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Abstract. Shape memory alloys (SMAs) offer interesting perspectives in various fields
such as aeronautics, robotics, biomedical sciences, or structural engineering. The distinc-
tive properties of those materials stem from a solid/solid phase transformation occurring
at a microscopic level. Modeling the rather complex behavior of SMAs is a topic of active
research. Lately, SMA models coupling phase-transformation with permanent inelasticity
have been proposed to capture degradation effects which are frequently observed experi-
mentally for cyclic loadings. In this paper, the classical static and kinematic shakedown
of plasticity theory are extended to such material models. Those results gives conditions
for the energy dissipation to remain bounded, and might be relevant for the fatigue design
of SMA systems.

1 INTRODUCTION

This communication is concerned with shakedown theorems for Shape Memory Alloys
(SMAs). The peculiar properties of SMAs are the result of a solid/solid phase transfor-
mation between different crystallographic structures. Much effort has been devoted to
developing constitutive laws for describing the behaviour of SMAs. The phase transfor-
mation is typically tracked by an internal variable α1 which - depending on the complexity
of the material model - may be scalar or vectorial [1, 6, 11, 12]. In most of SMA models,
the internal variable α1 must comply with some a priori inequalities that result from the
mass conservation in the phase transformation process. The presence of such constraints
constitutes a crucial difference with standard plasticity models, and calls for special at-
tention when the structural evolution problem is considered [6, 16, 22, 21] . Non-smooth
mechanics [5] offer a sound mathematical framework for handling constraints on state
variables. The large-time behavior of solids in non-smooth mechanics has been addressed
in [18]: a static shakedown theorem has been proposed, taking the form of a sufficient
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condition for the evolution to become elastic in the large-time limit. When the shakedown
limit provided by that theorem is exceeded, it was found that the large-time behaviour
is dependent on the initial state: in the case of cyclic loadings, some initial conditions
lead to shakedown whereas some others lead to alternating phase transformation. Such a
feature is not found in standard plasticity.

The shakedown theorem in [18] is path-independent - in the spirit of the original Melan
theorem [14, 9] - and applies to a wide range of constitutive models of phase transfor-
mation in SMAs. Lately, models coupling phase-transformation and plasticity have been
proposed in an effort to describe permanent inelasticy effects which are experimentally
observed in SMAs [2, 10, 23, 3]: although phase transformation in SMAs is the main
inelastic mechanism, dislocation motions also exist and are (partly) responsible for such
effects as training and degradation in cyclic loadings. To model such a behavior, two
internal variables are generally introduced: in addition to the (constrained) variable α1

describing the phase transformation, an additional variable α2 is used to describe per-
manent inelasticity. As discussed in [2, 23], it is essential to introduce a coupling term
between those two variables in the free energy. Extending the approach used in [18], we
present a static shakedown theorem for SMA models coupling phase-transformation and
permanent inelasticity. For a parametrized loading history, that theorem gives a ’static’
safety factor with respect to shakedown. Using min-max duality, a kinematic theorem and
a corresponding ’kinematic’ safety factor are introduced. Because of space limitations and
so as not to obscure the presentation, we only sketch the proofs of the theorems.

2 CONSTITUTIVE LAWS

We first describe the class of constitutive models that we consider in this paper. The lo-
cal state of the material is described by the (linearized) strain ε and two internal variables
(α1,α2) living respectively in vectorial spaces denoted by A1 and A2. The variable α1

tracks the phase transformation, whereas the variable α2 describes permanent inelasticity
effects. Because of mass conservation in the phase transformation process, the variable α1

is constrained to take values in a given bounded subset T1 of A1. The set T1 is assumed to
be closed and convex in the following. Adopting the framework of generalized standard
materials in non-smooth mechanics [8, 5], the behaviour of the material is determined
by the free energy function w(ε,α1,α2) and the dissipation potential Φ(α̇1, α̇2). More
precisely, denoting by α̇i the left-time derivative of αi, the constitutive equations are

σ =
∂w

∂ε
(ε,α1,α2) , Ai = −

∂w

∂αi

(ε,α1,α2), (1)

A1 = A
d

1
+A

r

1
, A2 = A

d

2
,

(Ad

1
,Ad

2
) ∈ ∂Φ(α̇1, α̇2),

A
r

1
∈ ∂IT1

(α1),
(2)
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where σ is the stress, Ai is the thermodynamical force associated to αi, and ∂ is the
subdifferential operator [4]. We consider free energy functions w(ε,α) of the form

w(ε,α) =
1

2
(ε−K1.α1 −K2.α2) : L : (ε−K1.α1 −K2.α2) + f(α1,α2) + h(α1) (3)

where L is a symmetric positive definite, K1 and K2 are linear operators, f : T1 ×A2 #→
R+ is a convex differentiable function, h : T1 #→ R+ is differentiable (but not necessarily
convex). With the form (3) of the free energy, the relation (1) becomes

σ = L : (ε−K1.α1 −K2.α2) ,
A1 =

t
K1 : σ − f,1(α1,α2)− h′(α1) ,

A2 =
t
K2 : σ − f,2(α1,α2)

(4)

where t
Ki is the transpose of Ki and f,i is the partial derivative of f with respect to αi.

It is convenient to use the compact notations α = (α1,α2), A
d = (Ad

1,A
d
2), A

r =
(Ar

1, 0). The gradient of the function f (resp. h) with respect to α is denoted by ∇f

(resp. ∇h), i.e∇f = (f,1, f,2) and∇h = (h′(α1), 0). We also introduce the linear operator
K defined on A1 ×A2 by the relation K.α = K1.α1 +K2.α2. Eq. (4) can be rewritten
in the compact form

σ = L : (ε−K.α) ,
A = t

K : σ −∇f(α)−∇h(α).
(5)

As usual in the framework of standard generalized materials, the dissipation potential
Φ is assumed to be convex, positive, null at the origin. Those standard requirements
ensure the positiveness of the dissipation, in compliance with the second principle of
thermodynamics. The convex set C = ∂Φ(0) can be interpreted as the elasticity domain
of the material.

As stated in the introduction, the class of constitutive models considered in this paper is
motivated by recently proposed models of phase transformation coupled with permanent
inelasticity. As an illustrative example, we consider the model proposed in [2]. With the
present set of notations, the internal variable α1 in that model is a deviatoric second-order
tensor submitted to the restriction ‖α1‖ ≤ αT where αT is a material parameter. The
internal variable α2 is a deviatoric second-order tensor that can take any value. The free
energy w is of the form (3) with h = 0, K2 = 0, K1 = I, and

f(α) = β‖α1 −α2‖+
1

2
a1‖α1‖

2 +
1

2
a2‖α2‖

2 − bα1.α2.

In that last expression, β, a1, a2 and b are all material parameters. In particular, β is
non-negative in the super elastic regime, i.e. for sufficiently high temperature. In such
condition, the function f is convex provided that

a1 + a2 ≥ 0 , a1a2 − b2 ≥ 0. (6)
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Typical values used in [2] are a1 = 103 MPa, a2 = 1.5 104 MPa, b = 2103 MPa, which
satisfy (6). The elasticity domain C in [2] consists of pairs (A1,A2) of deviatoric tensors
verifying

‖A1‖+ κ‖A2‖ ≤ R (7)

where κ and R are non-negative material parameters.

3 QUASI-STATIC EVOLUTION OF A CONTINUUM

We now consider a continuum submitted to a prescribed loading history. The con-
tinuum occupies a domain Ω and is submitted to body forces f d. Displacements ud are
imposed on a part Γu of the boundary Γ, and tractions T d are prescribed on ΓT = Γ−Γu.
The given functions f d,ud,T d depend on position x and time t. The stress and state
variables (σ, ε,α) in the continuum are also expected to depend on (x, t). In order to
alleviate the expressions, this dependence will be omitted in the notations, unless in the
case of possible ambiguities.

Quasi-static evolutions of the continuum are governed by the following system:

σ ∈ K
σ
, ε ∈ K

ε
, α ∈ T ,

Ad ∈ ∂Φ(α̇) , Ar ∈ ∂IT (α),
σ = L : (ε−K.α),

tK : σ −∇f(α)−∇h(α) = Ad +Ar,

(8)

where K
σ
and K

ε
are respectively the sets of admissible stress and strain fields, defined

by K
σ

= {σ : divσ + f d = 0 in Ω;σ.n = T d on ΓT} and K
ε
= {ε : ε = (∇u +

t∇u)/2 in Ω; u = ud on Γu}. The set T in (8) is the subset of A1 × A2 defined by
T = T1×A2. Note that anyA

r ∈ ∂IT (α̇) is of the formAr = (Ar

1
, 0) withAr

1
∈ ∂IT1

(α̇1).

We introduce the so-called fictitious elastic response (σE, εE) of the continuum, defined
by

σ
E ∈ K

σ
, εE ∈ K

ε
,σE = L : εE. (9)

Setting ρ = σ − σ
E and noting that ε = ε

E + L−1 : ρ + K.α, the system (8) can be
recast as

ρ ∈ K0

σ
, α ∈ T ,

Ad ∈ ∂Φ(α̇) , Ar ∈ ∂IT (α),
L−1 : ρ+K.α ∈ K0

ε
,

tK : (σE + ρ)−∇f(α)−∇h(α) = Ad +Ar.

(10)

The sets K0

σ
and K0

ε
in (10) are defined by

K0

σ
= {σ : divσ = 0 in Ω;σ.n = 0 on ΓT},

K0

ε
= {ε : ε = (∇u+t ∇u)/2 in Ω; u = 0 on Γu}.

(11)

In the following, we examine conditions under which the energy dissipation
∫
T

0

∫
Ω
Ad.α̇dxdt

remains bounded (with respect to time T ) for all solutions of the evolution problem (10)
(or equivalently (8)). Such a situation is refered to as shakedown.
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4 STATIC SHAKEDOWN THEOREM

Assume there exists m > 1, T > 0 and time-independent fields (ρ
∗
,α∗,A

r
1,∗) ∈ K

0

σ
×

T × A1 such that

t
K : (mσ

E + ρ
∗
)−∇f(α∗)−∇h(α∗)−

(

A
r
1,∗

0

)

∈ C (12)

for all t ≥ T . Let (ρ,α,Ad,Ar) be an arbitrary solution of the evolution problem (10)
and define

W (t) =

∫

Ω

1

2
(ρ−

ρ
∗

m
) : L−1 : (ρ−

ρ
∗

m
) + f(α) + h(α) dx. (13)

Since f ≥ 0, h ≥ 0 and L is a positive definite tensor, the function W is positive for all
t. For t ≥ T we have

Ẇ (t) =

∫

Ω

[(ρ−
ρ
∗

m
) : L−1 : ρ̇+ (∇f(α) +∇h(α)).α̇] dx

where the distinctive property ρ̇
∗
= 0 has been used.

Following a reasoning similar to [18] leads to the inequality

(m− 1)

∫ t

T

D(t) dt ≤ mW (T ) +

∫

Ω

[−f(α∗) +∇f(α∗).(α∗ −α(T ))] dx

+

∫

Ω

(Ar
∗
+∇h(α∗)).(α(t)−α(T )) dx

(14)

where A
r
∗
= (Ar

1,∗, 0). Now observe that the very last term in (14) can be bounded
independently on time t. Since T1 is bounded, there indeed exists a constant K > 0 such
that ‖α1‖ ≤ K for all α1 ∈ T1. We have

‖(Ar
∗
+∇h(α∗)).(α(t)−α(T ))‖ = ‖(Ar

1,∗ + h′(α1,∗)).(α1(t)−α1(T ))‖
≤ ‖Ar

1,∗ + h′(α1,∗)‖.‖α1(t)−α1(T )‖
≤ 2K‖Ar

1,∗ + h′(α1,∗)‖

Therefore

(m− 1)

∫ t

T

D(t) dt ≤ mW (T ) +

∫

Ω

[−f(α∗) +∇f(α∗).(α∗ −α(T ))] dx

+2K

∫

Ω

‖Ar
∗
+∇h(α∗)‖ dx

(15)

The right-hand side of that last inequality is independent on t and therefore
∫ t

T
D(t) dt is

bounded as t → +∞. The condition (12) thus gives a sufficient condition for shakedown
to occur. Since the field A

r
1,∗ in (12) is free from any constraint, Eq.(12) is equivalent to

ρ
∗
∈ K

0

σ
,α∗ ∈ T ,B1 ∈ A1,

(

t
K1 : (mσ

E + ρ
∗
)−B1

t
K2 : (mσ

E + ρ
∗
)− f,2(α∗)

)

∈ C
(16)
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Let B2 = {f,2(α) : α ∈ T }. Eq. (16) can equivalently be rewritten as

ρ
∗
∈ K0

σ
,B1 ∈ A1,B2 ∈ B2,

(

t
K1 : (mσ

E + ρ
∗
)−B1

t
K2 : (mσ

E + ρ
∗
)−B2

)

∈ C
(17)

Using the notation B = (B1,B2), Eq. (17) becomes

ρ
∗
∈ K0

σ
,B ∈ A1 × B2,

t
K : (mσ

E + ρ
∗
)−B ∈ C

(18)

We can thus state the following theorem:

Static shakedown theorem. If there exists m > 1, T ≥ 0 and time-independent fields
(ρ

∗
,B) such that Eq.(18) is satisfied for all t ≥ T , then there is shakedown, whatever the

initial condition is.

There is a simple geometric interpretation of that theorem: consider the curve Γ(t)
described by t

K : (mσ
E + ρ

∗
) in the space A1 × A2. Shakedown occurs if, up to a

translation in A1 ×B2, the curve Γ is enclosed in the elasticity domain C.
As an example, consider the material model in [2] as briefly described in section 2. Using

the presented theorem, it can be easily be seen that shakedown occurs if ‖ms
E(t)−B1‖ ≤

R where sE is the deviatoric part of σE. The obtained shakedown condition thus reduces
to a restriction on the diameter of the curve s

E(t), as for shakedown in linear kinematic
hardening plasticity [13, 15].

Observe that we did not assume the convexity of h. This is a welcome feature for the
shakedown analysis of SMA structures as the function h associated with some microme-
chanical SMA models is not necessarily convex [7, 17, 19, 20].

For simplicity, from here onward we restrict our attention to cyclic loadings: the func-
tion σ

E is assumed to be periodic in time with a period T . The static shakedown theorem
motivates the definition of the static safety coefficient mS by

mS = sup{m : ∃(ρ
∗
,B) verifying (18) for all 0 ≤ t ≤ T} (19)

In practice, one may select particular values of (ρ
∗
,B) (possibly through numerical pro-

cedure), which leads to lower bounds on mS. Upper bounds on mS can be obtained by a
kinematic shakedown theorem, as presented in the next section.

5 KINEMATIC SHAKEDOWN THEOREM

Consider m > 0 such that (18) is satisfied for t ∈ [0, T ] by some time-independent
fields (ρ

∗
,B). Let α(t) : [0, T ] (→ T be such that

α1(0) = α1(T ) , K2.(α2(T )−α2(0)) ∈ K0

ε
. (20)
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Let
P (α̇) = sup

A∈C
A.α̇.

Since t
K : (mσ

E + ρ
∗
)−B ∈ C, we have

(tK : (mσ
E + ρ

∗
)−B).α̇ ≤ P (α̇).

Integrating over the domain Ω and over the time interval [0, T ], we obtain, omitting the
details of the calculations,

m ≤

∫

T

0

∫

Ω

P (α̇)dxdt+M

∫

Ω

‖α2(T )−α2(0)‖dx

∫

T

0

∫

Ω

σ
E : K.α̇dxdt

where M = sup{‖B2‖ : B2 ∈ B2}. From the definition (19) we can thus formulate the
following theorem:

Kinematic shakedown theorem. We have mS ≤ mK where mK is the kinematic safety

coefficient defined by

mK = inf
{

∫

T

0

∫

Ω

P (α̇)dxdt+M

∫

Ω

.‖α2(T )−α2(0)‖dx

∫

T

0

∫

Ω

σ
E : K.α̇dxdt

: α(t) verifying (20)
}

In practice, selecting special fields α(t) gives an upper bound on mK and consequently
an upper bound on mS.

If B2 is unbounded, i.e M = ∞, then one should only consider fields α(t) verifying
that αi(0) = αi(T ) for i = 1, 2. In particular, for the model in [2], the safety coefficient
mK becomes

mK = inf
{

∫

T

0

∫

Ω

P (α̇)dxdt

∫

T

0

∫

Ω

σ
E : α̇1dxdt

: α(t) verifying α(0) = α(T )
}

6 CONCLUDING REMARKS

In this paper, we have presented a static and a kinematic shakedown theorems for SMA
models coupling phase-transformation with permanent inelasticity. We emphasize that
those theorems are path-independent: the obtained shakedown conditions do not depend
on the initial state of the system (which for instance would correspond to some initial
residual stress). Since there is an established connection between fatigue and energy
dissipation, the proposed theorems could possibly be useful for the fatigue design of SMA
systems. Further investigation is required to clarify that point.
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[22] M Peigney, JP Seguin, and E Hervé-Luanco. Numerical simulation of shape memory
alloys structures using interior-point methods. Int. J. Sol. Struct., 48(20):2791–2799,
2011.

[23] C. Yu, G. Kang, D. Song, and Q. Kan. Micromechanical constitutive model consid-
ering plasticity for super-elastic niti shape memory alloy. Comp.Mater.Sci., 56:1–5,
2012.

1871


	SUMMARY
	LIST OF PAPERS
	Minisymposia in the frame of ECCM V
	Computational Methods in Fluid-structure Interactions, Dynamics and Vibration, Vibroacoustics - A Mi
	A three-dimensional semi-analytical model for predicting offshore pile driving noise   
	Elasto-dynamic behavior of a 2D square lattice with entrained fluid   
	Numerical computation of noise radiation from breaking systems for squeal noise prediction   
	Passive, active and active-passive vibration control of plate structures using distributed piezoelec
	Structural acoustics with interface damping: Various considerations about static terms for efficient

	Computational Micromechanics of Wood, Engineered Wood Products, and Cellulose-Based Materials    
	A novel way to simulate the behaviour of timber composite connection joined throw dowels   

	Computational Modeling of Fracture and Failure of Materials and Structures    
	Discrete crack analysis of RC structure using hybrid-type penalty method with Delaunay triangulation
	Failure of RC slabs modelled using an embedded discontinuity approach   
	Modeling failure using the convective particle domain interpolation method in a shock physics hydroc
	Multi-scale crack propagation analysis for strengh assessment of polycrstaline materials   
	Nonlinear analysis of R/C shear walls subjected to cyclic loadings   
	Stress- strain relationship for the confined concrete   
	Tikhonov regularization for the modified mapping-collocation method applied to circumferential crack

	Computational Modeling of Surface and Interface Mechanisms    
	Load intensity caculations on tipper body using DEM FEM Coupling   

	Computational Modelling of Material Forming Processes    
	Modelling and experimental investigation of large-strain cyclic plastic deformation of high strength
	Modelling of Thermoplastic PolyOlefin (TPO) sheets for thermoforming applications   
	Non-smooth and intermittent model of cutting process   
	Simulation of forming, welding and heat treatment of an alloy 718 component   

	Computational Models for Soft Tissues    
	Prediction of prostate motion and deformation using FE modeling for better biopsy accuracy   
	Soft tissue modelling for analysis of errors in breast reduction surgery   

	Computational Multiscale Methods for Tissue Biomechanics    
	Biomechanics of chiasmal compression: sensitivity of the mechanical behaviours of nerve fibres to va
	Evaluation of biaxial mechanical properties of medial lamellae of aortic wall using multiscale model

	Computational Techniques and Simulation of Damage/Failure in Composite Materials    
	Design and Analysis of 3D Woven Composites at Failure   
	Fatigue delamination monitoring in composite structures by guided wave method   
	Quasi brittle matrix composite materials: A computational approach based on discontinuous-like FE an

	Computer Aided Steering in Engineering    
	Automatic feature recognition for rotational parts   
	Optimized-automated choice of cutting tool machining manufacturing features in milling process   

	Coupling Full-Field Measurements and Computations: Material Characterisation and Model Identificatio
	3D elliptical crack depth estimation from 2D surface displacement observation   
	Identification of crystal plasticity law parameters using kinematic measurements in polycrystals   

	Current Challenges in Cohesive-zone Models    
	A cyclic cohesive zone model for transient thermomechanical loading   
	An efficient approach to study multi-layered structures with cohesive interfaces   

	Damage and Fracture in Thin Structures    
	Analysis on the plastic dynamic response on the reinforced concrete rectangular plate under explosiv

	Developing Scientific Research Codes for Effective Utilization of Leading HPC Platforms    
	The impact of community software in astrophysics   

	Direct Methods and Constitutive Modeling for Plastic Design by Analysis    
	A multicriteria method for truss optimization   
	A two-yield-criteria limit analysis approach for steel-reinforced concrete slabs   
	Direct evaluation of the load-carrying capacity of steel-reinforced concrete beams by limit analysis
	Modeling of dense expansive soils subjected to wetting and drying cycles based on shakedown theory  
	On shakedown of shape memory alloys with permanent inelasticity   
	Shakedown analysis of 3D frames with an effective treatment of the load combinations   
	Shakedown analysis of offshore structures under impact load   a
	Uncertain multimode failure and limit analysis of shells   
	Yield design computations on homogenized periodic plates   

	Domain Coupling and Domain Boundary Constraints    
	Local/global non-intrusive parallel coupling for large scale mechanical analysis   

	Dynamics of Nonlinear Structures with Contact Interfaces    
	A hybrid approach to the modelling and simulation of grinding processes   
	Assessment of 3D modeling for rotor-stator contact simulations   
	Computation of the effective lamination stack�s behavior considering the contact simulation with a m
	Non-homogenous localized Kelvin-Voigt model for estimation of dynamical behaviour of structures with
	Numerical simulation of 3D impact problem   

	Embedded Interface Methods    
	Application of the LS-STAG immersed boundary method for numerical simulation in coupled aeroelastic 
	Residual schemes for penalized Navier-Stokes equations on adapted grids   

	Enabling Technologies and their Application for Advancing Computational Mechanics    
	Using HPC software frameworks for developing BSIT: A geophysical imaging tool   

	Enriched Finite Element Formulations to Capture Cracks, Material Interfaces and Multiscale Phenomena
	Study on effect of three dimensional Akin singular element for stress analysis of dissimilar materia

	Evaluation, Reliable Estimation, and Control of Computational Errors in Solid and Structural Mechani
	Error free evaluation of tensor functions and their application in finite-strain models   
	Performance of a computational cost reduction technique in lengthy time interval analyses   

	Evolutionary Algorithms and Metaheuristics in Civil Engineering and Construction Management    
	A comparison of minimum constrained weight and fully stressed design problems in discrete cross-sect
	On Dedicated Evolutionary Algorithms for Large Non-linear Constrained Optimization Problems in Appli

	Fast Direct Solvers: Applications to Boundary Element Methods and Other Linear Systems    
	A Posteriori Error Control for BEM in 2D-Acoustics   
	Fast multipole boundary element method for multizone problems   
	Optimal preconditioning for the coupling of adaptive finite and boundary elements   

	Fluid-Structure Interaction Algorithms and Applications    
	A simulation tool for parachute/payload systems   
	Fluid structure interaction with inconsistent software platforms   
	Modelling of waves and wave-structure interactions using non-linear numerical models   
	Multi-Physics Coupling Method and Applications of Fluid-Structure Interaction on LNG Storage Tanks  
	Numerical analysis of flow-induced vibration of two circular cylinders in tandem at low Reynolds num
	Resonance-like phenomena in submerged cylindrical shell systems subjected to multiple shock loads   

	Fracture and Contact Mechanics for Interface Problems    
	New insights into viscoelastic contact mechanics between rough solids   

	Frontiers of Verification, Validation (V&V) and Uncertainty Quantification    
	Code verification of a partitioned FSI environment for wind engineering applications using the Metho
	Numerical uncertainty estimation in maritime CFD applications   
	Predictive simulations for problems with solution non-uniqueness   

	General Topics in Computational Methods in Engineering and Applied Sciences    
	Critical dimension of small-size particles   

	High-Performance Computing for Structural Mechanics and Earthquake / Tsunami Engineering    
	Finite element analysis of damping mechanism of autoclaved lightweight aerated concrete panels for e

	Impact and Crash Mechanics    
	Composite impact attenuator with shell and solid modelling   
	Drop tests and dynamic finite element analyses of steel sheet containers for final disposal of radio

	Innovative Fictitious Domain Approaches for High-order Methods and IGA    
	On the control of spurious force oscillations for moving body problems using an immersed boundary me

	Innovative Numerical Approaches for Multi-physics Problems    
	A two-fluid computational model to study magnetic reconnection in reactive plasmas under chromospher
	Experimental study for verification computational modeling of operation of the conductive MHD centri
	MEMS energy harvesters based on aeroelastic phenomena   
	Modelling of ball bearing loading by DEM for electromechanical coupling   

	Instabilities in Solids Across Length Scales    
	Pattern formation finite element modeling for thin films on soft substrates   

	Integrated Computational Materials Engineering - ICME    
	Integrated nonlinear multi-scale material modelling of fiber reinforced plastics with Digimat: Appli
	Integrative simulation for assessing the mechanical performance of a weld line on injection moulded 
	Modeling of microstructure development during hot deformation and subsequent annealing of precipitat
	Towards on-line state tracking with data-driven process models   

	Interaction Dynamics of High Speed Railways    
	A robust time integration for dynamic interaction of high-speed train and railway structure includin
	Development and simulation of an hil full-scale test-rig to study high speed train dynamics under de
	Dynamic response of the damping pad floating slab track caused by vehicle-track interaction   
	Prediction of wheel and rail profile wear on complex railway nets   
	Vehicle/bridge interaction dynamics for high speed rail suspension bridges considering multiple supp

	Isogeometric and High-order Boundary Element Methods    
	A posteriori error estimation for adaptive IGA Boundary Element Methods   
	An isogeometric BEM for exterior potential-flow problems around lifting bodies   
	Boundary Element Analysis with trimmed NURBS and a generalized IGA approach   
	Isogeometric boundary element method with hierarchical matrices   

	Isogeometric Methods    
	A NURBS Based Collocation Approach for SB-FEM   
	An isogeometric Reissner-Mindlin shell with Lagrange basis   
	Isogeometric analysis for domains with corners   

	Mathematical Foundation of Computational Mechanics    
	Efficienct and reliable error control for the obstacle problem   
	Rate optimality of adaptive algorithms: An axiomatic approach   

	Mechanics of Cellular Solids and Sandwich Structures    
	Finite element technology for steel-elastomer-sandwiches   
	Modelling of closed-cell foams incorporating cell size and cell wall thickness variations   
	Numerical modelling of Nomex honeycomb cores for local analyses of sandwich panel joints   

	Mechanics of Nanostructured Materials    
	Bending behavior of carbon nanobeams   
	Modelling of single-wall carbon nanotubes mechanical behaviour   

	Mechanobiology of Cellular Systems    
	Cell-centred model for non-linear tissue rheology and active remodelling   

	Mesh Generation and Adaption    
	Geometric adaptive functionals for structured grid generation   
	Parallel adaptive mesh refinement of turbulent flow around simplified car model using an immerse bou
	Parallel mesh adaptation using parallel graph partitionning   
	The analysis of the efficiency of an adaptation method based on the grid generator   
	Volume conservation of 3D surface triangular mesh smoothing   

	Meshless and Related Methods, a Minisymposium Dedicated to Celebrate the 80th Birthday of Professor 
	A comparison of parallelization strategies for the material point method   
	A face-based smoothed finite element method for hyperelastic models and tissue growth   
	An explicit dynamic method for a discrete element model using the principle of hybrid-type virtual w
	Analysis of cracks in bi-materials/composites with variable order singularity using meshless method 
	Compared computational performances of Galerkin approximations for perturbed variable-coefficient di
	Laminate element method for elastic guided wave diffraction simulation   
	Material point method in three-dimensional problems of granular flow   
	Numerical investigation on particle resuspension in turbulent duct flow via DNS-DEM: Effect of colli
	Numerical simulation of unsteady wind-induced conductor oscillations   
	On some aspects of a posteriori error estimation in the multipoint meshless FDM   
	RBF-based meshless approaches for frequency-domain analysis of heat conduction problems   

	Methods of Approximate Static Analyses of Complex Structural Systems    
	Hybrid design methods for complex systems in architecture & structural engineering   
	Practical static calculation method for estimating elasto-plastic dynamic responses of space frames 
	Reinforced concrete shear wall: structural element - finite element   

	Microstructural Based Constitutive Models in Hard and Soft Matter Materials    
	A finite element method for the prediction of compressive strength of lightweight concrete   
	Structural defects and dynamic properties of metals   

	Model-Based Simulation of Structural Responses to Extreme Loading Conditions    
	Numerical simulation on impact response of plain-woven C/SiC composite   

	Modeling and Analysis of FGM Structures    
	A new 3D FGM Beam finite element for modal analysis   
	Finite beam element with piezoelectric layers and functionally graded material of core   
	Homogenization of material properties of the FGM beam and shell finite elements   
	Residual stress in RF magnetron sputtered ZnO thin films on GaP substrates and nanowires   
	Thermal conduction in FGM and MLC shell structures   
	Thermoelasticity in FGM shell structures   
	Transient thermoelastic analysis of a functionally graded hollow sphere with piecewise power law   



