Stzsf bz sts] A #1878 63, pp 58~69, 2004 (ISSN 1225-0767)

BAEYA

3

A Study on Measuring the Coefficient of Earth Pressure at Rest II
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ABSTRACT: In order to investigate the characteristics of the lateral earth pressure at rest, under hysteretic K,-loading/unloading conditions, seven types

of multi-cyclic models have been studied, using dry sand. For this study, the new type of K,-oedometer apparatus was developed, and the horizontal pressure

was accurately measured. The multi-cyclic models consist of primarily 3 cases: (i) K,-test under the same loading / unloading condition, (ii) multi-cyclic

loading / unloading K, -test exceeding the maximum pre-vertical stress, and (iii) multi-cyclic loading / unloading K,-test within the maximum pre-vertical

stress. Results fromthe multi-cyclic model indicated that a single-cyclic model could be extended if the exponents for the unloading condition (Ctand o)

and the reloading coefficients (™, and m, ) were primarily dependent upon the type of model, number of cycles, and the relative density.
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Table 1 Multi-cyclic K ,-loading/unloading (No. 3)
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F)lv

Table 6 Multi-cyclic K -loading/unloading (No. 8)

Hysteresis No. 1 2 3 4 5
0, max 30 128 125 123 20
0, min 01 |05 |08 |10 |12
o, 28 |25 23 |20 3.0

v v

unit : kgf/cm?

Table 7 Multi-cyclic K -loading/unloading {No. 9)

Hysteresis No. |1 2 3 14
0, s max |30 30 30 3.0 Hysteresis No. 1 2 3 4 5
0, s min |01 01 01 01 0, max 30 |28 25 23 |20
o, ., 3.0 3.0 3.0 3.0 0,y min 01 0.5 0.8 10 12
No. of cycle |1 2 4 20 )., 28 25 23 20 |30
unit : kgf/em? No. of cycle 10 20 30 40 50

Table 2 Multi-cyclic K -loading/unloading (No. 4)

Hysteresis No. 1 2 3
0y, s max 1.0 1.6 3.0
6y min 0.1 03 - 0.7
o, ., 1.6 3.0 3.0
unit : kgf/cm?

Table 3 Multi-cyclic K -loading/unloading (No. 5)

Hysteresis No. 1 2 3
0, max 15 2.0 3.0
0, min 01 1.0 18
6, ,, 1.0 20 3.0
unit : kgf/cm?

Table 4 Multi-cyclic K ,-loading/unloading (No. 6)

Hysteresis No. 1 2 3
0, max 1.0 20 3.0
0, min 01 0.8 18
o, ., 1.0 20 3.0
No. of cycle 20 40 60
unit © kgf/cm?

Table 5 Multi-cyclic K -loading/unloading (No. 7)

Hysteresis No. 1 2 3 4 5 6
0, ) max 30 [30 [30 [30 [30 |30
0, s min 005 [01 02 |04 (07 |10
0,y 30 [30 (30 [30 [30 {30

unit : kgf/cm?

unit :© kgf/cm?

4.1 O57| K,-st / RISt Algzat

7l KAEAR AL 27 S8R AW #A
2+ D,=50%9 si@sle AT Fig. 2 ~ Fig. 8712 JeRge.
w, Fig. 9= A 2% No. 3¢ i3t J&3€n HPE] &
Al o tHE5-4, 1991).

4.2 Sst x5t/ NSt S He
4.2.1 HEEy

NEZE No. 39 A9E YT S22 A3t % A @
E2 Afo &87 W 4L wEeaa Adst 3o
. £ d¥dxe AALEE 30 kgt/a7tA Astgd F 01
kgf/ai7}A Aslsls B4L& 203] wHE3E Holth o] Ax=
Fig. 20|41 B <= 3l%0] o|# 1] (hystersis loop)7} 13jeA 2

3 WELS & o g,/ 7} 30kgf/anoll M FELHEL A 14
ol whdel 4, 7} 01 kgf/crollA 3-8 Z712L8 239
A 43 W&o o2k Z7IERT U F& ¢ F don, 43
oM 203] ¥HEd o|F W& F71Eo| v|Adstk

3719 olgae]e] FdE Astd AALHA T A=A
& E(vertical strain)®] FAE ok

e Fig 9 2 3]
olgaig]7} 150l 23] Alolol= zﬂm&ﬁé%ﬂ 3]

stom, 23]9f 43)9] ojHueE HFE HPA} x]&]ﬂﬁg
S7HEol AR ey, 438 JJrEME A&t ¥
Sl 203 Wiy o] MFPEL 27 ~ 38 % c|2F
o] 1¥ojM B, 07 ~ 09 kgf/car B} 2 12889
FoJ| A o]aﬁaﬂ BAYE FFS BT 2= ), o|AL
atzol AARSH wE AlEe AHo| thd HFHATRE
2& Vep gtk olejdt oz 2035]9 wHE34) Fe
ZAFHo 29, 09 kef/af BOF 2 AF G HYoM e F

L o g

=
(<)
=

=
=

=

1 -

Fl



ARG 24 BE A7 I 61

18

40O MUN JIN BAND
or=80%
sleaniz

L

)

Horlzontal stress, O (kgt/em’)

<3
@

”/:-:):'/{/ Ne.

o os [X-) 8 20 8 30
Vertlaal strass, OV Uhgt/am')

olo|ala
Slaiw|-

Fig. 2 Stress path of multi-cyclic loading for model No. 3 (Dr=50%)

1| B
S0 L
Pl = | I

Vertlest  stress, OV (netrenly

Fig. 3 Stress path of multi-cyclic loading for model No. 4 (Dr=50%)

N ngt/em”)

Herizental otrass,

[ as 0 Ls 20 28 30
Vertice! ctress, OV (Mqt/en’)

Fig. 4 Stress path of multi-cydlic loading for model No. 5 (Dr=50%)

=Hl9] Wt} wet IA ALHASS & 5 Ak Tatsuoka(1974) 9] A @axte} Zo] Hahslso] wakn FYs}
YT &9 At F Ayt wHEE A9 47 g s A Ak Bee W¥EY F7HFo] HA gadn £ES
o @AE JEhd Fig. 291 AW ES] WE Jehd & Fudche AMS & 4 At ol AMEELXY &
Fig. 9914 ™, 5 739 25 Tatsuoka and Ishihara(1974), o|22 M8 (prestress)o] Az ged WS =7

i

2
g
o



62

o
1
Ml

5= ting

!
400 MUN JiN SANO

Or=80%

5

R

=

Werizontel atress, O (kgt/em’)

8831

7]

Vartieal strens,

. 20
oV (sgtsea’)

8 5

Fig. 5 Stress path of multi-cyclic loading for model No. 6 (Dr=50%)

L8

1
JOO MUN JIN SAND
orv80%
eisaniz

-~
:
P
610 =
F ’ 9
H 5 ”
H -
H 9 5
5
i / o / v ]
H] [ 2
32 ] 3
H 1 lesding Py s
> s
®] « [
° o8 0 18 20 28 Y
Vartiss! strees,  O¥ (hgtiem )

Fig. 6 Stress path of multi-cyclic loading for model No. 7 (Dr=50%)

steans, OW(ngt/em™s

Horlzontat
P
13

T
JOO MUN JIN  BAND
Dre 0%
- sieQ7I2
=
7,
3 ®
O
/ _
/ / 0] 4 !
g o [
. Q‘ A 3
1ot leuding
> 4
» [
o8 [ 15 20 8 30
Vertissl strsss, 0¥ {Mat/om}

Fig. 7 Stress path of multi-cyclic loading for model No. 8 (Dr=50%)

e} A G AN, K AN HERE dgsHe
Fe WA zUs wEW, FYIHE o= WARA) 2718
A e ehin ek

4.2.2 Mst
FUF e A/ At

H7] fste] WA wHE3So) wet A)Ede] v)evE B
g AAsASE m, ¥ Fujrgrt Table 834 Fig. 102
REEse) m, o] BAE L AHolth

Table 8 % Fig. 10614 2 % 3l wie} o], AhREr}
50% o 85%< Aol B wEssTt F185E AT
(reloading line)e] 71&7] m

i
o W Pasw, Bt H5Y

P



FAEMAF F4o B A7 I 63

18 T
JOO MUN JiN  BAND
o« Dresan
] K sisone
i b
= 2
6w
-
H
[ 1ot wnlvading ;
.
3 /
PR ] b
2 as
i / — D] * 10
St taeding 1B ¢ 20
& 30
108 roloeding © a
1l % |
° as 10 18 20 Y] 0

Vertical strens. OV’ (kgt/om')

Fig, 8 Stress path of multi-cyclic loading for model No. 9 (Dr=50%)

-0

/

0

\
|

< W
/
// Wa -p:uo -ut;-n-

8

v i%)

20

TN

1 ayate

Lo
/ JOO MUM JIN  BAND
Z Or=80W eisaiTiR

strain,

A

Yerical

as

a o8 s o LE 3 (X 3 .8 t B} 24 7 a0
Vertiaat stress, OV (netrem®)

Fig. 9 Vertical Stress-strain path for multi-cyclic loading for model No. 3 (Dr=50%)

Table 8 Reloading coefficient 2, for No. 3 B350l wa} m,o0] ZolFLS & 2= gk
No. of cycle AL AALH o, o) dF YAE}AF K, o W
D) 5 s | po | Remarks e B A% FF FAY olEFHe Fg 113 29|

25
Rl Etgh of7] 44 Mayne and Kulhawy(1982)7} 7ok
50 037 |035 033 |031 |3/4K,,046 A ym wy(1982)71 A
]:'

o AAEA Y] FHEUATE A&l 4l (5)2 olgale]
& |02 |027 lo2s 023 [3/4K,,=037 @ oledolth. K, ghe AUEEsl 50 2 85% w5 A

ing line)e] 7] o 3 5 v B3EHA TAE AHIZH 7} 30kgl/an Aol AL
(reloading line)9] 7]1&7] m,& ¥a} gasty, Ryt 228 X3k gloy, 9A) 6, 7} 1.0 kgf/orf o3t ME FAS W
F5 Athe AME ¢ £ dUoh zEg vrE g2 Z5hst 5= meins o v S|
A% Y HAAHGAN FHE & BojFm
agja @5rle] ASolE 5 kol A dxskA|yl, HE2 3
and Duncan(1963)°] A|<rek ©7] $2259) Fig. 114 A =g = =
F pE 150 A 063k AoldhA A BmE AL 7t F1ESE m,gto] ZolREE Aakx| e} &R xfo)

+

L B Eos lem 3lee ¢ 4 Atk

1022 XA a2z FY3 SHo= A&} 2 AslH gHog, So|g P ukE3 4y} 2032 AT B0 g

£ Aol & Worth(1975)7h AQkek whsh o] AR ), - 28 kef/ox 2N ARSI AJYH dol
3 2= : T = =

Hers & oslled, Table 844 B® Mayne and g wojo Fig 204 & 5 SIgleh & o) Rl FHS

Kulhawy(1962)7} A1RLE m,=3/4 K,,02 QY54 G2 % elo A4S BTG BLAUIE Aol of dole



Mode! N0o.3 (Dr=850%)

v leycle

64 FHE

0.40 v T

Y

€

H

H

s

S

.

H

-

]

°

-

e

]

[ 3
038
020 " P S W G Y

4 6 67890
Mo. of eycle

Fig. 10 No. of cycle vs. m

7

L
1.0

i n

Ov’ ( ket/om®) 30

Fig 1 K, o,
reloading (Model No. 3)

Vvs. relationship for nonvirgin

1.0 T 4 T T T T Y T
o9 -
o.8 Wedsi Ne.3 (Dr=80%)
. * {aycle
;“" o Reysls o= 7
. A degele ——
2 08 b
‘:‘ © Weysly ===
£ o8
i 0.4
o8
[-X 3 o
o1 1 1 XL 1 ! 1 i 1 L 1 . 1 1 1
o 0 0 30
Vertisal stress, o' (I|'I|J)
Fig. 12 p vs. ¢,  relationship for nonvirgin reloding (Model No. 3)
e 22 fdeg F8o) 7 Ao Agddh ToppuE At en, olRe D,ol 50% & ¢l o, 9
A e AlHo] SR FHGAAE ATHUL 7t gy gl Ao] Fig 120]th
AshH FolEul v( Poisson's ratio)s 4] (7)) o] HHT o] aFA B 4: 9l uie} o] o]AL K, -, BA
A AEst vl PIe wolFH, WAL A4S X9}
K SHle 2A A Qi’iﬂ. bR L L R AV e R
4 TrE, 7 2gela 2 YehiA) $ou), o, 7 27 kef/ei & ZBeke
Welo) e 18] we] guch e Tokgulel g e
A7 K& AASFAY FAEAF K, & WAt gk 283 Fig 9914 B9, Auby oz wtEEsy) F718)



BRAERAT F84 B A7 1 65

iedsl Ne. ¥ DrsgOon

Keus Q4T (OCR ".'3’
Kevs 047 (0em) 2
Ko =047 (06N >*"*

Kow 4 047 (0GR 0410

Do torsn
@ taue
Do sorue
@ a t0sysia

Kew / Koa
T

bt D BB 4ES
T

" ek h btk P G
3 4 867800 0 3¢ ® 30 00
Quareoaselidation retle. OCH

"
¢ 13

Fig. 13 K, / K,, vs. OCR relationship for model No. 3

W A Ho] RAHAAT o] SRINNE AF Yol
Beshn §o A%o] AFHE A2 & & Aok olH A4
£4 vl Bl K, @] K%t W 459 5= g
% o %tk
4.2.3 Hlst
LA Ba ANSIE wsies) Ao T 1200
B, A8 2I|REAN WEHIT SRS $HE
2ol Z71%e & 4 stk

SEN )9t} Sl W 85} S99 wet e
He ok Z7NeAR, WS|4} 208)0) olZeME 23
A T K=

(OCR)*&] FAHAA A5 o wiztzRE 2 5 Ak

Ko-walesdlng costilsiont,

vV Drr80% ﬁ
O Drs 08%

. " "

] 0 s 20

Ne. of ayaie
Fig. 14 @ vs. No. of cycle for model No. 3

(OCR)*9] BAHNM A o8] HZZRE & 5 SUvh
Fig. 14= Fig. 13of4] 4ol 7[&7[¢] A @& T3] wHE
Spe} A7) Wag Aotk a™dA BE, @579 B¢
2ol K,/ K, OCRE U3 BAZ watm, A a9l 3
EH“QE} F4F 34 AEHT, WA MRS 7S
7RI, 1 SUked WESIST) SUVESE A
6]--14 (K, iy 2 K,3& vlnd}7) 91381e] Fig 285 4
VEH, @719 Bt vgEA (K, pa®ol K3 2
etz °‘D} olEF A GF7IM AHE A olsjd=
HE S mel FER7) A olf 5 B S Ut

FU>'

4.3 ZCHAE

0I0
i
b
K
ok
ir
r
I
)
ok
~
=
ol

A3 ool 54
& VA Akl 4 $URY, & ALY No. 4, 5 %
% =

Axje] 4149) 79

Table 9 Exponent ¢ for unloading paths

Model No. | Now.of cycle | 0,, pmux 0, ) min OCR .4 @ K, Remarks
1 10 01 100 0.707
(0.723)
A 2 16 03 53 0.702 045
(0.695) (037)
3 30 07 43 0.628
(0.662)
1 15 01 15.0 0529
(0591) o
5 2 20 10 20 0.593 0.46 S(‘)n()&
(0.699) (037) o
3 3.0 18 17 0.567 (0.668)
(0.607)
1 10 01 100 0.676
(0.679)
‘ 2 20 08 25 0.636 043
(0.722) (0.35)
3 30 18 17 0514
(0:605)

Note (a) : The value in parenthesis is for Dr of 85%
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Table 10 Exponent a” value for model No. 7, 8 and 9

67

Model No. | No.of cycle | OCR .| OCR, | Measured® a Calculated® ¢* | Remarks

1 60.0 0.556 0.562
(0675) 0.672 .

7 5 @ 43 0.583 0599 a=a
(0.667) 0.663
1 30.0 0.547 0.590
(0593) (0.607)
2 5.6 0.486 0.554
(0.573) (0.627)

8 3 30 3.1 0.547 0.582 o= g
(0.634) (0.625)
4 23 0.584 0.561
0.724) (0.626)
5 1.7 0.923 0.505
(1.032) (0.601)
10 28.0 0.596 0.685
4 (0.605) (0.714)
20 50 0.553 0.660
(0.602) (0.68)

. 30 “ 29 0.665 0654 e
(0.59) (0.644)
40 20 0.578 0.615
(0.789) (0:610)
50 1.7 0.594 0.584
(0.913) (0.570)

Note (a) : Value in parenthesis is for Dr of 85%
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2RE Ae A2XE Table 10914 vlmale] eIt
714, OCRmaX‘: RE SHREZNA Huj} HAA Az
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)
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27k BAREE AR ZrkskE BTG BeAFH, o] e

Arrx) ko] Ato)ol] kzre] 3polr} AL Table 10014 & &
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Table 11 Nonvirgin reloading cofficient »e,” value

Model No. | No. of cycle | OCR .. | OCR, | Measured®m,* | Calculated'® m,*| Remarks
1 60.0 0.370 0.370
; 60 (0.280)(c) (0.280) ot
5 43 0.260 0.260 . v
(0.200) (0.200)
1 30.0 0.360 0.360
(0.290) (0.290)
2 5.6 0.300 0.300
(0.210) (0.210)
o 3 30 3.1 0.250 0.280 .
(0.190) (0.210) . v
4 23 0.250 0.280
(0.180) (0.210)
5 17 0.240 0.290
(0.160) (0.210)
10 28.0 0.280 0.260
(0.220) (0.210)
20 50 0.220 0.220
(0.180) (0.160)
9 30 30 29 0210 0.210
(0.180) (0.180)
40 ’ 20 0.200 0.210
(0.210) (0.180)
50 17 0.210 0.200
(0.200) (0.180)

Note (a) : Measured value is the slope of linear regression line.

(b) : Calculated value is the secant slope.
(c) : Value in parenthesis is for Dr of 85%.
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