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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 be 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 Kg and the ground replacement ratio (a,) for a
composite ground wherein the SCP is driven, or the area as of composite

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

| (RN

*159159*

AR

*G00002*




L rerert verr rrr1121211 1111111121 111112121 *159159* Ji a1 11111 v
11 11111211121 21111 111 *@G00002* of earth pressure at rest as paraneter.
Fig. 7B shows that, for the Sand Conpaction Pile SCP in the sand ground,
t he shear strength under the coefficient Ka = 1.0 of earth pressure at
rest and as = 0.4 is 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 Pedah PRossulelatrést 85 pBfandi@t the shear strength under the
coefficient of earth pressure at rest KO = 1.0 attains about 1.5 tines of
t he shear str effigt MBustttevs Hat,=foD .the SandsPaapactioh \PileN8GP! in, thensadidt her case,
t hough the replacenent ratio as could be reduced respectively fromO0.7 to

0.5 or 0. 4reynd; the shrar sheagthrundectherqoetficient Kiko b of gatth prgssuresatr e at rest
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pressure at rest were evaluated appropriately, an appropriate evaluation
method of a coefficient Ky 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.

The present invention has an object of providing 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



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 Conpaction Pile, and to apply the coefficient of
earth pressure at rest 2 appropriately and sinply to the designing. In
order to achieve the aforenenti oned object, the evaluation nethod of sand
ground of the present invention conprises the steps of; selecting a

repr esent gbh\pridBiyHnd sin@P t& #RsIghlngon area, obtaining a cone resistance
(qT - Quo)(0) before driving a pil'e or a Sand Conpaction Pile, by

perform ng an Inardsztto iachisve thecaforsmeerfionad objectptheT@aluatiéiPimethoddsfi vi ng a
plurality of test piles or test Sand Conpaction Piles in a way to surround
t he represand aroynd pbithe psesest inventions cerpfises ther stepe dpselectinanaper f or mi ng
the CPT at a%[ﬁl{lrality of ﬁOi nt s ?.t t he 1 ddl e between the piles or the
Sand Conp&HPIHIEVE SOEIn AR GORRIYALIEN red, oBafing a gene Jesigangg,dr sang
Conpacti on; Pil € r LNk C res oL O, - : after
driving t rr?e‘“&ﬁ"ﬁ lzefé'(ré ?‘ﬁ@"@?n@'wdﬁﬁagtgfdo#%ﬁ?ﬁ%mé% Eyelp ga?@e'ég,l)agal cul ati ng

and eval ualdchit fatico€bhd PeRstation (Tekst @P'g)ayrdrmr@r@@mmy af tekEpilesidt t he sand
ground after driving the pile or the Sand Conpaction Pile froma

r el at i onaltestgand SompactisorePilescin acway ta siwratnd the representativapoint afferand (T -
1) bef nd  af drivi the pil th d. Co ' Pi d
2 obet 11 cHispreedian SbS G frendotripa e EpLat & pErafLotai ALtene ol | o or
t he Sand i i ] e. i ci:enb; i . t
Fest aft e e oehinho BICS: hE Sard Loy G PicPer h ol vER b1 BB0T)© o
-a.0) (1) ypildsor thé Sand ComphctionZFif@sddr dbtaining @:conOrésistatc@q S (dyo)pyher ei n 46

(o) represents the internal friction angle before driving, while the
i nternal eftecdiving thegpile erf therSand; Gempaction flilec ang dhsfeaftsr, calculating
and evaluating a coefficient Koyy 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)) before and after
driving the pile or the Sand Compaction Pile and a coefficient Koy of 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 :

142K, - (Gr -9y x tan g,
14+2Kyq (@r-On)o tand

(1

wherein ¢ represents the internal friction angle before driving, while ¢ ()
the internal friction angle after driving, respectively;

or

1"'2Ko(1) - (Gr -0y )(1)

= (2)
142Ky (Gr ~Ow)io)

It should be appreciated that the electric static Cone Penetration Test

CPT can be performed based on the standard (No. JGS1435-1995) defined by



1+2Ko(l) _ (9T -(:Yvo)(1) (2) 1 + 2Ko(a) (9T - aV, )(o) It should be
appreciated that the electric static Cone Penetration Test CPT can be
performed based on the standard (No. JGS1435-1995) defined by 3
SHADANHOUJI N JI BANKOQUGAKUKAI (JGS: The Japanese Geotechnical Society), the
synbol T indicates the point resistance obtained by the electric static
Cone Penetration Test CPT, while vvo is the full overburden stress in the

ground pe%%bat]r\io Oﬂﬁg}:lMNKé@ééRldvgﬁz ri)8sS e JabRe MabReNSkal L he

eval uati on net ay groun he present 1T nvention conprises the
steps of , So6ikEy the GymbbER REREle8 thy PopP ré¥istaritet diRaifEM BY this biedtiicar ea,

obt ai ning the cone resistance (T - o'vo)(o) before driving a Sand
Conpact i ostatiCloae Peyetpatioh diest GT twhilee bec is the fulkverturdmsireBeiretheat i on Test
CPT, at the sane tine, sanpli ngl undi st.urbed sanpl es at the sane point,
per f or ni n§royngipeagifationidenth of g elerdic platie FNS: econpr essi on nethod to all

undi stur bed S3gmb e 63 aREIREFLAREH oBAEA A e oISBRRIARROL

obt ai ni ng an undrai ne ear streng efore™drrving e Sand

Conpact i 0gompliges tﬁ@&t@ﬁ%ﬁ sBEclindSa repfdsehiatild FEInGH thdondhdé@inesh, shear
strength Su(13) and the cone resistance (qT - o,vo0)(0) before dri vi ng,

t her eaf t epbtajning thendong resistaDST (q1nd evo)dn befoo devihy a SandsGodmpadtied state with
a representative undjsturbed sanp obt ai ni n ncrement ratio of shear

|
strengt h PU@rby ptfponRg the e[pptr'{cwéatiﬁ:g(;?f@ Ponetest] ﬁ‘-gﬁfa@%-ﬁ- atdhgsamenext driving

Coralit . . S X
b et o0 bl SRARSRIDARIIET sPld b A Kol UG L1°,
after thgheaTrst DYAtHYOMe r@édngiraésﬁtﬂw Mefod 2 bR ShaibRIteR ddidples @4¥R) (>) after

driving the Sand Conpaction Pile, obtaining the undrained shear strength
Su(D) by bgmefiormed tbhaeed onr No.adGE056GG-200¢ obtdiningnaal usideaineds sheangt h  Su( B)

A he s rhey A085e Fhings AR SShSlcRohid bk gl ati on of
correlation of the undrained shear strength Sy and the cone resistance (qr -
Ovo)o before driving, thereafter, performing the DST under the normally
consolidated state with a representative undisturbed sample, obtaining an
increment ratio of shear strength (Suypsn/o'v) of the normally consolidated
state, next driving a plurality of test Sand Compaction Piles in a way to surround
the representative point, and, performing the CPT at a plurality of points after
the consolidation, obtaining a cone resistance (qr - Tvo)q) after driving the
Sand Compaction Pile, obtaining the undrained shear strength Syp) by applying
the correlation of the undrained shear strength Syg) and the cone resistance (qr
- Ovo)o before driving to the relation of the undrained shear strength Sy
after driving the Sand Compaction Pile and the cone resistance (qr - Ovo))
after driving, and thereafter, calculating and evaluating the coefficient Ko (1) of
earth pressure at rest in the clay ground after driving the Sand Compaction Pile
from a relational expression between the coefficient Kqq) of earth pressure at

rest and a coefficient Ko of earth pressure at rest respectively before driving



after driving the Sand Conpaction Pile and the cone resistance (qT -
avo)tt> after driving, and thereafter, calculating and eval uating the
coefficient KO (1) of earth pressure at rest in the clay ground after
driving the Sand Conpaction Pile froma relational expression between the
coefficient Ko(o) of earth pressure at rest and a coefficient Ko(j) of
earth pressure at rest respectively before driving 4 and after driving the

Send COMPaF S by Sond R RSy TGy Tof £S5, o,

t he met hodn@Buhfagnr'gsent invention consists in evaluating the coefficient
of earth pressure at rest used for the aforenentioned cal culation after
driving the Sand-ZByppacti onSRhl e as the coefficient of eafth pressure at
rest in the Sanp+ﬂ@rrp§%§| on ,gjvggditself. Furthernore, the thod of the

present invention ¢8nsist®Min’performing the electric static Cone

Penetration T ' L.ni . . V. plurality
e o ¥irafeh B o b bk kR P LA 8, 7L

plural ity ceéfiGerteof’ &iinSpBsfte (A rest (269 for the Bidrmerticned @Yldtishi Ny as a
coefficient of earth pressure at rest obtained according to the method of

present i aftendriving. thEBFSdad OaBGRItBT IRDE aSHhe eetlisiaw diGsartH-papssureidt| ust r at es
CPT test executiaon pasitions before driving and after driving four piles
in an enb&RHt idhe Sepd Compagtian Rile Ks8E i ncrenent of a coefficient Ko of earth

pressure at r | ' r L V:i.ng according
to the met hodﬁhh%m&%ﬁggﬁgﬁ%%rqgilbg%s?eﬂhﬁ]g\;’&tkmi (g)ng@gﬁg reggr?#n?s{'hgvm ng the
poi nt r esitd aB&fic Riatic CorfePPehiatio® TRBICPfih &he didinily N thé IREnd4ty t he
enbodi mrent of Fig. 1;
between a plurality of Sand Compaction Piles and clay, determining the

average of the plurality of cone resistance (qr - 0 vo)(1) obtained and evaluating
as a coefficient of earth pressure at rest obtained according to the method of

present invention.

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 - 0 vo)o and
undrained shear strength Sy (pst) according to the CPT obtained from clay at

fwo locations in another an embodiment for evaluating the increment of a



Fig. 3is a flowchart show ng procedures of the evaluation nethod in the
enbodi nent of Fig. 1; Fig. 4 is a relational diagramof cone resistance (qr
- Qvo)(o) and wundrained shear strength SU,, (Dsr) according to the CPT
obtained fromclay at two |ocations in another an enbodi nent for

eval uating the increnent of a 5 coefficient KO of earth pressure at rest
in a cray ground due to SCP driving according to the nethod of the present
i nvention; ates CPT test execution, positions hefore driving

Fi.g. 5 il
and after Cf)?f_f-'g@'l"tn'&: P g?s 'rSP@§S‘i"ﬁ aérfe‘étn‘ﬂo%iicF?é(nﬂmf‘B? dy¢ dp 4R AGViRhe i ncr enent
of a coef fa'cg’dfﬁiﬁﬁéo{ﬁgf?ﬁgﬁ"é@ﬁﬁgfﬁgﬁﬂ{"ﬁeﬁnf est in a clay ground due to SCP

driving accor e present invention; Fig. 6 is a flow
chart show ng fi.05 QidErSEs CPT kit xadutiohipRitioRs Befdrd QriliRg angdiedi ment  of

Fig. 5, Fig. 7A'is a diagram showi ng the increnment ratio of clay shear
strengt h ddvieg faur SP€siiman embediotentfoc eedlfating dire intremeint efer ¢deffitient sur e at rest
in the ground b the replacenent ratio of the conposite ground wherein

SCPs are dfoiohafth prgssure gt restinaclay gpungt dug o Advingyeccorifeiedhe rati o of

sand shear r h ue.to t.he increase of a coefficient Ko of earth
pressure g?e%oeug&qé%prte%%ﬁd'ﬁvgﬂﬁ%nby the replacenent ratio of the conposite

ground wher ei 18 sffdwv EHartshawirlgiptObeete bk valudtdn Hetddhn RREFERRED

EMBODI MENTS: w, enbodi nents where the eval uation nmethod of a coefficient
of earth epbedimentofiffigr&st in a pile or a Sand Conpaction Pile driving
ground of the _present inventjon shall be described referring to draw ngs,

and terns to Hdd-Uels a AiRgtaRE Sheying fenoreanat ratici & rlaysshepbpisengtyl bri ef
expl anati Ale E&ﬁ\%qr?éregsreeof%oé@{‘ffc%ﬂt K(', Qf éd?f?\ ;Irgéslu?é’\ﬁtr}gst-liﬁmeegrognd 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 temms 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 K; 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 Ky of earth pressure at rest for the sand ground due to a pile or a
SCP driving in one 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 whole construction area, and the cone
resistance (qr - O'vo)) 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. (qr - 0 vo)) before driving a
pile 1 or SCP can be obtained from this test.

3. Atfter 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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CNoCCONaNOCa NDcoi UQf1 OCm7 N=O0OTf/) co 7 There,
procedures for investigation and eval uation nethod to obtain the increnent
of a coefficient KO of earth pressure at rest for a sand ground wherein a
pile or SCP is driven concerning the evaluation nethod of the increnent of
a coefficient KO of earth pressure at rest for the sand ground due to a
pile or a SCP driving in one enbodi nent of the present invention shall be

desct | bed portoRiRhiiddidhiled 1ForBeRs, 37t BV dipibe 11 BCrOhRtedine Ol owi ng

clause 1 to clause ting 'fromthe eval uation operation of

coef fici ertioW®(d bbtain @abﬁ@resﬁvtmt(ae ad'vd)?‘», fterfthe Britihg. it BBodidi@epi | e or SCP
of this enbodinent; 1. Atrial CPT is perforned in the whole construction
area, and aphrecatmbln ﬁtgsﬁltbafaamexqmple of measyrementsedfdhe cond mesistangeng and t he
soil profile are grasped However , unnecessar(yéTi n case where a sufficient

soi | i nved®i y&ivodm beigre siEing andthe éﬁ"%[ﬁs'sﬁ@lel na¥ valy, aflgrdiriviegr esent at i ve
oi nts of t| on area can be selected. 2. Representative
R e TR :

poi nts ar rality of points as necessary) based on the

af or ement i oneds, i Theesddffibidnit Wy, SNEarf Prebsurd &t frest 8 thaloblatdd irém WwBNMENt, it is
preferable to performthe CP twice or nore per point, and the execution

state of tChns resfistance @s -stioo)n) beford driving aiid)the- ch‘E/m)s(sta)ncbdﬂﬂFeIdrl ving a
pile 1 or an be ogtal ned from zgs test. 3. After the execution of
CPT, testV (ﬂ)é ro¥nvingsby discexpressipn (Bn PHG’H‘e\We?ﬁ {nogengsaly 8a PlteRe

repr esent ghé‘y&eg%&kﬂ |L§£|OU| d be appreciated that this enbodi nent shown
in Fig. a case OF dri'ving in four piles 1 in a square arrangement;
however there gopkd fingriving three piles in a triangular

bgqa £A5E

arran enent or e otk ve or nore piles in a(ipol onal

9 B T T : (ol 9
In practice, ¢ increment may be included in the increment of a coefficient

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

1+ 2Ky - (Ar -0y )y
; 1+ 2K0(0) (@r-0y )(o)

@)

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, regardless of the
standard penetration speed (1 to 2 cm/s) indicated in JGS1435-1995 " Electric
Static Cone Penetration 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 following expression can be cited.

T=q', tan d;mKom

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



arrangenment. 4. Next, CPT is perfornmed at a plurality of points including
the mddle 8 portion between piles | or SCPs, or in the vicinity of piles
1 or SCPs. This test allows to obtain a cone resistance (qT - avo)(1)
after the driving. It should be appreciated in Fig 2 that an exanpl e of
measurenents of the cone resistance (qT - vvo)(o0) before driving and the
cone resistance (qT - avo)(1) after driving for respective driving depths.

5. Th fficient Ko(i t h t | s.cal cul ated f th

cone resi & SRR REPRUE Bl () () M BoU FURGeOr B EORGNB st ance (aT -
] o PP tefEs |,

't i o b t aeolierS ol o ferdy e hRLEE B fesdibha, ARG BFiEFand ] O o

0(Q (1) abedrdidlied the flow of the fllowih§ elausén td¥lddsd 6 practice, g increnent may
be included in the increment of a coefficient Ko of earth pressure at

rest, and sinplified as the expression (2). 1+2Ko(j) _ (qT -avo)(1) (2)
1+2K0(0) (qT -avoé_&Q) It shoul.d be appreciated that the CPT shall be
carried out atl-stB®h & pefforged 1 thewhqle ccopsipiction ea dpd dhe (fioB8sure be 0

during t h?e&&@ﬁéer %'— %r‘é) §;b§?0re gFi\ﬂFé]gﬁcg Ihe!sst%ﬁlﬁgﬁﬁ%ﬁs a{p%ﬁeHg\ﬁg\per as silty

sand or clayey sa eSS 0 ar etration speed (1 to 2

cni's) inditk@t 8@ iikhedbssahAd v é&5where! £ Gufficient SbiRinvestigaién Rasdeeat i on Test

Met hod". As a concrete exanple of application of the coefficient Ko(i) of
earth pr cegigdeouitprelininarily,tand thpresentptivh paintedf the whele adopstuntioni oned

eval uation, the c,altﬁulgtion of pile skin friction by the follow ng

expr essi ofEEANRE PSR + tan Orkan

2. The CPT is performed by selecting representative points (a plurality of
points as necessary) based on the aforementioned investigation. The cone
resistance (qt- Ovo) 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 samples, to obtain an undrained shear strength Syg). Then, the
correlation of the cone resistance (qr - O vo)q 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
Sus) =;(‘Ir “O)m) (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) before
driving and the undrained shear strength Syg) 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
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Next, procedures for investigation and evaluation nmethod to obtain the
increment of a coefficient KO of earth pressure at rest for a clay wherein
a SCP is driven concerning the evaluation nethod of the increment of a
coefficient Ko 9 of earth pressure at rest for the clay ground due to SCP
driving in another enbodiment of the present invention shall be described,
referring to Fig. 6 and, according to the flow of the follow ng clause 1

to cl ause IS | ol e ,construction area, and the
cone r esir%rg%ecnég%fh-a's%%%c?%{mpg%w?getgﬁr‘%’(ﬁﬂ’/gn"&'t he soil profile are
grasped. Howeupirest $6¥8Y 2 aFCdBARE 8 Waghy shifourd¥fe MpRisBnRtivd/pdincCitent soi |

i nvestigation has been carried out prelimmnarily, and representative

poi nt s of shindd bb @ppreciatet thatcthiscembadimentshowién Figs5 istaitase ofdrivihe CPT i s

performed by selecting representative points (a plurality of points as

necessar y fous@ies hawever thare cerld s @ gase phdiving; theasi piles imadrianawar r esi st ance

(qT - o vo éﬁ%ﬁbefore drivi pg .a FCP 2.1s olbtai neq frog\this tetst. 3. At the
ATBRGRAE N YeCA5 R PRUNG IS AIPPIEATER A PRIYIPNSLAANEMFT  and a

same tine,
Di rect Sh T i to all
ondl ot ur pagter CoRpieRbATor SnBIdaRATTES dfind, e CRTM BeRaRc M IR © Tien. (e

corr el at i ofipaifitstddshownén Figs5.slthigtest 4ligWs to obtain)al conehedistamcedyt viong and t he
‘undr ai ned shear strength S'(B) is determ ned. Supposing the obtained

correl at i s woafter the drying sThe, undraingdoshegptraRgyPum isdatermingd kythe be obt ai ned.

8U(B) =1k (4'.r "' 0 4) 1t should be appreci ated that the

r econpr es STRYFSHET ﬁ%&]sﬁq#]ﬁes%vserqq? Cod‘(?rrleaﬂ‘;‘%"ﬁ‘g?(ﬁhb ai"égf" AL AMBG s o1 i dat i ng
the sampl @niloBtdifiRl Bythe ekprebsibd (4)over burden stress. The relation of the
cone resistance (qT - o'vo)(0) before driving and the undrai ned shear
strength Sup obtaingqd fromclay of two points is shown in Fig. 4.

Normal |y, a sat$gf aﬁﬁw-yﬂmd@rrel ation as shown in the drawdhg

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 0y =0.5.

14+2Koqy  Suepsry /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.

Sum =(8 10", ) %6, (14 2Ky J(1+ 2Ky ) + (S psry /0y ) % Ao,

un(psT)
Furthermore, the evaluation method of the coefficient K, 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
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I s observed between them 4. A DST under the normally consolidated state is
performed with a 10 representative undi sturbed sanple to obtain
(Su(s)(osT)/ Qv) . 5. Test SCPs 2 are driven in a way to surround the
representative point. It should be appreciated that this enbodi nent shown
in Fig. 5is a case of driving four piles; however, there could be a case
of driving three piles in a triangular arrangenent, or a case of driving

fi | ' | |
consol | dapraRlsy e eesienidecs el BEREET Alipst® 81 EF BRfHR60: *hoi nts as
shown in Bbébmey lm-EBhéntt ?ﬁé h@tllﬂoﬁlﬁsfr&sqmv@!oae@b?WSCP%rﬁlhﬁ@ﬁigﬁ qT - U vo)

(1) after the driving. The undrained shear strength Su eterm ned by

the expr asthe@CR Tentef aﬁlghb\m irarigr agmd:w:&easysltemndqae (da? grodh) (1) after
driving and k obtained by the exgressmn (4). SYD =1k (qT -ava)(1) (5)
6. The codheifglionting e mpthefls @se thbershewnras the avakitions methodudfahed by t he

s oft 'eﬁ”gérﬁ%efgﬁé q?%aaﬂ%ags@ﬂgeaaﬂsgtgﬁ S sl e e gt e b ono 0y

(SWDST) {fth I?ner@ ,ﬁoncr ete exanpl e of application of the
coefficient d?i pressure at rest obtained by the aforenentioned

eval uation metd)athe dobﬂimeﬁﬁk&#bﬁéérﬂﬂpn@ﬁsmé ay regl Mudiel stitgined wbimathgt h Su( M
taking into consideration the strength increment due to filling to be

execut ed axaressiefy (5)ishall Eze:powdezrhdz asfagtdefiniony Keepretis pissswamt irstcited. |t
shoul d be, atggrsg:g ?tﬁd thatA O-v is a load increased by filling. SUM =
(Sun(DsST) ' WSRle, . (1 + 2KO(1)) /(1 + 2K(1(1)) + (Su,(DST) / a'" ) x

A6"  Further ”w)emetdifr SA veadak il SR INAE vidnitl B¢ tHeQuhlis SRthetSE T earth

and clay (No.1' to No.4' in Fig. 5). The average cone resistance (qr - 0 vo)a)
after driving is determined, and the coefficient Ky(q) of earth pressure at rest
obtained from the expression (4) and expression (5) shall be taken as a
coefficient K, 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 Ko
@ of earth pressure at rest and a coefficient Kgsy 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 Ko of earth pressure at rest in a

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

12



pressure at rest in the Sand Conpaction Pile SCP itself is to be descri bed,
in a Conposite ground conposed of Sand Conpaction Pile SCP and clay, the
11 evaluation of the coefficient KO of earth pressure at rest in the SCP
itself also becones inportant. The horizontal stress devel oped by the SCP
driving is high at the SCP center as shown in Fig. 5, and decreases toward
the clay ground. The following two nethods are to be shown as the

eval uatio ; hicd f d est in SCP
Lael . ISRREO0 8 slobfi FARCp; PRhelfoR TARECPT BICE LS Modt**h) The
coefficiemestfagT.) of earth pressure at rest in clay obtained fromthe
expression (5) shall be considered as a coefficient KO of earth pressure at
rest in the $gpordingdpithe Byalgationaprgthot 4f |a eefficient pkearduprassureraé vicinity of
t he boundar% he S .. The average

cone resi & fﬂg% p@eqpr a g%%??’g‘pg‘létf%eé il\elgqu%’iﬂgf‘ﬂgo‘il'\'lgd é’fép'ggmihagn\? A"t he _
(9 and oSesdiBed he@inabBld, HPERIRE ofbaPBlessEatdiflh 3 b i 7XP €91 O

pressure @ thesdriving bhex 8 ot selSandABoRipattiodn ®le hedreibaaleoMBated he

eval uation nmethod of a coefficient of earth pressure at rest in a pile or
a Sand Coaperopiiasely Panck appliedi qogvepientlydanst simiply topthe sitasigningy et cesh consi sts in
testing the state fore driving a test piJe 1 or Sapnd Conpaction Pile
Sor2 10 adgd R St ke (o bes peevsyl: anf i G ek WoUs: b hod.

t hereaft ep ndridgqst ate after driving the test pile 1 or Sand Conpaction
Pile SCP2 %y a simlar test nethod, and intending to eval uate the
coefficient Ko toy of earth pressure at rest and a coefficient KO(1l) of
earth pressure at rest, from these before driving and after driving
results, characterized by that, in case of evaluating increnent of a
coefficient Ko of earth pressure at rest in a sand ground as the

enbodi ment shown in Fig. 3, it is evaluated by performng the
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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 ment shown in Fig. 6, it is evaluated
by performing 12 two tests of the electric static Cone Penetration Test
CPT and a Direct Shear Test DST. According to the evaluation nethod of a
coefficient of earth pressure at rest in a pile or a Sand Conpaction Pile
driving ground of the present inv ' descri bed herei nabove, the
coefficient of earth pressure at %ﬁ%lﬁﬁn a ground due to the driving of a
pile or a Sandi.Gor@amidtion nf3thdd sfaicdfiicRnbliédrdthressurs 8ekEhalplle and appl i ed
conveniently and sinply to the designing, the cost down of related works
can be achirev@ahd Geordpadtion &lile mitiving ground; &emprisingothe stapsaficssdectid@aCLAI M5 1.
An eval uation nmethod of a coefficient of earth pressure at rest in a pile
or a Sand TERfepetatvePatit|ia anrcopsiiertign Giem obtaiting AGoRg resietarseeisks -of ;

et ot anced (ol DO Bihg Vi Pl & obe kg “CHEbAL B, BREBai Bompact fon

Pile, perfdadiid@aiCod PEAtiafios rakt @Pﬁﬂ?ﬁin&%&(aﬁ%i&%&ﬁﬁés &idst driving a
plurality of test piles or test Sand Conpaction Piles Iin a way to surround

sai d r epr SandtGimpestiono Pikks iafd way tdsurropnd sbidaepretertative poiit aftehthe per f or m ng
the CPT at a pl uraljté of points at the mddle between said piles or Sand
Conpact i orPrgstice of said; GPT nibep;rarfpmuipg dhe OFd atya |nbyalify obgaigt 8ction Piles

o1 9012 DR AP Sl Eamel i o7 i A 0BT, 1L,

the Sand . er ea cal'c evaluating a
coef fi ci erpile&ef iShn@fCaftdchio? PRES firobidinihg 3t cdn feBRtamde@ dq,0! xR}, af ter

driving the pile or the Sand Conpaction Pile froma relational expression

after driving the pile or the Sand Gompaction 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 (qv - Ovo)oy and (gr - Tvo)y before and after
driving said pile or Sand Compaction Pile and a coefficient of Koq) 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+ 2K,y - (91 -0 ) x tan ¢(o)
1+2Kyqy (Gr-0Ow)e tan ¢(1)

(1)

or

142Ky - (97 -9 )y
142Ky (9r-0, )o

@)

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
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bet ween cone resistances (gT - vvo)(o) and (qT - crvo)(1l) before and after
driving said pile or Sand Conpaction Pile and a coefficient of Ko(o) earth
pressure at rest before driving the pile or the Sand Conpaction Pile and
the coefficient KQ(j) of earth pressure at rest after driving the pile or
the Sand Conpaction Pile : 1+2KO(1) = (qt-avo)(1l) X tan g5(,,) 1 + 2Ko(a)
(gT- ap)(o) tan g5(+) or 1+2Ko(1l) (qT -ayo)(1) (2) 1+2KO(Q (qT -

2000 2 stiede BRI 1A B Wafieteal) Bk, ShmAlgl ihdGRR" o 21 TSt

. t
in a San mpact 1 on I vindg ground, conprisi e steps of,

sel ecti ng sample@Phe 1N tstirie” Polp®) Bérfdrﬁ:irf?_@ ORBett SHEAr TBstAD&F, bpbhai ning a
cone resistance (qT - avo)(o) before driving the Sand Conpaction Pile, by

per f or m ngecompredsent methodl f#o sl agridist@bed: sRewss; obtairinglewt u@Rainedt t he sane

time, sanpling undisturbed sanples at the sane, ﬁoi,nt, erformng a Direct
Shear TesthegTstigpoth SpeckaipecdivingnthgesansCompagtion Fitgr determiingdsanypl es,

obt ai ni ng dr aj r e 0 L Vil he Sand
Conpact i oﬁgg?"ﬁi@&{ d@?‘gg ﬁnﬁgﬁgdf%gélgér}%égg]%‘g%}%Qﬁ{ehéé)%ﬁﬁ%%r'sgf'ﬂ%d[%ﬁear strength
Su(B) and ¢ i, ARoreeaiviiGRErchir, it e RFEDNAAE Y ABmdiper eaf ter
perform ng the DST under the normally consolidated state with a

repr esent abnsodidatedi sthier Mt = aepiesentaliveaumdistgrbad sanpde, eoltainingaino of shear
strength (Sun(DST)/cr'v) of the normally consolidated state, next, driving

2 pl ural | iYPrETentagtio o rIeaLARAN Ghnr)iEv) o Revegrmely coRraigilnd ¢ he
opr coent s B By bREA B 8, S, Plndabl Bhat SRR oTEr
; Bgl yisﬁgd sGROMACtheORpRiskAtatiRbpahfipBotify tHROCRT R ploRdty Stgdaigt h Su(D) by
after the consolidation, obtaining a cone resistance(qr - 0vo)«) after driving the
Sand Compaction Pile, obtaining the undrained shear strength Sy by applying
the correlation of the undrained shear strength Sy@ and the cone resistance
(ar - O vo)o before driving to the relation of the undrained shear strength Sy,
after driving the Sand Compaction Pile and the cone resistance (qr - Ovo)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 Koy of earth pressure at rest respectively before driving
and after driving the Sand Compaction Pile, and the undrained shear strength
Sup): and Syalpst)/ T'V) :

142Kgp  Sunpsy /0% )% 0,

@)

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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the correlation of the undrained shear strength Su(B) and the cone
resistance (qT - Qo)(o0) before driving to the relation of the undrained
shear strength Su(D) after driving the Sand Conpaction Pile and the cone
resistance (qr - cTvo)(>) after driving, and thereafter, calculating and
eval uating the coefficient Ko(l) of wearth pressure at rest in the clay
ground after driving the Sand Conpaction Pile froma relational expression
betwe.en.tﬁ&‘es&s}§ftte%;mae§§ﬁ@boe\§aaﬁfntmuen(se@.sure at rest and the
coefficienht Ko IaS of earth pressure at rest respectively before driving
and after drivi pg éariafiomendBaspar hiocoefficichtof amth phesuwaditaesteidl $hear
strength Su(D), and Sun(DST)/ cT'V) : 1 + 2Kal) SUD (3) 1+2KO0)
(SU,, (, )Band)Campactien Rile #self whta ovande Qenpagtiorn Rileedving gnoundf eart h
pressure at rest in a Sand action Pile itself of a Sand.Conpaction
B o dr i VPP, S, Sapso b ReTOTHES A PFEP SRteo R PRSI ST o r oot

accordi ng . I MR bWl d & X action Pile
is eval pa?gg_'ggﬁﬂéa@g@#%@tgﬁﬁ @&g@?ﬁt@@g@%@@%g&rﬂgﬁ@ élrﬁ t he Sand
Conpact i oandPehag, ddtéfihing 4n atBrage alalit dfaNplORAityOst ddhe aeﬁﬂaﬁ&dscd;qpnt of earth
pressure at rest in a Sand Conpaction Pile itself of a Sand Conpacti on

Pi | e dri viong)grtiemdtivingoaxigingds amdyevaigating dips cesdfficient of canth prgssureat ectri c
static Cone Penetration Test CPT in the vicinjty.of a bqundary between a
pl ur al i t y'&st toshe qblelef Aceidingpp tae method of clgim %8(@%%? ‘%‘?F?Qzer age val ue
of a plurgli j PRt 1) after driving obtained
and eval u%#ﬁ]éreg%}uéggggef {|ﬁ(§:t|‘ée§?&g?8rg§%ﬁnp@g\s{§%¢'e at rest to be obtained
according to the nmethod of claim2 or 3 as a coefficient of earth pressure
at rest in the Sand Conpaction Pile itself. 16
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