1 SPECIFICATION Title of the Invention PSEUDOSTATI C
PILE LOAD TESTING 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 acément of a pile head by

dr oppi ng the heavy weight on the pile head. Background
Art In general, a load test _of a pile is executed for
t he purpose of obtai %Fﬁ&?ﬁﬁ@ﬂ determ ning the
bearing capacity, by applying a load to the pile
head, and measuring a relation between the load to

the pile and a M tpeacefiefhe AEnvigmtkond of pile |oad

here hav known st at
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step for a long tine, and a relation between the | oad
and a pile settlenent PP OP determ ned, and a
dynam c load test, in which a heavy weight is dropped
on the pile head, and a settlenent anount of the pile
due to an inpact is neasured. Further, there has been
recently executietledd? ofséhdnsinvientbad test, in

whi ch a soft cushion is

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 is 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 1lmpact is measured.

Further, there has been recently executed a



put on the pile head, and the heavy load is dropped

thereon. Reference is nmade to a patent docunent,

Japanese Unexam ned Patent Publication No. 2002-

303570, and a non-patent docunent, Japanese

Geot echnical Society Standard, Pile Vertical Load

Testing Method and Comment s2Thereof, Sixth Edition

Pages 185 to 190 (issued by Japanese Geotechnica

Socj ety) D sclosure of the Invention Problemto be ,
PSS&%%E)éE;H‘He LARRnticoht » HevER L St nBe Shktl GatPison 1S
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| oad test can give data having high reliability, but
drofpredt &tierkeoad test requires a reaction force pile,

a load beamand the |jke so to, make .the _a S
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so@fidhg)apparatus is increased conparatively hi gh, or
the li1ke. Further, the pseudostatic |oad test (refer
to

Disclosure of the Invention

Problem to be Solved by the Invention

However, since the load 1is 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 1s 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




3 the patent docunent) can give the data having a
conparatively high reliability simlar to the static
| oad test in a short tinme, by dropping the heavy

wei ght on the pile head via the soft cushion, thereby
extending the | oad applying tine to 30 to 200 ns
corresponding to about 10 té 20 tines that of the
dynam c |load test. However, in sone weight or drop

hei ght of the heavy weight to be dropped, there is, no
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measuring instrunent, reis arisk that a
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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 1s transmitted to the
measuring instrument, and there 1is 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 is to provide a
pseudostatic pile load testing method which can
give data having high reliability required for
determining bearing capacity of the pile, 1in a

short time and economically.



short tine and economcally. 4 Effect of the
I nvention In accordance with the present invention,
since the displacenent of the pile head caused by the
| oad of the heavy wei ght dropping on the pile head is
determi ned as an integrated value of an acceleration
of the pile head at a tine 8f dropping the heavy
wei ght on the pile head, there can be obtained an
effect that data haV| ng verx high reljability can be
obt ai ned econoi athendaventd Rt nout
requiring any parti cuI arI y large-scal ed apparatus and
wi t hout being affected by the inpact at a tinme of
dr opping atmeohreﬂeaﬂyceweivgihth l\/é:dns f prreSodnicng ittheention,
Problem In acco dance rst aspec of .the
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Wi th a second aspect of the
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



present invention, there is provided a pseudostatic
pile load testing nethod as recited 5 in the first
aspect, wherein a cushion is put on the pile head,
and the heavy weight is dropped on the cushion. In
accordance with a third aspect of the present
i nvention, there is prOV|de8 a pseudostatic pile |Ioad
testing method as recited in the second aspect,
wherein_the cushion is formed by alternately
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aspect, wherein the plates or the
present invention, there is provided a
pseudostatic pile load testing method as recited
in the third aspect, wherein holes in 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



bl ocks nmade of the high polynmer material and the

netal 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 nethod as recited 6 in any one of

the first to sixth aspects, éwherein the displ acenent

is determined as an integrated value of an
. _accel eration asured by an accel eroneter installed
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Brief Description of the Drawings

Fig. 1 1is a explanatory view showing a
testing method 1in accordance with the present
invention;

Fig. 2 1s a graph showing a ground resistance
settlement curve 1in accordance 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 1s 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. 5A 1is an exploded perspective view of the
cushion, Fig. 5B 1s a perspective view of a
columnar cushion, and Fig. 5C 1s a vertical

sectional view of the cushion;
Fig. 6 is a columnar section of a test ground

soil; and



present invention; Figs. 5A, 5B and 5C show a cushi on,
in which Fig. 5A is an expl oded perspective view of
the cushion, Fig. 5B is a perspective view of a
col umar cushion, and Fig. 5Cis a vertical sectiona
view of the cushion; Fig. 6 is a columar section of a
test ground soil; and 7 Fi’lg. 7 is a graph showing a
ground resi stance-pile head settl enent curve. Best
Mode for Carrying Qut the Invention Fig., 1 shows an
enboﬁilﬁent of a pSeuddstatfE2Ri e ?Bﬁd”tré%tl ng meigrnd
@f‘éﬂrcd@n?%l\’étﬂetar@ﬁ s@l&%sieé}aeh@veémré In the
raw ng, erence numeral 1 denotes a pile driven in
the ground for executing a load test, reference

cushlon for adjustlng a Ioad applylng time, and
reference nuneral 4 denotes an accel eroneter '
rreasﬁliigng an shevd epat i ONLGAIRENG | @ fhetd PiteadeiShd t1c
r ing _t av t on a
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e structure nention ove
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heavy wejght 2 is d d h le.h
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edd MBS Jreasuredqby & be  accekeraeter imeral 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 is 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 1s measured by the accelerometer,

and each of the integrated values 1is determined as



installed at the pile head, and an integrated value
thereof is determ ned as a displacenent of the pile
head by the | oad of the heavy weight 2. In this case,
the heavy weight 2 is dropped at a plurality of tines
whi l e changing the | oad of the heavy weight 2 (drop
energy) step by step by ch8nging a drop height of the
heavy weight 2, a variation of each of the
accelerations with the passage of tine is neaﬁﬁred by
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the basis of a theory that a ground resistance force
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loa&lgg@f““ugfﬁat%%x1mum 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 is 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 1is, by measuring each of the
accelerations at times of dropping the heavy
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




di spl acenent), and the maxi mnum ground resi stance
force is equal to the unloadi ng point resistance
force, however, there is a possibility that a great
error is generated in the test result by one tine
pseudostatic | oad applying. The graph illustrated in
Fig. 2 shows a ground resi8tance settlement curve
determined in accordance with the testing nethod of
the present invention, that is, by nmeasuring, each

f
thehdl apdél eFAFINdnsCat th fred of © dppi ng Her Aé&H by the

1oWel g 2rhy hbhe-Accgkarppeter 4, while changing the
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is %ossg%igyt% 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 in
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 1is applied to the
pile head of the pile 1 by dropping the heavy
welight 2 on the cushion 3.

In this case, since the cushion 3 is formed



plurality of plates 3a made of a high pol yner

material and a plurality of netal plates 3b. The
plates 3a and the netal plates 3b are both forned in
a rectangul ar plate shape, are lamnated alternately,
and are adhered to each other. Further, a plurality
of holes 3c penetrating inld vertical direction (a

| oad applying direction) are forned in the plate 3a.

In this case, the plate 3a may be forned by a foam
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rapidly dropped on the pile head so as to apply
the impact.

As the high polymer material for the plate
3a, it 1s 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 1limited, but can Dbe 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 3¢ 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 3c 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,



predeterm ned val ue, even if the heavy weight 2 is
rapidly dropped on the pile head so as to apply the
i mpact. As the high polynmer material for the plate
3a, it is possible to enploy, for exanple, a
synthetic rubber, a natural rubber, a nmethyl rubber
or the like, and a steel pllate can be enployed for
the netal plate 3b. Further, thicknesses, shapes and

nunbers thereof are not , particularly limted, but
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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 wusing a large-scaled 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 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



applying direction. Further, it is possible to adjust

the strain rate of the cushion 3 so as to adjust the

| oad applying time of the heavy wei ght 2, by changing

t he magni tude and the shape of the hole 3c or

i ncreasi ng and reduci ng the nunber of the hole 3c. In

any case, it is possible td4irnmly fix each of the

netal plates 3b to the plate 3a pinched between the

netal plates 3b and 3b and made of the high | ymer ,
DS R P AP Tbyot IR RBnGET 98 BN, TERE oweid 3G s Rt ic
prle'sksejrngndtte@ecb stdyghyre mayphe nmade, such that theun as

net a |ate 3 and the plate 3a made of the high
fopdlower material are not adhered by interposing a

| ubricating oil between each of the netal plates 3b

and the plate 3a between the netal plates 3b and 3b.
Sulind #yS cgoMmeetd on, the applicant of the present

invention carries out the pseudostatic pile |oad test

by using a |arge-scaled |oad testing apparatus with

r t [sting pile which has been cured for
1'aglf)élj$et #’g?sg\%%é?s% after the static pressing test, and

reseanchesdihe tgrourdaabrati en aind tueecef bhe a mass

test. In addition, the applicant carrje ut _a wave ,
off ob e nﬁf@h‘ﬂﬁg W%la@&:dr d&ncga\./’ﬁQ%“mﬁa g}ﬁaaﬁfﬁ’kegealght
droYPaf ghieve sLudy idpgaRiauncsi on W tilsthe 12 The heavy
pseudostatic pile |oad test result and the static .
wepradssi rige t gsine esdllty Ihoulsdl ts &fe shdwwmaasd maximum

load 2500 kN, however, employs a weight of 33.1 t
which is about six times heavier. The load 1is
executed 1in 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 1load
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




follows. Summary of Test 1. Test Apparatus In order

to research an influence by a mass of the heavy

wei ght, a | arge-scal ed heavy weight drop type test
apparatus is used. The heavy weight is generally

about 2 % of a planed maxi mum | oad 2500 kN, however,

enpl oys a weight of 33.1 t 1¥%hich is about six tines
heavier. The load is executed in accordance with a

multi cycle heavy weight drop method with a soft
cushforpi e Testdpine &itl Tést wPEdid Speei ffEatdon UPpPer

end 9:0 P sgm\/\gaﬁdcol qug?rr Sﬁ%b}buﬁngf !Lhelirﬁso% n9f Olﬂlndvalue

soi |7 Test pile was eel 't ile
abdiwretar, draiyenty wﬂﬂbihwpmessﬁngtte&maM&Sult as
press-in Ioad t est mas conducted 1 week after pi .
Shk?éffrhg #hi vé Pt Ren?psefdost AFPE | éab‘“ Lfest Sk sBehfee is

apndugtesy 3 meeks, afterotfe 1stRatkc PLEsStdMckoatds about

test. Further, the test pile specification is as
2 1sHowkN n Tabbe a. Tablee heRide Stotlepigetlengon dity is
113?5% ?laneter Type of thickness Installation Dp(nm
I L(m Mt) method 600 Steel pipe 12 15.9
. 64 V'bro hamrer pile driving 13 A pile | eading end
|s positioned at an upper end of a sand | ayer having
Taigla 4 and N val ue
Pile head
First limit resistance force Second limit resistance force settlement
rigidity
Load(kN) Disl’(’;‘ine;“e“t Load(kN) DiSp(l;;‘f;ne“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 is 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

travels reciprocally about ten rounds
body.

height of the heavy weight of 33.1 t

wave motion

in the pile Further, a relation between the

planed drop

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

The planed maximum load at the maximum drop height

12 cm 1is 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.



about 30. As the static pressing test

shown in Table 2,
1780 kN, a second limt

a first

and a pile head settl enent

Table 2 Pile head First

limt

(mm

[imt
resi stance force settll4enment
Di spl acenent Load(kN) Di spl acenent ko( kN nm

1,780 18.86 2,126 60 110 3. Soft Cushi on,

TaHélﬁgh% and Test Load A sprl ng constant of the soft

result, as

limt resistance is about
resi stance is about 2130 kN,

rigidity is 110 kN mm

resi stance force Second

ri idit Load(kN)

(nm
Dr op

cushiot—used forTthe—test—is—determ II-‘u as—shown '”Spring
PlleT@hgﬁl ,Progegiiomhaty jfe1iignpdssi-BrEnto 5 ECRH e nfhs§ | NE constant of
0. 062 VelActthe case that tlhe <B%%|enent rigi dity| efft cushion
t he pllelsset obeinfinlte reat) for é{mch th
e ngti of®t/Pavel s REEMPr odal IH ‘é(%but t en™M{B%nd ﬁ‘?kN/m)
te prie body. Furtner, a rafatt on petyween tne raneda
t¥.0p hei ghf.18P t he heaMy wei ghtO@ﬁZBB.E t 33ah®0the 86,400
test—pHaned—toatd—+s—as—showt— —The—ptaned
maxi mum | oad at the maxi numdrop height 12 cmis
Tadhqut 12500 kN. The test is executed by 3 cmpitch
until the maximimdrop height 12 cm and then the
Dr%qlg hgi ght i Sofsepshtion 20 cin ang,50; paui n | order to
verify the be‘h‘aR/liabf‘rm%&t atime of the large
di(sphacefrent. 14(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,

contact type

PSD displacement meter,

Table 5.

Table 5
Bridged type strain meter 4
Piezoelectric type 4

accelerometer

Non-contact type PSD
displacement meter

as

shown

and 1 point in a non-

in




Tabl e 3 Propagation Loading Spring Pile length
velocity Travel tine tinme Ram mass constant of soft
cushion L(mM V(ms) Round tnmn(s) Mkg) k(kNNm 15.9
5,120 10 0.062 33,100 86,400 Table 4 Drop hei ght Soft
cushion Planed | oad displacenment h(cm x(cm) P(kN) 3
1.51,280 6 2.1 1,810 9 4% 2,220 12 3.0 2,570 4.
Measurenent Itens Measurenent itens are set to 4
points in a bridged type strain neter and a

5.pikedtl Basrétisype accel eroneter respectively, and 1

_Roi LN n- R i nt neter,
5o e e Rl R LY BRI A
neterhé Hrerzdedestiiontype & tdaccel ehemetehe pile head

.Non-cont act type PSD di splacenment .neter 15 5. Test
dllﬁé@u‘???“"?—ﬁtPif@ He&& cc?eiiser ?Eonhei"”ilﬁ1 anfygcomes the
maximum value 1is shown 1in 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 Dby propagation of a stress wave.

Further, referring to Table 6, it 1s 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/s*) 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.

settlement

inertia force of the pile,

static

pseudostatic

7 shows

curve

pressing

load

test
test

a ground

determined

result.

result

by subtracting

from

resistance-pile

Viewing

Fig. 7

head

in combination with the
the

, an

an



The acceleration at a tinme when the pile head

di spl acenent in each of the heights becones the

maxi mum val ue 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 acceleration is wavy

simlarly to the | oad wave ¥form This seens to be

caused by propagation of a stress wave. Further,
referring to Table 6, it is known that the maxi num
inddcet ér apide umgadt hendicd height tizmendi srapgiiBy 1is

nd i 5 Pt : t h . :

ab i%%l gclefre%ipﬁémge%{r@t egﬁpﬁ}gléggﬁ‘l%g:(%%ﬁ?ialudsee% k‘)ﬂylth
tha cotrpariat i yeky d ong lwadtapd yubg. time. Table 6 Drop

hei ght Load Maxinmum Accel eration Soil . displ.acenent

resi gPéﬁgéer(cnfrPWhpité‘(q(N)S%?ﬁm LEHALS), Reot | (4dY) Knovn

£t h3GM PHR 25 8Lyt 528 5 6P EEZS 1Q.63045 8 ak154h 0% 168D kN
16.56 -30° 1794 1 1858 25.12 -2371942 12cm 5-2 G ound

inReshstantet t e HEdUL SetappmentiCatee v Fiqpizcsiims arith
LU B3 BLRSE Pl DERf e SSL SIEC By e rom
thR | £¢aitn €ophienat i g Wd Htt heesstati c pressing test

;?gw{'}:qrd:\ﬁ;\#, gﬂ ig_’tge igsel:lrdeogégtnliczelgadtkgstt rteﬁgl t ground
resistance nature after the great displacement 1is
generated comes to a completely different mode
after 1942 kN. This seems that the nature of the
pile leading end bearing ground is 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 1is executed in 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



initial pile head initial settlenment rigidity is
about 110 kN mm and approxi mately coincides with the
static pressing test result. Further, fromthe sane
drawing, it is known that the ground resistance
yi el ds at about 1800 kKN in this test. This
approxi mately coincides wtlh7 the first limt
resi stance 1780 kN obtained from the static pressing
test result. Further, it is recognized that the ground
copgsi e aAcee hat wrel &f carinfé dgreat di spl acement is
generated cones to a conpletely different node after
1942 kN. This seens that the nature of the pile
6 .| axshh 8¢ dantla Beairi ngngr Bwmdmiaxryhanged by t he
generation of the great displacenent (thefpi le. . ,
driviR§ ef F@éﬂmuﬂccof:@iarf@‘?g,teﬁfesﬁéﬂ muffr esitdtiaghce t1me

ps@ud 88t 2071 8i pali groundy cealdy ned By thbs 1ldye test is
about 1940 kN, and corresponds to a value which is
sl i gat |y iseaWlegirghharp f hé hsecbad My nive irgst stiancebout 12

o %ou% 2130 kN at g?e ti{re of the di scpl acenent 0.1 D)
° ar HEd DY LRE stafit BsdiTyt PESECB:3 Wave Form
Mat chi, ngr Tée st Chufg oEtiuhel | cadd | speciangea wgrapd afime

the drop height 12 cmis executed in accordance wth
oft H& EAPVAP Gt héd Fhe Ulesdl0t WK /phel Daveafor mbout 200

s s Y
repmwsstng test ttesul tpilé i sl&kadiwmd hakntche pilleseheadoss
Sgygfé%%lﬁ@%e%m¥@tSy}gggog%rggsyg;kthe

c. The actual load applying time 1is 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 1is ©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 is 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



wave form mat chi ng beconmes snall est, however, the

pile head initial settlenent rigidity 17

conparatively well coincides. 6. Consideration and

Summary The maxi num characteristic of this tine

pseudostatic pile load test is as follows. a. The

wei ght of the heavy weight I8 about 12 % of the

ground ultimate resistance. b. The maxi mum actual | oad

speed (at the tine of H= 12 cm is about 20 MN's in
thead, vaboltat 200 nmA'ts intkett| @i tawsunt ,0ofand Bbeut PSD
CHI; M%%é&léﬁglm%gzggpt.to the pile leading end close

CT0Ss ~sectional "area in stress intensity. c. The

actual . | oagle apphyitnga 1i neeits labouth t 0.r3Y s€dand, candained

corresponds to a tine for which the wave notion
freRveltd reci prB&al INC&F aBSiUEE 5CqbRRdston AP pFlell0

kPP, FYRhep e ihechald owhRg consideratd op Galk P& ptained
obtained fromthis tine test. a. It is possible to

f conf ithe t hé ast ¥ es® 'wave 1 gy opagdt i oaspghHenonmenon. b. It
IS possihle to confirmthe ground i bration.having a
freqfency’ B8t wdert 49 aﬁaqébgl—lzogana\{lfn Spt PEddet abdhp v
rds mdiecto dherreleage £ Admt ey heavyi wei ghist Thesult is

ground vi bration cyclic period is about 5 to 10 tines.
alzppit el &han ¥Ne PArerenpPEpeiiragerind opipgeides with

£ ounfy & ThG Sett) eoRat Apunt 1 hRtegiat ed T PMERE 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 wuntil the yield
obtained from this time test result approximately
coincides with the case of the static pressing
test, however, the settlement amount after the
yvield 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.



accel eration indicates a greater value than the

actual neasurenent result of the PSD di spl acenent
neter. It is considered to be possibly affected by
the precision of the acceleronmeter or the inertia
slip, and be possibly affected slightly by 18 the
vibration at the position of%the PSD displacenent
neter. d. The initial settlenment rigidity obtained
fromthis tine test result cones to _about 110 kN mm
and wel | coi ncE@sustriaheApplbcabisihkEl from the
static pressing test result. e. The yield value of the
original ground resistance confirned fromthis tine

t est Irtesilst pessthé ﬂﬁmebm1mmdeamwpxﬂmﬂetytlc load
coincides wt the first, Iimt eglstance 1780 kN

S @bt &S Fr om CPI?@%?B?F&%Fé&%l ngle&st i Yesul YET¥, ThE19D
r dTBXMUM { esi st anggy of t'%%(é)étglﬁﬁé ground genfifnmed step
fromthis tine tes¥ result is about 1940 kN, and is
pPs¢hgind ya s | éoachan ahey igetohd | eeico r@shsteangé th the
about 213 obtained fromthe static pressing test
Iqt 9 ?%%tsé t'l ement armount until the yield
obtalned fron1th|s time test result approxi mately
coincides with the case of the static pressing test,
however, the settlenent anount after the vyield
becones very smaller than the case of the static
pressing test. h. The initial settlement rigidity in




accordance with the wave form matching approximtely
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 settlement rigidity and the
definite yield value of the20ground resistance can be
obt ai ned by executing the nulti step pseudostatic

| oad applying. 19 Whadydsricdhimed| isability It is

possible to estimate a pile static load settlenent
characteristic having very high reliability, by
l.exeBut i pgeadustatist eppipseudbsddt i a:ésj:am(;applmém@d n for
resent i_nventj.on

ccordance . with t
ae B e AR o PR A alRETEY! o B4 BRoh o batihoRE
relatiofebetweanng ?@@éhﬁﬂa@aéﬁéﬂg& of a ablaeyowlaat and a
basis of a relation between a potential ener

difgadgemerghetat Bilai bprdcdremts Qﬁpldlgp|$%l¢1egaaﬁy weight

thgéﬁgﬁ' Qgc§§h§0H96M¥o“§hgﬁt piflBr agh @ cushion onto
sai head, said method conprising the steps of:

putﬁah@ Ee§b§ﬂ|9ﬁm9ﬁl§ah§ pheeshend 06: regulate a | oad
SPPQYLEGRL I=ey AR L0838 ERYBCHER SROEGBNIY Se0me
appkgyngELght froma
attaching a displacment gage on a side of said pile
head;
changing a drop height of said heavy weight from a
lower position to a higher position to alter the potential
energy of said heavy weight in succession; and
determining bearing capacity of said pile on the basis
of the respective relations between the potential energy
and the displacement of said pile head for each drop height

of said heavy weight.

2. A pseudostatic pile load testing method as claimed in
claim 1, wherein the cushion is formed by alternately
laminating plates or blocks made of a high polymer material

and metal plates.

3. A pseudostatic pile load testing method as claimed in
claim 2, wherein holes are formed in a load applying
direction in the plates or blocks made of the high polymer

material.

4, A pseudostatic pile load testing method as claimed in
claim 2, wherein the plates or blocks made of the high
polymer material and the metal plates are joined by dowels

or an adhesive agent.



| ower position to a higher position to alter the

potential energy of said heavy weight in succession;

and determ ni ng bearing capacity of said pile on the

basis of the respective relations between the

potential energy and the displacenent of said pile

head for each drop height %} said heavy weight. 2. A

pseudostatic pile |oad testing nethod as clainmed in
5.cl afnpseugpetaitict e leusltash test brgreneblodl aer ndtémgd in

1 nat i e e.,.qf hi ol yner .

cj’%ra%?]ei?’al Qggggﬁhefta}?é ppgggég gagAbgggugosr?%?ﬁgcoéi Itehe high
polpmert metemndgaietndd tie cetigiecblates!| aren Foinbér Biyndowels
orholes ﬁre.forned in a load applying direction in the

pfat 88D8PL1BFo8RE rade of the high pol yner naterial .

4. A pseudostatic pile |oad testing nethod as cl ai ned

in _claim?2, wherein the plates or blocks nmade of the
6-hi gh PPBP¢RELakEFemide dRRd HeeTieing pebhed aseciaimed in
c18¥mdavel $he P& i AN s2ARESE Y &L RS engquS-sfﬁrcﬁ’.S%'ngStl?éécP is

ile l'oad testing nethod ‘as clainmed in clai

deppenenadt haspl anesintepratkd nmdéduef olfie hAnghacpellpmetion

Lal. ang t | af e hQin dowel s r
me JBh £ ooy, &, R E LB TEnRE S QUER he RIS pRg ehe
pibetheadas claimed in claiml1, wherein said
di spl acenment of said pile head is detern ned as an
i ntegrated value of an acceleration neasured by an

7.accr| psegabetathst plilled 13fad ke i idey Glethed 851 818eR8d in
7, A_pseudostatic pile |oad testing nethod as clained

clajm 1, wherein said displacement of said pile head is

measured by a PSD displacement meter installed at the side

of the pile head.



claim1, wherein said displacenent of said pile head
is neasured by a PSD displacenent neter installed at
the side of the pile head. PSEUDOSTATI C PI LE LOAD
TESTI NG METHOD Abstract of the Disclosure To obtain
data having high reliability required for determ ning
bearing capacity of the pik& in a short tine and
econonmically, a pseudostatic pile |oad testing method
conprises processes that a drop height of a heavy

vei ISEYPDOSTART ICa PILEaLOADPITESTING
changed higher step by step, the heavy weight (2) is

dropped from each of theg,psj a time change of an
accel eration of the pi @ﬁ@gﬁ@?t hat inpact is
determ ned by an accel eroneter (4) installed at the
pil e head, and a displacenent of the pile head is
deternmined as an integrated value of the acceleration

determ ned byabBemteel efbneher H#jcloEwrel
acconpani es the abstract.

To obtain data having high reliability
required for determining bearing capacity of the
pile in a short time and economically, a
pseudostatic pile load testing method comprises
processes that a drop height of a heavy weight (2)
dropped on a pile head of a pile (1) is changed
higher step by step, the heavy weight (2) 1is
dropped from each of the heights, a time change of
an acceleration of the pile head by that impact 1is
determined by an accelerometer (4) installed at
the pile head, and a displacement of the pile head
is determined as an integrated value of the

acceleration determined by the accelerometer (4).

Fig. 1 accompanies the abstract.



