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Abstract: Improved directshear test to determine the parameters of coarse-grained soil under initial
structural conditions. The aim to investigate the impact of the comprehensive initial structural

characteristics Y, of coarse-grained soil on the extent of particle breakage. The structural
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characteristics of coarse-grained soil direct shear were obtained using image recognition technology
initial structures. ,discrete element numerical model that accurately represent the particle break. The
results: (1) degree of different particle size influenced by their content, the overall degree mainly
determined by the presence of coarse particles(2) degree of particle breakage increase linearly with
normal stress, while relationship between the weighted separation (Bg) and the comprehensive
parameter (Y,). (3) The greater the characteristic strength under the same normal stress, the smaller
the difference between different initial structures. A functional relationship established between the
characteristic strength of the particles (¢.) and the curve of the weighted cleavage (By). (4)the test
resultsa predict the degree of coarse-grained soil the initial verified literature.
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Fig. 1 Initial structure of coarse-grained soil

(2016) N N , s
, 10~15 mm,>15~20 mm, >20~30 mm
20 mm o , >30~40 mm 4 )
10~40 mm 1,
1
Table 1 Particle ratios of the samples before the test
/%
>30~40 mm >20~30 mm >15~20 mm 10~15 mm
S 10 30 55
15 25 30 30
30 30 25 15
45 35 10 10
L2 o
C 2, ; ) 15~
R 20 mm ,
s s
25 mm ,
L3
s
s MAT-
LAB s
Image-pro C 3.
2

Fig.2 Schematic diagram of the apparatus used for the

visual direct-shear tests

4 100 kPa, 3
200 kPa, 300 kPa,400 kPa Fig.3 Processing of images of coarse-grained soil samples
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L« ,2013) . .
’ in ™~ d s n ’ Rk
. . ;
N N b .
. ) B
N N N 1 ntl
(Wadell .1932; 2017)., Be = To095 24 Wk <
S=P’/inA; H, =— > P, K ’
i=1 ;Wk
N,
log P, ; C,= D> n/N, ;
n=1
n=3S,/S, X
P ;A ( l).
P [@D) >30~40 mm >20~30 mm
HyA ,z‘,=18;Nd
37, d 5 S, ’
'S . )
, ,
2( N
), ’ ° ’
2
Table 2 Initial structural parameters of soil ; = 15~20 mm
, .
/ /) Ry ’
kPa /% "
100 | 1.29 | 87.40[0.964 | 4.63 | 23.06 , ~ 15 ~
200 | 1.30 |85.27]0.965| 4.74 | 21.41 20 mm ,
300 | 1.32 |86.01[0.975| 4.65 | 16.39 10~15 mm .
400 | 1.32 87.39(0.969| 4.69 | 17.52
100 | 1.33 [88.25|0.967 | 4.71 | 15.87 '
200 | 1.31 | 85.53[0.974| 4.67 | 24.82 ’
300 | 1.32 | 91.72(0.971| 4.61 | 18.56 °
400 | 1.34 [88.59|0.974| 4.64 | 24.58 (2) ; ;
100 | 1.30 |87.2110.969| 4.56 | 18.91 .
200 | 1.32 [91.25/0.940 | 4.64 | 19.07 2 R, ,
300 | 1.34 |95.30(0.959| 4.67 | 13.48 ,
400 | 1.34 |89.50[0.957 | 4.51 | 20.80 i ’
100 | 1.31 [ 91.96|0.952 | 4.72 | 19.86 . Rahman et al. (2011)
200 | 1.33 | 95.31(0.943 | 4.54 | 20.52
300 | 1.32 | 92.45(0.960 | 4.58 | 17.30
400 | 1.33 | 96.28(0.938| 4.45 | 15.93 °
40% ~60% ,
5 ) .
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(100 kPa) : 300~1 200 kPa
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(2015) 2 0

4 Rk-o'

Fig.4 R, of curve of each group of particles of coarse-grained soil

31
PCA ( ,2018)
5 B.-o s
Fig.5 B, curves of coarse-grained soils with ,
different initial structures
b
, , :
R Y]:a]]X] +a12X2+"’+a15X5
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:X19X29X39X19X5 PCA
. N . o (@Y ,
cag taptFas=1, ’ X/:X*g’X’X/ .
Y] 7Y29"'9Y5 ;Y17Y2?“'?Y5 o
XngZ""qu, o Z’
i 1 0. 396 —0.255 —0.236 —0.04
0. 396 1 —0.833 —0.629 0.233
2=|—0.255 —0.833 1 0.617  —0.222 (3)
—0.236 —0.629 0.617 1 —0.526
| —0.04 0.233 —0.222 —0.526 1
, » 2 T, (3)
KMO ( (3) k s
)  0.667>0.6, 0.01, £ "
A/ DA =80 Lk
PCA : 2/ 2 =800
(2) > ’ ’
) /112/\2}"‘2/15 sAi Y; o
3
Table 3 Initial eigenvalues and contributions of variance
/% /%
1 2.718 54. 369 54.369
2 1.121 22.412 76.781
3 0.705 14. 090 90. 871
4 0. 304 6.077 96. 948
5 0.153 3.052 100. 000
2 32
76. 781%, Y,
, 2 ( A>1) 1 o
: 4 .
Y, =0.0983X,+0.2007X, s
—0.1941X,—0.1898X,+0.1080X; 0 ,
Y, =0.5602X,+0. 1728X, [ .
—0.1011X,+0.2201X,—0.62726X; s o
Y : o
Y=0.2331X,+0.1926X, s
—0.1669X,—0.0702X,—0.1066X; (5)
(5) , Y . C 6), s
s 0. 15, (2020)
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Table 4 Calculated values of Y, of the integrated Y, .o
0 ’
parameters of different initial structures ( 7
)o
Y,
100 —0. 607 ’ ’
200 —0.663 ’ o
—0.49
300 —0.351
400 —0.339
100 —0.529
200 0.236
0.22
300 0.759
400 0.402
100 —0.087
200 —0.633
—0.17
300 —0.121
400 —0.026
100 —0.046
200 0. 649
0.45 ;
300 0.251 N
100 0.935 Fig.7 Plane of the relationships among the initia-l
structural parameters,normal load,and fracture ratio
4.1 PFC
b
b
b
’
6 Y0 . o
Fig. 6 Relationship between weighted discarding ratio and the PFC?® ,Cluster
comprehensive parameter of the initial structure
’
Y() b ’
Bd ’ o ’
’ Bd °
; C &
By=ae™ +¢ (6) ’
5 R
casb,c o (6)
5
2 [~
’ R 0. 95 ’ Table 5 Material parameters of the numerical model
b o
) 2.5
’ ’ 0.4
X 6) /MPa 1.5,2.5,3.5
/Pa 1X10°
By=ae™o +k 2+ B, ) 0.6
ba /MPa 1.5,2.5,3.5
: B, bY, ’ 0 /Pa 5X10°

i D . /Pa 6 10°
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Fig, 11

11

Evolution of coarse-grained soils with different initial structures

Fig. 12 Relationship between weighted discarding

4 3

parameter and characteristic strength

9
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9,
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(10)

4.2

3

a

(7

(10)

C 13,
6
Table 6 Results of fitting of the numerical test
a 0.433 b 2.736
k 0. 838 m 9.734
a —0.674 R? 0.915
13 B,

Fig. 13 Comparison the measured and calculated values of
the weighted discarding ratio B, of coarsegrained soil

R? 0. 915

o b
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. . (2020) N N
o 3 ,
4 4 o
s 2.15 MPa,
s s 3
, 7y 20 mm
o s C 1D,
7
Table 7 Summary of test data on coarse-grained soil
/(%) /%
1. 61 97.51 90. 486 6.18 22.47 1. 220
1.31 90. 21 92.119 6.93 14. 75 0. 240
1. 15 85. 28 91. 154 5.78 12.92 —0.303
14 23

Fig. 14 Conditions of breakage of the particles of

coarse-grained soil 15

Fig. 15 The measured and calculated values of the crushing
rate of coarse-grained soils with different shapes

(10)
, 8,
¢ 15, 5
4.5%,
b
R? 0. 89, o ,  (10)
b
b b
o b b
b
b b
a. ’
° b
8 40%~60%
Table 8 Results of simulations of coarse-grained
soils of different shapes °
b. \
a 296. 8500 b 0.0110 , PCA
k 2.6790 m —26.0936 Y,
a 3.1740 R? 0. 8900 o
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