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earth pressure at rest in a ground increases and the ground strength elevates, if

a pile or a Sand Compaction Pile_(SCP) is driven in the ground; however,
actually, such advantage is not taken into consideration during the designing.

It should bé noted that the Sand Compaction Pile (SCP) increases the
ground strength by penetrating into a ground compressing the sand, as it is well
known, without evacuating clay constituting a soft ground and with elevating the
ground density, and is adopted largely in Civil Engineering works because it
can be carried out in a relatively short period of time, and the execution can be

-managed by instruments or the others.

in short, increase of the coefficient (Ko) of earth pressure at rest in a
ground results in increase of the shear strength of the ground. In Fig. 7A and
Fig. 7B, the relation between the increase rate of shear strength of sand, clay or
the like due to the increase of this Kq and the ground replacement ratio (as) for a
composite ground wherein the SCP is driven, or the area a; of composite |

ground occupied by the SCP is illustrated by diagrams taking the coefficient Kg



of earth pressure at rest as paranmeter. Fig. 7B shows that, for the Sand
Conpaction Pile SCP in the sand ground, the shear strength %nﬁe? Mle
~coefficient .J o = 1.0 of earth pressure at rest .and as 2434y 22
substantially equal to the shear strength under KO = 0.4 and aS = 0.7,
while in a normally consolidated clay of Fig. 7A, for the sane a$ val ue,

it Is shown that the shear strength under the coefficient of earth pressure

at rest I6f earth.fleséire dtTesbas pataniefcrmes- of the shear strength under |{o
= 0.5, respectively. Nanely, 1n either case, though the replacenent ratio
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I nvention has been attained. In an enbodi nent, the present invention

provi des & evdlQaatiains ratidutd 1.5oftines: adff fhecishioar oftramdthhuRESs Wy & a5, est
in a pile or a Sand Conpaction Pile driving ground allow ng to eval uate

t he i ncr edg8pesmtivelycoef ficient of earth pressure at rest conbining an
electric static Cone Penetration Test (CPT) and a Direct Shear Test (DST),
in order to evhlamgly ingithescagesthpughdhe ireglacamenbratidas coaldfbe rehiceaf

. earth pressure at rest-in the ground due'to the driving of the pile or the
Sand ConpAEsResFvelv g?“hﬁe-f' {9 Oﬁﬁfﬁ-ﬂhfet%mreas@mﬁ apicoeHiwiant iy of earth at
rest 2 22 .Julsyu 200%1 r%% ropri atelidatggd sinply to the designing.

pressure a were eva appropriately, an appropriate evaluation
method of a ‘coefficient Ko of earth pressure at rest, and a simple application

method for the designing are not established yet for the moment.

SUMMARY OF THE INVENTION:

It has been remarked that an appropriate evaluation of such increase of a
'coefﬁcient of earth pressure at rest and its appropriate application to the
designing would contribute naturally to the cost down of the related works, and
the evaluation method of a coefficient of earth pressure at rest of present
invention has been attained.

In an embodiment, the present invention provides an evaluation method
of a coefficient of earth pressure at rest in a pile or a Sand Compaction Pile
driving ground allowing to evaluate the increase of a coefficient of earth
pressure at rest combining an electric static Cone Penetration Test (CPT)
and a Direct Shear Test (DST), in order to evaluate appropriately the
increase of the coefficient of earth pressure at rest in the ground due to the

driving of the pile or the Sand Compaction Pile, and to apply the coefficient of

earth pressure at rest



In one aspect:, the., present invention provides an evaluation nethod of a
coefficient of earth pressure at rest in a pile O a Sand "o g@#'on Pile
driving ground, conprising the steps of, selecting a- repr¥® g? e point
in an construction area, obtaining a cone resistance (qT -avo)(0), before
driving a pile or a Sand - Conpaction Pile, performing an electric static
Cone Penetration Test (CPT)-driving a plurality-of test piles or test Sand
Conpact EPRIRIatelyiandssimply todhe desigoing.t he representative point after the
-practice of the CPT. then-performing the CPT at a plurality of points at
the ni ddl e bdDRBEASPFEL. pthespresenthinvaation Gorayides am Rivakstion methsdieof a
vicinity of the piles or the Sand Conpactiomrr Piles for obtaining a cone
resi st af@elficjaqt of gadh(messuws abrest invianpile . i SandrCompatiion Mtedisivtigon
Pil'e, and thereafter, calculating and evaluating a coefficient K 1) of
eart h pOEUIHcHUnprigay tha steps ehinseleglingadrepresantatives pointtinearpicbastroctidrhe
Sand Conpaction Pile froma relational expression between cone resistances
(qr - afBEopbiakingqa conr gpsistasicer Elrantveder drefdra \driving he pifs | ar Sdned
Sand Conpaction Pile and a coefficient KQ(% of earth pressure at rest

bef or e -4ATPRGIAMBIIP; parfepminganslraticovptic Gane Penetration Teisk (CBE) § ideiving
Ko(i) of eftrtﬂgprfe%s re at -rest after driving the pile or the Sand ]
Conpact PoRIUsAltY of tast piles or dgat Spadempachon Pilesmin) waw to sttroundr thel)
1+2KC( Q _~ r - }ct. . - -1 +.2KO (gr -. (1, )(a) It should be
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gﬁ;{:)z&% Fﬁﬁ@ﬂ/ 8Pthd Bf?ess&aﬂ]deaégmﬁ %m&%ﬁ?ﬁésl?ogr%btgﬁgr{gng%o% resistance
(gr - ow), after driving the pile or the Sand Compaction Pile, and thereafter,
calculating and evaluating a coefficient Koy of earth pfessure at rest in the sand

ground after dﬁving the pile or the Sand Compaction Pile from a relational expression

" between cone resistances (qr - Ovwe)ay and (qr - Sw)n) before and after driving the

pite or the Sand Compaction Pile and a coefficient Ko of eérth pressure at rest

before driving the pile or the Sand Compaction Pite and the coefﬁcienf Kogy of earth

‘pressure at rest after driving the pile or the Sand Compacﬁah Pile :

1+2Kﬂ(i) =-(q1' - vo)m x tan 'f’(u) ) .
142Ky (@r-0y)g tand, D - (1)

or

142Ky = (4r %)y . :
1+ 2Ko(o)_ (d; -0¢, Yo . ' @)

It should be appreciated that

‘G represents the internal friction angle before driving, while &5“,

the intemal_fﬁcﬁon angle after driving, respectively;
and the electric static Cone Penetration Test CPT can be performed based on

the standard (No. JGS1435-1995) defined by SHADANHOUJIN



22 July 2004 JI BANKOUGAKUKAI (JGS: The Japanese. GCeotechnical Society), the
synbol qr indicates the point resistance obtained by the ehfgt[ri @ Z§tatic
Cone Penetration Test CPT, while svo is the full overburde ?V@g in the
ground penetration depth of the electric static cone. In another aspect,
the present invention provides an evaluation nmethod of a coefficient of
earth pressdBANKOUSAKUKAL (385 mmapammﬂdoﬁedﬁii(yélr&ocigfy‘)}lﬁfb symbol

conprising the steps of, selecting a representative point in'the

const ruct i ofir dfndicatest tienipaint resistarece eshiairmnk ebyf gfhe- EiCO)stdRS OC6ne
driving the_ Sand Conpaction Pile, by performng the electric static Cone
Penetrat i onpmﬁ'atl@%shtcﬁ-ﬁewhﬁmad iee thes dnfplovethurddhn séttgdseth #Rjregnat
the sane point, perform n? a Direct Shear Test DST by the reconpression
net hod to aPgnetipiiinedenthed taaafsictric sistiaiconag an undrai ned shear strength
SU(B) before driving the Sand Conpaction Pile, - determning the correlation
of the undrainedn @wgaer gepestgthe BiRsent dndention povidasean svahediopgmethod

ovo) (o) befqre driying, _thereafter, perforimng the DST under the normally
consol i dat %t%eﬁ'/wgmoé eafifp pEassHia tat viest i & Sanse Cosapaition Plieadrivimy an

i ncrement ratio,of shear strength (Sun(DST/ -d") of the normally

consol i dat §OURd: £OMpRsing qtheisteps: ofi Lselesling af repessertative Guoipbdni tme
Piles in a whQusurround the rﬁ_g]esent ative point, .ﬁerform' ng the CPT at
a plural i t YORPUHENQR areg.(Qytaiing Mg come dasisignceder aidviory hefore eisivings the ance
(qT - avo) A Vi the Sand .Conpaction Pile, obtaining _the. 7
undr ai ned g‘%ané]? béﬁpeacﬁtaf)ﬂ %%(@y B %ﬂ%‘f‘?&ﬁﬁ glectie sitatis GongnPemetrationudesti ned
shear stre c r.esi st e T - cs vo)(p) before driving
to the re{%f’oﬁpg@ t%éw%hﬁﬁ%l’i %gﬁ“pé'ﬁga?m@gﬁéﬂ?%ﬂhs% E%S tt8f $AMGi REinthe
Sand Conp b Phi | esy nc T - 6 vo)(1) after driving,
and theregﬁrfgr? ml@%l%u‘?gtg?tﬁ]%% z?%gng(\e/%l E’gﬁl %J ﬁ}équg%mpr%ﬁs)ééﬂ methiod o sl
earth presspdest e | u Vi n action
Pile fromar e@t@o%&ﬁ@%mgqﬁg gée'?v\léqg(#%meg csg]reefa ¥i gﬁ%ﬁ&ﬁ(&?‘&‘% ggf&frt h

pr g; sur ?VZF;”L’E‘%E*}?;‘%??V‘?%S"%EW PlileK@eldrmAhirRAhk o RASEM &t fle (Sdtained
shear strength Syg) and the cone resistance (qr - Ovo)@) before driving,
thereatter, performi_ng the DST under the normally consolidated state with a
representative undisturbed sample, obtaining an increment ratio of shear
strength (Sunpsty 0'y) of the normally consolidated state, next, driving a plurality
of test Sand Compaction Piles in a way to surround the representative point,
performing the CPT at a plurality of points after the consolidation, obtaining a
cone resistance (qr - Ovo)) after driving the Sand Compaction Pile, obtaining
the undrained shear strength S, by applying the correlation of the undrained
shear strength sy and the cone resistance (ar - T va)o before driving to the
relation of the undrained shear strength Syp, after driving the Sand
Compaction Pile and the cone resistance (qr - o vo)¢) after driving, and

thereafter, calculating and evaluating the coefficient Ko ) of

earth pressure at rest in the clay ground after driving the Sand Compaction Pile
from a relational expression between the coefficient Kooy of earth pressure at

rest and a coefficient Ky of earth pressure at rest féspectively before driving



22 July 2004 and after driving the: Sand Conpaction Pile, the-undrained
shears¥ Su~oj, and Sun(DST)lc""v) 1+ 2Ka) _ SYD t +v§f3q %0@ Sn |16
Y ) x or vo In an enbodinent, the nethod of the present in {% nsi sts
of evaluating the coefficient of earth pressure at rest used for the
‘af orenentioned cal cul ation after driving the Sand Conpaction Pile as the
coefficient of earth pressure at rest in the Sand Conpaction Pile itself.
I n anot her embodi ment the nethod of the present invention consists of
- performing the .electric staticc Cone Penetration Test CPT in t.he vici ni ty of
the bound®d afiet dedny hoSandiGamgpastiosalie. Coteandrained stesaraniengltiaB,gp;,
determ nin e average of the plurality of cone resistances (g-- - 6
vo) (1) obt%‘?‘igb‘"?%ﬁﬁ.e\()dl uati'ng the coefficient of earth pressure at re_st'
obt ai ned according to the nethod described in the above aspects. BRIEF
DESCRI PTI ON OF THEZBRAW NGS: Bit@y 1 illustrates CPTI test execut odn_ s
i ti'ons bef or ej dpkvi ngrend afief. -driving four piles in an e i ment for
28:: Lati'ng t he ilng?[éﬁ%ng(%‘l’wﬁ“{:%éh?g? ent -Ko of earth pressure at rest jn
a sand ground due to a pile or a SCP drivi ngm)accordl ng to the method of
t he present inv@‘n@ﬂoﬁ?‘hﬂd@eﬂtit@eamﬁt%da@ﬁ wiragenthénvenition cessistsange by
t he CPT be efind fter gri.ving iles in the enbodinment of Fig. 1; Fig. 3
is a flow %ﬁ%!f]? WG ol g PETGERr f oeafthe @lﬁéﬁ'ﬁ'@u@h ﬁ?ﬁhoustﬁd\ tft_net ;f:]%e .
odi nent | QO L Fig. 4.0sS relation %agramo cone resis -
-egt\jo)(o) aﬁ@;re@r?g\*'gﬂ‘ﬁgdcg‘ﬁﬂéﬁ'ogtgféﬁgﬂﬁ\’%gh% and L IPRAREOR flgan@s:ﬁle
cval uat i ngC e Rcient pEkarh e 4B 488t h 1é Sendorpadion Fis Heerr.
In another embodiment the method of the present invention consists of

performing the electric static Cone Penetration Test CPT in the vicinity of the
. boundary between a plurality of Sand Compaction Piles and clay,
determining the average of the plurality of cone resistances (qr - o vo)u) obtained
and evaluating the coefficient of earth pressure at rest obtained according to

the method described in the above aspects.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 illustrates CPT test execution positions before driving and after
driving four piles in an embodiment for evaluating the increment of a coefficient
Ko of earth pressure at rest in a sand ground due to a pile or a SCP driving
according to the method of the present invention:;

Fig. 2 is a diagram showing the point resistance by the CPT before and
after driving piles in the embodiment of Fig. 1;

Fig. 3 is a flow chart showing procedures of the evaluation method in the
embodiment of Fig. 1; |

Fig. 4 is a relational diagram of cone resistance (qr - Ovo)e and
tundrained éhear strength Synpsny according to the CPT obtained from clay at

two locations in another an embodiment for eval_uéting the increment of a



22 July 2004 coefficient Ka of earth pressure at rest in a cray ground due
to SCP driving according to the nethod of the present invgﬁdi qn'o(ﬁdg.
illustrates CPT test execution positions before driving an LY riving
four SPCs in an enbodi nent for evaluating the increnent of a coefficient
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' Ln. . [ t . ; .
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and Fig. dRih f&rc@;p@whﬁ@gmmmbh@fqzﬁﬁyét@pttﬁaﬁﬁ&emeﬁ%Pg C%Qﬁfcﬁenit rength

due to the 1 nCrease of a co | CcI ent pressure at rest in the
ground byk, bhgarti¢ prete@r®at rdstid fRINAITROR) i mﬁ] s are
driven. DEOI'AI LaED BESCRI PTf rO\ISQg‘:Q‘FqI—% %REIQI: ED Eﬁ/EB%F ’f)@ﬁ#@ Hﬁﬂgﬁﬂﬁ%’dl ment s
wher e t hemewmd'af he'preBémaavélition; coefficient of earth pressure at rest in
a pile or a Sand Conpaction Pile driving ground of the present invention
shal | be descriige@lis afflow tlidrt Rowingbragsdusidof the By aliatidn Medfdd ihthéhe

foll ow ng description, synbols and brief explanation thereof are conplied
in the foéibodingentalflFig. 8 22 July 2004 MCOUC

\J

Fig. 7A is a diagram showing the increment ratio of clay shear strength
due to the increase of a coefficient K of earth pressure at rest in the ground by
the replacement ratio of the composite ground wherein SCPs are driven; and

Fig. 7B is a diagram showing the increment ratio of sand shear strength
due to the increase of a coefficient K, of earth pressure at rest in the ground by

the replacement ratio of the composite ground wherein SCPs are driven.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Now, embodiments where the evaluation method of a coefficient of earth
pressure at rest in a pile or a Sand Compaction Pile driving ground of the
present invention shall be described referring to drawings, and terms to be used
in the following description, symbols and brief explanation thereof are complied

in the following Table.
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There, procedures for investigation and evaluation method to obtain the
increment of a coefficient Ko of earth pressure at rest for a sand ground wherein
a pile or SCP is driven concerning the evaluation method of the increment of a
coefficient Ko of earth pressure at rest for the sand ground due to a pile or a
SCP driving in oné embodiment of the present invention shall be described,
referring to Fig. 3 and, according to the flow of the following clause 1 to clause
5.

Starting from the evaluation operation of the coefficient Koy of earth
pressure at rest after driving the pile or SCP of this embodiment;

1. A trial CPT is performed in the whble construction area, and the cone
resistance (gqr - O vo)e before pile driving and the soil profile are grasped.
However, unnecessary in case where a sufficient soil investigation has been
carried out preliminarily, and representative points of the whole construction
area can be selected. -

2. Representative points are selected (a plurality of points as necessary)
based on the aforementioned investigation, and CPT is performed. At this
moment, it is preferable to perform the CPT twice or more per point, and the
execution state of this CPT is as shown in Fig. 1. (g7 - Ovo) () before driving a
pile 1 or SCP can be obtained from this test.

3. After the execution of CPT, test piles or test SCP are driven in a way to
surround the representative point. It should be appreciated that this
embodiment shown in Fig. 1 is a case of driving in four piles 1 in a square
arrangement; however, there could be a case of driving three piles in a
triangular arrangement, or a case of driving five or more piles in a polygonal
arrangement.

4. Next, CPT is performed at a plurality of points including the middle

> 7 .nbb ornc> >cU n (UCOYa" 9-0b bu7m ~ coE Oc
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coefficient KO of earth pressure at rest for a sand ground wherein
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appreciated in Fig 2 that an example of measurements of the cone resistance
(dr - T vo) before driving and the cone resistance (qr - O vo)) after driving
for respective driving depths.

5. The coefficient Koy of earth préssure at rest is calculated from the
cone resistahce (ar - Ovo)) before driving ahd the cone resistance (qr - o
vo)) after driving by the expression (1). Nevertheless, in general, it is often

supposed that Ko(o) =04.

142Ky _ (@7 =040}y " tan ¢y,

= 1
1+2Ko (97 -0y, )y 1an d’m M

In practice, ¢@increment may be included in the increment of a coefficient

Ko of earth pressure at rest, and simplified as the expression (2).

- 12Ky - (Ar -Gy
1+2Kop (A7 =040 )0

@)

It should be appreciated that the CPT shall be carried out at such a
velocity that the excess pore water pressure be 0 during the penetration for a
ground of low draining rate such as silty sand or clayey sand, regardiess of the
standard penetration speed (1 to 2 cm/s) indicated in JGS1435-1995 " Electric
Static Cone Penefration Test Method".

As a concrete example of application of the coefficient Koy of earth
pressure at rest after driving obtained by the aforementioned evaluation, the
calculation of pile skin friction by the foilowing expression can be cited.

T=0', tan g Ky

Next, procedures for investigation and evaluation method to obtain the

increment of a coefficient Ko of earth pressure at rest for a clay wherein a SCP

is driven concerning the evaluation method of the increment of a coefficient Ko
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referring to Fig.” 3 and, according to the flow of the following clause |I to
clause 5. Starting fromthe eval uation operation of the cer%i Cli 5864 Ko(l)
of earth pressure at rest after driving the pile or SCP of Hlijg
enbodiment; 1. Atrial CPT is perforned in the whole construction area, and

(e cone of SHEARSETE, 1B B AL BB) BRSNS S0P I IF ke 11 ©
nveStl Sobialisn T (FELChH Mo PRI 18 UL SRAAARTERRNEMC
ol Nt S_ar goaiBné Aol ot b ibllofg Rl css RS cpggessary) based on the

af orenent 1 oned I'nvestigati on, S perforne At this nonent, it is
preferable to performthe CPT twice or nore per point, and the execution
state of this CPT is as shown in Fig. 1. (g-r - crvo)(o) before driving a

pile 1 or SCP tagHm® i®Padtated 9 thehivhole tonsfuctii %reé,h%ngxtﬁ%tdo‘ﬁ@ of

CPT, test piles or test SCP are'driven in a way to surroun

repr esent aisistan@® (it~ ohJo)@teafort GaviagRINEICthatsil drbfle drBigras e 49bwdr, Shown

in Fig. 1 is a case of driving in four piles 1'in a square arrangenent;
however, thegr arec anhecdssaty daasel whlerey ianguffibicRe seitl igestiyationt has behar
arrangenent, or a case of driving five or nore piles in a pol ygonal

ar r angenecarried. oteprelin@aTily s apdr fepresshtativen ppints afi thg wholeotohstridtiohudi ng
the mddle 8 22 July 2004 portion between piles | or SCPs, or in the

vici ni ty afeagtaree nsditutedPs. This test allows to obtain a cone resistance
(g-r - avo)(l) after the driving. It should be appreciated in Fig 2 that

an exanpl e of 4relduCBTeistpersrmeRdhy selecting reprenertatiye pointsuid plyrabiyf afr e
driving and the cone resistance (qr - crvo)(1l) after driving for
respect i vieOlBlS @SnRCERSSARS. basedripn thrraforementiored; investigationh Thewonee at
rest is cal Cl%l ated fromthe 6 cone resistance (qr -  crvo)(o) before driving
and the cgsistancs Tangéloi(@?r hefgre driving a SCP 2 is obtained from this test.
3. At the same time, undisturbed samples are collected at the same point,
and a Direct Shear Test DST is performed by the recompression method to all
undisturbed sampies, to obtain an undrained shear strength S,g). Then, the
correlation of the cone resistance (qr - O vo)o) . before driving and the
undrained shear strength Syg is determined. Supposing the obtained

correlation coefficient as k, the following expression (4) can be obtained.

1
SH(B) =;(QT “Oy )(0) (4)

It should be appreciated that the recompression method consists in
performing the test after consolidating the sample with the in-situ full
overburden stress. The relation of the cone resistance (qr - Ovo)g before
driving and the undrained shear strength SU(B') obtained from clay of two points
is shown in Fig. 4. Normally, a satisfactory correlation as shown in the drawing
is observed between them.

4. A DST under the normally consolidated state is performed with a

10



vo) (1) after driving by the expression (1). Nevertheless, in general, it is
often supposed that Ko(O = 0.4. 1+2Koc,) (g T -Quo) (1) taﬁ%{é}aé Oaf( 1+
2Ko(o) (g r - ava)(o) tan O(,) (1) In practice, / increnent y % ncl uded
in the increment of a coefficient Ko of earth pressure at rest, and

Skoto) (qroress R PhERRIGH Sahric s ot [Suaed T Ho' T thal 1 b carri ed
penctrati on 1o 5o gChemany ol B AW BYmAPLThRREER BIVE R <P ayey

penetration for a ground ai ni’ng ot cl ayey

sand, reaHdllie Bé,,éﬁlgréaﬁteosﬂﬁgﬂ% Qg%bgf jsﬁ’t?byrz {i}fﬁb Lisld ﬁé?‘% gha?ivihg d :ac ated

in JGS1435- 1995 ectric Statl enetr: est
concr et e fRYARNLS MwaR! tHeb! uld)Beté‘%a?@%ffdrﬁ/ir@”'fhrggﬁ)aaf(?ltl aeﬁfatngyhagr essure

at rest after driving obtained by the aforement ifone uat’l on,

cal cul at i frfartjerRetS of i daskldfelrivitiy e bPore pileying oﬁ%?hﬁgngt\%grehﬁ cited.

r ~ cvvo tan 0(,)KO( 1) Next, procCedures for investigation an uation

met hod tm@@t@dmpkhan_df@@:h@ﬁlﬁﬁtipﬁftgﬂdﬁﬁﬁbfﬂ"fé EPT KQetforfRit &t appﬁfré' e at
rest for a clay wherein a SCP is driven concerning the evaluation hethod

of the i rafrpmintstascshawvrcerifi 51 Tiis et Ao HBtaRAPod reasthRcP§sS e at
rest for the clay ground due to SCP driving in another enbodinent of the

present ivo)ent afier theadrivite Thesondragnkd siedarstiongtt 8,6 is.detémsindd byaneor di ng
to the flow of the following clause 1 to clause 6. 1. CPT is perfornmed in
t he whol eexpoessiondd) osingr ihe, averdge moreorasistanse {trance voylf) - afévddiing bef ore
driving and the soil profile are grasped. However,

and k obtained by the expression (4).

: 1
Su(t}) = E(QT - Gvo)(‘t) )]

6. The coefficient Koy of earth pressure at rest is calculated by the
expression (3), using the undrained shear strength Syp). Nevertheless, it is

often supposed that Ko gy = 0.5.

1+2K0(n - SU(D)
142Kgy  (Sumepsr /0% )% 0"

)

As a concrete example of application of the coefficient Koy of earth
pressure at rest obtained by the aforementioned evaluation method, the
calculation of clay ground shear strength Sy taking into consideration the
strength increment due to filling to be executed after driving SCP by the
following expression can be cited. It should be appreciated thatA o, is a load
increased by filling.

SU(M) = (Sun(nsn IG'V ) x OJ\ro (1 + 2K0(1) )I(1 + 2K0(1) ) + (S /0'.\: ) x AGV

un(psT)
Furthermore, the evaluation method of the coefficient Ko of earth
pressure at rest in the Sand Compaction Pile SCP itself is to be described, in a

composite ground composed of Sand Compaction Pile SCP and clay, the

11



they are unnecessary in case where a sufficient soil investigation . has

been <carried out prelimmnarily, and representative poi ntsnngt hs [gml e
construction area can be instituted. 2. The CPT is perfor LBX/ % ecting
representative points (a plurality of points as necessary) based on the

o o ement | Rk PRI S54Rny R0, st SREEE i SO oS S
£ AT, 1B b BRI e 0P ol Ko™
LTS BRSPS, SHECHBh s i Bl Bl e
ondr 1 b auiha 08 hefodld y B8 o ORATAS NGRS

_1  SU(8)cgefficiéstTKs gf/ Qé(tﬁ_)prééﬂuré%ﬁ’@%’iﬂ?%@ﬁ’gﬁﬁ%‘Whi%hetg édg;?;tt WillBe left i .

reconpression nmethod consi'sts 1n perfo test aft consol i

the sanplp theldesighersjuddrngnf ul | overburden stress. The relation of the
cone resistance (qT - "crvo)(o) before driving and the undrai ned shear

strength S11(B) THY sbefdicht &gy cofadart piedBuRPhnfdst it ¢ Hined ffdd-thé-
Normal |y, a satisfactory correlation as shown in the drawng 1is observed

bet ween téguession A5 DSHallibd @onshiered ueed tyeffioiane K st etttts paissuts appgdtor med
with a 10 22 July 2004 representative undi sturbed sanple to obtain

(Su( B) ( DImthe $CP itself.5. Test SCPs 2 are driven in a way to surround the
representative point. It should be appreciated that this enbodi nrent shown
in Fig. 5 is &)cweCHT shalMiengarrieduaut in tes vichityenfdhe bbhadaryosfithd 8GPa case
of driving threeé&i les in a triangular arrangenment, or a case of driving
five or rficeclayl @w.1ntoaNpdl' yiydrig Sarlhengeenage. con rasistavopl(et - oarvo)s)
consolidatjion by driving, the CPT is perforned at a plurality
after dnving is determined, and the coefficient Koy of earth pressure at rest
obtained from the expression (4) and expression (5) shall be taken as a
coefficient Ko of earth pressure at rest in the SCP itself.
As mentioned hereinabove, the evaluation method of a coefficient of
‘earth pressure at rest in a pile or a Sand Compaction Pile driving ground of the
~ present invention consists in testing the state before driving a test pile 1 or Sand
Compaction Pile SCP2 in a ground of an actual site by a predetermined test
method, thereafter, the state after driving the test pile 1 or Sand Compaction
- Pile SCP2 by a similar test method, and intending to evaluate the coefficient K
(o) of earth pressure at rest and a coefficient Koy of earth pressure at rest, from
these before driving and after driving results, characterized by that, in case of
evaluating increment of a coefficient Ko of earth pressure at rest in a sand
ground as the embodiment shown in Fig. 3, it is evaluated by performing the
test comprising only the electric static Cone Penetration Test CPT, while, in
case of evaluating increment of a coefficient K, of earth pressure at rest in a

clay ground as the embodiment shown in Fig. 6, it is evaluated by performing

12



of points as shown in Fig. 5. This test allows to obtain a cone resistance
(qT - & vo) (1) after the driving. The undrai ned shear st%%;e lﬁt? @J(D) IS
determ ned by the expression (5) using the average cone ré€ % ((): (qT -
(Tvo) (1) after driving and k obtained by the expressi on (4) SU( D ~

e cul of i fesi b 9@%6&&@9 SiatieT:5hs Bstisteandh f P b A i e

S" (D). &rlt ess, is often supposed that Ko (0) 0 5 1+ 2KO(1) W
SU(D) (3) ) (S (D) 16"V) x o er As a concrete exarrple of application

at or oment 1 oned SoNT a0 thE ERen, REFRaLbE a?%%e“f@ﬁé%f?&‘ BaF Grothue e
il Ting (oshl apRecha,Sad wﬁ?‘?‘@ﬁrﬁ@’%%ﬁ"ﬁmﬁ FoURFE s PresI MivetBun can

be C|ted regel illing.
SU(M (d&égn%%@ﬂe@?;%b tﬁéé‘% &gﬂ; émadlz%?g?'ﬂe%?lf ffﬁﬁf’ﬁ?%?‘%z‘gﬁﬁé( DST)
la', ) X thathe FeiiRG' ST, pildh®revalStHd f Ko of
earth pressure atﬁgest |n t he Sand Corrp%ak():tlﬁﬁmg} ﬁillésch%rf?sﬁeléﬁi@}té% be
descr i bedapgropAatelo S hpSlicl ofvkiienmeand SnpRaks te | &sPCP and
clay, the p1pl 32 ngloy Zooaﬁeval uat i onﬁw t he coeffl Ci e%%m@ tglgr(?ohs?
pressur e dawn eftrelated veorBER A bel Actibesd, Hed ah@ edompatyt antwork§eaRopé zont al
stress devel oped by the SCP driving is hi gh at the SCP center as shown in
Fig. 5, anhateedeases toward the clay ground. The follow ng two nethods
are to be shown as the evaluation nethod of the coefficient KO of earth
pressure at rest in SCP itself. Wich to adopt will be left to the
designer's judgnment. A) The coeffi CI ent Ko(l) of earth pressure at rest in
clay obtained fromthe

13



expression (5) shall be considered as a coefficient KO of earth pressure at
rest in the SCP itself. B) The CPT shall be carried out inébﬁ éb@/nity of
t he boundary of the SCP and clay (No.1'" to No.4' in Fig. 5%. h erage
cone resistance (qT - (TV0)(1) after driving is determ ned, and the
coefficient Ko(l) of earth pressure%t obtai ned fromthe expression
(4) and expression (5) shall be tak coefficient KO of earth

vai uat o e BrAU8EIERAbEE e o S AT S B I ALt I 2t | o or
f‘eS?Pﬁg?ﬁﬁéﬁdg@ﬂCE@@Pﬁ%ﬁﬂ??%@@ﬁﬁ%%@@mﬁiﬁ B8 steBEh SApelifR v "
SCP2 i Y i .m . ,

Cher eaf t oo yentafile, BBiGF ) 4P cdistchinrBa cBBLRiflh 3 ohETksis B A on

Pile SCPZG%;@ Eé(afg;ré ﬁ““l’ﬁm ilRodr tRAdSAAY fmﬁhg tidh @ﬂg; @g}@@n@ﬂ) of

coefficient ressure at rest a a coe

earth presigsfie sthtid Cohe PérstratioRePestsbpr gri\ﬂfé%i MerAnd oPiés@rqué lo¥ 't«{kﬁa

results, characterized by that, in case o uat1ng 1 ncrement o

coef f i ci eBandTapfipadich Pikiseinsa Waydto SRduridlsaid T8pebsentANBhdIst 4 the
enbodi nent shown in Fig. 3, it is evaluated by performng the test

conpri si nuractity of ik IGRT M ihenspedtforning the REPTT stakhi slaraligs bf Points Whithe, in
case of evaluating increnent of a coefficient KO of earth pressure at rest
in a clayidgiebetdvesn tdaid pitbs dirn®and SwnpadtionFPies @r intthesvieinty Wwittad by
performng 12 22 July 2004 two tests of the electric static Cone

Penet r at i plesTes SagHTCanmpastion Riles fohedtainiigsa @BIE resistande rigr tootbRy)

eval uation nethod of a coefficient of earth pressure at rest in a pile or
a Sand Cofisicdiving the @ilerorthegSgnd ubampactiore Rilee sadttheraafterj calculdéiagr i bed
her ei nabove, the coefficient of earth pressure at rest in a ground due to
the drividng gvaliafing @ epetiicienh ioapapeatthdiressure ataresbén dheiisandeground

appropriately,.and applied convenjently and sinply to the designing, the
cost doﬁﬁ%fdﬁv@?%f"&ggﬂ%rqf§h%a39rlS’eC9mﬂaé>¢‘@ﬂ,P'@nngo'ﬂ”‘h% relafinpalexrestieRs can

be between cone resistances (qr - Ovo)g and (qr - Ovo)s before and after
driving said pile or Sand Compaction Pile and a coefficient of Ko earth
pressure at rest before driving the pile or the Sand Compaction Pile and the
coefficient Koy of earth pressure at rest after driving the pile or the Sand

Compaction Pile :

1+ 2Ky, _@:-0,)y x tan ¢(o)

= 1
1+2Koq  (dy -0y Joy tan ¢’(1) M
or
142Ky (A7 -0y ) @)

1+ 2K0(0) B (QT -Oy )(0)

2. An evaluation method of a coefficient of earth pressure at rest in a
Sand Compaction Pile driving ground, comprising the steps of: selecting a
representative point in the construction area, obtaining a cone resistance (qr -

O vo)) before driving the Sand Compaction Pile, by performing the electric

14



enhanced. 13 22 July 2004 CLAIMS 1. An evaluation nmethod of a coefficient

of earth pressure at rest in a pile or a Sand Conpaction P%ﬁ"ﬂrh¥d4qg
ground, conprising the steps of, selecting a representati y n an

construction area, obtaining a cone resistance (qr - Ovo)(o before
Stati o oo eSS RarfeRA TeERT i e el Fiiel i FriRELupBsRAbRYS, | oo
the pracriihes, SRS a® WBind b e R IHER I TRBL FT R o Do ot s
Vi ci ity SPOT RS SReBRAIE AEURNSGIRSR BATRES (kg crifabld

resi st antshear 'strengtfl \@%Bgiﬁef?l%f HAVing! the anfl "@orﬁhh@ti&{ Fil e.d%%igﬁg(pﬁﬁ on

Pile, and thereafter, calculating “and evaluatihg a coe flcien_t ) of
earth presslgtich  befie URdiaiifeds ShehrastRsHth s%@gﬁd%% ¥bAE rédiStarickqqprl the

Sand Conpaction Pile froma relational expression et ween cone resistances

(aT - avekobRy bueferd diiving, Othevsdfidr) peefopifcptile ADST undér e thovdiallypi | e or
Sand Conpaction Pile and a coefficient of Ko(o) earth pressure at rest

bef ore drdonisolidated pidte witht &erepaasbritatifenaindisiufede sampbld, hebtainingf agi ent
Ko(j) of earth pressure at rest after driving the pile or the Sand
Conpact i dncreimant: ratio+oR khéd)) streqgth- (Suats8) 6) af then noihally coREOdbted T - a
)(0) tan g5(j) or 1+2KO(1) - (gr -(Yvo)(1) 1 + 2Ko(o ) (g T - 6vo)( o)
(1) (2) >taten revd) daivingn anplunality o6f destoSand cCempacfiordPitds pr esswvae tat r est
in a Sand Conpaction Pile driving ground, conprising the steps of,
sel ect i ngusround the representative point, performing the CPT at a plurality of points

after the consolidation, obtaining a cone resistance(qr - & vo)) after driving the

Sand Compaction Pile, obtaining the undrained shear strength Sy, by applying

the correlation of the undrained shear strength S, and the cone resistance

{(ar - Ovo) before driving to the relation of the undrained shear strength Sy,

after driving the Sand Compaction Pile and the cone resistance (qr - o vo)m

after driving, and thereafter, calculating and evaluating the coefficient Koy of

earth pressure at rest in the clay ground after driving the Sand Compaction Pile

from a relational expression between the coefficient Ko of earth pressure at

“rest and the coefficient Ky of earth pressure at rest respectively before driving

and after driving the Sand Compaction Pile, and the undrained shear strength

Supy, and Syn(psty/ OV) :

1+ 2K, _ Sy 3)
1+ Koy (S fag',)xo',,

un(DST)

3. An evaluation method of a coefficient of earth pressure at rest in a
Sand Compaction Pile itself of a Sand Compaction Pile driving ground, wherein
the coefficient of earth pressure at rest according to claim 2 calculated after said

~ driving of Sand Compaction Pile is evaluated as the coefficient of earth

15



representative point in the construction area, obtaining a cone resistance
(gr - avo)(o ) before driving the Sand Conpaction Pile, by %ejfoggﬂsdﬁg t he
electric 14 22 July 2004 static Cone Penetration Test CPT, L{% ane
time, sanpling undisturbed sanples at the sane point, perform ng a Direct
Shear Te b . j t. | I undi sturbed sanpl es,

obt ai ni n?rggégrr?d%taﬁgﬁte@qﬁg%‘?’S@P&@ﬁgﬁéﬁgﬁ%@’eﬁef ore driving the Sand
Conpaction Pilg, e QN t u i.ne ar strength
Su(B ) and t het Ay SELBKBN Wethod 8 SCLAARNF of ity BIRURP Ot 168 &

t her eaf t e§and ' t e n ~nCoRsoli:gat e e wth
a representat ?ﬁeéﬁl{lp%@ ullraﬁeeggs%[;rjrp%ﬁle? §Eﬁgi %irn Aac?fnmni ﬂ?eh@g@br g{(?%ﬂ%f shear
strengt h cdmmnidifg -the | stepd \of, BErfbRRINGCANBRIEYriEORaRE | ifin T
driving a plur af‘?ty of %est’ %and Clggpa@?% onﬂpﬁiég i%ﬁ%ﬁ%@ﬁgurround t he
r epr esent@PNf thevitinityPsT 4 8bihasyt haweBh @ pluralty W 8dndvc u‘nfa ioh Piledf ter
the consolidation, obtaining a grgne resi stgnce?gT - Q/o)?l eg@? z)r"egri Vi ng
the Sandaribolgc detimitiihg aro8vérage nNailid of snslumIBe af bRaresikiaRatNgp-(D) by
applying the correlation of the undrained shear” strength Su(b) and the
cone resi gigh aftef dsiving dofsined@nd bedloatng they cogffitient beetgh dressurefatt he
undrai ned. shear st g-r - wo)(T) after driving, and thereafter,

cal cul at inegt ttnbeabibinediavgotdieg to dhé incethod dfQddim Bfor Bastd cpefficintofat rest
in the clay ground after driving the Sand Conpaction Pile froma

rel at i onzgarxpressuieat iest inctbe Jand Coufpiaction Rilektsell) of earth pressure at
rest and the coefficient Ka(l) of earth pressure at rest respectively
before driving and after driving the Sand Conpaction Pile, and the

undr ai ned shear strength Su(D) , and Sun(DST)/O'V) : 1+2Ko~,~ __ SU(D)
1+2K 0(0) (S -(DST) I a-'v ) x a"''vo (3) 3. An evaluation nethod of a
coefficient of earth pressure at rest in a Sand Conpaction Pile itself of a
Sand Conpaction Pile driving ground, wherein the coefficient of earth
pressure at rest according to claim2 calculated after said
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driving of Sand Conpaction Pile is evaluated as the coefficient of earth 15
22 July 2004 pressure at rest in the Sand Conpaction Pile iézs‘ﬁhfzo . An
eval uation nmethod of a coefficient of earth pressure at res hed and
Conpaction Pile itself of a Sand Conpaction Pile driving ground,

conprising the steps of, perform ng F@Aé?tri c static Cone Penetration
Test CPT in the vicinity of a boun%zry—tret—vxeen a plurality of Sand
Conpaction Piljeg n@d% % L ity of
cone resi stances IL2ﬁ?i‘TQi-eialcirev)bo r?%@%l?ﬁth g?ﬁg?%@?ﬁé?%g%%ﬁvn%ﬁ gorf agt\?}x Sg%']?#ﬁg t he

coef fi ci eaf redt pRi PileT 68 USANAL CohfiRictibA_ Pfe Qﬁkﬂid;‘:gﬁioaﬁ&%ﬁiéb%ld@ohhe

nmethod of claim?2 or 3 as a coefficient of eart essure at rest 1 n the

Sand Conpagpropfiafdly the irieferhentl§f 2 doéfficlent 8P 4aNBRIESute dttresSinR] Gituigd to be

an eval uation nethod of a coefficient of earth pressure at rest”in a pile
or a Sandd@@npatie @irivitid @fdai pie)droa08aad fosmpuslioRtPiR:) arPARMiAG®! Y the
increment of a coefficient of earth pressure at rest in a ground “due to
the dri vi agpropriately laedosimmhbapglyOhepeséificienPof @artAngredkliVan 8edtqo the
appropriately and sinply apply the coefficient of earth pressure at rest to
the desidesigninglt is al so provided to be an eval uati on nethod conprising
the steps of; obtaining a cone resistance before driving a pile or a Sand
Conpact i on Pi llkjs Blso pravidadhtonheaan evaluation reethodccooprsifg thé rsiépo of; Test
CPT at representative points in an construction area, driving a plurality
of test pphlaining areone resistanceobefere dovingia pide opar$andiDempactiondRite, byr
obtaining a_ _cone resistance after the_ driving, and cal cul ati ng and

eval uat i nRETHEIRG 21 | dleelic statie aFoRe pPereinationTest CPT nat raprasentiatiyeound

fromresults thereof. Figure 1 17 | . )
points in an construction area, driving a plurality of test piles or test Sand

Cqmpaction Piles, performing the test for obtaining a cone resistance after the
driving, and calculating and evaluating the coefficient of earth pressure at rest in

the sand ground from results thereof.

Figure 1
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