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A Method Evaluating Koy of Granular Soil using DMT
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Abstract

This study suggests a method predicting at-rest coefficient of earth pressure (Ko) in order to evaluate the effect of stress his-
tory of granular soil. The method is based on the relation Kp/Ko=y(En/om')®, which is developed by combining two previously
published relations such as Ep/cy,'-y and Kp/Kg-y. As Kp and Ep are observed to be sensitive to the pre-stress, both indices
are adopted for the estimation of K, value of granular soil. It is shown that the proposed Kp/K¢-Ep/cy,' relation is insignif-
icantly affected by the stress history. It is concluded from the comparative study that the proposed method, which uses only
dilatometer test results to predict the K, of granular soil, provides more convenient and reliable prediction than other methods

which use both CPT and DMT results.

Keywords : stress history, at-rest coefficient of earth pressure, state parameter, dilatometer test
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B AFoe AHRES] 8ol axs Hrshy] Ydl ARAERAFK)E FHHRs WS A Ak e
AHES] AT W) WAE &t Kp/Ke-y BAG} Ep/on-y BAS 238 Kp/Ko=x(Ep/on)’e] FHIE FAHTH 3
XN S48 DekErlelN g Azl osh B Agelx Aok Bl Solgel] 9T A e e & 4 Y
Ak WL AR AEWAF 4 A DEEVE AP 1He o835k 7HEE e, 23RJAE dekEr]
B A3 272 FA0) o]®3shE 71E9] Wbl Hls) 7idalar AllAdo] e Aol otk

SHAI204

AHES] FEAS A=, At w5, 1SR, dA
T84, 1A 2 FY Fxo; 2L AEAR] 89l W
ofle}, dAl 8w, ey 2 SHABE, ageing? &
2 8]l M E PEFS RE=Th(Lambrechts and
Leonards, 1978; Clayton et al., 1985). EA|7kA] 2 A
& A7AlEl el AFES] WAl e (&Hold)
o] MRl FFl thet A7t FAEAT. Yoshimi et
al.(1975)= 7] 48y} sdsfole A4S e 2
A5 g4l Airtd e Eerse] SR 6
vl o3 22 HTh. Lambrechts and Leonards(1978)
Aol o5t A|Fe] HEPFEo] IEHA| gom, = <l
3l A=A Bt e ET 108 oY STREE B
o}, T3k Clayton et al. (19852 A|&2] Xdj-5-2o] &)
Aele] SEgTelY SHAZHD ARIES] 5 tigh

s Eold, AW, s, DekErH

o

1 2 A aglolgtar T8t
dRkzo =z AMHES] Eudk A59] AHE vig- oY)
WA= S AN 23
= EETH 85 ok AHEE
9 FEAel FEFS A= a5 AAAIA = FF
= HHARE, A3 APAFRY HEA o 2 o
&S WXt} Jamiolkowski et al.(1988)y ZIFUH|Z}E 1021
Alge] SAGAT S A AT Bl(M/q )t A
THE AR Hs 24 S7Ieke BIlTh TeEE A%
Ak} H8eE, = ZYolgs aefsiAl ¥ar AYAIA|

=
EHE AR Ak WSS sk 2l B

o

AHEE A a3l Pake g (plastic strain)?}t
389 F712 Yehdt)(Jamiolkowski and Robertson,
1988). FRHAQ] AP PL WUEF FTHY| &S WA A
2dRo] A2lAY) wEel, BANT) LRt g0l
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o] e FE FHEHY 571 whizel T ETH(Clayton
et al., 1985; Jamiolkowski and Robertson, 1988). WH2}A],
HAARS B ARk BRAEWAT (K B7H AeHe]
A3eY, & Eolgs ks g W S kel
HAWEA] TheFgt Wi o 2 Ate] FRAEYATE 73317
{1 A= Ao, geket #ikhd AElE sk 2lE
A= o] AYEA 3t B Atlae dEiEv|EH
AlFE o83t Ake] FAESMAIGR] Kog F8sh= W
HE ARSI i Ao 239 A8l EeERE A
o ZHAAFS F8fste] ARME WPHE AHSshar, AljE
219] 84S 710 WY vlal HESKH

2. Ko 8ol H|ot

o [

1

Jamiolkowski et al.(1988)= Ticino sand$} Hokksund
sandell et AHAIR A2 HE HefEr|E o] 338X
T(Kp)2t AAEDAT (Kol B9k “Jel"d5(state parameter,
W] AIE 2 (1) 2o] AWSIATE Kp/Ke= amplifica-
tion factore}al “d2]%|™ (Jamiolkowski et al., 1988), Al
Are T3 FESHAAN AV 111 SAVSE] 1t
=H]9] ZJo]Z golEth(Been and Jefferies, 1985). 1714,
ot pE AHES] FRd wet AgEe Aol

Kp
X, aexp(=By) (D

Konrad(1988)= Ottawa sandol] tieh AW L}ER|EH A
3 AFE Bt 2etErE WEYRle] Limm WS
A= F7F 4= AP(=P,-Poyt &0 HFE-3H (0n)
7 JEiRgel IAES HESIGTE &, o HREsy
L delery WEEQS 0.05mme}t 1.1mm FFHA7])7] 9
Sk 4= P Pl Zolo| AE wlEgt}. ESF Konrad
(1988y= =3 AejollME= AP/6,'e] 712717} Adefis=e
22 W= FA Wkl W =531 el A= g
Aol & Hslol= AP/o,'e] 712717t AA WElsks B
31tk ©]#13F Konrad(1988)8] T2 An2 R AMAES]
et Harasy, 18 9eErH Al (Ep=
347AP)Y] FAIE 24 ()¢} o] mFIH AVIAM x=
ARSI 021 A HaaasEos sl dekEn|
B Algrolr, ye digSHel] E8E Ep-on TAY] 71€7]
ot

ED

— = xexp(-yy) 2)

Gm

21 (1), )% 2 KpKe-y, Eploy-y BA7F 25 vt
SR, 7 2] FERSE vizEsle] 4 3y 2ol &
o] 7Fs3ltt. o5 sk 4 @)} 22 Kp/Ke-Ep/oy'
Aol Attt 7|4, o s& Ao AAHE
erolth, £ AFlae AWAIRE A9E5RE A ()2 (2)

B 94 AES T, AN 4 @l B3S 43T 2
ok vhAste R Tk Ky R4 4 @2 Bdse
Ae] AREAE Wil FEY Helc).

o

L

—y= %ln(g[-?—o) = Jl—}ln%) 3)

3. AlEAE

3.1 BAA} 7|ESY

B AT7E 98 2 19 2 JIEEEE JHAE k)
= A3 HAAEE sub-angular~angular®] ZEE 71X
w Hir9lge] 0315mmolx wEAFS FEAGTE 4
234, 07124, EAEFH 28] SPE EFET) &3 A
HE 8-S 5% m9HI clean sandol] 3FHTE XRFE
A Ay 50,9 THEHT76.1%)0] 2 A9E EYE uoly
At SEM #4437 Babaks sfizto] i 3] e
AoE FAHOH, o]Z QI3 CaO o] 2% HEHU
o Alge] Hd) 7=Hls Z2U71H(ASTM D-4254pH0 =
A= Ren, Ha& 5 dR] a9E 133
Miura and Toki(1982)7} #|2Fst SAPH (pluviation method)
o= AAHAJT FAAe] Ao, A THEHlE 1.063,
0.658= A=om, 17 201 FrRAe} bkt A9
A o] |, Ha 7EHIE vlwsigh age] vzl
=0 = FARALe] 7390l Cubrinovski and Ishihara
(2002)7F ARk WAl HPd Hefof Hu-HAa 7HH]
HAE TSItk

32 AE=M % AH
£ AFeA] AREE AWAIZELS 17 33 3o] o)
1.0m, 27 1.2me] M} ap- vxg, T8 2%
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1. SLAL 722N
G Djo(mm) Dso(mm) Cy C. €max €min USCS
2.62 0.162 0.315 2.35 0.71 1.063 0.658 SP
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1.0 < Quartz sand (Lunne et al. 1997)
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3}7] 93t extension tubeS} EEZHS] Alg EARS 93 £
JAzEl0 2 FAET 58] A 2RI 712 ik
porous plates F7Islo] H3E AidEe] &gt 24o] 7}t
S3EE SIItH(Choi et al., 2010). 7] AHEE 40, 60,
80%°] AlEE /337 Slal i8] =27 5
FlaL(15~60cm)E A8 A5E AT &, AR
T FAE SAstd AR HE FHEEE A4
o A9 AIE floll g ZElolES} AMAS XY &
P kel $88 28 & BPAFES AAEIATE AAE
1524 HPHLS Choi et al.(2010)0] 27H= AT
YZHEVEDOMT)E F 95mm, T2 15mm, Zo] 230
mel = ®oke] BYPA ] 60mm FAe ZH #HEH Qo]
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2] A FEAA8E, [0 FEade] sqrdy
(%) Gy (kPa) Gymax (kPa) (Gvmax/Cvp)

50 50 1

100 100 1

40, 60, 80

200 200 1

400 400 1

200 400 2

100 400 4

50 400 8

100 200 2

(1980y= DMTAIE Zxz45E 7o Helzrg A& A
Aeiint. DERErE Al En(=34.7[Pi-P])= o) 343t
A, FHEEAT Kp(=[Po-ug)/ow)y= F2l FAEW
ot BAE ] FFLRIY R ebEZS eket o] 8E
TS ARAT Ip=[Pi-Pol/[Po-uge= &2 384 75 ¢
3 AREEY Fo] ARGk BAlET I71M, Pt P
Zyzh dekErE WBgRle] 27] HEUE Limm B3
goln, yp= B A 578 oy AAFAES oI

ZAE A8 ARTEY 50~400kPa] LI Al
Fo} ARl 400kPa TEE 200kPacllA] AlskE b
AE(OCR=2, 4, 8)°ll tigk Dekery AlFS 38t
2etErH #Bgle 7] oF 20ecm ol $1x8HH,
Bellotti 5(1997)°] 233} o] 10cm with @AF o= #
PAZIEA AlZZO] 30~70emellX] Post P& ST
A GEtErE AlfEdS % 29 2

41 Z2}E0|E AlY ZD

I8 45 ARTEY AUdsd wE Faike] dele
"E] A5(Ip, Ep, Kp) Xtk I8 4(a)llX FLHAR
ANEAGF(IpyE ZE 49 1.62 2331, Marchetti(1980)
o] EFHel ol “sand”Z TEECE AU AJEjlA
2E] AEATE 94 FE8Yo] IS Ha A
sllom, 53] 59 AisolA dYsles v A o
A3] 7HAsslAt). o]9f & A= AdEkse] PHETE P
wHslol] o 2 ks m|A]7] ol

a8 4(bpelA Fate] detErE Al Epe 93 f&
SEo] VIS AR} S718199.9 M, o= Konrad(1988)2]
Avels dx|eitt. gk FY AuiEset A7 frasE A
ejollX st Alge] deferH AT Artd Al
ot 8~63% A =IO, AlEe] ASFAHIT} S
5 1 Ux= oS st webs] QetErE AT
SHolge] Jake uh= Aoz yepdo)

a9 4o ] FEEEAIF(Kp) BistE HAFE
AsAT 2 DetErE ek 2, Astd AdElellA
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(a) Material index
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38 4. 515 M5t A Mistol| = E2tE0(E AR 2ot

AL 3-8 X]ge] sl v|Asii) ol9f 2 A
= A AdeolA 28-3R ARAEGAST] Ko
=%, Mayne and Kulhawy(l982H Az}
A Box]= nle} o] AMHES] JAEWAIG= vpEzte]
e R AduEel AZTrasto] U}%Pau g}
o] wx|= Fgo| w|w|slr] wZo|t) ¥HH, 400kPaollA A
A FagES AN S-S A9ME AR 5

T30 9= T
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e A A7) FHSERSR | 38)]-2.58] =
A SAHEAT. S AHES SHolge defery AR
o SHSEAG o 2 9% nHE, Soly Ang
WGl Qo] FHLHATE BASRE Zo] AnpEolr)
(Marchetti, 1980; Jamiolkowski et al., 1988).

4.2 Epot Kpo| &EHA HE

4.2.1 F2RALe] AVl A9 e

a% 5E AW A" RS He faEsEH 1t
=819 #AIE et 2 dFolas FLRe] SHAE)
*‘](critical state line)= ZA3}7] 3] AYAF(Kim et

1, 2007)25E Z28E FLAR] SAVEIET(T=1.07, A=

0068)‘ 2831t FAAE AR e8] ye 1
d 59} Zo] dApbdE] 1=mlelA SAPSEl =11 2o
2 ZgEqlon, 289 AR e BT o9 &
< 7Kt

422 Kpo} e 3

<31 ule} o], Jamiolkowski et al.(1988)= AFEES]
TSR (Kp)ot BAERAT (K] BIE il A
A AR BT I8 6& Jamiolkowski et al.

11
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(1988)9] Akl 71Zste] EHH FaHAle] gejgos)
Ko/Kool DA $abate] KpKoe whelasol ) el
Zol ABPAE DEAAT. 28 eolN FHD Aol
KoKk 71 Aele] ghuch o szl gion, of
E AAEWAS Kos wrabl $8eEe) 982 Yeh
o, LA Ko 498 B opjel AHg
=

Ry

O3 78 e fasEy dElErE Al uE Fat
AF] el Farott. et viel 20], Konrad(1988)y>
i Fa-32y detEny Aleke] AL AFEe
o, Farle] defEn|E AlE 5U3 AEASol Hit
FESEY AFZQ WAS Bt =, e detEn|
B At Bt 583382 Hl(Eployys 5U3 AeiiSl
A vl QAgsA vERd Bk oy}, g S
2 VRS Ep/ont A S71IAT 1" 72 AHE
o] = GEErE Ao S8y ABAA £
g 5 IS g

a7 79] Aol ZAste Fhike] el Bt
aggor Aysle GEtEVH A (Ep/oy) BAE 1¥
87} o] I WSS A EplonS dElg<}
AYPAAE 5319 T3 Ep/oy,-y BAIE S0

5

4.2.4 Kp% Ep

T 67 8o AFllA FRIFAR0], AHES] Kp/Ky B
Ep/one 1859} S2olgel] AIgle] & AuAde 7}
Ak, 1Y o= T BAES 23S BHEE F2AN] By
ot Kp/Ke2l TAE RAFETE I7 6, 89 vRIVIAE

*The number indicates the value of .
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g 150 | -(3 O 1 o)

.2 o -0.10 20.22

- -0,

S 100 - ) _00: CPZ € X

% L 0.049, '1160‘1_4 -0.21
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38 9. FLAIS] Kp/Ko2t ErtatE EEtE0lE Al 24|

oo

a9 99] Kp/Kg-Eplo, FAIE S0l #Agle] =&
AEAAE BT O7 99] Ay B AqrolA Aok 4
)] AV} AHRE sl efgelS HojFE)

4.3 Ko Y dH|n
BPARoRTH ANEHS Bk o] WS- ol
U, K2 AZ3b) 918 O ARE2 Fa5e] Ak

ATHGE 3).

4.3.1 ZAGAEE o83t Ko 8

Mayne(1995, 2001) Thst Zejjo] AMAIY Zdos &
Aate] ZAGAGT FAEES(s,), 283l ZRPDHI(OCR)
olg3t Keg FHs= 4 (5)F ARIBIATGE 3). 2
10y SAE AR K 4 (58 ol&dte] 4
K¢ Hlagh T-lolt}, dA|Hos 430 S
ARE 73RS Bjon), TUsH Hidu] o] Ao, 4]
(G)E Sl AL Tk K, W SARES 6 =24
e ol¢} 2 Ade A (5)elr] HdHEEe] sl
T7RE TR o] Ky % 2 J9FES wzl v, 4

AZ Kps ARz Halole & 93-S A 7] uji

R A
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3. CIAEE Ko Y

= Ko 5782 H| 11
Mayne (1995, 2001) Ky=133(¢)" () *lock™  (5) WBAE, BGAE
: _ e A
Baldi et al. (1986) Ky = 0376+0.095K 500017 () Ticino and’ Hokheund sands
Jamiolkowski and Robertson Kp _ 0.0578| %= 092 . AA)E
(1988) K, - ™ Ticino and Hokksund sands

o]th(Mayne and Kulhawy 1982). 4] (Sy} S33AE 2
HRro g ZHke] KE F8E + Uve o] o, i
Zo7 Fezt Ko F79317] sl ANk} #ALdHE w]g

sjetafiol sl wxo] gl

432 TG Kps o83t Ko 578

Baldi et al.(1986) 3ol ZA¥ Ticino sand®} Hokksund
sandollA] 3 GelERH AR FHUAE Al 71x
3lod 2 (60 22 Kp-qe-Kp TAS AFsIATE. Bellotti
et al.(1994)2 Toyoura sandE ©]-83+ AHA|E ZAF}ZHE
LA A9 K= 2 (6)2 ©l83t Hlwz gt
A 152§ AeS Bk 27 10bE A (6)F ©

(a) Mayne (1995, 2001)

1.5 >
° NC state L
o  OC state /°/
1.2 e
& = Increasing in DR/ e °
T 09 ?5\ ©
& A0S OCR=8
2 B 4 s’ g
= [ ] s o
3] N e | & _
< 06 ee| o | OCR=4
o - o
e OCR=2
0.3 — // OCR=1
0 a 1 | 1 | 1 | 1 | 1
0 0.3 0.6 0.9 1.2 1.5
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(c) Jamiolkowski and Robertson (1988)
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o » P <&
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2 09 /6/
T - AR
S - -
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32| 10. Ciksh ai

ot TR PR Kest Al AelA S8E K&
Hlagk Aot} et el ik Koe 4 (6)
< ol&ste] HlwA HEsHA dSEHUTE 1ev AP A
Blol A B2kAle] Kee 9F 30~80% HAE7IEloH, AR
o] FAJEn} SIS 3 TS eAle uls;
S71IH. o9} 22 A= Toyoura sand9] Ky7| It
9 JE](OCR=7.0~7.3)0l1A <F 42~52% ZA71E Bellotti
et al.(1994)9] Aotz I3t} &, TAGA LY &
HE] 98 AFERE YAERAGTE F43517] f1al Al
A (6)y2 Bt AdHY AHEE A= 2-8430]
SsARE, #P ARk Kpe #AgrIehe AEel Sk
o9} e Avl= ZAvAgRT dekEn|Ee] Ky} A4k

(b) Baldi et al. (1986)
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1.2F P
Y [
E 09 //,
© L v
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L2 06 »” OCR=4 &
© e o
(& L §° &
¢ °
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7 e
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Measured K,

(d) Current method (2010)
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o OC state L 7
1.2 PN
o // *
e i 7 OCR=8
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o] gHolgo| F U JIFS w| wiFolt.

AFAE] ti3iA] Been et al.(1986) eG4} ZATHA
o] BAE ArBII e, B3 Jamiolkowski et al.(1988)
= e Kp/Keel BAIS Aokttt Jamiolkowski
and Robertson(1988) HEIAGTE w/l= sff F 2 %
3}sko ZM Ticino sand2} Hokksund sandsel] W3l Kp/K,
o FAGAEY #AE A (7 Z2o] ARKIATGE 3).
FHAFE 283 71EY Kp/Key, qeoyBAE 33N
Bt ofE} AUAIE o2 RE] AEES] AElHTE Frslok
3l7] Wil 2-go] o] WhA, A (7)& Y AFoIA 5
sl FEIAEY dElErE AJFoziE d7 A|uke]
Keg 798 = 7] wiFel H84do] =t Jamiolkowski
and Robertson(1988)2] AFAe] 7]Z8 FARAEe] Kp/Ko-qe
WA= A @) 2tk A7, ot one Z2F Ak 3
T sy e FE5ES Yehin,

K

Kp q.~ O'm)o.412
KO

[

= 0.602(
O-I’I’I

@®)

I3 10(= A (QEFE F4E AR Kook HH

A 248 Ko v glolch. Age) Terau} S7ha
= 249t 29 LAPE WA S, ek 52

>

189 B3 4 (8} P Ko o 10-20% 27
35k ol Kok Pel K 59883} A58
e FAO W) whEel, Kool Seoleie] gl o 1
A vIA7) dolct. et 4 (8)e $HolH Fxjol WA

glol Alme] Ko Wl Besl 6= & sk,

433 Kp¥t Eps ©]83 Ky 54

a9 9dlA HIFE nRe} o], AMEES] KpKee Hi
fraggoz Ayfstd HElEHH Al (Ep/on)2t 2ol
o TARe] =S AUIAZ B a7 9o FTHA P
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