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Effect of particle size and compaction on Ky value of sand by centrifugal model
test

CAIl Zheng-yin, DAI Zhi-yu, XU Guang-ming, REN Guo-feng

Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing, Jiangsu 210024, China

Abstract: The coefficient of earth pressure at rest Ko is particularly important in the calculation of earth pressure of retaining wall. In
this paper, the Ko value of sand with different particle sizes and compactions was studied by centrifugal model tests. Firstly, soil samples
were prepared by sand pourer, and the designed compactions of sand samples under different types of sand outlets and drop distances
were measured by self-made sanding device. Then, through reasonable design of earth pressure measurement model structure, the
centrifugal model test was used to simultaneously measure the soil compression and the horizontal earth pressure on the aluminum
alloy plate. The variation of the Ko value of sand with different particle sizes and compactions was finally obtained by calculation. The
test results showed that, when using the sand pourer to prepare the samples, different types of sand outlets and drop distances should
be adopted for different soil samples. In the centrifugal model test on the Ko value of sand, the order of soil settlement was #1 sand >
#3 sand > #2 sand, and the settlement of #1 sand and #3 sand was close to each other. For sand with the same particle sizes, the Ko value

increased gradually with the increase of the relative compaction of soil sample. For sand with different particle sizes, under the same

compaction, the larger the sand particle size is, the smaller the Ko value is.

Keywords: relative density; sand pourer; centrifugal model test; coefficient of earth pressure at rest

1 Introduction

The earth pressure at rest occurs only when the retaining
wall is rigid and there is no displacement of the wall,
and its magnitude is closely related to the coefficient of
earth pressure at rest, Ko. In 1920, Terzaghi!'! conducted
the tests to measure the coefficient of earth pressure at
rest and obtained that the coefficient of earth pressure
at rest Ko is the ratio of horizontal earth pressure and
vertical earth pressure. In addition, many domestic and
foreign scholars have carried out a lot of research works
on the coefficient of earth pressure at rest of soil, but
there is still a lot of controversy. In most textbooks of
soil mechanics, there are many relevant descriptions of
the coefficient of earth pressure at rest!>#. According to
the textbook ‘Advanced Soil Mechanics’ edited by Professor
Li Guangxin, the Ko value of loose sand is 0.6 and that
of dense sand is 0.23. In the textbook ‘Soil Mechanics
and Foundation’ edited by Professor Yin Zongze, it is
pointed out that the Ko value of loose sand is between
0.5 and 0.6, and that of dense sand is between 0.3 and
0.5. In the textbook ‘Advanced Soil Mechanics’ edited by
Professor Lu Tinghao, it is believed that the Ko value
of loose sand is between 0.4 and 0.45 and that of dense
sand is between 0.45 and 0.5. Thus, the description of
the relationship between the Ko value and the relative
density of sand from scholars is not consistent, and the
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variation of Ky value with sand relative density and sand
particle size even rarely studied.

There are generally three ways to determine the Ko
value: laboratory test, in situ testing and empirical formula
method. Commonly used laboratory tests include oedometer
test method® ® and triaxial test method”®!. In the oedometer
test method, the soil sample is firstly placed in the lateral
pressure gauge, and the horizontal stress is obtained by
measuring the water pressure in the rubber film around
the sample by applying vertical loading to the sample.
Then the coefficient of earth pressure at rest of the soil
can be calculated. However, in the process of loading,
the deformation of the sample is often inhomogeneous,
and the deformation of rubber film and the gas distur-
bance in the pressure chamber often have a great influence
on the measurement of horizontal stress. Triaxial test
method refers to the method to obtain the Ky value of
soil sample by in the process of loading with triaxial
apparatus, constantly adjusting the confining pressure and
vertical stress and controlling the soil sample to avoid
lateral deformation. However, this method often has a
certain lag when regulating confining pressure and vertical
stress, which tends to make the final K value inaccurate.
With the rapid development of testing technology!®), the
accuracy of measuring Ko value by triaxial test method
is continuously improved, but there are still many uncer-
tainties in the process of specific operation, such as the
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problem of installing radial strain gauge.

In situ testing usually obtains the coefficient of earth
pressure at rest of soil Kodirectly through the techniques
of field test, such as pressuremeter test (PMT)!O!1]
and flat dilatometer test (DMT)> 3], In the pressuremeter
test, the cylindrical pressuremeter is first placed vertically
into the soil, and then the uniform pressure is applied
to the surrounding soil by the expansion of pressuremeter.
The relationship between radial pressure and radial defor-
mation is measured. Finally, the Ky value of the soil in
the corresponding state is obtained by calculation. In the
flat dilatometer test, the flat shovel with the diaphragm
is firstly pressed into the soil to a predetermined depth,
and then the diaphragm is inflated to expand laterally
towards the soil of the hole wall. Finally, the corres-
ponding Ky value is obtained according to the relationship
between pressure and deformation. However, soil distur-
bance is inevitably caused in the process of in situ testing.
It is incorrect to measure the coefficient of earth pressure
at rest after the lateral deformation of soil.

The third method to obtain the coefficient of earth
pressure at rest of soil is the empirical formula method.
In the empirical formula method, the famous Jaky’s formula
is the most widely used: K, =1-sin¢’, where ¢’ is the
effective internal friction angle of soil'¥. Jaky believed
that the Ko value of soil was only related to the effective
internal friction angle of soil, which was obviously not
in line with the actual situation. Some studies!'*! have
shown that for soil with a larger effective internal friction
angle, the calculated value based on Jaky’s formula would
significantly underestimate its Ko value. In engineering
application, the coefficient of earth pressure at rest Ko
is often calculated in reverse after obtaining the Poisson's
ratio of soil, but the result is often inconsistent with the
actual situation.

In general, the most accurate method to obtain the
Ko value of soil is to truly restore the confined state of
soil during the measurement process. Admittedly, those
problems above can be effectively solved by conducting
centrifugal model tests. Liang et al.'®! calibrated two
different earth pressure sensors by using centrifugal model
tests. Sekelly et al.['’! studied the relationship between
OCR and the Ky value of soil through centrifugal model
tests. Xu et al.l'¥ developed a new type of earth pressure
cell and applied this chamber to the centrifuge test. Based
on this, they succeeded in obtaining the Ky value of
fine sand with a relative density of 0.45.

Based on the current studies on the coefficient of
earth pressure at rest Ko, no researcher has systematically
studied the relationship between the Ko value of sand,
and the particle size and relative density of sand fully
considering the real confined condition of soil. Therefore,
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this paper employs the centrifugal model test to carry
out a detailed study on the Ky values of different sands.

2 Testing materials and methods

2.1 Testing apparatus

The NHRI60 g-t geotechnical centrifuge from Nanjing
Hydraulic Research Institute was used in the test (see
Fig.1). The effective radius of this geotechnical centrifuge
is 2 m. The maximum load of the centrifuge: at 100g,
600 kg; at 200g, 300 kg. Acceleration is controlled by
silicon controlled stepless speed regulation. The centrifuge
is equipped with 60 silver slip ring channels for signal
transmission, which can meet the measurement needs
of stress, displacement, and other physical quantities.

Fig.1 NHRI60 g t geotechnical centrifuge

The model box used in the test is shown in Fig. 2.
The dimension of the model box is 700 mmx350 mmx
450 mm (length % width x height). Before the test, the
BW-3 earth pressure cell was embedded into two prefa-
bricated aluminum alloy plates, and the measuring surface
of earth pressure cell should be flush with the surface
of the aluminum alloy plate. Two rows of earth pressure
cells were arranged in parallel on each metal plate, and
four earth pressure cells were arranged in the direction
of depth. The dimension of the model plate is 450 mmx
350 mmx>20 mm (height x width x thickness). In the test,
two aluminum alloy plates were fixed on both sides of
the model box to simulate the confined state of soil.

Laser
g — displacement
sensor

BW-3 earth
pressure cell

__ aluminum
alloy plate

le »
=~ l

Fig.2 Layout of model and transducers(unit: mm)
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2.2 Testing soil samples

The sands used in the test were Fujian standards
sand. Three kinds of sands were numbered #1 sand, #2
sand and #3 sand, respectively based on the particle
size of sand. According to the Standard for geotechnical
testing method"”), the basic physical properties of #1
sand were obtained: Pumax = 1.6 g/cm®, Pamin = 1.4 g/em’,
dso=0.183 mm, C, = 1.58, C; = 0.99; the basic physical
properties of #2 sand were obtained: Pumax = 1.64 g/cm®,
Pamin = 1.43 g/em?, dso = 0.487 mm, C, = 1.97, C. =
0.86; and the basic physical properties of #3 sand were
obtained: Pumax = 1.71 g/em?, Pomin = 1.46 g/cm?, dsp =
1.609 mm, C, = 1.41, C. = 0.99. The grading curves of
three sands are shown in Fig. 3.

100
9
S 80
% 70
ER| N
[} d
5 50 F \
@ 40 |
£
2 30 F \
< \‘
& 20+ \
A
10 | \
A
O 1 hY ]
10! 10° 107! 102 1073

Particle size /mm

Fig.3 Particle size distribution curves of three sands

2.3 Sample preparation

In the sample preparation process of sand pourer,
the falling distance and relative density (Dr) showed a
certain regularity. Li et al.”®! and Ma et al.?!! discussed
the variation of D, with falling distance, sand spout
size, total flow of sand spout and movement velocity,
and analyzed the characteristics of spatial uniformity
distribution of D;. Referring to previous test methods,
four kinds of sand spouts were designed in the test, as
shown in Fig. 4. No. 1 and No. 2 are duck-bill spouts,
with a width of 3 mm and 5 mm, respectively, and the
length of both duck-bill spouts is 10 mm. No. 3 and
No. 4 are mesh spouts, with mesh diameters of 3 mm
and 5 mm, respectively, and the diameters of both mesh
spouts are 100 mm. Nine different falling distances were
set in the test, which were 20, 30, 40, 50, 60, 70, 80,
90 and 100 cm, respectively. Through the self-made sample
preparation device, the soil samples were uniformly and
slowly scattered into the self-made calibration tank by
controlling different falling distances, and the relative
densities of soil samples from four sand spouts at different
falling distances were obtained. During the test, every
2 cm of the thickness of sand in the calibration tank
would increase the falling distance once. After finishing
scattering sand, the weight of the sand in the calibration
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tank were weighed. Combined with the known volume
of calibration tank, the relative density of sand was cal-
culated. Finally, the relationships between four kinds of
sand spouts, falling distance, and relative density were
obtained. The internal diameter of the self-made calibration
tank is 21.1 cm, the height is 11cm, and the net weight
is 3.7 kg.

(b) Mesh spouts

Fig.4 Duck-bill spout and mesh spout

2.4 Measurement of the earth pressure coefficient
at rest of sand

Prior to the test of earth pressure coefficient at rest,
the standard sand calibration test had been carried out
on the earth pressure cell?, Firstly, the plastic film was
pasted on both sides of the model box, and the wall panels
embedded with earth pressure cells were fixed on both
sides of the model box to ensure that there was no dis-
placement of wall panels. During the sample preparation,
according to the results of sand pourer, the duck-bill
spout and mesh spout are respectively used to prepare
sand samples with different relative densities by controlling
the falling distance. The thickness of scattered sand in
the model box was about 30 cm, and four earth pressure
cells can be buried in the depth direction. After scatting
sand, the laser displacement sensor was fixed on the
model box to measure the compression amount of the
soil sample during the centrifuge operation. The model
of laser displacement sensor is YP11MGVLS80 non-contact
high-precision laser sensor produced by German Wenglor
Company, and its resolution is better than 20 um. Finally,
the model box was lifted into the centrifuge, and the
acceleration was gradually loaded to 50g and stabilized
for about 30 min. The output voltage of the sensor at
different depths in the superheavy field was measured.
The vertical stress was calculated by the following formula:

o=yzn (1

where ois the vertical stress; yis the soil unit weight;



Rock and Soil Mechanics, Vol. 41 [2020], Iss. 12, Art. 2

3885

CAI Zheng-yin et al./ Rock and Soil Mechanics, 2020, 41(12): 38823888

z is the depth of soil layer; and » represents the magnitude
of acceleration.

Fig.5 Tests for the coefficient of earth pressure at rest of
different sands

It is worth noting that during the centrifuge operation,
the hanging basket containing the model box would be
swung up and the distance between the sand sample at
different depths and the center of rotation varied, which
caused the acceleration of sand in the depth direction
to change linearly while the centrifuge was operating.
Therefore, when calculating the vertical earth pressure,
the value of g should be the acceleration at the depth
of earth pressure cell. In addition, since it was difficult
to measure the earth pressure, the average value of the
earth pressure measured at the same depth was used for
accuracy. Finally, the Ky values of soil samples with
different relative densities were obtained by fitting the
linear relationship between the vertical stress and horizontal
earth pressure of the earth pressure cell at different depths
at 50g.

3 Analysis of test results

3.1 Relationship between falling distance and
relative density in the sample preparation by sand
pourer

Through the analysis of Fig. 6, it can be concluded
that, for a specific sand spout, the relative density of sand
obtained by sample preparation increased with the increase
of falling distance, but the growth rate decreased gradually.
That is, in the range of lower relative density, the change
of falling distance greatly affected the relative density
from sample preparation. While in the range of higher
relative density, the change of falling distance had little
effect on the relative density from sample preparation.
In addition, For different types of sand spouts, the rela-
tionship between falling distance and relative density
is also different. For mesh spout, when the falling distance
was relatively lower, the relative density increased rapidly
with the increase of falling distance and then tended to

https://rocksoilmech.researchcommons.org/journal/vol41/iss12/2
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be stable gradually. While for duck-bill spout, in the process
of scattering sand, the change of relative density was
relatively slower with the increase of falling distance,
and loose sand samples were easier to produce by the
duck-bill spout. In the subsequent tests of earth pressure
coefficient at rest, the sample preparation was carried
out based on the relationship between relative density
and falling distance for different sand spouts, as shown
in Fig. 6. The specific sample preparation scheme is
shown in Table 1.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

P

—8— #1 duck-bill spout 3 mm
—&— #1 mesh spout 3 mm
==0-= #2 duck-bill spout 3 mm
——#2 mesh spout 5 mm
-G=#3 ducll<—bi11 slpout 5 mm

Relative density Dr

20 30 40 50 60 70 8 90 100

Falling distance /cm

Fig. 6 Paths of sample preparation for sands with different
relative densities

Table 1 Summary of sample preparation test scheme

Sand spout

Sample No. - Falling/m  Relative density
Spout style  Size /mm
0.60 0.30
. 0.70 0.38
Duck-bill 3
0.85 0.46
#1
1.00 0.59
0.40 0.77
Mesh 3
1.00 0.89
0.20 0.58
Duck-bill 3 0.50 0.66
1.00 0.78
#2
0.50 0.86
Mesh 5 0.60 0.90
1.00 0.96
0.20 0.90
#3 Duck-bill 5 0.50 0.81
1.00 0.71

3.2 Analysis of soil sample settlement

The deformation of sand under the action of external
force is affected by the gradation of soil sample, particle
size and particle shape!?*!. After the centrifuge ran to 50g
and the deformation of soil sample was stable, the vertical
deformation (settlement) of sand was measured by the
laser displacement sensor as shown in Fig. 7. It can be
seen from the Fig. 7 that the deformation of soil sample
decreases with the increase of relative density. This is
mainly because the porosity of loose sand is higher, and
the particles have more space to rearrange when subjected
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Fig.7 Compression curves of sand samples

to external forces, resulting in larger vertical deformation.
Also, in Fig. 7, The deformation of #1 sand is the largest,
the deformation of #2 sand is the smallest, and the defor-
mation of #1 sand is close to that of #3 sand. Minh
et al.** employed the discrete element method to study
the influence of particle size distribution on the one-
dimensional compression property of granular soil mater-
ials, and found that the soil with good gradation had
higher relative density and worse compressibility than
that with uniform gradation. After analyzing the influence
factors of particle compaction by Weibull function, Chen
et al.l* pointed out that both particle shape and size
affect the compaction properties of materials. These studies
show that the compression of soil is a complex process
at the micro level, and the particle size, particle shape
and particle gradation all affect the vertical compression
deformation of soil. In the study, when the centrifuge
run to 50g stable, the maximum compression of sand
layer was only 1.735 mm, and the relative density only
increased by 0.54% compared to that at the initial state.
Therefore, the effect of the compression deformation
of soil sample on the relative density can be negligible.
But the compression has a certain influence on the relative
density of soil sample, and subsequently, the relative
density of soil sample after compression will be used
to illustrate the test results.
3.3 Analysis of the reliability of earth pressure cell
test

In the centrifugal model test, four earth pressure cells
were arranged on the soil samples at the same depth during
the test in order to ensure the accuracy of the test results.
While the centrifuge was running, two rows of earth
pressure cells rotated parallel to each other. After the
rotational speed was stable, the measured values from
the earth pressure cells at the same depth should be the
same in theory. However, in the test, it was difficult to
measure the horizontal earth pressure of sand. In this paper,
after repeated tests, the results with no obvious deviation
in measured values were selected from each row of earth
pressure cells and the average value was taken. To verify
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the rationality of this method, two groups of test results
(S1 and S2) of #1 sand at three relative densities were
selected for illustration in this paper, as shown in Fig. 8.
As be seen from Fig. 8, the test results of #1 sand at three
relative densities of 0.34, 0.50 and 0.90 were close to
each other, with the same trend and good linearity. This
demonstrates the repeatability of the measured results
of the horizontal earth pressure of sand in the test, and
it is also feasible to use the method of average value to
deal with the data results.

90
£
& 75 I~
e
2 60+
(o}
a
= -
g B —e—(.34-S1
= i ——0.34-S2
£ 30 etr=().50-S1
S ——0.50-S2
g 15 - 8= (.90-S1
—=—0.90-S2
0 1 1 1 1 ]
0 40 80 120 160 200

Vertical stress /kPa

Fig.8 Distribution of earth pressure along the lateral depth
under different compactions after the repeated test on sand #1

3.4 Earth pressure variation in sands

Figure 9 shows the relationship between horizontal
earth pressure and vertical stress of soil samples with
different relative densities after the centrifuge ran to 50g
and stabilized. It can be observed from Fig. 9 that the
linearity of vertical stress and horizontal earth pressure
in the measured results are good, which proves the feasi-
bility of using centrifugal model test to study the coe-
fficient of earth pressure at rest of soil. It is also found
from the test results that for the same kind of soil, the
soil with a higher relative density of soil represents the
greater horizontal earth pressure of soil acting on the
aluminum alloy plate. However, when the relative density
of soil gradually increased, the regularity of the measure-
ement results of the earth pressure cell placed in the shallow
layer of sand was not obvious. This is mainly because
during the centrifuge loading process, the surface sett-
lement of sand layer caused the dislocation of sand particles,
which changed the contact mode between sand particles
and the surface of earth pressure cell, resulting in the
instability of the measured values of earth pressure cell.
3.5 Relationship between Ky and particle size of
sand

Figure 10 illustrates that when the relative density
from sample preparation is 0.9, the coefficient of earth
pressure at rest of soil gradually increases with the increase
of particle size. Among them, the Ky values of #2 sand
and #3 sand are close to each other, while the Ko value
of #1 sand is significantly different from the former. This
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Fig.9 Distribution of earth pressure along the lateral depth
under different relative compactions

can be explained by the composition of soil samples. In
the particle composition of #3 sand and #2 sand, particles
with a size between 0.5 mm and 2 mm constitute the vast
majority of the specimens and the properties of particle
size are similar, so the Ky values of two soil samples are
close to each other. But in the particle composition of
#1 sand, particles with a size between 0.075 mm and
0.25 mm accounts for 94.5% of the soil sample, and
the composition of #1 sand is quite different from those
of #2 sand and #3 sand, which directly results in a
significant difference in Ko values between #1 sand and
#2 sand, #3 sand.

https://rocksoilmech.researchcommons.org/journal/vol41/iss12/2
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Fig.10 Relationship between Ko of sand and particle size

3.6 Relationship between K, and relative density of
sand

As be seen from Fig. 11, as the relative density of
soil sample increases, the Ky value of soil sample also
presents a gradual increasing trend, and basically exhibits
a linear growth. The maximum Ko value of #1 sand is
0.442 and the minimum is 0.367. The maximum Ko value
of #2 sand is 0.396 and the minimum is 0.306. The
maximum Ko value of # 3 sand is 0.369 and the minimum
is 0.315. It can also be inferred from these results that
even if when the relative density of #1 sand is small,
the Ko value of #1 sand in that relatively loose state is
close to the Ko values of #2 sand and #3 sand in a rela-
tively dense state. Therefore, when determining the
coefficient of earth pressure at rest Ko of sand, it is
necessary to determine the relative density of sand first.
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031 41
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Dy
Fig.11 Curves of Ko changing with relative density

4 Conclusions

In this paper, through the centrifugal model test,
the coefficient of earth pressure at rest Ko of sand with
different particle sizes at different relative densities was
systematically studied, and the following conclusions
were drawn:

(1) Sample preparation is very important for the mea-
surement of geotechnical test results. When using the
sand pourer to prepare the samples, in order to obtain
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the desired relative density, different types of sand spouts
should be used for sand with different particle sizes and
different falling distances should be selected according
to different test conditions.

(2) In the centrifugal model test for determining the
Ko value of sand, the settlement order of soil sample is
#1 sand >#3 sand >#2 sand, and the settlements of #1
sand and #3 sand are close to each other. In addition,
for the model with a height of about 30 cm, the maximum
compression of sand is 1.735 mm, which has little infl-
uence on the relative density of soil sample and can be
negligible.

(3) The K, values of sand with different particle sizes
at different relative densities present a certain regularity.
For sand with the same particle size, the K value gra-
dually increases with the increase of the relative density
of soil sample. For sand with different particle sizes, at
the same relative density, the larger the particle size of
sand is, the smaller the K, value is. Moreover, in the test,
at the same relative density the Ko values of #2 sand and
#3 sand are close to each other, while the Ky value of
#1 sand is quite different from other two sands.

References

[1] TERZAGHI K. Old earth pressure theories and new test
results[J]. Engineering News Record, 1920, 85(14): 632—
637.

[2] LI Guang-xin. Advanced soil mechanics[M]. Beijing:
Tsinghua University Press, 2004.

[3] YIN Zong-ze. Soil mechanics and foundation[M]. Beijing:
China Water Power Press, 1999.

[4] LU Ting-hao, LIU Zu-de. Adcanced soil mechanics[M].
Beijing: China Machine Press, 2006.

[5] NORTHCUTT S, WIJEWICKREME D. Effect of particle
fabric on the coefficient of lateral earth pressure observed
during one-dimensional compression of sand[J]. Canadian
Geotechnical Journal, 2013, 50(5): 457-466.

[6] WANATOWSKI D, CHU J C. Ko of sand measured by a
plane-strain apparatus[J]. Canadian Geotechnical Journal,
2007, 44(8): 1006—1012.

[7] LO SR, CHU J. The measurement of Ko by triaxial strain
path testing[J]. Soils and Foundations, 1991, 31(2): 181—
187.

[8] SONG Fei, ZHANG Jian-min, LIU Chao. Experimental
study of Ko of anisotropic sand[J]. Rock and Soil
Mechanics, 2010, 31(12): 3727-3732, 3740.

[9] LIU Lin, GU Xiao-qiang, HUANG Mao-song. Ko-deter-

mination by stress path triaxial apparatus with bender

element[J]. Chinese Journal of Geotechnical Engineering,

2017, 39(Suppl.2): 212-215.

XU Dong-sheng, WANG Ren, MENG Qing-shan, et al.

Experimental research on in-situ mechanical properties of

(10]

silt in yellow river delta[J]. Chinese Journal of Rock

Published by Rock and Soil Mechanics, 2020

[11]

[13]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

Mechanics and Engineering, 2010, 29(2): 409—416.
WANG Pei, DING Ke-sheng, YANG Bao-zhu. Lateral
pressure of soil by self-boring pressuremeter[J]. Chinese
Journal of Geotechnical Engineering, 2008, 30(Suppl.1):
416—418.

MARCHETTI S. In-situ tests by fiat dilatometer[J]. Journal
of the Geotechnical Engineering Division, ASCE, 1980,
106(4): 299-321.

LUNNE T, POWELL J M, HAUGE E A, et al. Correlation
of dilatometer readings with lateral stress in clay[J].
Transport Research Record, 1990, 1278: 183—-493

JAKY J. The coefficient of earth pressure at rest[J]. Journal
of the Society of Hungarian Architects and Engineers,
1944, 78(22): 355-358.

SHEN Kao-shan. Study of coefficient of earth pressure at
rest on gravel soil[D]. Nanjing: Hohai University, 2009.
LIANG Bo, LI Yan-jun, LING Xue-peng, et al. Determination
of earth pressure by miniature earth pressure cell in centrifugal
model test[J]. Rock and Soil Mechanics, 2019, 40(2): 404—
412.

EL-SEKELLY W, ABDOUN T, DOBRY R. Effect of
overconsolidation on Ko in centrifuge models using CPT
and tactile pressure sensor[J]. Geotechnical Testing Journal,
2015, 38(2): 150—165.

XU Guang-ming, CHEN Ai-zhong, ZENG You-jin, et al.
Measurement of boundary total stress in a multi-gravity
environment[J]. Rock and Soil Mechanics, 2007, 28(12):
2671-2674.

General Institute of Water Conservancy and Hydropower
Planning and Design, Ministry of Water Resources. GB/T
50123 —2019 Standard for geotechnical testing methods[S].
Beijing: China Planning Press, 2019.

LI Hao, LUO Qiang, ZHANG Zheng, et al. Experimental
study on control element of sand pourer preparation of sand
foundation model[J]. Chinese Journal of Geotechnical Engi-
neering, 2013, 36(10): 1872—1878.

MA Xian-feng, KONG Ling-gang, FANG Wei, et al. Parallel
tests on preparation of samples with sand pourer[J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(10): 1791—
1807.

CAI Zheng-yin, DAI Zhi-yu, XU Guang-ming, et al. Study
on calibration method of interface soil pressure sensor in
centrifugal model test[J]. Journal of Hydraulic Engineering,
2020, 51(6): 695—704.

DAVE T N, DASAKA S M. In-house calibration of pressure
transducers and effect of material thickness[J]. Geomechanics
and Engineering, 2013, 5(1): 1-15.

MINH N H, CHENG Y P. A DEM investigation of the
effect of particle-size distribution on one-dimensional com-
pression[J]. Geotechnique, 2013, 63(1): 44-53.

CHEN C, LIU X, KONG L, et al. Numerical modelling:
the effect of particle size distribution on the permanent
deformation of unbound granular materials[C]//Fourth Geo-
China International Conference. [S. 1.]: [s. n.], 2016: 157.



	Effect of particle size and compaction on K0 value of sand by centrifugal model test
	Custom Citation

	tmp.1683240137.pdf._uQs9

