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Applicability of double slip and rotation rate model
for elliptical granular assemblage

JIANG Ming-jing*"*, SHEN Zhi-fu"'?, LI Li-qing"*
(1. Department of Geotechnical Engineering, Tongji University,Shanghai 200092;
2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University,Shanghai 200092)

Abstract: The averaged micro-pure rotation rate (APR) based on the relative movement of contact be-
tween two ellipses has been derived first. The APR was then introduced into the double slip and rotation
rate model (DSR? model) which was proposed originally for plastic flow of circular granular assembla-
ges. A developed distinct element method (DEM) program NS2D was utilized to generate two-dimen-
sional assemblages of elliptical particles with individual aspect ratio of 1. 4 and 1. 7. Then a series of und-
rained monotonic and cyclic simple shear tests on these assemblages were conducted to reproduce the
plastic flow of elliptical particles and to validate the DSR? model. The results show that the developed
NS2D program which is based on elliptical particles can reproduce the plastic flow behaviors of sand. The
DSR? model appears to be able to predict the variation of angular velocity in kinematic models of both
circular and elliptical particle assemblages. This indicates that the APR is an important variable which

bridges discrete and continuum granular mechanics.

Key words: granular flow; distinct element method; elliptical particles; DSR* model; averaged micro-pure

rotation rate
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Algorithm for deriving explicitly the analytical expression of geometric stiffness

matrix of the 4-node,24 degrees of freedom flat shell element

WEN Ying", ZENG Qing-yuan
(School of Civil Engineering,Central South University,Changsha 410075, China)

Abstract: The derivation of geometric stiffness matrix is an essential and difficult stage in conducting the
finite element analysis of geometrically nonlinear structural problems. Any attempt to obtaining explicit-
ly the analytical expression of geometric stiffness matrix is of great importance for simplifying the for-
mulation,and in particular for improving efficiency and effectiveness of the overall procedure. In the con-
text of co-rotational formulation, an algorithm analytically leading to the geometric stiffness matrix of
the 4-node quadrilateral flat shell element with a total of 24 degrees of freedom was presented based on
the rigid body motion rule and consecutively subject to discussion. Two benchmark problems,namely the
large rotation problem of a cantilever beam and the large deflection behaviour of a hinged semi-cylindrical
roof with two typical thicknesses subjected to a central pinching force, were analyzed for demonstrating
the reliability and robustness of the proposed procedure. The results of numerical study reveal that: (1)
The explicit formula derived herein provides a great deal of convenience while preserving acceptable accu-
racy of solution; (2) The derived analytical geometric stiffness matrix is element-type independent and
(3)As compared with numerical integration,the analytical approach is featured by a significant improve-

ment in computational efficiency.
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