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Fig.1 Two-scale description of lattice materials
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Fig.2 A typical rod element in the microstructure
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Fig.5 Square lattice with 45° material principle axis
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Spatial embedded slip model for analyzing prestressed
concrete structures

Ma Cheng Chen Weizhen

(Department of Bridge Engineering, Tongji University, 200092, Shanghai, China)

Abstract: The bond-slip effect between prestressing tendon and concrete should be considered in nonlinear finite
element analysis of prestressed concrete structures. A spatial embedded slip model is presented on combining
advantages of embedded model and discrete model. The bond element simulating the interface of prestressing
tendon and concrete is embedded into the composite element through virtual nodes on the intersection points of
prestressing tendon and concrete element. The relative slip is obtained through the difference of tangential
displacement between the inside and outside face of bond element, and the radial relative deformation between
prestressing tendon and concrete is ignored. According to each constitutive model of prestressing tendon, concrete
and bond element, stiffness contribution matrixes of three components are deduced and the finite element
equilibrium equation is established through virtual work principle on the basis of displacement-based finite
element method. Prestressing tendon can cross through concrete in any pattern without considering its direction
and six freedoms of two virtual nodes in a single bond element can also be cut in the finite element equilibrium
equation by using this slip model.

Keywords: embedded slip model, virtual node, bond element, virtual work principle, finite element equilibrium

equation.

A homogenization method for the lattice material based on
the average-field theory

Liu Qipeng® Liu Xiaoyu?®

(1 School of Civil and Safety Engineering, Dalian Jiaotong University, 116028, Dalian, China
2 Institute of Mechanics, Chinese Academy of Sciences, 100190, Beijing, China)

Abstract: An analytical homogenization method for granular materials based on the average-field theory is
applied to the derivation of macro effective elastic properties for 2-D periodic lattice materials, including elastic
modulus, Poisson ratio and shear ealstic modulus. The two-scale homogenization model is introduced on the basis
of the scale separation principle and the statistically homogeneous representative volume element. The model
consists of three aspects, i.e. the micro constitutive relation of the rod element, micromechanically based
expression of the macro stress tensor, and the macro strains-micro displacements relaiton. Two typical 2-D
periodic lattice structures are analyzed and discussed. The equilateral triangle lattice is homogenized as isotropic
continuum and expressions of effective elastic parameters are consistent with the existing results in the literatures.
The square lattice is homogenized as orthotropic continuum. In the material principal plane, the ealstic modulus
expression is equal to the axial stiffness of the rod element, the Poisson ratio and the shear ealstic modulus is
determined by the Poisson ratio and the shear stiffness of the rod element, respectively. These results accord with
the mechanical characteristic of square lattice. For the constitutive behavior in other planes, taking the 45 °
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direction between coordinate axis and material principal axis as an example, the constitutive matrix via the present
method is consistent with the result from the coordinate transformation. These results show the validity of the
presented approach.

Keywords: average-field theory, lattice material, homogenization, effective elastic property.

Analysis of semi-active control for Mega-sub Controlled Structure
System subjected to seismic excitation

WuHao Zhang Xun’an Lilia
(School of Mechanics and Civil Engineering & Architecture, Northwestern Polytechnical University, 710072, Xi’an, China)

Abstract: The Magneto-Rheological (MR) dampers which had been designed by using fuzzy neural network are
installed in Mega-Sub Controlled Structure System (MSCSS) between the mega-structure and sub-structure, and
the genetic algorithm is adopted to optimize the rules of fuzzy neural network for enhancing the control efficiency.
A semi-active control problem of the MSCSS subjected to seismic excitation is investigated, the time history
analysis results under different seismic excitation, like El-Centro seismic wave and Taft seismic wave, which show
that the MR dampers can tune sub-structure well and reduce the response of mega-structure substantially, where
the maximum displacement responses of top floor have amplitude reduction of 64% and 74%, and the story drift
responses have amplitude reduction of 42% and 61%, respectively. Furthermore, the probability density
evolutionary method is employed to calculate the random vibration response under earthquake wave power
spectrum excitation and the power spectrum has non-stationary characteristics both in amplitude and frequency,
the results demonstrate that the semi-active controller installed in the MSCSS can make a decrease of 79% to the
time varying mean square value and enhance the structure seismic performance.

Keywords: Mega-Sub Controlled Structure System, fizzy neural network, genetic algorithm, semi-active control.

Mechanical properties of NiMnGa particles/epoxy composites

Liu Yufeng Liang Wei He Yu

(School of Aeronautic Science and Engineering, Beihang University, 100191, Beijing, China)

Abstract: Epoxy matrix composites filled with NiMnGa particles are prepared by curing at room temperature.
Based on the related loading-unloading experiment of NiMnGa particles/epoxy composites, the effects of NiMnGa
particles’ volume fraction on resin matrix composite’s elastic and damping properties are analyzed via the
mesomechanics in detail. Finite element models of unit cells are also established to calculate the composites’
elastic properties. It is shown that along with the increasing of Ni-Mn-Ga volume fraction, the composite’s tensile
modulus and shear modulus increase and the Poisson ratio decreases. As the decreasing of particle major/minor
axis ratio, the composite’s longitudinal Poisson ratio increases, the longitudinal tensile modulus decreases, the
transverse tensile modulus decreases to a valley value and then increases, and the shear modulus increases to a
peak value and then decreases. The results of theoretical calculation, finite element simulation and experiments are
in good agreement.

Keywords: NiMnGa/epoxy composites, mesomechanics, finite element method, elastic properties.



