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 put on the pile head, and the

heavy | oad is : .
%he 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



dropped thereon. Reference is nade to a patent
docunent, Japanese Unexam ned Patent Publication No.
2002- 303570, and a non-patent document, Japanese
Geot echnical Society Standard, Pile Vertical Load
Testing Method and Conments Thereof Sixth Edition
Pages 185 to 190 (issued byZ2 Japanese Ceot echni ca

Soci ety) Disclosure of the Invention Problemto be
Sol ved by the _Invention Haowever, since thghloadl
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the static |oad test reqU|res a reaction force pile,
drapredd theaneamd the |i ke so as to make the apparatus
very,l e scale Further, there |s a_pr.obl em
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SOthgtyke. Further, the pseudostatic |oad test (refer
3 the patent docunent) can give the data having a

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




conparatively high reliability simlar to the static

|l 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 to 20 tinmes that of the

dynamic |load test. However,3in sonme weight or drop

hei ght of Lhe heavy wei ght to be dropped, there is no

proper cushion nmenber which can stand agai nst the .
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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.



I n accordance with the present invention, since the
di spl acenent of the pile head caused by the | oad of

t he heavy wei ght dropping on the pile head is
determined as an integrated value of an acceleration
of the pile head at a tinme of dropping the heavy

wei ght on the pile head, thére can be obtained an
effect that data having very high reliability can be
obt ai ned econonmically in a _short tinme wthout
requiring any B&feeh of ythey Tavendion,nnaratus and
W t hout being affected by the inpact at a tine of
droppi ng the heavy weight. Means for Solving the
Problem lacaccotadanee withha filrst pspeeensf thevention,

esent inventi n t her p i ded. seudostatic
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between a | oad of a heavy weight and a displ acenent
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i's provided a pseudostatic pile load testing nethod
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largguscghed 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



the pile head, and the heavy weight is dropped on the
cushion. In accordance with a third aspect of the
present invention, there is provided a pseudostatic
pile |l oad testing nethod as recited in the second
aspect, wherein the cushion is formed by alternately
| ami nating plates or bl ocks> nade of a high pol yner
material and netal plates. In accordance with a fourth
aspect of the present invention, there is proyided
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fifth aspect of, the present invent.ion, there is

proyfaedﬁfc%§&ﬁﬂﬁ?atWgﬁﬁleal039%% ti AG 5t hod %ds the
priecdied indhenthigd, aspeethemberei nsthe gabves dsd a

the bl ocks made_of the high polymer material and the
pseatdPspldties & Eladhéoa by RNy oftednh adhedsverecited

inage{lr‘ie I%eaggﬁ.rddan§§ﬁ\gct{], a §7ih)glhe§ pecéhgf g{}?shi_on is

present invention, there iIs provided a pseudostatic
fopined| dad tdsténgatet hgd hsmiec t edg i pliele$owt hblocks

eSSk, el sn Lhe Bl oz o0 the, blogis e of Jbe.

adhetf gd Qy dowgls, ©& apiaghes veroagem . ddpaeqor danceche

with a seventh aspect of the present invention, there
pﬁaﬁqmbvidedqwention, 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



pseudostatic pile |load testing nethod as recited 6 in
any one of the first to sixth aspects, wherein the
di spl acenent is determined as an integrated val ue of
an accel erati on neasured by an accel eroneter
installed at the pile head. I n accordance with an
ei ghth aspect of the presefit invention, there is
provi ded a pseudostatic pile load testing nmethod as
. recited in any one qof the first to sixth aspects, .
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me&Ushi 9R,s 201 B0 n 8 st Reveyitisal sectional view of
t he cushi on;

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



Fig. 6 is a columar section of a test ground soil;

and 7 Fig. 7 is a graph showing a ground

resi stance-pile head settlenent curve. Best Mde for

Carrying Qut the Invention Fig. 1 shows an enbodi nent

of a pseudostatic pile load testing nmethod in

accordance with the present/ invention. In the

drawi ng, reference nunmeral 1 denotes a pile driven in

t he qu_ound for executing a |oad test, reference

numef &9 2 dehot ed S a HeavyIweibght df BpFed dn a2pi| ground
re -aﬂt%aéwpe'ﬂ@ hlad efeEence,aureral r3denotes a

cushion for  adjusting a | oad applying tine, and

reference nuneral 4 denotes an accel eroneter
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the pile 1. In the uctue nment i oned bove,
description will be given of the testing nethod. The |
heavy iwei ght 2hicd' dir ppedmE® 4 hBepid eChiead] GTSCEAgSTatLC
.&lée X he at t he pi head t hat

Pi%e !%a?reag%%g{glﬁé th‘%rtakgcggl e?grreéagr 4 ?%tscteal Pgldt%t the
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a stepvhy seéwlhy dhapgiesy androprhidightesidt ke hehey plle

1ﬂm'92%é%e§ce 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



variation of each of the accelerations with the
passage of tine is neasured by the accel eroneter, and
each of the integrated values is deternined as 8 a

di spl acenent of the pile head by each of the |oads of
t he heavy weight 2. Then, a static |load settlenent
characteristic of the plle 8§ is estimated on the
basis of the neasured result, and bearing capacity of

the pile 1 is determ ned. A ap [ ustrated Fi g.
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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




invention, that is, by neasuring each of the

accel erations at tines of dropping the heavy weight 2
by the accel eroneter 4, while changing the |oad of
the heavy weight 2 (the drop energy) by changing the
drop height of the heavy weight 2, and determ ning
each of the integrated valu8s as 9 the displ acenent
of the pile head generated by the |oad of the heavy

weight 2. As is known fromthe drawing, in the testin
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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



foamresin. Further, for exanple, as shown in Fig.

4C, each of the plate 3a and the netal plate 3b may
be adhered by dowel s 3d. The cushion 3 forned in the
manner nentioned above is put on the pile head of the
pile 1 driven in the ground, and an inpact is applied
to the pile head of the pil® 1 by dropping the heavy
wei ght 2 on the cushion 3. In this case, since the

cushion 3 is forned 10 as a conbined structure by a
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preae t pantiicetartyl hien tedenbut £ camdehggprypricdtehy 2 1is
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,



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 pol ymer
material. A shape and a magnitude of the hole 3c are
not particularly limted, but it 1is possible to

adj ust the strain rate of tlhe cushion 3 by
appropriately changing the shape and the magnitude of

t he hole 3c and increasing or. reduci t he nunb f
thendAdFe 3€. MY Pt t P F %  Ré Cal8 Trhat RendioLe 3¢
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iﬂggéasing 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



structure may be made such that the netal plate 3b
and the plate 3a made of the high polyner materi al
are not adhered by interposing a lubricating oil

bet ween each of the netal plates 3b and the plate 3a
between the netal plates 3b and 3b. In this
connection, the applicant df2the present invention
carries out the pseudostatic pile |oad test by using

a large-scal ed | oad _ testing apparatus W|th respect to
PS?W%&Féth@ pite whief nassheehefitled Pgrd abdit sStatic

r%@’sefnﬁﬁe%%s@f treésﬁlfﬂg St at‘rﬁemg%sétﬁ]gttsesﬁ'rean@hown as

researches the ground vibration at a tinme of
fotfldsiwsln addition, the applicant carries out a vvave
form matching in accordance with CAPWAP, and nekes a
conparative study in conjunction with the 12
Sum@gsb&tigeaiﬁ e load test result and the static
pressing test result. The results are shown as
follows. Summary of Test 1. Test Apparatus In order

1_&3%%??%%‘_&%&1{@ uence by a mass of the heavy

arge-scal ed heavy weight drop type test
apparat usrde wsec Tledeaey wei ghhfiligenerably a mass
about 2 %of a pl aned maxi muym | oad 2500 k howeve
o TanphGyShE AT gite DP T 15 LARER PE Rrbit LERTH meeint

dr'@ﬁﬁv'@f/ eThec bgad isppgxequied kR aceoedance whb aneavy
mul ti cycle heavy weight drop nethod with a soft

wedusht ori.s 2geTestakillye ak® Wes2 Gowifd Speei et i BAximunm
load 2500 kN, however, employs a weight of 33.1 t

which 1s 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




Fig. 6 shows a columar section of the test
soil. Test pile was steel tubular pile,
di aneter, driven by vibro-hamrer. First,
press-in load test was conducted 1 week after pile
bei ng driven, then pseudostatic |oad test was
conducted 3 weeks after thelstatic press- in |oad
test. Further, the test pile specification is as
shown in Table 1. Table 1 Pile Steel pipe Length Pile
rralssAdiEahiaeerlewéérbq e & kAss sP PRStEl PALIdona EDF AMUPPEr
e ts( t t - 0 eel , pi 2
en?. Gfi/l ba[rrg) %lgr}?ér IYE)? eeggrlpl\%sln:bggs éﬁi Sﬁrg Fig méqse% Lue
abiupositdti onedks att ren  yppet i endo oé sa isand tleayer dravung ,
G- 14m and N val ue_ about 30. As the static pressin .
shogst ré8ul ffakxke sfhown 3 n Fhbe& 2,14t rsFQ%ﬁﬁ ance 18
a5t Shaneg gy, akout L1304 kN i Ri 8ecoddilsitidice is about
resi stance is about 2130 kN, and a pil e head

ground
600mMm i n
static

as

21l t lkdhentandgi di tyiiles hER&Nsettismien? Prieitdhby 1is
Fir limt resistance force Second limt resistance
11fdor§1g/§léth! ement ri idit Load(kN) Displacenent
Load(kN) Di splacenent ko(kNNmm (mm) (nm 1,780
18.86 2,126 60 110 3. Soft Cushion, Drop Height and
Tateke Eoad
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
cushion used

3,

A spring constant of the soft

for the test in Table

is determined, as shown

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.



A spring constant of the soft cushion used
as shown in Table 3,

t est

is determ ned,

is possible to secure a tinme 0.062 s

that the settl enment
infinitely great) for which the
reci procal ly about ten roundds

Further, a relation between the

t he heavy wei ght of 33.1 t

Tabéfas3shomn |n Tabl e 4.

rigidity of the

for the
such that
(in the case
pile is set to be
wave notion travels
in the pile body.
pl aned drop hei ght of

it

and the test planed | oad

The pl aned maxi mum | oad at

the—rrext-rom—ch Op ret glll 2cmts—abou 25600 fKIl\i. The Spring

Pild ﬁﬁgthl g Breesnt®d byr3yc1GMm it chOHPE] [ hermxiBUM Hr@Pstant of
hei ght {12Velfitand| "t hen the |drop™eight is set to P& ft cushion

cmand |50 cmin oprder to verlf% the b=haV|oL at a

thi(e of| t NEM/Phar ge difRSPPMdcenent ™) Tapl eMike k(kN/m)

Propaggtionm Coadi g Spring [Pile lengt VETOoCI Ly

Tf.avel |tind12Pme Ram nelss cdnst f62of | sof33.¢Ushi op 86,400

H— Vs )—Reunrd RS )—Mokg)—kkiNFn 159512616

0. 062 33,100 86,400 Table 4 Drop height Soft cushion

TaBlianed | oad displacenent h(cm x(cm) P(kN) 3 1.5
1,280 6.2.1 1,810 92 6 2220 12 3 Q 2 570
Drop height ggglgél: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,

contact

type

Table 5.

Table 5

Bridged type strain meter

Piezoelectric type
accelerometer

Non-contact type PSD
displacement meter

PSD displacement meter,

as sh

and 1 point in a non-

own 1in




4. Measurenment Itens Measurenent itens are set to 4
points in a bridged type strain neter and a
pi ezoel ectric type acceleroneter respectively, and 1
point in a non- contact type PSD di spl acenent neter,
as shown in Table 5. Table 5 Bridged type strain
neter 4 Piezoelectric typeld accel eroneter
Non-contact type PSD 1 displacenent neter 15 5. Test
Results 5-1 Pile Head Accel eration Tine Change The
5.afk=str REYB1&S a time when the pile head
5 q.' S_;_pii\ge {éd' A £& %Eeq:fa{:g]%nb %ES Cq?& S .the
imum value i s shown 1n Ta toget with each
ofthhemn@uumahapMHmnem vatues Whanwthennﬁle head
hei It cceleration is

k that t
L GEmE D B | Bal it | Gos  TRES dilens PEGORes the

maGAuser byapropagad i o gfna stresgpwve.s Rusgheher with
referring to Table 6, it is known that the nmaximum

ea@dtebérat:uhzm ovatt 1 ke digp herghiten? w3l i€ saboutI3 any
drébpsp @éﬁbout 5 G I r}]itthe C%ﬁ? %h%het I’ge %g%%trat Ol’?ly is

it genera e M Thi % seems € cause

wad £oBpafiatl hvely kengthead apgl ywage tfﬁEm .Tab|Teh Hs Drsogpem s

hei ght Load Maxi mnum Accel eration Soi

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

resistance-pile

head

by subtracting

from

Viewing

Fig. 7

in combination with the
the

, an

an



di spl acenent resistance (cm Frapid(kN) S(m) a(n s2)

Rsoil (kN) 3cm 505 2.81 -5 523 6cm 1125 10.30 -8 1154

9cm 1685 16.56 -30 1794 1 1858 25.12 -23 1942 12cm

5-2 Gound Resistance-Pile Head Settl enment Curve Fig.

7 shows a ground resistance-pile head settlenent

curve determ ned by subtracténg an inertia force of

the pile, in conbination with the static pressing
. test result. Viewing the pseudostatic |oad test ,
inddsigl fRomeFi fead amisighitsaltpiomeneadrifitdafy 18

it torigidity.j ; ;

abzfglpgr oéﬁ‘r?r&at é{ﬂy@&%i’ nc?ggs %\P?hlgo%%glag}ga c (%'Pgrslscilndge % eswtl th
threesst bt ifurp bers s fngmtdetsaresdiawi ng, it i s known

that _the ground_resistance yields at about 1800 kN .in
t hi sFeedte fni sEapmr o%?‘r?at eﬁya;l“%oi%?&lé&% tHCtHes known

thidt Stnld Nd Eofesi stances 428Q kNyqhtah sed  ropv tthe1goo kN
static pressing test result. Further, it is recognized
int hahitshe tground sl st anee rvat Une taflter adhenglegs with

di spl.ace t.i s, generated _cone a I l.
thg éfe%{regt)]d@ltaf F&Sﬁ%ﬁi%\? fljh?gose%ﬁrrsnp?}ﬁg? l%ﬁneed from
thratyrgtafc thee i1 89l essls B9 rensglubeari ng ground is

changed by the generation of the great displacenent

(t heFpintdiedri vilig et Pect)e CAGRArZA figl Fhatthe i mghound

ré§¥§§5@g§ g%ﬁ@?e 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



original ground confirmed by this tinme test is about
1940 kN, and corresponds to a value which is slightly
smaller than the second limt resistance (about 2130
kKN at the tinme of the displacenent 0.1 D) obtained by
the static pressing test. 5-3 Wave Form Matchi ng The
mat ching of the load tinme cdhange graph of the drop
hei ght 12 cmis executed in accordance wth the
CAPWAP net hod. The result of the wave form matching

copmp ahewi il Fi ge 71t 6geimei dfgt h the pseudostatic
pile load test result and the static pressing test
result. It is known that the pile head displacenent

6 . argms iide B8 edlcdana a dnv S imilaery wave form mat chi ng

becones snall est, however, the pile head | ni t| al
settf BRent mlalﬁ]rlﬁl}lf“y 1‘7h%%5|ed9(3r§/EF§ wePrE coithdi Hes. time

ps%uci-‘gg%lad@f@t bam and SUIMREY (Thes MBd MHAM 1 oy s .
characteristic of this tine pseudostatic pile |oad
testais T&seforlelmbt a f Thé eneh ghtv of wehe heavys webghtt 12
IS aBEUt 12 @ﬁ RE round ulti te resi stance. b.
e nBXi MMy 48 ual ~Id ’%Ee&fijaf AT me of H= 12
cm bs abost m20: Mg i ckead, abewl 28@edMi(st Nthe time

settl enent anount, and about 73 I\/Pa/s with respect to
Oft He pi 1621 €ati nd SendPelidse28r 988/ Ssekhi drd dar ewd PRt 200

mmAd €$H Oé‘%g'@i' tr&’exaE IQSu%Cé ual ,lpad,apr! v 89 N%]?Ws' Swith
about i second, an corresponds toatim for
rewlpedt theowawsh @ot ipoinl &r aviet sdriecd pr ecal | ycdto sadoutcross

oe

sectional area in stress intensity.

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



rounds in the pile body. Further, the foll ow ng

consi deration can be obtained fromthis tine test. a.

It is possible to confirmthe stress wave propagation

phenonmenon. b. It is possible to confirmthe ground

vi bration having a frequency between 40 and 50 Hz and

an anplitude about 1 nmm dué8to the release of the

heavy wei ght. The ground vibration cyclic period is

about 5 to 10 tinmes shorter than the inherent cyclic
tiperi oﬁl@fréthéoglrouﬁot c.tlTRe setasehédn ansuiht the  PSD

|nt ro accel eration indicates a greater

%?ueci ﬁg ﬁéggﬁhal nmeasurenent result of the PSD

dISplcaCer‘nHIﬂé rtierialt ssteadnsmdered rtiog beéipgssiddtyained

affected by the precision of the accel eroneter or the

fio@rtitRisti pt 185 et Hbssiti§U aff e Sl i §Re 1 PR Eg 110

kﬁhﬁﬁ“béﬁﬁoﬁe@ltb%ﬂ%@iﬁgglQﬁﬂmet%g)VQFﬂgagﬂ@Qﬁned
. The initial settlenent rigidity obtained

fﬁmmmﬁﬂnssbaﬁate@ﬁessmﬂqcbﬁ5§txﬁab@m 110 thmn

and wel | ol nci des val ue ained. fro

stauﬁrpnﬁgglngﬁ rgnge oF hggﬁ(ﬂ%F%%FG njlf ?ﬁound
r&&h githah cgr Qiicﬂﬁiflrr@tﬁéét @&C&mCQ:iné med d& omaddt Srieig®lt is

test result is about 1800 kN, and approximtely ,
alkzoiifici dSO Qi ttht héqu1 r APPrMtiRasiestuncecingd die with

tl?gt %{]ggtf r Qr:[]m O% @E'sctsﬂlic@%s' g 8toesﬁ<1\f eg%lttallfled-rh?rom

Maxi MM resi st ance the original
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.



ground confirmed fromthis tinme test result is about

1940 kN, and is slightly smaller than the second

limt resistance about 2130 kN obtained fromthe

static pressing test result. g. The settlenment anount

until the yield obtained fromthis time test result

approxi mately coincides w l¥ the case of the static

pressing test, however, the settlenent anmount after

the yield becomes very snualler_ than the case of the

static pressingidzstrijahaApptieabidet tVenent

rigidity in accordance with the wave form matchi ng

approxi mately coincides in conparison with the

pseudost atsi o pslsa d bad tteesé srteisuh t eared phéestatecic load

$reisiqg %est rgsult. On the basis of this tine test,h. h
St iemEPphar ent PEFACERE WRFifite PAMIA? setiFEMent 019
rélgb@ty;agd the defini beyighd il ue 9f theyigrpund step

resi stance can be obtai ned by executing the nulti
Pseepopseatdst atio@d oad mpphyichginligacimdudanical with the

licability It is possible to estinmate a pile static

;xf@ggrﬁ%e%ngﬁgh °CHaracteri stic havi ng very high

reliability, by executing a multi step pseudostatic

| oad applying in accordance with the present

invention. 20 Wat is clainmed is: 1. A pseudostatic

pile | oad testing nethod for




determ ning bearing capacity of a pile on the basis of
a relation between a potential energy of a heavy

wei ght and a displacenent of a pile head by dropping
said heavy weight through a cushion onto said pile
head, said nethod conpri si 2 the steps of: putting a
cushlon on said pile head t®%regul ate a | oad applying
time; attaching a displacnment gage on a side of said

pil e head; changi Hak dsoglhdmgidt isf: said heavy

wei ght froma | ower position to a higher position to
alter the potential energy of said heavy weight in
1. sucAesspsmudaatiadEter npihieg bbadd ng teapaiaid y adetdmidd for
asis of the resgectlve relatkgﬁ§ bet ween

aePRER BT Bl PRt [SAPAEEY BE s kBRI SATHE Of a

rePateoheBdtiveencachodeapifei ghbrg9f o¥aad neadyy waeyaRkRt and a
2. A pseudostatic pile |oad testing nethod as clained
dl?ﬁlaEF%?ﬁFloﬂMﬁwE&%etHéaéu§ﬂ(ﬂ¥QRP#Qﬁrﬁ%P%yheaVY weight

th@bﬁﬁﬁn§t§h¥hlbﬁan§B'§Q13|§EQ§ p&aalocks made of a
nmer materi al metal plates. 3. A

pseéd@dt@@tboélP@mpﬁaélnesthﬁgSﬁephodfas clainmed in

I
o RIS BhEnERLeBa"s 8 APRTRY hBqR LA°GBUILIEE noa
appbengrtlmaterial 4. A pseudostatic pile |oad testing

rmthg . claim?2, wherein th pI%eS() :
b1 o REeeRiBTo R (AR GhaF R ef SHdBnE L gatd pile
he&®tal plates are joined by dowels or an adhesive

agent. 21 5. A pseudostatlc Plle | oad testing nethod

as EP%PﬂéﬂgH? 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.



claim 3, wherein the plates or bl ocks nmade of the high
pol ynmer material and the netal plates are joined by
dowel s or an adhesive agent. 6. A pseudostatic pile
| oad testing nmethod as clained in claim1, wherein
sai d displacenent of said pile head is determ ned as
an integrated value of an atkeleration neasured by an
accel eroneter installed at the side of the pile head.
5.7. A pseudostatiic mille |lsnmadl ttessting neebbodassctanimdd in
LE ai er.si [ I spl a t. of _said_pile .
“Lpins e UhrelBc Ay BTaled 8T RICRRR, hd 87 e nion
polymseal mateatiallhansi dhe afettdie wideedheade joined by dowels
PSEUDOSTATI C PILE LOAD TESTI NG METHOD Abstract of the
Or PR PIREFEVS0286P4in data having high reliability
requi red for determ ning bearing capacity of the pile
in a short tinme and economcally, a pseudostatic pile
6.1 0alt PESPPRGLABLRo®IEnPraashstesh e 8ekhefaps acdpsped in
c188h0Nt, Ofhar8eAVsNR A shPdceERPPOE 08 By psligeheﬁ’éjad is
of a pile (1) is changed hld%er step by step, the
dehersnynedi gAs (ap | sntedgopped fvedneachfof anheaheedbtrstion
' ange rajij th ile head b
me?ﬁ%%ggn%gc?g}§ﬂL5% ef%&%%%?bshgﬁgég%gISSO IF%rs%i% St the
pilasheaddled at the pile head, and a displ acenent of the
pile head is determ ned as an integrated val ue of the
accel eration determ ned by the accel eroneter (4).
7.Fi ga psacaospaniesptine alsld adsting method as claimed in

claim 1, wherein said displacement of said pile head is
measured by a PSD displacement meter installed at the side

of the pile head.





