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Research on the evolution of coarse-grained soil on permutation
distribution based on M-C model
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Chengdu University of Technology, Chengdu 610059, China)

Abstract; Considering the uncertainty of particle distribution, M-C method is introduced in the calculation of
permutation entropy to characterize the degree of permutation chaos. To explore the coarse grained soil shear
permutation entropy evolution rule, in the process of P; coarse particle content as indexes, four different types of
coarse grained soil structure were set up as the research object, in combination with shear test under normal stress
(CNL) test results, using the image processing software, such as the Image Pro Plus through indoor shear test and
numerical simulation of two-way authentication at the same time reveals the reliability of the law. Under the normal
stress of 206 kPa, shear tests were carried out on coarse grained soil with four kinds of structures. A set of dense
skeleton structure data is taken as an example, and polynomial fitting test results are used to compare and analyze
the results of permutation entropy change in numerical simulation and laboratory shear test. Results show that the
permutation entropy of coarse-grained soil increases first and then decreases with the increase of shear stress at the
initial stage of shear stress, and increases first and then decreases with the slow decrease of shear stress after
reaching the peak. With the increase of coarse grain content, the structure of coarse grain soil changs, the

permutation entropy increases. Meanwhile the ordering of its permutation distribution is greatly affected by shear.
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Fig. 1 Particle shear analysis model

FEAS B bk, BRBTYIZE) e T =4 A 6] a2
3, R E SR AT EWR, #TUT
fEeik -

(1) EBSYIEAEsT U e il o fliE J7 )2 3h.

(2) 423 (8] JURL B Y12 31598 Wi ST

)T EHETN R, AN JE S M ALY N A e
TE 25 J5OR.

1.2 EF M-CH#H5FitE A%

M-C J5 3 J fiff e & b 2 804 1 5 1 o) 8 ) A
RFB. MR IE B JHE WD A0 A PR i Bk SR
R R k&R T i R

WURL b B S R ) P R OE vk e SO K
B, RRERDR MR - UKL 8 R B R ) K
JriE (ANl 2 Fr R ). SRR B AR b AN URLK Bl )
BHh o (k=1, 2, -, Q, FEMMAa N

ak:<w,(1,0)> (1)

B2 FHEEEmfmrEA"
Fig. 2 Schematic diagram of particle main

orientation angle
EE AR 0~ 97, 10 ~ 197, -,
170~179°. & K,(i=1, 2, -+, N)E/RE i IKFE
PLEZE R, JRICT K B TMR— N HUETEsE. 72 N
MENVESE A e R a0~ 9" BUE TE g Y
B REYLEC 2808 M A, W] o R % BUE
T A LE L5 P ) R Rl
P, =M'N (2)
EIRE R ARG, W HE Bk
Re— A~ RGN S5 BTk i P CE
Shannon' " ¥5 BHEFIM H & LA
H=—>}" PP, (3)

K P RRIEME T HBIOBER, » FoRfE S
K. H RBEREL NSNS EANERR.

A 4 515 B 5E SCRINTESIRS S
WOHLRE 2 0RE BT R HEZ B A 1. T HESR
W7 UKL HE A B A )T AL RR B, S Y BRUME VU
[0, 1], MsE T



5 6 4 BB S T M-C 7k UKL B DT HE 5 5 AT AL HLER B 875
S=—>" P logpi (4) 2.2 ERER

Ao S MUK T R HES R HEZR, Hoh PR
UKL BT € (] PEAE RS — X ) P R BLR R K KF
A o b I 16 5 R Sl 7 1) B S A R SR R £ 5t
fa, HAEHCH0, =] H 10°VE oy BEAE, » RIOh
BRI BT [0 ~n ] 0%, Bl n=18. S
K, BEHIRURIHEZDBREL, A 5 1 AR

2 KA E

2.1 ZEMNBHE

T R 3B AR 1 S T TR &L PN 6
Fe, L TR AR 5 52 0T AR [], DAL 5 R I L
VAR I R A T 40 S BE A B S PR32 T b B L .
R AT g 7 I P T 60382 2 T R0 S B B g 2 ) i) % 46
FKEMRA(S) PR

P'A" = PA (5)
s PURL P 4333 R R E JIRISERR J1; ARl A
73 | ZER T TMERL T AR 32 335 R R T AR,

8 BT RS0 1) B g 25k, 43 ) R0 1 1) .
J14 103 kPa (2.0 MPa)., 206 kPa(4.0 MPa) Fll
308 kPa(6. 0 MPa) =Fh 554 T J 87 YT i 5 (35 5
P Ay 8 1] T T 6 R ). i o F R L
i VR IR S BUE AT B -0 8% X L ith 26
B 3 fR), # LR 45E

(1) BfE A5 5 == 4 50 55 Ui % v il il Ze A2
B — 2, BN ¥R BN SN S B 5k
RS, HAG MADHUE H i 8T OIPEAR

CREREFMT, MR RT3 BI 65556
FHWRABTUNEE A, R &R AFFE ;

) EiEm E N F4T, SYIEKZIERE
K, SEETUIE R FoRDRL ORI AN K, s2m iR
IO A I LS. 25 R BRI 6] N R i el (A
W SR A G i ) B ) T T RER AR, B E BT U
iﬁ%ﬁ‘i%(fg]ﬁj} 206 kPa A iS5 e £ 15 10) B ) 4544

—— Hf#f308kPa —— {206 kPa #8103 kPa
350 F—=— ZEM308kPa  —e— FEN206kPa —a— ZEN103kPa

300 [
£ 250
=
R 200 F
£
B 150 |

100

50 F

0 &
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32

BT /mm

B 3 BRIz - F X bb B £k

Fig. 3 Shear stress-displacement relation curve
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Fig. 5 The process diagram of soil particle identification and morphological measurement
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Fig. 8 Fitting curve of permutation entropy and shear stress
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