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Study on Constitutive Relations and Boundary Value Problems
of Granular Materials Based on Artificial Neural Networks

ZHANG Guangjiang, YANG Deze, CHU Xihua
(Department of Engineering Mechanics, Wuhan University,
Wuhan 430072, P.R.China)

Abstract: Granular materials are widely used in engineering practice, where the numerical simulation of
boundary value problems related to granular materials is of great significance. By the artificial neural network
algorithm, the discrete element method based on discrete particle models and the finite element method based
on continuous models were organically combined to solve the boundary value problems of granular materials. A
new and complete model and the solution were formed, namely, the micro-macroscopic 2-scale model and its
solution system for offline calculation of the meso model. Specifically, the principal stress, the principal strain,
and the corresponding stress-strain matrix of a granular material were first obtained based on the discrete ele-
ment method. Then an artificial neural network model was built in the main space to describe the constitutive

relationship of the granular material by an artificial neural network algorithm. Finally, the artificial neural net-
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work model was imported into ABAQUS to solve the boundary value problem of the granular material with the
user-defined material subroutine UMAT. Through the numerical tests of plate compression and slope stability,
and the comparison with the solution results of the classical elastoplastic model, it is seen that the trained artifi-
cial neural network model can effectively reflect the constitutive relationship of granular materials, and can be

used in practice to solve boundary value problems. The results show the feasibility of the solution scheme.

Key words: granular material; artificial neural network; discrete element method; finite element method;

boundary value problem
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Fig. 1  The training process of the artificial neural network

2 B 5N T A W 2 AR R R I 25

21 ETERTENEEIHELRE

BIHOTIAZ L Newton iz 811 g BEAt F i F13t 500400 SRR AR AR 18 S B A )R A — b B (L
BT | REAS AT A ORLA I B T 2247 D HEATREADL, 15 2 T ME RS Y 3 b A FROG I X UL B R 1
FIFTAT TR L, B RIOCIL RERS EHAE IR HES 7 30 JEAR DR ALBRRE SR 4 MES 2 B e
TIURL B B R ASAL 25 FEAE P, SN2 3 JOREAA A ) AS S . D 1 AR IBUBE A — 2R S AN [R] S i 280 T Y g
B, X AR E LA AN R BRI A S BB , A A T AR U 3277 1) T B9 I RIS AR | R BOH — 85
[ I 1149 7 A0 7 745 38 O PR R, AR SO PRC SR FH B BT IS U 56 | 7= A 0K e i) 32 17
I3 AR LK IS A IS 3 -7 A R A AR O , T T2 N T e o 2 58,

B HOTRUE XU S8 A AR R AN & 2 B, b AN [l B B AN R B UL A28 B A U TR S R



158 A R~ G SO | ) = 2024 £ 3 45 %

LR VL AE—A X B2 7 200 A4 2EARR 2~4 mm BEHLA G ARG | 38 1 f8 i O ik | B8 shisCie i D4~ i
SRt oL ) 2 R 7, BRI AR E TR E 100 kPa AR, fal ARG 38 ad B2 R Ze A5 55 1 A RS sl R R
P XS] 77 A AN [ 0 7 722 LU AR SO AR RE I A SC 28 IR DU FERIE O, BT A 00 S Kl ) g
AR 7.5% ,—Fer= AT 202 BEEAE AU GRS B IE4E 40 4UBUEAE R4 | I R4 e E4E a4 i
NS SN AR AP 3 R,

F1OHEAERSHK
Table 1 Sample model parameters

parameter value
normal stiffness K, /(N/m) 108
shear stiffness K, /(N/m) 5%x107
friction coefficient 0.0( before servo) / 0.3( after servo)
bl porosity 0.15
density p / (kg/m?) 2 600
damping coefficient 0.7
normal stiffness K, /(N/m) 10°
wall shear stiffness K, /(N/m) 5x108
friction coefficient 0

— training dataset / validation dataset
-- test dataset
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Fig. 2 The discrete element numerical biaxial sample Fig. 3 Schematic diagram of the loading path
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Table 2 Structural parameters of the neural networks

neural network 1 neural network 2
input data £1,8 £,,8,
output data g,,0, Cini»Criza s Co1y 5 Copy

number of hidden layers 3 4
number of neurons in hidden layer 1 10 10
number of neurons in hidden layer 2 10 10
number of neurons in hidden layer 3 10 10
number of neurons in hidden layer 4 10

learning rate 0.1 0.05
number of epochs 200 000 200 000
— training error — training error
2+ — verification error b — verification error
2x10™ 1.5x107
] 8
R B
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0— 5 0
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Fig. 4 Learning curve
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Fig. 7 Schematic diagram for the macro parameter calibration of the discrete element model
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Fig. 9 Plate simulation results
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