Comparative Example 1 from the excitation frequency in Examples 1 to 4
and Comparative Example 1. The tip acceleration ratio is the value obtained by dividing
the tip acceleration of the one-half wavelength in Comparative Example 1 from the tip
acceleration in Examples 1 to 4 and Comparative Example 1.

As shown in FIG. 3, it was confirmed that, as the applied load ratio increases,

15 the one-half wavelength resonance frequency (the resonance frequency in the one-half
wavelength resonance mode) decreases and the tip acceleration ratio increases. At the
one-quarter resonance frequency (the resonance frequency in the one-quarter
wavelength resonance mode), the increase in the applied load ratio produced little
change.

20 [0026]

FIG. 4 shows the relationship between the applied load ratio and the one-half
wavelength resonance frequency (the value obtained by dividing the one-half
wavelength resonance frequency of Comparative Example 1 from the one-half

wavelength resonance frequency of each applied load ratio (Examples 1 to 4)), obtained

25  from FIG. 3. In FIG. 4, the solid line represents actual measurements, and the two-dot



5At the end where a load is applied (pile-head Ph side, x=1), the foll ow ng
equation is obtained from Equations (6) to (10). [0048] [Equation 11] :
[ 0049] 10A value for co that satisfies Equation (11) is the resonance
angul ar frequency when a load is applied to one end. The resonance node in
this case is as follows. [0050] [Equatildn 12] 15[0051] In Equation (11), if
we postul ate Equation (13), we derive Equation (14). [0052] [Equation 13]

[0053] 20[faH %EQ&p%e%]%%t[agﬁ%\%gm%tﬁ curves Qt%infeﬁ?o%‘ﬂrl?g tqﬁﬁg#&ﬁ{e%a&rﬁéng hus

obt ai ned. Equati on at, en t e pileis

conetant . e el Bl Bl 0500 1 BP0 eolefh Alhtge e
frequency decreases as the applied load ratio increases. However, when the applied load
ratio exceeds 1.1, the one-half wavelength resonance frequency hardly changes.

5 [0027}
In FIG. 4, the one-dot chain line represents logical values derived from a wave
equation (explained in detail below).
The approximate curve of the actual measurements mentioned above has a
stightly large value with respect to the logical value, and has a divergence of roughly 5%
10  in the region where the mass ratio is 1.0 or more. However, the logical value and
approximate curve each tend to converge to a constant one-half wavelength resonance
frequency ratio as the mass ratio increases, suggesting that the logical value confirms the
accuracy of the approximate curve based on the actual measurements above.
Conceivably, the logical value and approximate curve converge to a constant
15  one-half wavelength resonance frequency ratio as the mass ratio increases due to a shift
from one-half wavelength resonance to one-quarter wavelength resonance when no load
is applied.
Conceivably, the high value of the approximate curve with respect to the logical
value is due to some problems with the device during the test. For example, an error to
20 arrange the pile P and the weight 33 at an exact perpendicular when attaching them to the
pile clamp 3, with the result that they deviated slightly from the perpendicular direction.
[0028]
The logical value can be derived by the following process.

The resonance mode of a one-dimensional elastic body such as the pile P can be

25  determined from a wave equation and boundary conditions.



Based on Equation (15), in accordance with the conditions of the

nmeasur enent s descri bed above, the frequency ratio of mass ratio 0.08
(Conparative Exanple 5 corresponding to 0) and nass ratio 0.25 to 3.0
(contained within this enbodi nent) wasigleterm ned and the | ogical values
represented by the one-dot chain line in FIG 4 were obtained. [0057]

Subsequent |y, the effect, of. applying.a load on.driving capability was

10i nvesti gat ed.}hlrSﬂy’tLe%QIP@%%V%E@%UP%lsfogﬁ%fﬂlégﬂ%%k% I'Ve Exanple 1, at
each one-fbﬁéé wavel engt h resonance frequency, with the power of the

vi bration iter 2 constant, the pile P was driven into the ground in an
excited state, and the relationship between the applied force, the limt
reach deptfiquatigdlldri vi ng speed was investigated. 15[ 0058] FIGS
shows the applied load ratio and the limt reach depth ratio in Exanples 1
to 4 and |[G6pplar ati ve Exanple 1. For the linmt reach depth ratio,
Conparative Exanple 1 is taken as a reference, and Exanples | to 4 are made
non- didrensi onalIn Bgasdroiy isthddisplacensemt inhhe apipl diedttibnadisiid payitionct Bases, it
was confirmed that the 20 limt reach depth ratio beconmes increases. [0059]
FIG 6 shousinihe iamelYoedgkeadiuhal i ARdheladnsitig speed ratio in Exanples 1
to 4 and Conparative Exanple 1. For the driving speed ratio, the tine
required from the @fddenRhe 85 4k 2%ial GirddiBn %Mb@%:{)ﬁéésw BPalrhcHBABRIAL | ve
Exanple 1 is taken as the reference, and 25 Exanples 1 to 4 are nade

- di | . . | 6, ' | ti
o oo o st andife fme t ag i actORMink Jalanfan® 1S of AT AR ety [ 21 ©
00601 Sub tl th ffect of | vi | d dri vi
oot oot Btk Rttt i i OB M Bey PR O YT N9 N et e

under eacﬂa g{ t hese conditions: the one-half wavel ength resonance node of

t he d&n’pa Qethe Exanpl e (hereinafter referred as to Conparative Exanple 2),
a one-quarter wavel ength resonance node of Exanple 3 (hereinafter referred
as to ContFapaen4 Exanpl e 3), and a one-hal f wavel ength resonance node of
Compar ati[\{/)gﬂE}xarrpl e 3 (hereinafter referred as to

In addition to Equations (1) and (2) given above, if the boundary conditions are
set at both ends of an elastic body (x=0, x=1), the resonance mode of a one-dimensional
15  elastic body can be determined.
When the boundary conditions are both free ends, the strain is 0, giving the
following equation.
[0033]
[Equation 3]
20 [0034]
From Equations (2) and (3), D = 0, and the resonance angular frequency is as
follows. Incidentally, i is a whole integer, and, in the one-half mode, i = 1.
[0035]
[Equation 4]

25 [0036]



10 Exanple 5). [0061] [Table 2] [0062] FIG7, FIG 8, and FIG 9
show vi bration response distribution and strain 15distribution in "
Conpar ative Exanples 2 and 3, and Exanple 5 respectively. [0063] As
shown in FIG 7, in Conparative Exanple 2, since the applied load ratio is
al nrost 0, the node of the resonant vibrlati ons was approximately in the
center of the long direction. Consequently, the vibration response was

greatest. at thergil & bead,R A0 1 b6 208 LenthorowiAGulin S rain ves

greatest in the approximate center ong direc the pile R The
gr eat est ﬁd(’g’igt' on response and the greatest strain in Conparative Exanple
2 are bot ressed as 1.0. [0064] As shown in FIG 8, in
CorrparatiY Exampl e 3, the node of the resonant 25vi brations was at the

pi | e- head ,aﬁB’gB ining the greatest vibration response at the 20 pile-tip
Pf and the Ogreat est strain at the pile-head Ph. Wen 1.0 expresses the
great est {iBBhti on response and strain in Conparative Exanple 2, the

vi bration response and strain in Conparative Exanple 3 were respectively
3.5 andl 3.5. [006&]istlsakhlation iherb@h e@ds arn filer angd. dn §onteigt vihenaheadds f ect of
t he | oad being applied, the node of the resonant vibrations was nore to the
pi | e- headagpiflieditdlent badhad in tkOembodiinere tHexlamplay 2osditms draadfolows. The strain
was greatest at this node position, and the vibration response was greatest

at the pile-tipshce thel whePe BX Had3SQ5Hlicl Ethe pHakRI siebx-20)iion fileeep@nse and
strain in Conparative Exanple 2, the vibration response
the following equation is established according to Equation (3).
[0039]
10 Equation 6
[0040]
At tile end where a load is applied (pile-head Ph side, x=1), the inertia force of
the applied load M balances the elastic body, giving the following equation.
[0041]
15 [Equation 7]
[0042]
Due to temporal differentiation of u in Equation (7), the equation is developed
as follows.
[0043]
20 [Equation 8}
[0044]
The following equations are then obtained from Equations (7) and (8).
[0045]
[Equation 9}

25 [0046]



10 and strain in Exanple 5 were respectively 2.5 and 2.5. [0066] As
shown in evaluation No. 1 in Table 2, in Conparative Exanple 2, the driving
preparation tine took nore than 30 m nutes, whereas in Conparative Exanple
3 and Exanple 5 it took less than 10 mpnutes. Thus it was confirmed that
the driving 15preparation tine (the time take to join the pile P to the
pile driéﬁﬁ%gLn nparative Exanple 3 and Exanple 5, in which the pile

clanp 3 pile P, was shorter than in Conparative Exanple 2, where
t he piler@ iﬁ,J oi ned by welding and bolts. As shown in evaluation No. 2,

the reson®i¢’Vibrations in Corrparatlve Exarrpl es 2 and 3 depend only on t he
| ength of the pile. In contrast, in was 20 confirned that the
frequency of t ot the srshwhere pp pagtis Qi?ﬁie@étﬁeﬂée éIBr?[f ﬁléPaIYe’@) Bauatiensthrandof t he
pile clanp 3. Mor eover, as shown in evaluations Nos. 3 and 4, while

t he resor(dﬁhgiVﬁrIbﬂt@e(ﬂmwamamgwhambﬂhrqmdsamifvw@ds)rrpl e 3is 25Hz to 127Hz,
t he resonance frequency range of Exanple 5 is 37.5Hz to 190.5Hz. It was

t hus confirned Ahét ehkahiplea 15adBiappidéd@iletheadBh eiday adl) ahe &dllowdngf t he
one- hal f wavel ength resonance node, which achieves a higher 21 resonance

f r equencyequatlo®Rtdbedinddeflsia tHqaakidis (gytgl{m%i)xw brations than the one- quarter
wavel engt h resonance node gorrpar ative anple 3). As shown in

eval uat i 48os. 5, 6, and 7, in Exanple 5, although the one-half

wavel ength resonance node normally has | ower driving capability than the
one- quartl%' é“%%al engt h resonance node (Conparative Exanple 3), the

vi bration qespons can be increased by applying a load. It was thus

confi rmag@hg t driving capability, such as the driving speed and the limt
reach sp an be enhanced. As shown in evaluations Nos. 8 to 10,

since the gripp rce_of the pile cl s designed i n_accordance with
the sthain on t%é%ﬁ?f@ %@%Saﬂ%ﬁ e%%@ﬂ&%?fﬁrls thﬁée@pﬂ%ﬁeﬁns#mi@ewe%. | e- head
Ph, the hlgher t he demanded gripping force. In Exanple 5, since the
demanded Wh$tppload i smdied fosonggmdoxi natel y hal f that of the one-quarter

wavel engt h resonance node (Conparative Exanple 3), it was confirned that
the | oad on t hellyidesondniompdd inithisgaseas lay falldsced and the vi bratory

pil e-driving method has good operability. Therefore, Exanple 5 was the one
t hat obt aiéd] good neasurenents in regard

[Equation 12]
15 [0051]
In Equation (11), if we postulate Equation (13), we derive Equation (14).
[0052]
[Equation 13]
[0053]
20  [Equation 14]
[0054]
The following equation is thus obtained. Equation {15) shows that, when the
length of the pile is constant, the mass ratio of the pile and the applied load determines
the resonance frequency.

25 [0055]



15 to each of the driving preparation tine, the resonance frequency range,
the ground vibration reduction, the driving speed, and the durability of .
the pile driver. That is, by applying a load of 0.77 times the nass of the
pile Pto the pile-head Ph, it becones possible to increase the

accel eration response of the pile-tip BB and to enhance the driving
capability. 20Wile in this enbodinent, a load of 0.77 tinmes the mass of
the pile ﬁzh§ﬁsgq jed to the pile-head Ph, simlar effects can be obtained
by appl yi 615 of 0.26 tines or nore and 3.0 tines or |less. [0067]

The presegﬁ)iﬂvention is not limted to the enbodi nent descri bed above, and
25i ncl ude%BPher configurations that can achi eve the object of the
invention, and _22 nodifications such_as the follqQw ng. For exanpl e,
while in the enBawdmehiquater(ls)aacqordgyeawi ﬂ%Feﬁ?@gitl&nng the pGASWEIPERty ¢ hi s
is not limtative of the invention. The wei ght 33 can be renovably secured
to the ti pgesstibehaborebthaificgnensy citiee! magsyatip 8»881(0@?119@1’?1@\@ Exampland the pile P
can be renovably secured 5 to the tip of the weight 33. In such a

conf i gur atémesponding kel )yrndendds cativ ®25 sed.0eshtdived Withwithis atribodinet) wasr 2

wi t hout the weight 33 therebetween, the |load applied to the pile P can be
adj ust ed HereMhinbd Bnd thedepitdlMRRes Alps@ented By Hesaradt ehaindiee &f Fihe wirke P can
be set only to one-half wavel ength. The configuration can al so be one
where, whggidag control device has deternined that the ground vibration
detected by a ground vibration sensor is 10 greater than a reference set
beforehanﬂ?a yye resonance node of the pile Pis automatically switched from
one- hal f vef ength to one-wavel ength. [0068] VWil e optinmum

G scl osed aboveSTERAYRAREoRARE sheFineot e 1AV R tBRIRE o "oV e

15i nventi on has been illustrated and described mainly in relation to a
speci%@c éﬁﬁﬁ&?ﬁ@ht, a person skilled in the art will be able to nmake
various nodifications to the shapes, materials, quantities, and other
configurative d&tBxamples ! {héandosapamiive Bsarplededt o2k ore-half PavelengiBpar t i ng
fromthe technol ogical ideas and intended scope of the invention.

Ther ef or eresphance drequaricigwidle therniopter ofitheofibrghepewiterd censtant.shapde PHes| i ke are
exanples for 20 facilitating understanding of the invention, and are not

| i mitativdrieén into thhlgresdod amexdited statehatd thardationslnip whistdey thdi dppbed foramn t hose
defining the shape, materials, and the like in the foregoing description

are al so gvimitRedh\depth td did/ iR gRedivak westidatsl. REFERENCE NUMERALS [ 0069]
25 3Pl LE CLAWP

15 [0058]
FIG. 5 shows the applied load ratio and the limit reach depth ratio in Examples 1
to 4 and Comparative Example 1. For the limit reach depth ratio, Comparative Example
1 is taken as a reference, and Examples 1 to 4 are made non-dimensional.
As shown in FIG. 5, as the applied load ratio increases, it was confirmed that the
20  limit reach depth ratio becomes increases.
[0059]
FIG. 6 shows the applied load ratio and driving speed ratio in Examples 1 to 4
and Comparative Example 1. For the driving speed ratio, the time required from the start
of driving to the end of driving in Comparative Example 1 is taken as the reference, and

25  Examples 1 to 4 are made non-dimensional.
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As shown in FIG 6, as the applied load ratio increases, it was confirmed that the
driving speed ratio becomes fast.
f0060]

Subsequently, the effect of applying a load on driving was investigated.

As shown in Table 2 below, the effects were investigated under each of these
conditions: the one-half wavelength resonance mode of the Comparative Example
(hereinafter referred as to Comparative Example 2), a one-quarter wavelength resonance
mode of Example 3 (hereinafter referred as to Comparative Example 3), and a one-half
wavelength resonance mode of Comparative Example 3 (hereinafter referred as to
Example 5).

[0061]
[Table 2]
[0062]

FIG. 7, FIG. 8, and FIG. 9 show vibration response distribution and strain
distribution in Comparative Examples 2 and 3, and Example 5 respectively.
[0063]

As shown in FIG. 7, in Comparative Example 2, since the applied load ratio is
almost 0, the node of the resonant vibrations was approximately in the center of the long
direction. Consequently, the vibration response was greatest at the pile-head Ph and the
pile-tip Pf, and the strain was greatest in the approximate center of the long direction of
the pile P. The greatest vibration response and the greatest strain in Comparative
Example 2 are both expressed as 1.0.

[0064]
As shown in FIG. 8, in Comparative Example 3, the node of the resonant

vibrations was at the pile-head Ph, obtaining the greatest vibration response at the
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20

pile-tip Pf and the greatest strain at the pile-head Ph. When 1.0 expresses the greatest
vibration response and strain in Comparative Example 2, the vibration response and
strain in Comparative Example 3 were respectively 3.5 and 3.5.

[0065]

5 As shown in FIG. 9, in Example 5, due to the effect of the load being applied,
the node of the resonant vibrations was more to the pile-head Ph side than in
Comparative Example 2 shown in FIG. 7. The strain was greatest at this node position,
and the vibration response was greatest at the pile-tip Pf. When 1.0 expresses the
greatest vibration response and strain in Comparative Example 2, the vibration response

10 and strain in Example 5 were respectively 2.5 and 2.5.
[0066]
As shown in evaluation No. 1 in Table 2, in Comparative Example 2, the
driving preparation time took more than 30 minutes, whereas in Comparative Example 3
and Example 5 it took less than 10 minutes. Thus it was confirmed that the driving
1 15  preparation time (the time take to join the pile P to the pile driver) in Comparative

Example 3 and Example 5, in which the pile clamp 3 grips the pile P, was shorter than in

Comparative Example 2, where the pile P is joined by welding and bolts.
As shown in evaluation No. 2, the resonant vibrations in Comparative
Examples 2 and 3 depend only on the length of the pile. In contrast, in Example 3, it was
20  confirmed that the frequency of the resonant vibrations can be controlled by the mass of
the pile clamp 3.
Moreover, as shown in evaluations Nos. 3 and 4, while the resonance frequency
range of Comparative Example 3 is 25Hz to 1271z, the resonance frequency range of

Example 5 is 37.5Hz to 190.5Hz. It was thus confirmed that Example 5 maintains the

25  characteristics of the onc-half wavelength resonance mode, which achieves a higher
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resonance frequency and better reduction of ground vibrations than the one-quarter
wavelength resonance mode (Comparative Example 3).

As shown in evaluations Nos. 5, 6, and 7, in Example 5, although the one-half
wavelength resonance mode normally has lower driving capability than the one-quarter

5 wavelength resonance mode {(Comparative Example 3), the vibration response can be

increased by applying a load. It was thus confirmed that driving capability, such as the
driving speed and the limit reach speed, can be enhanced.

As shown in evaluations Nos. 8 to 10, since the gripping force of the pile clamp
3 is designed in accordance with the strain on the pile-head Ph, the greater the strain on

10 the pile-head Ph, the higher the demanded gripping force. In Example 5, since the
demanded gripping force is approximately half that of the one-quarter wavelength
resonance mode (Comparative Example 3), it was confirmed that the load on the pile
driver 1 is greatly reduced and the vibratory pile-driving method has good operability.

Therefore, Example 5 was the one that obtained good measurements in regard

15  to each of the driving preparation time, the resonance frequency range, the ground
vibration reduction, the driving speed, and the durability of the pile driver. That is, by
applying a load of 0.77 times the mass of the pile P to the pile-head Ph, it becomes
possible to increase the acceleration response of the pile-tip Pf, and to enhance the
driving capability.

20 While in this embodiment, a load of 0.77 times the mass of the pile P is applied
to the pile-head Ph, similar effects can be obtained by applying a load of 0.26 times or
more and 3.0 times or less.

[0067]
The present invention is not limited to the embodiment described above, and

25  includes other configurations that can achieve the object of the invention, and
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modifications such as the following.
For example, while in the embodiment, the pile clamp 3 is made to grip the pile
P, this is not limitative of the invention. The weight 33 can be removably secured to the
tip of the vibration exciter 2 by a bolt or the like, and the pile P can be removably secured
5  to the tip of the weight 33. In such a configuration, if the pile P can be secured to the
vibration exciter 2 without the weight 33 therebetween, the load applied to the pile P can
be adjusted to within three times. Also, the resonance mode of the pile P can be set only
to one-half wavelength. The configuration can also be one where, when the control
device has determined that the ground vibration detected by a ground vibration sensor is
10 greater than a reference set beforehand, the resonance mode of the pile P is automatically
switched from one-half wavelength to one-wavelength.
[0068]
While optimum configurations, methods, and the like for realizing the
invention have been disclosed above, the invention is not limited to these. While the
15  invention has been illustrated and described mainly in relation to a specific embodiment,
a person skilled in the art will be able to make various modifications to the shapes,
materials, quantities, and other configurative details of the embodiment described above,
without departing from the technological ideas and intended scope of the invention.
Therefore, the foregoing-descriptions of shapes, materials and the like are examples for
20 facilitating understanding of the invention, and are not limitative of it. Names of
members that partly or wholly differ from those defining the shape, materials, and the
like in the foregoing description are also contained within the present invention
REFERENCE NUMERALS
[0069]

25 3 PILE CLAMP



| TEM COVPARATI VE EXAMPLE 2 COVPARATI VE EXAMPLE 3 EXAMPLE 5 - RESONANCE MODE
ONE- HALF WAVELENGTH ONE- QUARTER WAVELENGTH LOAD APPLI ED ONE- HALF WAVELENGTH
- MAIN PILE LENGTH (m 10-50 10-50
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10-50 - JO NI NG METHOD BETWEEN PI LE AND PI LE DRI VER DI RECT JO NI NG (BCOLT
AND VEELDI NG) PI LE CLAMP PI LE CLAMP 1 DRI VI NG PREPARATI ON TI ME MORE THAN 30 .
M NUTES LESS THAN 10 M NUTES LESS THAN 10 M NUTES 2
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RESONANCE CONTROL DEPENDENCE ON PI LE LENGTH DEPENDENCE ON PI LE LENGTH PI LE
LENGTH MASS OF PI LE CLAMP - APPLI ED LOAD RATIO 0.08=0 0.77 0.77 3 MAIN
RESONANCE FREQUENCY BAND (Hz) 50
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APPLIED LOAD RATIO

27

DRI VI NG SPEED ( DEPENDENCE ON VI BRATION) M NI MUM

EXAMPLE 1 0. 26
EXAMPLE 2 0. 60
EXAMFLE 3 0.71
EXAMFLE 4 1.10
COMPARAT IVE EXAMPLE 1 0.08=0

3.5 2.56
MAXI MUM MEDI UM 7 LIM T REACH DEPTH RATI O M NI MUM MAXI MUM MEDI UM 8 STRESS OF

RESPONSE 1.0
HEAD ( STRAI N)

Table 1




1.0 3.5 1.7 9 DEMANDED GRI PPING FORCE 1.0 3.5 1.7 10 DURABILITY OF PILE
DRI VER GOOD BAD MEDIUM 29 CLAIMS 1. A pile-driving nethod that utilizes
resonant vi brations depended on a length of a pile to drive the pile into

the ground, the method conprising: Sapplying a load to a pile-head of the
pile, the |oad being equivalent to 0.2&8ti nes
EVALUATION COMPARAT IVE GOMPARAT IVE
I TEW No I TEM EXAMPLE 2 EXAMPLE 3 EXAMPLE 5
LOAD APPLIED
ONE - HALF ONE — QUARTER
— RESONANGE MODE ONE-HALF
WAVELENGTH WAVELENGTH WAVELENGTH
_ WAIN PILE LENGTH 1050 10~ 50 10~50
(m)
JOINING METHOD | DIREGT JOINING
- BETWEEN PILE AND (BOLT AND PILE GLAMP PILE CLAMP
PILE DRIVER WELDING)
: DRIVING MORE THAN 30 LESS THAN 10 LESS THAN 10
PREPARATION TIME MINUTES MINUTES MENUTES
PILE LE
5 RESONANGE DEPENDENGE ON | DEPENDENGE ON MASS OFﬂiii
CONTROL PILE LENGTH PILE LENGTH CLANP
APPLIED LOAD
- .08=0 : :
RATIO 0.08 6.77 6. 77
50 25 37.9
WAl
N RESONANGE (PILE LENGTHSO0m)|{PILELENGTH 50m)|(P1LE LENGTH5Om)
3 FREQUENGY BAND
H) ~254 ~127 ~190. 5
(PILE LENGTH10m)|(PILELENGTH 10m}|{(PILE LENGTH 10m)
REDUGTION EFFEGT '
4 OF GROUND MAX | MUM MIN MM MED UM
VIBRATION
VIBRATION
. 3.5 2.5
X RESPONSE 1o
DRIVING SPEED
B (DEPENDENGE ON WINENUM MAX I MUM MED UM
VIBRATION)
LIMIT REAGH BEPTH
UM DIUM
7 RATIO MINITMUM MAX M MED
STRESS OF HEAD
: 3.5 1.7
s (STRAIN) 10
DEMANDED
. X 1.7
! GRIPPING FORGE 1.0 3.9
DURABILITY OF
10 PILE DRIVER GOOD BAD MED UM

Table 2




or nore and 3 tinmes or less the mass of the pile; and vi brating the
pil e by using resonant vibrations corresponding to a resonance node in
which the pile-head is an antinode. 10 2. The pile-driving nethod according
to claim1, wherein: t he resonalite node is a one-half wavel ength
resonance node and a one-wavel ength resonance node; t he one-hal f
mavelengt¢%Aﬂﬁgnance node or the one-wavel ength resonance node is sel ected
based on e length of the pile; and 15the pile is vibrated by using
resonant vibrations corresponding to the resonance node that was sel ected.
3. The pile-driving nethod according to claiml or 2, wherein: the

pi |l e-head, of the pile i ripped by a pile cJanp; and, 20the | oad is applied
to the pi 1-9399?; lgmgr%%ﬁocg af ‘Hfglzﬁ? fegonany yibratigns ng?c}félﬂ[%ngﬁh apdehod
according to claim3, wherein: the pile clanp includes a main unit,
and gri ppPrigvpdianiletintetthe pwupddhe gethodsopmsisgi n unit and arranged so as to
surround the pile-head of the pile; 25a weight is provided inside the nmain
uni t; 5and 30 applying 4 leed sxapitthaati of thepsleghofoad heingeqghtlenirid 02héinpis| e cl anp
is 0.26 times or nore and 3 tines or |less the mass of the pile. 5. A
vi br at i onoraamtred 3nkided ldshaie mantof despilet idat i ons of a pile when the pile
is driven 5into the ground using resonant vibrations, conprising:

adj usting a | oaghafiy tRGilk®yaskilresongadishtibiiecoplebndidoitb A résonange of 0. 26
times or nore and 3 tines or less the mass of the pile, based on a driving

depth of hbe R BcPhebilalddRss Mlinbdie ground: and vibrating
the pile by using resonant vibrations corresponding to a resonance 10 node
in which the pile-head is an anti node. 6. The vibration control nethod
according to claimb5, wherein t he resonance node is a one-half

wavel o) feSaNARS G R MedtallGo U SOgL,  esonance mode:
the resonance mode is a one-half wavelength resonance mode and a
one-wavelength resonance mode;
the one-half wavelength resonance mode or the one-wavelength resonance
mode is selected based on the length of the pile; and
15 the pile is vibrated by using resonant vibrations corresponding to the resonance

mode that was selected.

3. The pile-driving method according to claim 1 or 2, wherein:
the pile-head of the pile is gripped by a pile clamp; and

20 the load is applied to the pile-head gripped by the pile clamp.

4. The pile-driving method according to claim 3, wherein:
the pile clamp includes a main unit, and gripping parts that are provided to the
main unit and arranged so as to surround the pile-head of the pile;

25 a weight is provided inside the main unit; and



15t he one-half wavel ength resonance node or the one-wavel ength resonance
node is selected based on the length of the pile; and the pileis
vi brated by using resonant vibrations corresponding to the resonance node

t hat was sel ect ed.

10

15

30

the sum of the masses of the weight and the pile clamp is 0.26 times or more and

3 times or less the mass of the pile.

5. A vibration control method that controls vibrations of a pile when the pile is driven
into the ground using resonant vibrations, comprising:

adjusting a load applied to a pile-head of the pile within a range of 0.26 times or
more and 3 times or less the mass of the pile, based on a driving depth of the pile or a
hardness of the ground; and

vibrating the pile by using resonant vibrations corresponding to a resonance

mode in which the pile-head is an antinode.

6. The vibration control method according to claim 5, wherein

the resonance mode is a one-half wavelength resonance mode and a
one-wavelength resonance mode;

the one-half wavelength resonance mode or the one-wavelength resonance
mode is selected based on the length of the pile; and

the pile is vibrated by using resonant vibrations corresponding to the resonance

mode that was selected.



