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a pile or a Sand Compaction Pile_(SCP) is driv_en 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



ground, the shear strength under the coefficient .J o = 1.0 of earth
pressure at rest .and as = 0.4 is substantially equal to tgg @h&g@%
~strength under KO= 0.4 and aS = 0.7, while in a normally Y ted
clay of Fig. 7A, for the sane a$ value, it is shown that the shear
strength under the coefficient of earth pressure at rest Ko = 1.0 attains
about 1.5 tines- of the shear strength under |{o = 0.5, respectively.
Nanel y, i rof@'atﬂiquegm,attragyg@pgmnét@p.l acenment ratio as could be reduced
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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



- Conpaction Pile, performng an electric static Cone Penetration Test
(CPT) driving a plurality of test piles or test Sand Corrpaﬁi@n ﬁ%{es in a
way to surround the representative point after the -practice % y?

then performng the CPT at a plurality of points at the m ddl e between the
piles or the Sand Conpaction Piles or in the vicinity of the piles or the
Sand Conpaction Piles for obtaining a cone resistance (qr - avo)(4)

af t er dEPproRyiately asid simply toHbe designtbgipaction Pile, and thereafter,

cal cul ating and evaluating -a coefficient K 1) of earth pressure at rest in
the sand gr d0RBeASPEE dheviprgsenteinvention oprovidesSand eQaligationi aretRbd eof rom a
rel ati onal _expression between cone resistances (qr - avo)Eoy and (qT -
ovo) m b&Peficiemtdofaradh iessirey at Irest il laepite arhe Samdi GampactiomPiRi Ideivimy a
coefficient Ko(Q of earth pressure at rest before driving the pile or the
Sand. Cofpéd.gwrptigng dhe steles ebesalpclingha tepresergatienpot inews corstmictionst
after driving, the pil-e or the, Sand rrpacssi on Pile : 1+ 2KOvy (ql

| +2KOCaR§y Pbiainipgon(e9ne desistanceokdr 1§vwode2 kefaye- drying G pite or a &nd | +
2KO (qgr qréll )(a})_lt shoul d be appreciated that 0(o) represents the

i nt er nalCamPeeBhPiAgPeiomipg@nelesirisgstatiniGanePppetration Mesk (@RI { drivirigon

angle after driving, respectiyely ; and the electric static Cone ]
Penct r afi BIHEY; OlciSstoaiies,er 65t Sand Compagtion Pllase s et t (NooUGSINES
JapanceESDERNGINE: Bant aer dhy pracfies of el Pl the emIeadTRGERT af &
whi 1 o o PeRR0;dl ittt b PrfinfdierubeBabeilesr eota Comeaction theehin of |
he el e8¢ Muithybt iy Bils of theBRhE Lord5Rsih PHAS Y SHiGMing 85t ik o8
(gr - ow), after dﬁ)fing the pile or the Sand Compaction Pile, and thereafter,

calculating and evaluating a coefficient Koy of earth pressure at rest in the sand
ground after dﬁving the pile or the Sand Compaction Pile from a relational expression |
" between cone resistances (ar - ow)a and (ar - Sw)t) 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 . :
A+ 2Ko(o)_ (dr -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

CPT. |



of a coefficient of earth pressure at rest in a Sand Conpaction Pile
driving ground, conprising the steps of, selecting a repreéf%%%h poi nt
in the construction area, obtaining the cone resistance (T - ﬁf‘?o)
before driving the Sand Conpaction Pile, by performng the electric static
Cone Penetration Test CPT, at the sanme tinme, sanpling undisturbed sanples

at the sameJIPAMKOUGAKUKAK(dGSa The daparfiesaGebtsthriSl Sucithp, HRE QPRSI on

met hod to all _ undi sturbed sanpl es obtaining an undrained shear stfength
SU(B) befor@r iadioatey thee rBind resistmuts ovbtBinez] fet demigletgict ReatkorCehat i on
of the undrained shear strength Su(e) and the cone resistance (qr -
ovo) (0) befldpretaation gst GMEr vhlle crvo etioful nyethadeS Btrswdeln the gionnal | v
consolidated state with a reépresentative undisturbed sanple, obtaining an
i ncrenent reRqeiralionsgrnth of $he elegtic ¢BtincdB®/ -d") of the normally
consol idated state, next, driving a plurality of test Sand Conpaction
Piles in a way t'B anatheraspecie the presanttinventionppiovides arerdvatudtion tath&PT at
a plurality of points after the consolidation, obtaining a cone resistance
(qT - avo) ()2 cignt of grithBressre @niest tin eh SRinde Conmpaitivnn §ile tdrving
undr ai ned shear ,strength Su(p) by applying the correlation of the undrained
shear st rerﬁj?H"g'U(C@}mgTﬁﬂng h&‘ec(ﬁ%osr &2f; sselpeing ¢ repeesansyiiv® paihbria the vi ng
to the relati f the undrained shear strength SU(a),after driving the
Sand 00npa"§§‘§gﬂc'§?’r ar%@'lﬁﬂ@fr@oﬂ@ pRR% sesip@aceder - Gyoue) beforafdrivingithei ng,
and there cyl atd.ng.and eval.uatjng the coefficient i<o (1)_of 7
earth pr esg‘sfjérrg gpﬁﬁeagkoﬁré'[%é)ycp yor&F'BQr{bezﬁl? Fc flalg fgnenRemirtianipsatt i on
Pile from e ' Ssi between the coeffjicient, Ko(o) of earth
pressure at@T’eéFqg‘%%@ - %é@{lgl %?&ﬁlé'”ﬂot’ﬁ Isirbgd, sampless atthespames point,
respectivel r gy yp%qo and after driving the:, San
Conpact i on %ﬁ%ﬁﬁﬁﬁ?gﬁ%ﬁé g h'g%grts Sﬁ’l’op?e rgﬁ(?fng[ﬁ'?(%ﬁ')gm%&‘% o 13' 2Ka)
_ SUD tuhdifaded &BRbled Goblai v iy i { hod of
the present invention ?o‘bn?si st sa?;]f'ﬂﬁ%\?&glrl1 u%t“#'lr%b :Srﬁé%gf gﬁ‘%‘%‘i’ﬁ r%’{(‘sgbﬁ?ﬂre
pressure aidrivie thes8ent CWomPAction Pile, determining the correlation of the undrained
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 vo)o before driving to the
relation of the undrained shear strength Syp, after driving the Sand
Compaction Pile and the cone resistance (dr - 0 vo)u) after driving, and
thereafter, calculating and evaluating the coefﬁcienf Ko (1) 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



aforenenti oned cal cul ation after driving the Sand Conpaction Pile as the
coefficient of earth pressure at rest in the Sand Corrpactiog%Pi Ig (i%self.

I n anot her enbodi nent the nethod of the present invention c Lyl £Q04,¢
perform ng the electric static Cone Penetration Test CPT in the vicinity of

‘the boundary between a plurality of Sand Conpaction Piles and cl ay,

determ ning the average of the plurality of cone resistances (gq-- - 6

vo) (1) obtained and evaluating the coefficient of earth pressure at rest

- obt ai ned ac'c&gi ng.to the method described in the above aspects. BRI EF
DESCRI PTI CN¥ ?T—&ﬂm\ﬂmégnd Krympactian Bike.r dhesrdraineesshearextietrighin Syp;,

positions befare drjving and after driving four piles in an enbodi ment for

eval uat i ng@% g“ﬂfﬂﬁﬂ%ﬁ’é\rﬁl of & coefficient Ko of-earth:.pressure at rest in

a sand ground due to a pile or a SCP driving according to the nmethod of

the present inveht®®ay Fig. 2Sus a di agram showi ng the point re i)s'tanc'e by -

the CPT before a af teggdriv -}es-in the enbodi nent of Fi 1, Fig. 3

is a flow chart gﬂ%\[/(\nﬂ(ﬂg F)'Sr'"b‘é’ﬁﬂ{ffg)sﬁgf” the eval uation method in-the ‘ '

enbodi ment of Fig. 1; Fig., 4 is a relational diagramof cone resistance (Q-

-ovo) (o) and u‘ﬁhf"‘&i ﬁﬁ’@ogiﬁBﬁf‘t- sthee Mathodef( BBT)preaert intiemiono cohsistEPHf

obt ai neq fé?%rll 8h'3§ 3‘%’1% two_l oc tioips i n, anot her an enbodi ment for
eval uat i ng®Y#H¥ ¢r eentCOGHIGENI3)0ls ?Q"tbuIRm?@'@f@ cobf regl euseka for dhet h
ethod of - pioiElerBnBarfabn RS Skt Grikiho i et ampacten 185 i ifve
it kM ft ari,vi f SP i n. di t f
Bval uat i ngTreatof kel RS R restihiile S Uombashon Pibdselr o at rest in
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i ncrenent ratio g? clay shear strength
. 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 (dr - Gvo)o and
undrained shear strength Sunpsty according to the CPT obtained from clay at

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



due-to the increase of a coefficient Ko of earth pressure at rest in the
ground by the replacenent ratio of the conposite ground wh g(%s are

driven; and Fig. 7B is a diagram show ng the increnent ratr #Y 20y shear
strength due to the increase of a coefficient KO of earth pressure at rest

sCPs ar o GHTTERH et B8R BRSPS SR A £ BRERIAE A BB RERPA TN
enbodi W“éécd’r‘@ﬁb%&ﬁ&n? g%&%%[%ggﬁﬂwgﬁg&acoef ficient of earth pressure
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in'the fo fQS‘J Ftrg,bﬁe“;'@%'?%fr.gﬁ"*efe%ﬁ@g%@“ o oG o BRE rEIHE ab aferar o
CO”D' i ed dr‘r\ﬂrrmé 'P&Jéf%i)’t%‘{\‘l e Fgﬁ& eﬁt?c?rel}éidat%%%e indfefnehit Y & coSfictent™O L

24-0 . O/0 ca enco
Ko of earth pressure at rest in a clay ground due to SCP driving according to the

method of the present invention;

Fig. 6 is a flow chart showing procedures of the evaluation method in the
embodiment of Fig. 5;

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
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grasped. "~ Howeve unnecessary I n case where a su

i nvest i gafor pasgitive Aeilingtddpthe@d out prelimnarily, and representative
poi nts of the whole conStruction area can be selected. 2. Representative

poi nts are selgcrigsl coaffitlent A of artP pRissunS 19886 he
af orenmenti oned i nves?t i gati oﬁfdﬁgnd (?PT |bs pgrfor med. %F%Hffééﬁg’r?gﬁ?é it is

pr ef er abl coreorguisthpcan(ghe ERY)4) Wel6reodriviRg Sarit thed @bAE  redRthridee(qrexgput i on
state of this CPT is as showmn in Fig. 1. (g-r - crvo)(o) before driving a
pi l e 1 oryohgrafeamdiidng e tive éxpressidrni(t). tsterthizlesd tinrgdialieaibiten of
CPT, test piles or test SCP are driven in a way to surround the

r epr esentsupiposeddhat Kogdyt =shdul d be appreciated that this enbodi ment shown
in Fig. 1 is a case of driving in four piles 1 in a square arrangenent;
however, there to2Kg,be (e -cm‘,g}‘m(;ftadldi(oyi ng three piles in a

= 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).

S+ 2Ky - (s PET J
1+ 2Koy (A7 =0y

@)

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



triangul ar arrangenment, or a case of driving five or nore piles in a
pol ygonal arrangenent. 4. Next, CPT is perforned at a pl ur@%i 5%&@@4p0i nts
including the mddle 8 22 July 2004 portion between piles | PJ , or in
the vicinity of piles 1 or SCPs. This test allows to obtain a cone
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[ gmn,- = Crvo) (o) before driving
;ﬁzttlhz g%@b@?gttgégwﬁﬁh?q ! v‘b?(%i@%]fg?_égpﬁeibﬁg by the expression
(1). Nevertheless, in general, it is often supposed that Ko(O = 0.4.
1+2Koc,) (g T -Quo)(1) tan ~(al x 1 + 2Ko(o) (g r - ava)(o) tan O(,) (1)

In practice, /1. CPERBedBHhE it BLUIABId tohBBubisi SFBA! pl the Eiche“t

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

2Kott ~ = fagistande/ Ui - (03\)0)&)25?1‘@@' dAviag and(hé snil%rbﬁl@chrbtg@%ﬂ.qfi&ﬁe

ver,
appreciated that the CPT shall be carried out at such a velocity t%at t he

excess potheyvatee unpecsssane i eadedwhiny at Beffipeneisoltin0sstigition . has eead of | ow
draining rate such as silty sand or clayey sand, regardless of the

standard eamietraut prefinpeanly( andorepresdreativen goirds exf the WS4 3onstRR%ion
Electric Static Cone Penetration Test Method". As a concrete exanpl e of
appl i cat i aieapgan be insiiftetici ent Ko(3) of earth pressure at rest after _
driving obtained by the aforementioned evaluation, the calculation of pile
skin friction %yl henePos|psiforgeshpy selecting ceprebentative goints {a plhwalityasf
0(,)KO(1) . _ .. N
() KO( )pomts as necessary) based on the aforementicned investigation. The cone
resistance (qr- Ovo)q before 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
u'ndrained shear strength Syg is determined. Supposing the obtained

correlation coefficient as k, the following expression (4) can be obtained.
1
SH(B) =;(QT _O-vo)(O) (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



Next, procedures for investigation and evaluation nethod to obtain the
I ncrenment of a coefficient KO of earth pressure at rest for%f lﬁ%%o%herei n
a SCP is driven concerning the evaluation nethod of the in % f a
coefficient Ka 9 22 July 2004 of earth pressure at rest for the clay ground

e L e B
L9 LP0\08, 15 Tl S 258 g n SR SRR A it v
£ SRS 7o O SRS BB g0 P S RBARFT "
preli m napif Pileé‘,%x&@&éreﬂf‘é?é%duﬁ bE%Y %‘§e§ft§{}ﬁ§‘m%.§ 3385'% rauﬁfdn?;g{arar ea

can be instituted. 2. The CPT is perforne represen Ive

poi nts ( carpAngethéity oPh dAREF UG MAESS R0 ,phg§ ?f.,'? %@%ﬁgﬁéﬁéﬁ?&%h?”w

I nvestigation. The cone resistance (qr - a"v riving a SCP 2

i s obt ai nefter ¢ompleliba df @dhsolfiatibh By @riGagEtHd CPT il irfdrticacst ég@hmﬁear e
perrtor

collected at the sane point, and a DirecCt Shear Test DST is d by
the recongfipedsts s steiviroih Fig. 8] This yest sllowdieditaii 66ne Fesisthhae (g o

undr ai ned shear strength S ,(s). Then, the correlation of the cone

r esi st ano) (- afteothevdrjving. Tef ondrathddvsirearastbngtte S, gyid idutaesinsd ©grthst r engt h
S" (B) is determ ned. Supposing the obtained correlation coefficient as Kk,
the fol | capigssiopr(Bk sising he) avarageecantet misistdnce {qr SUFSY) ) rafterTdrivivg) (0)

(4) It should be_apdpreci ated that the reconpression nethod consists in
per f or m rAjict kebtaired by the expriessiondd).i ng the sanple with the in-situ full
over burden stress. ‘The relation of the cone resistance (qT - crvo) (o)
before driving and the undrai ned shear strength S11(B) obtained from clay
of two points “Pupy s‘—@«m-m)@i g. 4. Normally, a satisfactory cfyel ation as
shown in the drawing is observed between them 4. A DST under the normally

consol i dated state is forped with
B. alt'he coefticient IQOEH) of eartﬁ 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.

142Kgqy  Sungosry /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



10 22 July 2004 representative undi sturbed sanple to obtain (Su(B)(DST)
a'v) . 5. Test SCPs 2 are driven in a way to surround the re ative
point. It should be appreciated that this enbodi nent shommﬁfﬁﬂ¥?§ﬂ¥5 is a
case of driving four piles; however, there could be a case of driving

pil o5 | n SRt Abentke BT breSes of Fo BihEchCh fRrk FER by
Thi 5 1 oo St rbdordf ThETRrBhaty BES dhleiopRs B SRSt Bt P
expr eosi ot 18) e pelter S SfonT £, 3. Al docriad PRAH ey Bound .

o The con 1 Ibg Bt eddiCa R Y BECRi B s bhaluatch piitnpd dfdher )1
Ts o tenouticient i Bkt oS e g eSS R AN aRh Y 1 T R S o )
16" V) X qbqhe,ﬁ@s@n@ggcwdﬁrﬁeﬁg(anpl e of application of the coefficient Ko(a)

of earth pressure at rest obtained by the aforenenti oned eval uation

method, the ¢glThd sbéfibient Kol Pof atirtvprbselRABt Rdst G @ldy cambdidhigel Nt o
consideration the strength increnent due to filling td be executed after

driving SSPréysiomes) Siedll baiconsiclepsd a8 2 boeHiiche Kyi dfashrtH prasars dt Rest
appreciated thatO o is a load increased by filling. SU = (Sun(DsT ) /
6'v ) x dndbe SCRit@dO(1)) /(1 + 2KO(1)) + (Sun (DST) /a', ) x Aa,
Furthernore, the evaluation nethod of the coefficient Ko of earth pressure
at rest in thd)3deCednghwllthenamfiedeoub@Pthe vieinityiof the boandaywfithe GCPn a
conposi te ground conposed of Sand_ Conpaction Pile SCP and clay, the 11 22
July 200408, slayaiNaoh' tof N i §dg.f SciThe akavage eenea registassai(gr at oweksy i n t he
SCP itself also
after driving 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 Kq 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



becones inportant. The horizontal stress devel oped by the SCP dri ving is
high at the SCP center as shown in Fig. 5, and decreases t% M;{ clay
ground. The following two nethods are to be shown as the lﬂ%l? met hod
of the coefficient KO of earth pressure at rest in SCP itself. Wiich to

20001 4Rt pd i, H508he o IRR T e s i

consi deref ﬁ St\-&aoeffl cient KO of earth pressure at rest |n the SCP
itself T shall be carried out in the vicinity of the boundary of

the SC° and. ol bfiN 14 nd @vbRtion’ Aefidl oF b ooHlfBNERAES S BPEsdiRE ! anCe

(th(TVO)(l) rrving Gt &' h I) of

| 4 5
ST B et S R Ry FE0R BF 0 brliy FRRERY' o0
i tsel . AfedtRiBbl HAPENIBHR, rtﬁ@%%frélé}ﬁ éf@:‘e‘é‘.gur@é tfﬂa 6@ HLE! e”t of

earth pressure at rest in'a pile or a mpaction rving ground

of the ppesgdtdiviNgndf A FiRNIrsksS Sdnd €t§6maacttdtf~‘ islié‘t%a'pq;é)r&a‘fﬁ t44Ng a

test pile 1 or San Conpaction Pile SCP2 in a ground an actu Site by

a pr edet eappropratels tand appiRdl cohesmahthe andt sifpht & eheélf e test
pile 1 or l:rSpang Coir?;agtl o?tﬂﬂ Pi Ice SCP2 bsi 2 Si mpiﬁ}ar testdeﬁégtrﬁ%g Vthggcdﬁ

i nt endi ngdaven @f aklaée wdrks caaf becachievéd) afd thefecvmbidy BF ks &ant béest and
a coefficient KO(1) of earth pressure-at rest, from these before driving
and afterentancedg results, characterized by that, in case of evaluating
increment of a coefficient Ko of earth pressure at rest in a sand ground
as the enbodi nent shown in Fig. 3, it is evaluated by performng the test
conprising only the electric static Cone Penetration Test CPT, while, in
case of evaluating increnment of a coefficient KO of earth pressure at rest
in a clay ground as the enbodi nent shown in Fig. 6, it is evaluated by
performng 12 22 July 2004 two tests of the electric static Cone
Penetration Test CPT and a Direct Shear Test DST. According to the

eval uation nmethod of a coefficient of earth pressure at rest in a pile or
a Sand Conpaction Pile driving ground of the present invention

13



descri bed herei nabove, the coefficient of earth pressure at rest in a
ground due to the driving of a pile or a Sand Conpaction P, %§|g§@ﬁg

eval uated appropriately, and applied conveniently and sinp Y

designing, the cost down of related works can be achieved, and the econony
of works can be enhanced. 13 22 Juggiﬁﬁgf CLAIMS 1. An eval uation nethod
.of a coefficient of earth pressure in a pile or a Sand Conpacti on

poi nt 1" an-condi e aBhi0R o7 % Gleifaer & ElesP it FRli S buo) (o
before dréﬁ/é%ﬁé]éomli’lﬁ

ol ectric Ot ATEUGRE §H§{‘ rﬁé'?.edfﬁﬁ'%é’fé@‘?%w{?%ﬁ? SRR 2T 1% acy
pil es or Fae?é entatit 58 ﬁgm%thﬁ:ﬁ hrhr@awaﬁtatﬂﬁn@%_wh'%g %’&?‘F&(ﬂfﬁg he

representative pol nt pr ACrI CHe3y

CPT at a f t gnd
fCorrpa(t;: i o?@g(ﬁegéfg{@ dr é:ﬁe idﬂr?i tB 5 t% %;%ég&oibﬁ "fgj’d%&orrpacpl gn :Di | es
or obt ai gleB@icasta ile or
t he Sand Ooarrgigctlﬁgghg? a%gmtﬁJﬁeTr—éése'atf(t:Fe)? d 'f‘%)ﬂ %I? fér! © {éc?\fg tt?a??ér?g a

coef fi ci epandedmpadifoneRilddinba mutbes@kodrﬁﬁéauu tepRBehitle ot stterdhber

driving the pile or the Sand Conpaction Pile froma relational expression

bet ween curaetices ©f Sakd GFT,(En pedoming)thea0AT(atda plusiity of Pointdeftane and
after driving said pile or Sand Conpaction Pile and a coefficient of Ko(o0)

earth prrgkie detweer said piles ordBand Gprhpaction Piles drhim thendcifityaaheéon Pile
and the coefficient Ko(j) of earth pressure at rest after driving the
pil e or tpilesSan&andoGpmpaction Miles for obtaibi@y 2) cong esistanee @f 1) o)go)( n OM 1
+ 2KO(0) (gT - a )(o) tan %(j) or 1+2KO(1) - (qgr -(Yvo)(1) 1 + 2Ko(o0 )
(q T - ew&figr djving the pilp or the Sand Compaction Pile, and thereafter, calculating
and evaluating a coefficient Koy of earth pressure at rest in the sand ground
after driving the pile or the Sand Compaction Pile from a relational expression
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 _ (Ay - 0vo)(1) tan ¢,
1+ 2K (QT ~Oy o) tan ¢’(1)

(1

or

1+ 2Ky - (97 -y )iy
142K (Ar -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



2. An evaluation nethod of a coefficient of earth pressure at rest in a

Sand Conpaction Pile driving ground, conprising the steps O%?oﬁ@e%@i‘fi ng a
representative point in the construction area, obtaining a Y st ance
(qr - avo)(o ) before driving the Sand Conpaction Pile, by performng the

Ci e, sarfi o et “Taf PR 4L Saied Tk Nl Bbalsfodfr et
obt i i ng o Gde, ngq SHRRL LT, erRF G, o ofebt S YeRE bR Burd

Conpact i cracmﬁesé#&a ShBHHYd %o 2all 'ais%u.% uoe%) %shbel?’(or i f&?mﬁ%heat rength

Su(B ) and cone resi stance riving,

t her eaf t egheaP &itfedighh J)rlﬁf%TdHOif\grththaﬂ&r@@h ActiGP e 'o‘é?ér‘?ﬂ?ﬁ]gaée with

a representative und| urbed sanp obt al ni ng I ncr ehent of shear

strengt h cdri@katides - bf the Ghataird shearstfdiiith 5 %fﬁﬁ@'ﬂh@'%ﬁg re$it@ire @FX!

driving a plurality of test Sand Conpactli on les in away to surround t he

representatpyg Msefote diRigQr thefghftdie defbraing? the Lmsfrl Lidéx tROifdrmalipf ter
t he consol i dat i on, obtaining a cone resistance(qT - Quo)(1) after driving

t he Sancboﬁsntn@amdoeta?elmth obt mpnésentative wnditirbed sheple,sbbeitihg (D) by
applying the correlation of the undrained shear strengt h Su(b) and the
cone resiistrenunt rafje of shdao sfréhgthb Ba(erMoi'y)i ol the nohaalyelcahsolidatéd t he
undr ai ned shear st g-r - wo)(T) after driving, and thereafter,

cal cul at istagtearnexéy driving ag plurality oef tésti Sand KO¢aipacfion ditashipraesgay doat r est
in the clay ground after driving the Sand Conpaction Pile froma

rel at i ondtr@updeths aprosentative tieintc perpraingnthex@Pa) aba purality pf peinise at
rest and the coefficient Ka(l) of earth pressure at rest respectively

bef or e drﬁﬂﬁrﬁ@e cangplickation, abtawuﬂg 2 srnegasstansaieiet | Guok Rler dridng ke

undr ai ne r§1;e&r strenﬁt r)'n and Sun(DST)/O'V) : 1+2Ko~, ~ SU( D)
1+2K 0( 0y Cpmpactip -ﬂevofvaz ing-the U{‘Q‘Ialeed,& ek alrength Shorby RRPIBRY a

Sand CompARPBRIAL B Fie Hoeiahahcar Srardih Sues ABaPE G oOHOBES (h
pressure (81' - rg\s’(t))(oz)a%e org'dqnc\’n fo %e re%at%%l oﬁl'ugtu% r&zlilLteg shaat gtrength Sup)

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+2Kyq (S lo',)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
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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 iéfflf 004' An
eval uation nmethod of a coefficient of earth pressure at re Lﬂy%\ 4Sand
Conpaction Pile itself of a Sand Conpaction Pile driving ground,

ct f . on P ving .
Test " cpritenSiesa i Mitpe AR PUBIREIT 3 D1 Lrality of Sand
Conpacti on Pi | Ay, i 0 | ity of
cone. res ot ancaa pAEEBN mBMHdd Bt 3 85k MORY B B B a0 1Bt Ry ¥ ne
ffici f - , i nec: i h
method of adh; GBRECd PRI IK, of &25ehd, COUHHHOR" PIBTHRAL"8rddhd 1°, 1e

Sand ConpgsihpRingithe ét%ﬁﬁ'd;f;- g§ﬁo?n%i uby A ARSI Ihe 'ﬁeﬁeﬁaﬂ{;(’?y‘f‘&ﬁd to be

an eval uation nmethod o oefficrent of earth pressure at rest in a pile

or a SandCRYTRakE vitnify) bfa BouKEEY l%t@l%ﬁ 34 PlurSM o EdrRNCoRRREADY ipﬂggl y the

increment of a coefficient of earth pressure at'rest in a ground ue to
the driviag @fayadéte!rﬁlirﬂﬁgaansé\l?él'aﬁ@fmfé bpa HlutAity andone Ire¥kiihcks (g7 -
appropriately and sinply apply the coefficient of earth pressure at rest to
the desi grbhg afier drisingl shitaimedvaritbdvéloatisg e eveffivient onesRh pRessRERItI Si ng
the steps of; obtaining a cone resistance before driving a pile or a Sand
Conpact i aesPid be dbjainpdrdozonding tarthe Inesthod cofstlaim 2 &lod asPeretffigiemof Test
CPT at representative points in an construction area, driving a plurality
of test @arspwssuesat Bahih thedSgrut CompaetibaPiledtsetfor mi ng the test for
obtai ning a cone resistance after the driving, and cal cul ati ng and

eval uating the coefficient of earth pressure at rest in the sand ground
fromresults thereof. Figure 1 17
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