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K ; -Line A11J523nauM11 0.65 (1-sin ¢")

ABSTRACT : An Oedometer instrumented to measure horizontal pressure was used to examine the behavior of the coefficient of earth
pressure at rest, K , of clean sands subjected to increase in effective vertical stress. Reconstituted specimens of Ottawa, Lake Michigan Beach,
and Niigata sands were used for the test. Influence factors on K during increase in effective vertical stress include density and geological

loading histories, such as earthquake, compaction and overconsolidation processes. For each void ratio and associated friction angle, (I) ,ofa

o
sand there is a corresponding K -Line with slope adequately defined by the Jaky Equation. In case of in situ effective stress (G 'h,CY'V)i is on

o o
the K -Line, as G'V increases (G’ ’h,G 'V) is expected to be on the K -Line with a constant slope K_ until particle crushing and splitting take

o
! ! . . . . . . /. /.
place. In case of (G w0 v)i is above the K -Line, as a result from vibration or overconsolidation processes, as G increases G, is expected to

o o [}
'

be increased and followed the K -Line, and will merge with K -Line at [G ]K - The slope of K -Line is approximately equal to 0.65

(1-sin §").

o

KEYWORDS : Coefficient of earth pressure at rest, lateral earth pressure, sand, densification, particle crushing and splitting
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Fu1l5LANTUTIWUAUAIULG (Coefficient of Earth Pressure at
Rest, K) 70 0as1d usznInanilousalszaninalu
U911 (Effective Horizontal Stress, ') @9WUIGUT
Uszanswaluunifa (Effective Vertical Stress, 6”)) Tuiia
a & ' 1o a Yy ¥ o
Augaogluaniig lulimsnlasugddude uag szurumdn
Y41 (Principal Planes) 8¢ 1UTEUIUIIIUALIZUI
v v
A4 (Donath, 1891 tiag Mesri and Hayat, 1993) A1 K Tl
anudaglumsdinsiziuazeonuuuauisnssuilgi
NATIAIY 1B Y UTIAUNAUNTERIAD S IUNITUAY,
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o o @ I .
ANNE T luMsTuiinve @ 1IN, NSNATOU In Situ
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. da & A a % ¥ o aw '
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1adnngans suves K uazlunanu@nuiinegin K ves
Vv 1]
A1U521AN Granular Soil I1UIUNINAILANAITIAN 1930
audeilogiu (1Y Terzaghi 1934, Jaky 1944, 1948, Bishop
1958, Hendron, 1963, Schmidt, 1966, D’ Appolonia et al. 1969,
Broms and Ingelson 1971, Carder et al. 1977, Sherif et al. 1982,
1984, Mayne 1985, Duncan and Seed, 1986; Fukagawa and
Ohta, 1988; Duncan et al., 1991, Mesri and Hayat, 1993, Mesri
v Y
et al. 1993; Peck, 1993) A1 K_ Y83 Granular Soil W1 Iufiuyy
! .. ’ wva Aa
1¥eAN1Y (Friction Angle, ¢"), 52N 19ssUINGT Loz
152 5aMITUNTIVULABA31 19U Overconsolidation Process,
myduazioutioannuauay 111 n3e9nnTzUINMTUA
v Aa I a 1 a [
daau 1iudu, n1azinn19909 Stress Path 15U Auogluvms
M3IANNT0aA 6', (Hendron 1963, Schmidt 1966, Duncan and

Seed 1986, Duncan et al. 1991, Mesri and Hayat 1993, Mesri et

al. 1993, and Peck 1993)
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2.1 AUNTIBA 08N

a o Ao Y a a 2 g ]
aumedraninnldlumsnagevil 3 ¥ia suilunsiuda
azipeALaTaLe1n (Clean Fine Sand) 141 Ottawa Sand,
Lake Michigan Beach Sand (/a2 Niigata Sand (Vardhanabhuti,
2006) AudvdvmziinITnadovogluanzuie (Air

Dried Condition) 1iUsunsunisnaaeutiieyianiiania

rnssvvesauldun Scanning Electron Microscope (SEM)

Examinations, Grain Size Analyses, Specific Gravity
Measurements, b@% Drained Direct Shear Test L‘Iﬁ’ﬂ‘ﬂ]
ANUFUIUTTE1919 ¢ 1Az SAT1AIUFEII19 (Void Ratio, €)
wansnadeudanad agulunisedl 1 ez §r0619 SEM
Micrographs U84 Ottawa Sand, Lake Michigan Beach Sand,

110¢ Niigata Sand uaaalugii 1, 2, wag 3, muddu

M3 1 driivarauifanadIfmnisuvesandiod

A ginsaves | D, | ¢, | C. |en |e, | ¥

o 8 A (degrees)

A0 waAu (mm)

Ottawa Roundedto | 013 | 175 | 129 | 085 | 052 | 3135
subrounded

Lake Subangular | 025 | 208 | 114 | 0.89 | 055 | 32-41

Michigan | to angular

Beach

Niigata Angular 026 | 156 | 096 | 1.06 | 0.71 | 3338

gﬂﬁ 1  Scanning Electron Micrograph YousiA Ottawa Sand
31]71 2 Scanning Electron Micrograph voudia Lake Michigan Beach
Sand
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gﬂﬁ 3 Scanning Electron Micrograph voaiiia Niigata Sand $10819N1MaIUN qea ‘:1?\1 LR (I)' 110U Constant-Volume
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audng Idgnasadiuite 1 luns@nuinsedl (Hayat 1992,  *7F  cketsing P rak
. s 06 F E
Mesri and Hayat 1993, Vardhanabhuti 2006) tdusiguénals . E__ \ .2 sng E
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=Wl 1 w - 1
mu“luuazmmqwmnumuummmu 76.2 mm Liag 25.4 04 E H o \\‘E ~~~~~~ E
F~———= L e T T — ]
o w a 2 'ﬂ . Aa o3k - _A\_' :‘:r - E
mm MYAAY  VITIUNINANVDIIUKIWAIY Diaphragm N 3Eaftesafeng) N TR 3
a 2 . A 02 E ~2(1-6/8+3/6sing’ E
AIUHUT 0.254 mm LATAANY Strain Gages INOATIVITDUNT F @ 3
' 0.1 SR S ST ST ST SN T SN ST SN N TN TN T [N T SN S (NS S S [N TN TS [N SN S S MY S
REVEGR) (Lateral Deformation) U9 Diaphragm a 19NAILAN 28 30 32 34 36 38 40 42 44
. ¢', degrees
Iﬂﬂlli\iﬂu’ﬂWﬂ Silicone Oil Chamber ﬁﬂigﬂﬂﬁﬂﬂﬂﬂﬂuﬂﬂu
4 b T ';/'-&,gf'ovelco"!o.‘éa.eJ.m,;E' R
melu dwaaslugiln 4 Tk 8 e 002080 K, 056501 sing) ]
K, 0.3 - rS é;‘gnA—&Q\%_g_n ______ a a '
02 F o e CE
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H v o o % o o @
N5 M@K Az bk, FFuiiusiu ¢ vazluzl @) uaaq

ANMUFURUT Jaky (1944) (duna1q), Jaky (1948) (duvy) wag

Hendron (1963) (td1a19)

NUUT 52 ANTHAITUAY [Initial State of Stress

;o A I ak -:1 “"l '
(o w0 V)i]VlﬂﬁwﬂqﬂﬂﬂuﬂSWﬂﬁ'lllﬁﬁ5“%1@%\1@% HUANIT LY

. Y
s ufIA 19T (Laterally Constrained Condition)

2 ; o .
g‘ﬂ‘ﬂ4 Lﬂ?ﬂiﬁﬁ] Oedometer with lateral stress sensing instrument ilxafiuuw%mﬁmﬁ’u Intrinsic K -Line “dﬁﬁﬁ’llﬁuﬁ'ﬁﬂﬁ1 e

(Mesri and Hayat, 1992, Vardhanabhuti, 2006) o

4
uaz ¢’ vosAuvmzin 81 (c’,6',), 0gudY Intrinsic K -
' o ' vy
. =) A A A ' a =S 1 '
Lo o Line (30 unsdif K, = K ) uaz tile ¢’ a1 o', 92

3. Intrinsic K -Line #a K, -Line . 2

R e s v . e LMW AWANS

Aunsie N1 Void Ratio laiiu szdinnuduiiug

o
o L& e - Y o Ac', = KAG', (1)
IENIN G, Uag o FUIYNI Intrinsic K -Line FIUANNTUY
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1ag Stress Path 9$0gUUIAU Intrinsic K -Line 3UA1 6", Ac’, = K Ad', )
Wfu o’ . Fudunmiteussisieausuiimsnlasus v ¥ o <
v-Mmax 8 IUVTTIUNY LAY Intrinsic K -Line N
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S 060 2 F b\x q
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070 . . . . . . . 0.70 w g
068 | 1s 1 N I D T I &
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S osof 1F i B o 5 , d.
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0.58 | Quartz Angular % 1r a 1
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P Ep=10% @ (b) 07 E ! T T T ! y E
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0.1 1 10 o 05 000000000 4 o % _
000 05 | K, = 0431 E
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£ 00 K =055 : K=0315 __]
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< °f ;VMK o ] © K, =0222 o
M o Kop = 055 (g) < T U,}oaﬁfr
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‘é 0.70 vibration E
2 065 E
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[c V]Mmax AR UDENI1 0.3 MPa @1%31 Angular 055 F - E
050 E
(b)
. . =< S & co v b b e b b b by
Cabonate Biogenic Sand 094 30 MPa @1%3U Well Rounded 045 © o o wm me o mo w0
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Quartz Sand (Vardhanabhuti, 2006) Tunsdiaunsieldsuusa

' v y a a A
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