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ABSTRACT

It is well established that the shear deformation response of granular materials depends on both the
packing density and the stress level. One way to quantify the combined effect of these two parameters
is the state parameter, y, that was proposed by [1]. The state parameter has formed the basis for a
number of constitutive models to predict sand behaviour in continuum analysis. This contribution
demonstrates that DEM simulations can quantitatively capture many of the correlations between the
state parameter and features of soil strength and dilation that are experimentally documented in [2].
For example Figure 1(a) illustrates that DEM simulations of triaxial and true triaxial tests, using
spherical particles, can capture the correlation between ¢',, — ¢'¢s and the initial state parameter (o),
where ¢, and @', are the peak and critical state angles of shearing resistance (friction angles),
respectively.

As demonstrated in [3] particular advantage of DEM over physical experiments is that DEM
simulations can achieve sufficiently large strains to attain critical state behaviour under general stress
conditions. Experiments to achieve this combination of stress and deformations are very difficult.
Consequently DEM can fill a gap in understanding of the performance of constitutive models by
supplementing experimental triaxial and plane strain test data with true triaxial test data. The data
shown in Figure 1(b) compare the performance of the Norsand continuum model and DEM simulations
of plane strain and true triaxial tests. The b parameter is the intermediate principal stress ratio given
by b= (¢'y, —0'3)/(c'y —0'3), where ¢',0',, and ¢'; are the major, intermediate and minor
principal stresses, respectively, p' denotes the mean effective stress, ¢ = ¢’y — d'5 , and ¢, and g, are
the axial and volumetric strains, respectively.

1
16 ;; - 4 Jefferies and Been [—b=00 ©EM)] 0
PPCIN #DEM b=0
1204%2% 4 ____ |--b=00 1
A Adanc ®DEMb=02 0.7 F TS Ex (Norsand) ISP
=) PR %ﬁ,& ADEM b=0.3 = ——PS (DEM) =
[ A, &
G 8 44 4s @ ; w3
=, X Lo ,,\ ®DEM b=0.4 — — PS (Norsand) 4
.8 e L RB - -
> 4 oy ap #DEM b=0.5  b-080Em .
X A% , 4 |=DEMb=06
- -b=08 6
0 CH ¢ “DEMDb=08 (Norsand)
“ |wDEMb=10 10 20 30
a 1 i 0,
4 - ® DEM Plane Strain Axial strain, & (%)
0.3 0.2 0.1 0 005
Yo
.. . It I} . . . . .
(a) Variationin ¢’y — ¢’ cs and yo (b) Comparison of DEM simulations with calibrated

Norsand model behaviour
Figure 1: DEM analysis of state parameter based constitutive model

REFERENCES

1. Been K, Jefferies MG (1985) A state parameter for sands. Géotechnique 35:99-112.
doi: 10.1680/ge0t.1985.35.2.99

2. Jefferies M, Been K (2006) Soil Liquefaction: A Critical State Approach. Taylor and
Francis

3. Huang X, O’Sullivan C, Hanley KJ, Kwok FCY (2014) Discrete-element method
analysis of the state parameter. Geotechnique 64:954-965.


http://www.imperial.ac.uk/people/cath.osullivan

