1 SPECI FI CATION Title of the Invention PSEUDOCSTATI C Pl LE LOAD TESTI NG
METHOD Field of the Invention The present invention relates to a
pseudostatic pile |oad testing nethod for determ ning bearing capacity of
a pile on the basis of a relation between a | oad of a heavy weight and a
di spl acenent of a pile head by dropplng the heavy weight on the pile head.
Background Art In general, a load testt of a pile is executed for the

pur pose of obtaining a dat a for deternlnlng t he bearing capacity, by
applying a load to the pile h f %gﬁgﬁférlng a relation between the

|l oad to the pile and a dlsplac F Nkind of pile | oad test, there
have been known a static | oad test in which a static load is applled to a
pile head step by step for a Iong tlne and a rel ation between the |oad
and a pile settlenent anBakle sod A abdoRr dynamic load test, in
which a heavy i 0 on_t ment anDunt
of the pile degﬁt}alaﬁspﬁ' &Pf wa mﬁ'ﬁg’r %ﬂé&i&tﬁéeen recently
executed a 2 pseudostatic load test, in which a soft cushion is put on the
pil e head, and the heavy load is ME'THOD

Field of the Invention

The present invention relates to a
pseudostatic pile load testing method for
determining bearing capacity of a pile on the
basis of a relation between a load of a heavy
weight and a displacement of a pile head by
dropping the heavy weight on the pile head.

Background Art

In general, a load test of a pile 1is executed
for the purpose of obtaining a data for
determining the bearing capacity, by applying a
load to the pile head, and measuring a relation
between the load to the pile and a displacement.

As this kind of pile load test, there have
been known a static load test in which a static
load is applied to a pile head step by step for a
long time, and a relation between the load and a
pile settlement amount is determined, and a
dynamic load test, in which a heavy weight is
dropped on the pile head, and a settlement amount
of the pile due to an impact is measured.

Further, there has been recently executed a



dropped thereon. Reference is made to a patent docunment, Japanese

Unexam ned Patent Publication No. 2002- 303570, and a non-patent docunent,
Japanese Geotechnical Society Standard, Pile Vertical Load Testing Method
and Comrents Thereof, Sixth Edition Pages 185 to 190 (issued by Japanese
Geotechnical Society) Disclosure of the Invention Problemto be Sol ved by
the Invention However, since the load4s applied to the pile head for a
I(ﬁng tinme, tlhe Ztatic | oad test can give data having high reliability, but
the static |load test requires a reaction force pile, a |oad beam and the
like so &5 tBIREKPFRE apParat s EveryI &ykCBedl eSOENr tRBFR 1 HeréSis a
problem ghat anl otrf tigwerds hequiedawiilthBe necesgary o4at aiiss
obtained. On the contrary, in the dynamc |oad test, since the apparatus
is sinpl g?}r@néetmeth@a”cﬁoappl ying time is very short such as 5 to 30 ns, it
is possible to cover the shartcom.ngs of the_ statjic l.oad wever,
there is a prob ee%rg’lef:r?nacerelj‘lsabi Fliatcge of ttq'ue dat ﬁ%t% to tﬁé%s I%? %I’oad

appl yi ng tdpenctde ivpagtanoinébe biakesnEurpbher,icibherom i Na. probbem that a
cost of the apparatus is increased conparatively high, or the |ike.

Furt her, 3tQ1%5g§eudo§‘t%tji c PoadtestPRESTEr t 048R Bhr ent IERINESS can

givethed%%@e@%@fgaq Society Standard, Pile Vertical Load
Testing Method and Comments Thereof, Sixth Edition
Pages 185 to 190 (issued by Japanese Geotechnical
Society) . '

Disclosure of the Invention

Problem to be Solved by the Invention

However, since the load 1s applied to the
pile head for a long time, the static load test
can give data having high reliability, but the
static load test requires a reaction force pile, a
load beam and the like so as to make the apparatus
very large scale. Further, there 1is a problem
that a lot of time is required until the necessary
data is obtained.

On the contrary, in the dynamic load test,
since the apparatus is simple, and the load
applying time is very short such as 5 to 30 ms, it
is ©possible to <cover the shortcomings of the
static load test, however, there is a problem in a
reliability of the data due to the short load
applying time, the impact or the like. Further,
there is a problem that a cost of the apparatus 1is
increased comparatively high, or the like.

Further, the pseudostatic load test (refer to



conparatively high reliability simlar to the static |load test in a short
time, by dropping the heavy weight on the pile head via the soft cushion,
t hereby extending the load applying time to 30 to 200 nms corresponding to
about 10 to 20 times that of the dynamc | oad test. However, in sone

wei ght or drop height of the heavy weight to be dropped, there is no
proper cushion member which can stand against the inpact load at the tine
of dropping the heavy weight, and there is the case that the test can not

be executed. Further, in both of the dynamc |oad test an t he
pseudost &t IRALCPést FGWRE e ST ehbhE Eﬁ&ngaﬁfatﬂbﬂﬁ?‘iﬂg héad at a

time of drapphRg dhee1Reavy il ght-disi gBagureg by anieasuri Bg i nsheunent
such as a laser displacement neter or the |like installed near the pile,
the inpacttatia tieedofteditoppinng t Bé deavy e ghtd ¥ s dtreme atct elheo t he

measuring i nstrunment nd there js a risk t rel.iability o e result
of neasurenent igﬂeﬁgpg?ioPgtethéhe %%zgenpg%ﬁ%%nt?gﬁ'iskh%de %%%@the
purpose Afssebw ngthher oebl emrend i agedt Aboveo aandaam 1 wbhgctt bivet he
present invention is to provide a pseudostatic pile |oad_testing t hod

whi ch cark© gidve d&t a2RdVi AF hicg FePPaBid i B¢ refui 2B@ Yor  Yetér nfii ng
g?aghgg|ﬁ%@ﬁ%%éﬁ”Qgtth?fp%h@é Iy Bam§hort obigme: 83¢ econam edkly, 4nEffect
some weight or drop height of the heavy weight to
be dropped, there 1is no proper <cushion member
which can stand against the impact load at the
time of dropping the heavy weight, and there 1is
the case that the test can not be executed.

Further, in both of the dynamic load test and
the pseudostatic load test, since the settlement
amount of the pile head at a time of dropping the
heavy weight is measured by a measuring instrument
such as a laser displacement meter or the 1like
installed near the pile, the impact at a time of
dropping the heavy weight 1is transmitted to the
measuring instrument, and there is a risk that a
reliability of the result of measurement is
deteriorated.

The present invention is made for the purpose
of solving the problem mentioned above, and an
object of the present invention 1is to provide a
pseudostatic pile load testing method which can
give data having high reliability required for
determining bearing capacity of the pile, in a

short time and economically.



I n accordance can be obtained economcally in a since the displacenment the
| oad of the heavy head is determ ned without requiring any particularly
acceleration of the pile head at a tinme of dropping the heavy wei ght on
the pile head, there can be obtained an effect that data having very high
reliability short tine |arge-scal ed apparatus and by the inpact at weight.
with the present invention, of the pilde head caused by weight dropping on
the pile as an integrated value of an w thout being affected a tine of

droppi ng the heavy Means for Solvipng the ProblemIn accordance with a first
aspect of the present in@EHEiS&P£EEGE§£L§£$X&EﬂEdﬂﬂa met hod for
pseudostatic pile |l oad testing determ ning bearing capacity of basis of a
rel ati on between a

In accordance with the present invention,

since the displacement of the pile head caused by
the load of the heavy weight dropping on the pile
head 1is determined as an integrated value of an
acceleration of the pile head at a time of
dropping the heavy weight on the pile head, there
can be obtained an effect that data having very
high reliability can be obtained economically in a
short time without requiring any particularly
large-scaled apparatus and without being affected
by the impact at a time of dropping the heavy
weight.

Means for Solving the Problem

In accordance with a first aspect of the
present invention, there is provided a
pseudostatic pile load testing method for
determining bearing capacity of a pile of on the
basis of a relation between a load of a heavy
weight and a displacement of a pile head by
dropping the heavy weight on the pile head,
wherein a drop height of the heavy weight 1is
changed higher step by step, and the Dbearing
capacity of the pile is determined on the basis of
the relation between the load in each of the steps
and a displacement of the pile head.

In accordance with a second aspect of the
present invention, there is provided a

pseudostatic pile load testing method as recited



wei ght and a di splacenent of a pile of on the |load of a heavy a pile head
by dropping the heavy weight on the pile head, wherein a drop hei ght of

t he heavy weight is changed higher step by step, and the bearing capacity
of the pile is determ ned on the basis of the relation between the load in
each of the steps and a displacenent of the pile head. In accordance with

a second aspect of the present invention, there is provided a

pseudostatic pile |load testing nethod as recited 5 in the first aspect,

wherein g cushion_is put on the pile head, and the heavy weight is d d
on the CSNEeH i HEbortBREE i [ HIE TR BSgetendfo it has pPedent 1

i nvention,pd h%riQLéShFHz%(i,deéjné diseudesi ali G pi hed oad tesbppedrebhod as
recited in the second aspect, wherein the cushion is forned by
al ternat glye | gmisfat Png pl ates or bl ocks nmade of a high polynmer materia

and netal plates. In_accordance with, a fourth. aspect he re t
i nventi on, theﬁéli§a%F8$id%HC§ 6%%u osﬁatﬂglﬁ? e fﬁ?@éfgstfﬁg n%ﬁ%od as
recited gretbatt hirdiaspeaiownherei rnhokes inias | oadprapplyédg di mection
are formed in the plates or. the blocks made of the high polynmer material.
In accor ReARS A BifG f PR dpetadf EReting method "as recited

in the second aspect, wherein the cushion is
formed by alternately laminating plates or blocks
made of a high polymer material and metal plates.

In accordance with a fourth aspect of the
present invention, there is provided a
pseudostatic pile load testing method as recited
in the +third aspect, wherein holes 1in a load
applying direction are formed in the plates or the
blocks made of the high polymer material.

In accordance with a fifth aspect of the
present invention, there is provided a
pseudostatic pile load testing method as recited
in the third aspect, wherein the plates or the
blocks made of the high polymer material and the
metal plates are adhered by dowels or an adhesive
agent.

In accordance with a sixth aspect of the
present invention, there is provided a
pseudostatic pile load testing method as recited
in the fourth aspect, wherein the plates or the
blocks made of the high polymer material and the
metal plates are adhered by dowels or an adhesive
agent.

In accordance with a seventh aspect of the
present invention, there is provided a

pseudostatic pile load testing method as recited



present invention,
nmethod as recited in the third aspect,
made of the high polymer material and the
dowel s or an adhesive agent.
present invention,
method as recited in the fourth aspect,
made of the high polynmer material and the
dowel s or, an adhesi ve ge
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Brief Description of the

Dr awi ngs B gSent s a ERPeariat Py vi ew BR&E ng & StestPRY Wethdd in2
accordamﬁ%&hh%é%@teresﬂyle load testing method as recited

in any one of the first to sixth aspects,

wherein

the displacement is measured by a PSD displacement

meter installed near the pile.

Brief Description of the Drawings

1
method

Fig. is a

testing in accordance

invention;
Fig. 2 is a graph showing

settlement curve in

explanatory

accordance

showing

the

view a

with present

a ground resistance

with the testing

method of the present invention;

Fig. 3 is a graph showing a load-displacement

curve in a pile head in accordance with a

conventional pseudostatic load test;

Fig. 4 is a perspective view showing the

other testing method in accordance with the

present invention;

Figs. 5A, 5B and 5C show a cushion, in which
Fig. B5A 1is an exploded perspective view of the
cushion, Fig. 5B 1is a perspective view of a
columnar cushion, and Fig. 5C 1is a vertical

sectional view of the cushion;

Fig. 6 is a columnar section of a test ground

soll; and



invention; Fig. 2 is a graph showing a ground resistance settlenment curve
in accordance with the testing nethod of the present invention; Fig. 3 is
a graph showi ng a | oad-di splacenment curve in a pile head in accordance
with a conventional pseudostatic load test; Fig. 4 is a perspective view
showi ng the other testing nethod in accordance with the present
invention; Figs. 5A, 5B and 5C show a cushion, in which Fig. 5Ais an

expl oded perspective view of the cushion, Fig. 5B is a perspective view of
a columar cushion, and Fig. 5Cis a vertical . sectional view of the
cushion; Fig. 6% a cdluma? selti oGP t eSO YHUAd Soil FBRE P Fig. 7

is a grapheshawdwca-govadnd£si sbanceepid: headwet tl enment curve. Best
Mode for Carrying Qut the Invention Fig. 1 shows an enbodi ment of a

pseudostatic pile load testing nmethod in accordance with the present

invention. Int r aw , defe ce . . den ile driven in
the ground for Qgs(% L8 £S5+ GE 1R QL %:hg JD.B P h’; otes a heavy
wei ght dropped on a pile head of the pile 1, reference nuneral 3 denotes a

cushion for adjusting a_|oad applying tine, and reference nunmeral 4
denot es an accél k¥ onmet ef HRMSurdhgeHPodiment of a pseudostatic

pile load testing method in accordance with the
present invention. In the drawing, reference
numeral 1 denotes a pile driven in the ground for
executing a load test, reference numeral 2 denotes
a heavy weight dropped on a pile head of the pile
1, reference numeral 3 denotes a cushion for
adjusting a load applying time, and reference
numeral 4 denotes an accelerometer measuring an
acceleration of the ©pile head at a time of
dropping the heavy weight 2 on the pile head of
the pile 1.

In the structure mentioned above, a
description will be given of the testing method.
The heavy weight 2 is dropped on the pile head of
the pile 1, the acceleration of the pile head at
that time 1is measured by the accelerometer 4
installed at the pile head, and an integrated
value thereof is determined as a displacement of
the pile head by the load of the heavy weight 2.

In this case, the heavy weight 2 1is dropped
at a plurality of times while changing the load of
the heavy weight 2 (drop energy) step by step by
changing a drop height of the heavy weight 2, a
variation of each of the accelerations with the
passage of time is measured by the accelerometer,

and each of the integrated values 1s determined as



acceleration of the pile head at a time of dropping the heavy weight 2 on
the pile head of the pile 1. In the structure nentioned above, a
description will be given of the testing method. The heavy weight 2 is
dropped on the pile head of the pile 1, the acceleration of the pile head
at that tine is nmeasured by the accel erometer 4 installed at the pile
head, and an integrated value thereof is determned as a di spl acenent of
the plle head by the | oad of the heavy weight 2. In this case, the heavy

weight 2 is dropped at a plurality of, tines il e changing the |oad of
the heav{ méﬂgﬁ%f?cééﬁﬁbten% fgyJ & §ie§35§est%%mg& %éhaﬁﬁi Erdﬁhﬁelght of

the heavy ehght, 2, t8e Vﬁé'aﬂi;!» op Of ygach of tﬂ?eﬁcceéersaeta@ﬂ@ vi & Adt he
passage of tinme is neasured by the acceleroneter and each of the

i ntegrat ecéhﬂalawn’rs deteamiawde ag 8 hcdi s*plfaceﬁ@rﬂ of ki he p| Le hé&d by

each of the .lo heav Th tic S | ement
char act eFiSst 82 %feqh8n hﬁ % lSStI%ﬁB%g Iﬁ %%g is o% ?hé n%ggured
result, Mrbﬁ@rld@pg@aaﬁytysfoftmbepm@ 1 IJ.Ss deteerermededA graph

i lustrated in Fig. 3 shows a | oad- displacenment curve in the p head in
accordance wi Bh §HaRdbnvenk 8kl p3eudoBt dit€-| odd TR S ("f‘ef]e9a 0 the

non- |oatenrg]fmﬁolg;gI ) es% t«'smgl o d hEe psgudos % ald chLaad festatBowu £hckhe

di spl ace 'rat'ed on t basi s one tinme pseudostatic
with the conventional pseudostatic load test

(refer to the non-patent document), and 1n the
pseudostatic load test in which the displacement
is estimated on the basis of one time pseudostatic
load applying, a maximum value of the displacement
tends to delay in comparison with a maximum value
of the load due to a dynamic effect.

Further, bearing capacity of a pile is
estimated on the basis of a theory that a ground
resistance force becomes maximum at a so-called
unloading point (a maximum value of the
displacement), and the maximum ground resistance
force is equal to the unloading point resistance
force, however, there 1is a possibility that a
great error 1is generated in the test result by one
time pseudostatic load applying.

The graph illustrated in Fig. 2 shows a
ground resistance settlement curve determined 1in
accordance with the testing method of the present
invention, that is, by measuring each of the
accelerations at times of dropping the Theavy
weight 2 by the accelerometer 4, while changing
the load of the heavy weight 2 (the drop energy)
by changing the drop height of the heavy weight 2,

and determining each of the integrated values as
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in the testing nethod in accordance with the present invention
since soREsIepe rof r ABISUr @Feft sL 88 Ih BRYSINE 2behb%i6r RARfE 0#T8 range

eyeeégteg nt%@reasexe&&t efl .3 as. 1,Q make theestimatign, ig is

to obtain the neasurenent result having a
possible to obtain the measurement result having a

reduced error. Further, since the measurement by
the accelerometer is not affected by the vibration
of the ground at a time of the load applying, it
is possible to execute an accurate measurement.

Figs. 4 and 5 show a modified embodiment of
the cushion. The cushion 3 1is formed by a
plurality of plates 3a made of a high polymer
material and a plurality of metal plates 3b. The
plates 3a and the metal plates 3b are both formed
in a rectangular plate shape, are laminated
alternately, and are adhered to each other.
Further, a plurality of holes 3c penetrating in a
vertical direction (a load applying direction) are
formed in the plate 3a.

In this case, the plate 3a may be formed by a
foam resin. Further, for example, as shown 1in
Fig. 4C, each of the plate 3a and the metal plate
3b may be adhered by dowels 3d.

The cushion 3 formed in the manner mentioned
above is put on the pile head of the pile 1 driven
in the ground, and an impact 1s applied to the
pile head of the pile 1 by dropping the heavy
weight 2 on the cushion 3.

In this case, since the cushion 3 1is formed



reduced error. Further, since the neasurenent by the acceleroneter is not
affected by the vibration of the ground at a tinme of the |oad applying, it
is possible to execute an accurate neasurenent. Figs. 4 and 5 show a
nodi fi ed enbodi mrent of the cushion. The cushion 3 is fornmed by a

plurality of plates 3a made of a high polymer material and a plurality of
netal plates 3b. The plates 3a and t%& nmetal plates 3b are both fornmed in
a rectangul ar plate shape, are lamnated alternately, and are adhered to
each other. Further, a pIuraIi%¥ of holes 3c penetrating i vgitical

directi oA a® o&a& PgchgSEHTeeHGH &% 3 oP fhitthe ;ﬁgt 2“93 *“In this

case, theiplats 3§bm3MaQﬁirf1?rn§d by 3y floamyLesyBrdRussher rifarg exgnpl e, as
shown in" Fig. 4C,_each of fhe plate 3a and the netal plate 3b may be
adher ed byrdowel ® Bdr athe vrushforp Baft@sred & n thedeanwdr g i ohkedh above

is put on the pile head .of .the pile 1 driven _in . th r , I npact
is appli é)d)]_t%mgﬁe m%?leé‘i aejaﬁi oqp?ﬁgepﬂlée% eye r&pkbfgngletaﬁ%ghggl\%tg\%ei ght 2
on the cashi emd@. 3P thinsl caseyisigice theecushierGeissternned Laas a

conbi ned structure by a plurality of netal plates 3b having a ver}/1 | ar ge

vertical (ilgi dity &Ad rosiuthliety tof pikatedn3adafade of VEHE hiphIDpol yner

mterial) b neheq pepvegn e iRt al, Plates o28.and 3poand havieg gyvery

arge straln rafe
extending the load applying time of the heavy
weight 2 as much as possible while keeping the
vertical rigidity equal to or more than a
predetermined value, even if the heavy weight 2 1is
rapidly dropped on the pile head so as to apply
the impact.

As the high polymer material for the plate
3a, it 1is possible to employ, for example, a
synthetic rubber, a natural rubber, a methyl
rubber or the 1like, and a steel plate can be
employed for the metal plate 3b. Further,
thicknesses, shapes and numbers thereof are not
particularly limited, but can be appropriately
determined.
Further, it is possible to increase the

strain rate of the cushion 3 by forming a
plurality of holes 3c in the plate 3a made of the
high polymer material. A shape and a magnitude of
the hole 3c are not particularly limited, but it
is possible to adjust the strain rate of the
cushion 3 by appropriately changing the shape and
the magnitude of the hole 3¢ and increasing or
reducing the number of the hole 3c. In
particular, in the case that the strain rate of

the high polymer material itself is large enough,
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is possible to obtain data having high reliability simlar
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Further, it is possible to adjust the strain
rate of the cushion 3 so as to adjust the 1load
applying time of the heavy weight 2, by changing
the magnitude and the shape of the hole 3c or
increasing and reducing the number of the hole 3c.

In any case, it 1is possible to firmly fix
each of the metal plates 3b to the plate 3a
pinched between the metal plates 3b and 3b and
made of the high polymer material by the adhesive
agent, the dowels 3d or the like, and the
structure may be made such that the metal plate 3b
and the plate 3a made of the high polymer material
are not adhered by interposing a lubricating oil
between each of the metal plates 3b and the plate
3a between the metal plates 3b and 3b.

In this connection, the applicant of the
present invention <carries out the pseudostatic
pile load test by using a large-scaled load
testing apparatus with respect to the existing
pile which has Dbeen cured for about three weeks
after the static pressing test, and researches the
ground vibration at a time of the test. In
addition, the applicant carries out a wave form
matching in accordance with CAPWAP, and makes a

comparative study in conjunction with the

of the
t he

terial
hol e 3c



Further, the foamresin nmay be used as the high polyner material, and it
is possible to further increase the strain rate of the cushion 3 by
formng the hole 3c penetrating in the |oad applying direction. Further,
it is possible to adjust the strain rate of the cushion 3 so as to adj ust
the load applying tine of the heavy weight 2, by changing the magnitude
and the shape of the hole 3c or incredsing and reducing the nunber of the
hole 3c. In any case, it is possible to firmy fix each of the netal

plates 3b to the plate 3a, pinched between the netal plates 3h and 3b and
made of #HRERAG pdfyirerP fafert QP Dbyt ERE adfesi v aa’bgnt?h? hé owefs 3d or

the likey andsthe, Stdyet urgsiA%: be madg suchsthhals the-detalophat gs3b  and
the plate 3a made of the high polyner material are not adhered by

i nt er posifmgl Aolagbri cating oil between each of the netal plates 3b and the
plate 3a between the nmetal plates 3b and 3b. In this connection, the
applicant of the present invention carries out the pseudostatic pile |oad
test by usimgazy asgeTested load testing apparatus with respect to the
existing pile which has been cured for about three weeks after the static
pressing test, and researches the ground vibration at a tinme of the test.

In additi on g&g licapt scarries out a wave form matching in accordance
. T ﬁﬁ : . . . :
W th CAP&KP, and e g? a cgnparatlve study in conjunction with the

In order to research an influence by a mass
of the heavy weight, a large-scaled heavy weight
drop type test apparatus 1is wused. The heavy
weight is generally about 2 % of a planed maximum
load 2500 kN, however, employs a weight of 33.1 t
which 1is about six times heavier. The load is
executed in accordance with a multi cycle heavy

weight drop method with a soft cushion.

2. Test Pile and Test Ground Specification

Fig. 6 shows a columnar section of the test
ground soil. Test pile was steel tubular pile,
600mm in diameter, driven by vibro-hammer. First,
static press-in load test was conducted 1 week
after pile being driven, then pseudostatic load
test was conducted 3 weeks after the static press-
in load test. Further, the test pile

specification is as shown in Table 1.

Table 1
Pile Steel pipe .
diameter Type of thickness Length Pile mass Installation
i thod
Dp)(mm pile ts(mm) L(m) M(t) metho
Steel pipe Vibro hammer
600 pile 12 15.9 3.64 driving




12 pseudostatic pile load test result and the static pressing test result.
The results are shown as follows. Summary of Test 1. Test Apparatus In
order to research an influence by a nass of the heavy weight, a
| ar ge- scal ed heavy weight drop type test apparatus is used. The heavy
wei ght is generally about 2 % of a planed maxi rum |oad 2500 kN, however,
enpl oys a weight of 33.1t which is BBout six tines heavier. The load is
executed in accordance with a nulti cycle heavy weight drop nethod with a
soft cushion. 2. Test Pile and Test G.ound Specification Fig. 6 shows a
col umar secti 6n B lehel 8stingr Sd d6i | POPest 1 priest was s?geluffﬁ?lﬁﬁl ar
pile, 6%9{‘5”'5'fd'§”eégr1ddrl' §8 by nd P Aghaemrry 4 fi raha  $f atd£1peess-in
| oad test was conducted 1 wee after pilé being driven, then pseudostatic
| oad testbavas cohductkd I weekstafter phesstiatgc ress-reénulldad aest.
Further, the test pil ecificatiop,is .as shown in Table 1. Table 1 Pile
Type of SEEETVBi pénLer?S"’lkﬁzlgl e “fasst ns)tpéFlsé_ti olﬁ“ailgrretreeﬁﬁisgﬁ{é%% 18
Dp( mi | efysé ae) Li(nd M tywet hpd s@QASH gel 1 Phpel248s93 B4viclr oi barames ut

2130

kN, and a pile head settlement rigidity is
110 kN/mm.
Table 2
Pile head
First limit resistance force Second limit resistance force settlement
rigidity
Load(kN) D‘Sp(lg‘ﬁ?e“t Load(kN) D‘Sp(lg"n‘f;“e“t ko(kN/mm)
1,780 18.86 2,126 60 110

3. Soft Cushion, Drop Height and Test Load

A spring constant of the soft cushion used

for the test is determined, as shown in Table 3,

such that it 1is possible to secure a time 0.062 s

(in the case that the settlement rigidity of the

pile is set to be infinitely great) for which the
wave motion travels reciprocally about ten rounds
in the pile body. Further, a relation between the

planed drop height of the heavy weight of 33.1 t

and the test planed load is as shown in Table 4.

The planed maximum load at the maximum drop height

12 cm is about 2500 kN. The test is executed by 3

cm pitch until the maximum drop height 12 cm, and

then the drop height is set to 20 cm and 50 cm in

order to verify the behavior at a time of the

large displacement.



piledriving 13 A pile leading end is positioned at an upper end of a sand
| ayer having G.-14m and N value about 30. As the static pressing test
result, as shown in Table 2, a first limt resistance is about 1780 kN, a
second limt resistance is about 2130 kN, and a pile head settl enent
rigidity is 110 kNNmm Table 2 Pile head First limt resistance
forceSecond limt resistance forcesettfenent rigidity

Load( kN) Di spl acenent Load( kN) Di spl acenment ko( kN nm (mm) (nm)

1, 78018. 862 12660110 3. Soft Cushion, Drop Height and Test Load A spring
onstant TGrb %ﬁe3soft CUShI on used for the test is detern ned, as shown in
Tabl e 3,—sucittha SssTpote to pecure. a tifme 0.062° 5 [(1 RpFidg cdse

t hat trepaeuédﬁm1PrT%§Pﬂ?%y DlavtNBmep| | éfoia§‘“§et t orRb& haxki ni| t @inytagt et
for whilch the way ravel s rec| prodBfly about ten rolmd& cuskiohhe

pile bad rthe atilo n et ween| t he . Ianed dr ei ght th eavy
wei ght |of 3g ang('flﬁsé The \rziygd oatcff“f‘ S as shown Tabl (EfN/ gh

pl aned [maxT mum | oad at the msm mum dr o ght [Z cm | s aboyt 2500 kN.| The
test iqd exdéted by 3:1%%m pijtch Uhtil the On%@l murn dr 8p-1A8i ght 136¢° and

t hen t he—drop—hetrght—s—set—to26—cmand56—cm1

N

Table 4
Drop height :gﬁ,tl:::gi:nnt Planed load
h(cm) x(cm) P(kN)
3 1.5 1,280
6 2.1 1,810
9 2.6 2,220
12 3.0 2,570

4. Measurement Items

Measurement items are set to 4 points in a
bridged type strain meter and a piezoelectric type
accelerometer respectively, and 1 point in a non-
contact type PSD displacement meter, as shown in

Table 5.

Table 5

Bridged type strain meter 4

Piezoelectric type 4
accelerometer

Non-contact type PSD 1
displacement meter




order to verify the behavior at .a tinme of the |arge displacenent. 14
Table 3 Pile | engt hPropagati onTravel tinmelLoadi ngRam massSpring constant of
vel oci tytinmesoft cushion L(m V(m s)Roundtm n(s)Mkg)k(kN m

15. 95, 120100. 06233, 10086, 400 Tabl e 4 Drop hei ght Soft cushi on Pl aned | oad
di spl acenent h(cm)x(cm) P(kN) 31.51,280 62.11, 810 92. 62,220 123. 02,570 4.
Measurement |tems Measurement items ake set to 4 points in a bridged type
strain nmeter and a piezoelectric type acceleroneter respectively, and 1
point in _a non- contact type PSD di spl acenent neter, as shown in Table 5.
Tabl e 5 Bri dGedt ypes¥die¥ n neter4 Piezoel ectric type4 accel eroneter

Non- cont Q-,C_Il t i‘QﬂJ)Spéa@ Sﬂéé%ﬁ@ﬂéthﬁrTime Change

The acceleration at a time when the pile head

displacement in each of the heights becomes the
maximum value is shown in Table 6 together with
each of the maximum displacement values. In any

drop height, it is known that the acceleration is

wavy similarly to the load wave form. This seems

to be caused by propagation of a stress wave.

Further, referring to Table 6, i1t is known that

the maximum acceleration until the drop height 12

cm is about 3 G, and is about 5 G in the case that

the great displacement 1is generated. This seems

to be caused by a comparatively long load applying

time.
Table 6
. Maximum . Soil
Drop height Load displacement Acceleration resistance
(cm) Frapid(kN) S(mm) a(m/sz) Rsoil(kN)
3cm 505 2.81 -5 523
6cm 1125 10.30 -8 1154
9cm 1685 16.56 -30 1794
12cm 1858 25.12 -23 1942
5-2 Ground Resistance-Pile Head Settlement Curve
Fig. 7 shows a ground resistance-pile head
settlement curve determined by subtracting an

inertia force of the pile,

static

pseudostatic

pressing

load

test
test

result.

result

from

Viewing

in combination with the
the
Fig. 7, an



15 5. Test Results 5-1 Pile Head Accel eration Tinme Change The accel eration
at a tinme when the pile head displacenent in each of the heights becones
the maxi mumvalue is shown in Table 6 together with each of the maxi num
di spl acenent values. In any drop height, it is known that the accel eration
is wavy simlarly to the | oad wave form This seens to be caused by
propagation of a stress wave. Furthet9 referring to Table 6, it is known
that the nmaxi mum accel eration until the drop height 12 cmis about 3 G

and is about 5 Gin the case that , the_great displacenment |s,generated.
Thi s seedd'itdade Pdused b52d cbﬁﬁé%b%?ve??tﬁ&ﬁﬁg?ﬁéd 56§FV§hgy titfe. Table

6 Drop height Loadpxi pympAcceberat | bl 1 5Pl aGeNEHt 1RSI §£8NCEI th
(cm) Frapi d{ kN) S(mm) a( 1 §2) Bsoi | (KN} "3cnb052. 81- 5523 6cmi12510. 30- 81154
9cnl68516.156- 8GEA9UC 1 2arHIB5 82%. 12 831942s8-12 .G ound Resi st ance-Pi | e Head

Sertlenont O veFhi,, BIAE AL ORdpesFaces Y  Echopd Sehtlamen
conbi nat itQlu Wi tthhd hgr Sidli & 48 e5Siangctesti gyl tat VaewWurg D0 kN
in this test. This approximately coincides with
the first limit resistance 1780 kN obtained from
the static pressing test result.

Further, it 1is recognized that the ground
resistance nature after the great displacement is
generated comes to a completely different mode
after 1942 kN. This seems that the nature of the
pile leading end bearing ground 1is changed by the
generation of the great displacement (the pile
driving effect).

Accordingly, the maximum resistance of the
original ground confirmed by this time test 1is
about 1940 kN, and corresponds to a value which is
slightly smaller than the second limit resistance
(about 2130 kN at the time of the displacement 0.1
D) obtained by the static pressing test.

5-3 Wave Form Matching

The matching of the load time change graph of
the drop height 12 cm 1s executed 1in accordance
with the CAPWAP method. The result of the wave
form matching is shown in Fig. 7 together with the
pseudostatic pile load test result and the static
pressing test result. It is known that the pile
head displacement amount in accordance with the
wave form matching becomes smallest, however, the

pile head initial settlement rigidity



pseudostatic load test result fromFig. 7, an 16 initial pile head initial
settlenent rigidity is about 110 kN mm and approxi mately coincides with
the static pressing test result. Further, fromthe same drawing, it is
known that the ground resistance yields at about 1800 kN in this test.
This approximately coincides with the first limt resistance 1780 kN
obtained from the static pressing tes? result. Further, it is recognized
that the ground resistance nature after the great displacenent is
generated cones to, a ionpleiﬁly different node after 1942 kN. This seens
that the GR¥TRAE BFLYRSY pifeéll €aat R EhdSbearing ground is changed by the
generation of the great displacenent (the pile driving effect).

Accordi ngly, the nmaxi numresistance of the original ground confirmed by
this tineé teCpnssidabatiigan4@nd), Samiavyresponds to a value which is

slightly small than the second limt .resistance (about, 2130 kN at the
tinme of the diEQV%ceﬁg% g DfﬂH%F§F§5%rﬁ§%fﬁé sfﬁficqﬁFégsinélF%Et. 5-3

VWave For pdatekigtgaThe rmichi ng o8 tthestoad td srerehangesgraph of  the drop
hei ght 12 cmis executed in_accordance wth the CAPWAP nethod. The result
of the wave fd&rm FRECH Rgoibs sAdwEhd BISpVY #Gge? REr Wht ROHet

pseudost at i & ¢pichg | ??%utr?ét aeshtrand. the statjc pressing test result. It
e

is known that the p
b. The maximum actual load speed (at the time

of H = 12 c¢cm) is about 20 MN/s in load, about 200
mm/s in settlement amount, and about 73 MPa/s with
respect to the pile leading end <close <cross
sectional area in stress intensity.

c. The actual load applying time 1s about
0.09 second, and corresponds to a time for which
the wave motion travels reciprocally at about 14.5
rounds in the pile body.

Further, the following consideration can be
obtained from this time test.

a. It is possible to confirm the stress wave
propagation phenomenon.

b. It 1s ©possible to confirm the ground
vibration having a frequency between 40 and 50 Hz
and an amplitude about + 1 mm due to the release
of the heavy weight. The ground vibration cyclic
period 1is about 5 to 10 times shorter than the
inherent cyclic period of the ground.

c. The settlement amount integrated from the
acceleration indicates a greater value than the
actual measurement result of the PSD displacement
meter. It is considered to be possibly affected
by the precision of the accelerometer or the

inertia slip, and be possibly affected slightly by




head di spl acenent anount in accordance with the wave form matchi ng becones
smal | est, however, the pile head initial settlenment rigidity 17
conparatively well coincides. 6. Consideration and Sunmmary The maxi mum
characteristic of this tine pseudostatic pile |oad test is as follows. a.
The wei ght of the heavy weight is about 12 of the ground ultimte

resi stance. b. The maxi num actual |oad &peed (at the time of H= 12 cm) is
about 20 MVs in |oad, about 200 mm's in settlenent anmount, and about 73
MPa/s with respect to the pile |leading end cl ose cross sectlonal area in

stress i ntBfsi th]%ra'FHeo%ct uafF | o&d&pplBPAd tieR i sCabouth®. 0F $Bcond,

and corregpq dime fior which the wave notion travels reci procally
at about %2 ggfroun S }En the p pil e body. Further, the follow ng

consi derati on cdan b&heobtial nedaflr orsletmt$etne1rettelsigiaiitty isbpesisidtie to
confirmthe stress, wav ropa ation menon ossible to
conf i rmtEé gt ound s %rjafﬁ)?on ah ng’ Sflge%ue?ﬁ?eﬁet v%%n "215 530le
an anpl i tu@ternaboutané e due d@i hke dekeaset nhoft hbe gavy webghtindhe.
ground vi brati on cyclic period is about 5 to 10 tines shorter than the

i nherent E&yein ctperivdas a ergesuney ¢.esThersettl Brent anount i ntegrat ed

fromthe e. The yield value of the original ground

resistance confirmed from this time test result is
about 1800 kN, and approximately coincides with
the first limit resistance 1780 kN obtained from
the static pressing test result.

f. The maximum resistance of the original
ground confirmed from +this time test result 1is
about 1940 kN, and is slightly smaller than the
second limit resistance about 2130 kN obtained
from the static pressing test result.

g. The settlement amount until the yield
obtained from this time test result approximately
coincides with the <case of the static pressing
test, however, the settlement amount after the
yield becomes very smaller than the case of the
static pressing test.

h. The initial settlement rigidity in
accordance with the wave form matching
approximately coincides in comparison with the
pseudostatic pile load test result and the static
pressing test result.

On the basis of this time test, it is
apparent that the definite initial settlement
rigidity and the definite vyield wvalue of the
ground resistance can be obtained by executing the

multi step pseudostatic load applying.



acceleration indicates a greater value than the actual neasurenent result
of the PSD displacenent neter. It is considered to be possibly affected

by the precision of the acceleroneter or the inertia slip, and be possibly
affected slightly by 18 the vibration at the position of the PSD

di spl acenent neter. d. The initial settlenment rigidity obtained fromthis
time test result cones to about 110 KN mm and well coincides with the

val ue obtained fromthe static pressing test result. e. The yield val ue of
the original ground resistance confirmed _fromithis tine test result is
about 1800 kN, and appr o0& SrEalnd 3\ first limt resistance
1780 kN obtained from the static pressing test result. f. The nmaxi num

resi stance of the original ground confirmed fromthis tine test result is
about 1940 kN, &nhdiis pbisghibyesnud| erstthantichea $dcomdsitiatiicrésiadance
about 2130 kN obtained fromthe static pressing.test result. g. .The
settlenen?egéﬁﬁﬁPe&n il fﬁ51§?gl 'K%BFéfged ?V%ﬁ%?ﬁis tyﬁédfesthﬁégﬁlt
approxi matelly alsoina @es w bly the casevafidfe static pnessing tsasdp
however, the settlenent anmount after the yield becones very smaller than
the case BFeCséedtie preadi mpPPésting. iThediaferdernsett Meéneht R gidity

in accorgggg%ﬂwtqjﬁngnWQ%glforn1natching




approximately coincides in conparison with the pseudostatic pile |oad test
result and the static pressing test result. On the basis of this tine
test, it is apparent that the definite initial settlenent rigidity and
the definite yield value of the ground resistance can be obtai ned by
executing the nulti step pseudostatic |oad applying. 19 Industrial
Applicability It is possible to estinmgt®e a pile static load settlenent
characteristic having very high reliability, by executing a nmulti step

pseudostatic | oad applying in accqordance with the present invention. 20
Wiat is clainmed is: 1. A psEﬂﬂbgLéﬁidiiﬁﬂéEﬁﬁaﬂfﬁesting met hod for

determ ning bearing capacity of a pile on the basis of a relation between
a load of a heavy weight and a displacenent of a pile head by dropping

sai d heavy.-weRghbtsgidaisd i ie hedd,e wheedi n te sit op cheirght hofd sdiar heavy
weight is hanged .hi gher step by ste and bearing capacity _of .said pile
i's detern%iﬁg: ronlflﬁélggagﬁa%agf“f%e < aoda?l]'gﬁ be%aéxee% tﬁéﬁI%adOPn é:Z“c% of the
steps andbadid s acesrentecofatshbd pblea head. 3. As@udest aki cheidwey | oad

testing nethod as clainmed in claiml, wherein a cushion is put on the
pi | e head?eand & heaRéhvyaweightPlg ThBPpéd ohf a pile head Dby

dropping said heavy weight on said pile head,
wherein a drop height of said heavy weight 1is
changed higher step by step, and bearing capacity
of said pile 1is determined on the basis of the
relation between the load in each of the steps and

a displacement of said pile head.

2. A pseudostatic pile 1load testing method as
claimed in claim 1, wherein a cushion is put on
the pile head, and the heavy weight is dropped on

said cushion.

3. A pseudostatic pile load testing method as
claimed in claim 2, wherein the cushion is formed
by alternately laminating plates or blocks made of

a high polymer material and metal plates.

4. A pseudostatic pile load testing method as
claimed in c¢claim 3, wherein holes in a load
applying direction are formed in the plates or the

blocks made of the high polymer material.

5. A pseudostatic pile load testing method as
claimed in c¢laim 3, wherein the plates or the
blocks made of the high polymer material and the

metal plates are adhered by dowels or an adhesive



said cushion. 3. A pseudostatic pile load testing nethod as clained in
claim2, wherein the cushion is forned by alternately Iamnating plates or
bl ocks nade of a high polyner naterial and netal plates. 4. A pseudostatic
pile |oad testing nethod as clainmed in claim3, wherein holes in a |oad
applying direction are fornmed in the plates or the blocks nmade of the high
polymer material. 5. A pseudostatic pidle |oad testing nethod as clained in
claim 3, wherein the plates or the blocks made of the high polyner

material and the netal plates are adhered by dowels or an adhesive 21
agent. 6.2&%fseudostatic pile load testing nethod as claimed in claim 4,
wherein the plates or the blocks made of the high polynmer material and the
netal plates are adhered by dowels or an adhesive agent. 7. A pseudostatic
pi l e | oad6testihg peehatb asatclai nedlien dleddn 2f ewttdrred n maitd ol spd aicenent
is detern ned aﬁ an _int grated4valu of an agﬁelergyion neasurgﬂ}by an
accel er onet&r " fist a1l ed &t *Fhe gi | ¢ HEAEB. A'Bsefddst afi ¢ Ofi | & 19ad
testing nethesk@s mgdai ned ithel al yd, pbengidrsaigt dirSpl BCeRAt dise

measured by a PSD displacenent neter installed near the pile. _
metal plates are adhered by dowels or an adhesive

agent.

7. A pseudostatic pile load testing method as
claimed in claim 2, wherein said displacement 1is
determined as an integrated value of an
acceleration measured by an accelerometer

installed at the pile head.

8. A pseudostatic pile load testing method as
claimed in claim 2, wherein said displacement 1is
measured by a PSD displacement meter installed

near the pile.



