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Behaviour of Dry Sand under Ko—Loading/ Unloading
Conditions{ Il ) : Hysteretic Test
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In order to investigate the characteristics of the lateral earth pressure at rest under
hysteretic Ko—loading /unloading conditions. Seven types of multi —cyclic models have been
studied experimentally using dry sand. For this study a new type of Ko—oedometer appa-
ratus is developed, and horizontal pressure is accurately measured. The multi —cyclic models
consist of largely 3 cases: (i) Ko—test under the same loading /unloading condition, (ii)
multi —cyclic loading / unloading Ko—test exceeding the maximum pre —vertical stress, and
(iii) multi —cyclic loading / unloading Ko —test within the maximium pre —vertical stress.

As a result, the nulti —cyclic model showed that single —cyclic model could be extended as
well, in which the exponents for unloading condition(xz and «*) and the reloading

coefficients(m, and m,*) were mainily dependent upon type of stress model, number of

cycles and relative density.
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Table 1 Multi —cyelic Ko —loading /unloading
{Model No.3)

Hysteresis ] 2 3 4
No.
g+ ymax 3.0 3.0 3.0 3.0
v yin 0.1 0.1 0.1 0.1
o'y 3.0 30 3.0 3.0

No. of cycle 1 2 4 20

unit : kgf/ cm?

Table 2 Muiti—cyelic Ko—loading /unloading
(Model No.4)

Hysteresis No. 1 2 3
av ymex 1.0 16 30
v’ \min 0.1 0.3 0.7
av'e 16 30 a0

unit : kgf /em?
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Table 3 Multi —cyclic Ko —loading / unloading
{Model No.5)

Hysteresis No. 1 2 3
Gy sma 15 20 30 |
O qmin 0.1 1.0 18
oa 10 20 30

unit : kgf/ cm®

Table 4 Multi —cyclic Ko—loading / unloading
(Model No.6)

Hysteresis No. 1 2 3
oy ymax 1.0 24 3.0
av’ymin 0.1 0.8 1.8

v 1.0 2.0 3.0
No. of cycle 20 40 60

unit : kgf/ cm?

Table 5 Multi —cyclic Ko —loading / unloading
{Model No.7)

Hysteresis 1 5 3 s ; "
No.
v ymas 30 | 30 [ 30 | 30 | 30 | 3.0
g+’ \min 005 [ 01 02 ) 04 [ 057 1.0
o'y 30+ 30 | 30 [ 30 | 30 | 30

unit : kgf / em?

Table 6 Multi —cyclic K. —loading /unloading
(Model No.8)
Hysteresis

T
-
No. N

1 2 3 4

v ymax 3.0 2.3 2.0 2.3 20
v ymin 0.1 0.5 0.8 1.0 L2
o' 2.8 25 2.3 2.0 3.0

unit : kgf / cm*

Table 7 Multi —cyelic Ko —loading / unloading
(Model No.S)

Hysteresis
Y N, 1 2 | 3 4 | s
o ymas 3.0 28 25 2.3 20
ov ymin Gl 0.5 0.8 1.0 1.2
s 2.8 25 2.3 2.0 3.0
No. of cycle 10 20 30 40 50

unit : kgf/ cm?
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Tabte 9 The exponent « for unleading paths
Model No. | No. of eycle | avumes e sin OCRme: 2" Ko™ | Remarks"™
1 1.0 0.l 10.0 0.707
{0.723)
4 2 1.6 0.3 5.3 0.702 045
(0.,695) (0.37)
3 3.0 0.7 4.3 0.628
(0.662)
1 L5 0. 150 0.529 sing=
(0.591) 0.605
5 2 2.0 1.0 2.0 0.593 0.46 (0.668)
(0.659) (0.37)
3 3.0 1.8 1.7 0.567
(0.607)
20 1.0 0.l 10.0 UH76
(0.679)
6 40 2.0 0.8 25 0.636 0.43
{0.722) (0.35)
60 3.0 1.8 1.7 0.514
{0.605)

Note.{a) : The value in parenthesis is for Dr of 85%
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Table 10 The exponent &* value for model No.7, 8 and 9

Model No. No. of cycles | OCRmax OCRax Measured'” «* | Calculated™ « Remarks
1 60.0 0.556 0.562
7 60 (0.679) (0.672) a*=zx
5 43 (0.583 (0.599
(0.667) {0.663)
1 300 0.547 0.550
(0.593) (0.607) o=z
2 56 0.486 (.554
(0.573) (0.627)
] 3 30 31 0.547 0.582
(0.634) (0.625)
4 2.3 0.584 0.661
(0.724) {0.626)
5 1.7 0.923 0.505
(1.032) (0.601)
10 280 (.596 0.685
{0.609) (0.714) ot =a
20 5.0 0.553 0.660
(0.602) (0.683)
9 30 30 2.9 0.665 0.654
(0.596) (0.644)
40 2.0 0.578 0615
(0.789) (0.610)
50 1.7 0.594 0.584
(0.913) (0.570)

Note.{a) : The value in parenthesis is for Dr of 85%
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Table 11 The nonvirgin reloading coefficient m:* value

Model No. No. of cycles | OCRumas OCR. Measured "’ Calculated ™ Remarks‘|
m:* m:*
1 60.0 0.370 0.370 me*=m.
7 60 (0.280}{c) (0.280)
5 4.3 0.260 0.260
(0.200) (0.200})
1 30,0 (.360 0.360 mr* =m;
(0.290) (0.290)
2 5.6 0.300 0.300
(0.210) (0.210)
8 3 30 3.1 0.250 0.280
{0.190) {0.210)
4 2.3 0.250 0,280
(0.180) {0.210)
5 1.7 0.240 0.290
{0.160) (0.210)
10 280 0.280 0.260
{0.220) {0.210)
20 5.0 0.220 0.220
{0.180) (0.160)
9 30 30 2.9 0.210 0.210
(0.180) (0.180)
40 2.0 0.200 0.210
(0.210) {0.180)
50 1.7 0.210 0.200
{0.200} (0.180)
Note.(a) : The measured value is the slope of linear regression line.
{b) : The calclated value is the secant slope.
(c) : The value in parenthesis is for D: of 85%
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