344 5 12 W = + 7 &2 Vol.44 No.12
2023 £ 12 A Rock and Soil Mechanics Dec. 2023

DOI: 10.16285/j.rsm.2023.1148

THRM RPN ERMEEIRE D

&R, oM, EBRIN, WK, B D, F R

(MNIR AKFKHZER & LS5 TFTRA, W EH# 610065)

W OE: "IN TR R T AR RHE A FE 1 45 A s 2 BT D R 5 ORI R AW 5 R 1)
B2 MMBER . FEROR T IRATE 4R K 7 24 2% 7150 Wt ORI R 45 M 00 L A S35 W 5t 2
IR DGR T T IR SRR . B T MG P AN S CPIHE . RERREL PHBREKE. J1ED: RE0ir
T BURN AT 16 - JBURLA R A ZANW 45 R AL DL B L3 R AR 305 0 B i R I e I 8 SRR A R s FEE T T R L
Ry RPN RE PEIINER AR RN EAE T 00 LR R A S A A s e, SRR N (AL 5 M B 4 S
FEMITFRE R R, B TIRSSH G Y. I SE S35 . T35 BRI 0 6 45 K 548 1E SRS Y (1) JiE AR R
. FEESEMEEENZMKR, HFEFRAREE TS S5 HUE .

X B LERAREL, B, NG, ZRE; UL

FESHES: TU43 CHRFRIRES: A XEHS: 1000—7598 (2023) 12—3383—22

Analysis on evolution of complex network structure of soil granular materials

LIU En-long, JIANG Lian, JIANG Xiao-qiong, TIAN Jian-qiu, SUNYi, XU Ran
(Department of Geotechnical and Underground Engineering, College of Water Rescources and Hydropower, Sichuan University, Chengdu, Sichuan 610065, China)

Abstract: Complex network analysis methods can be applied to analyze the structural evolution of granular materials during loading
and establish the relationships of mechanical parameters of these materials between micro/meso and macro scales. This articles
mainly reviews our research results in recent years on the structural evolution of granular materials and the relationship between
microscopic parameters and macroscopic mechanical properties using complex network methods. Firstly, the basic concepts of
complex networks (average degree, clustering coefficient, average path length, and force chain) are introduced. Then, the
microstructural evolution of granular materials under biaxial conditions and the network contact parameter changes during the
initiation and sliding of soil slopes are analyzed. Furthermore, the microstructure evolution of granular materials considering particle
shape, intermediate principal stress coefficient, and complex loading paths is discussed. Finally, the mesoscopic structural parameters
of the contact network are associated with the macroscopic mechanical properties, and relationships between the state parameters and
average degree, the microscopic structural parameters and soil dynamic strength, the average degree as well as shortest path length
and yield function of the modified Cam clay model, and the average degree and the ground vertical pressure are established. The
parameters in the unified hardening model are modified based on the maximum flow model.

Keywords: soil granular materials; complex network; contact network; multiple scales; meso structure
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