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Abstract.

The present paper deals with the problem of stability of masonry arches. In particular, the
problem is approached invoking the lower bound theorem of Limit Analysis; thus, the exis-
tence of a thrust-line entirely contained in the thickness of the arch ensures that the arch does
not collapse under the assigned load. With this aim, the Milankovitch theory [8]of the prob-
lem of the equilibrium of the arches is provided in a general framework, regardless of the
shape of the arch and of the nature of the applied loads. Here, in order to formulate the lower
bound limit analysis problem in general context, the Milankovitch’s theory is reviewed, for-
mulating the problem of the determination of the thrust-line in a form suitable for the imple-
mentation in numerical procedures. In particular, the thrust curve is approximated by
polynomial functions that are solved employing the Point Collocation Method [10]. Moreover,
an optimization procedure is formulated for determining admissible equilibrium minimum
and maximum thrust solutions. For the special case of a circular arch subjected to vertical
load, the numerical procedure is assessed comparing the results obtained by the Collocation
technique with the corresponding closed form solutions of the equilibrium problem.
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1 INTRODUCTION

The growing interest in the preservation of heritage and historic constructions justifies the
current research efforts on the development of efficient methods for structural analysis of
arches and vaults, which are one of the fundamental and most fascinating parts of these con-
structions [1, 2]. In particular, although the studies on the stability of masonry arches have a
long story [6, 7], the problem of determining the load bearing capacity of these structures, es-
pecially in the case of seismic loads, still is an open research topic. In this vein, Limit Analy-
sis approaches are considered among the most effective tools for the structural assessment of
masonry arches and vaults. Indeed, the failure of these structures is mainly related to their
shape and not to the crushing of the masonry material in compression. The current formula-
tion of the Limit Analysis for masonry constructions is mainly due to the fundamental contri-
butions by Heyman [1]; the theory is based on the following three hypotheses: masonry has
no tensile strength, infinite compressive strength, and sliding between masonry blocks is not
possible. Under these hypotheses, the lower bound theorem of the Limit Analysis for masonry
arches can be stated as follows: a masonry arch is safe if it is possible to find a line of thrust
in equilibrium with external loads and completely lying within the thickness of the arch [6, 7].

In this paper, a numerical lower bound Limit Analysis approach for the study of masonry
arches is proposed, starting from the Milankovitch’s general equilibrium theory [8]. We recall
that Milankovitch provided a rigorous treatment of the equilibrium problem for masonry
arches from both a mechanical and a mathematical point of view [9]. One of the fundamental
results of this theory is the differential equation of the line of thrust. Here, we review the Mi-
lankovitch’s theory of the line of thrust; since, depending on the geometry of the arch and on
the loading conditions, closed form solutions can be prohibitive to find, we formulate the
problem in a form suitable for the implementation in numerical procedures. In particular, we
tackle numerically the problem by employing the Point Collocation Method (PCM) [10], a
very handy and stable technique characterized by low computational costs. Finally, since it is
possible to find infinite equilibrium lower bound solution, depending on the considered boun-
dary conditions, we couple the PCM procedure with a constrained optimization routine, aimed
at forcing the thrust line to be contained within the thickness of the arch, and at finding suita-
ble lower bound solutions like, e.g., minimum and maximum thrust solutions. The effective-
ness of the implemented method is discussed by numerical examples concerning the case of a
circular arch subjected to the self-weight, for which analytical closed form solutions can also
be found.

2 EQUILIBRIUM EQUATIONS

Let us consider a masonry arch of generic shape and of constant depth t, whose middle
plane is represented in Figure 1. In polar coordinates O(r,go) the geometry of the arch is as-
signed by the mid-curve r, (¢) and by the thickness d , which in general can be variable. For

each transversal section of the arch we denote by C the center of curvature of the mid-curve
and by R its radii of curvature; then, we name R, and R, the distances of the extrados line

and the intrados line from C, with R, =R, =d .Moreover, for the considered transversal sec-

tion we denote by R the distance of the thrust line from C and by 6 the angle between the
transversal section and the vertical-axis. We restrict our attention on an arbitrary small part of
the arch defined by an angular neighborhood dé@ of the transversal section; for this part, we
consider a fully general loading condition, including:

- the self-weight dg , applied in the center of mass G;
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- horizontal inertial forces dp, also applied in G;
vertical and horizontal distributed load on the extrados, f, and p,, respectively;
- vertical and horizontal distributed load on the intrados, f; and p,, respectively.

Let T be the resultant of the forces transmitted by the rest of the arch to the right face of the
considered part, and let be V and H the vertical and horizontal components of T, respective-
ly. Finally, let T+dT be the resultant of the forces transmitted by the rest of the arch to the
left face of the considered part, with vertical and horizontal componentsV +dV and H +dH ,

respectively.

A-A > X
, fcfs\ Y . A
p.ds. ¥ dg -\ T,
d 4 W *‘\élf;,?' a \{4

Figure 1: Geometry and loading conditions of a small part of the arch.

In a Cartesian coordinate system O(x,y), by following an approach similar to that of Milan-
kovitch [8], it is possible to show that the translational equilibrium in the horizontal and ver-
tical directions and the rotational equilibrium around the point E of the thrust line (see Figure
1) are described by the following system of three ordinary differential equations (ODE):
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where y is the weight per unit volume of the material, y, is an apparent density of the horizon-
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tal inertial forces, which may represent a peak seismic acceleration, and & is the distance be-

tween the middle line and the thrust line.
In equations (1) the thrust line R(6) with the vertical and horizontal thrust forces V ()

and H (@), respectively, are the unknown functions to be determined; it is apparent that

closed form solutions can be very hard to find, even in case of simplified problems. For this
reason, numerical methods are needed.

3 THE CIRCULAR ARCH SUBJECTED TO SELF-WEIGHT

For the purpose of the present paper, we specialize the analysis to the simple case of a cir-
cular arch, which not only is relevant for applications but allows the evaluation of the analyti-
cal solutions that represent a reference for the assessment of the numerical procedure. We
consider the arch subjected only to the self-weight and to vertical loads acting on the extrados,
thus, we assume:

7.=0, £=0, p,=0, p=0. 2)

In this case, it is convenient to rewrite equations (1) in polar coordinates (R,H) whose origin
is coincident with the (fixed) center of curvature C. After some simple manipulations, we get:

Lla

do

dv 1 2 o2
———yt{R;-R7)-f,R, =0
do 2 /4 ( e i ) e e

3)
Vd—Rsin9+V Rcos@+H OI—Rcose— H Rsing
do do

2

1 d
—{Eyt(Rez—Rf)(Rm “R

representing a system of 3 ODE where the thrust line R(H) and the vertical and horizontal

]sin9+ f.R (R, — R)sine}zo

m

thrustsV (6) and H(6) are the unknown functions. From equation (3); we see that the hori-
zontal thrustH (0) is constant, and we denote by H, this constant value. Integrating equa-

tions (3), and (3)s, the vertical thrust V () and the thrust line R(6) can be determined; H,

and the two integration constants in the solutions of (3), and (3); have to be determined by
setting suitable boundary conditions.

Let now further specialize the problem by considering a circular arch of constant thickness,
subjected only to its self-weight, that is:

y(0)=cost=y,  f,(0)=0, R (0)=cost=R, R,(0)=cost=R,. (4)
By integrating equation (3),, which now becomes uncoupled from equation (3)s, it results:
V(6)=q0+k (5)

where

A= 7t(RE-R¥) ©)
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andK is an integration constant. Given the symmetry of the problem with respect to the vertic-
al axis, we can assume in the key section of the arch thatV (0) =0 ,which impliesk =0; con-
sequently, formula (5) becomes:

V =q0. (7)
Thus, equation (3)3 reduces to the following linear ODE in R(@):

2

] dR . . d
gsin@+H,cosf)—+(gfcos@—-H,sin@+9gsin@)R—-qg| R_ +
(g 000s0) -+ ( 0 qsing) q[ T

jsine =0. (8)

m

Setting R(0) = R,, the differential equation (8) admits the following closed form solution:

2

d
H R R 1- 0
. 0+q( m+12R j( cos6)

R(6)= k : 9
(9) qésind+H,cosb ®

which describes the thrust line and depends upon two integration constants R,and H,. Then,

as it is expected, the equilibrium problem admits infinite solutions, depending on the assigned
boundary conditions.

4 THE NUMERICAL APPROACH

For more general loading conditions, and/or for arches with more complex shapes and
eventually with variable thickness, analytical solutions of the ODE system (1) is prohibitive,
and numerical methods have to be employed. In particular, we adopt the Point Collocation
Method (PCM) [10], which is very effective for the numerical solution of boundary value
problems like that under examination, and is characterized by a reduced computational cost.

PCM consists in approximating the unknown function R(Q) with a polynomial of degree

v, and in exactly satisfying the differential equation in a discrete number m of points, called
collocation points.

In particular, let us consider the differential equation (8) in the unknown function R(@),

defined on the domain 6 {—%%} function also of the unknown constant H,. The domain

is divided in n,intervals by introducing n, =n, +1 points. For the i —th interval, the function

R( (9) is approximated as follows:

RO (0)=3 1, (10)

j=1

(i) - . : . i e
where 17 are the coefficients of the polynomial andy/, are interpolating functions, satisfying
the following conditions:
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where Hl(i) and 02(i)are the initial and final angles of the i—th interval.

For each element, expression (10)is substituted into the ODE (8)that have to be exactly sa-
tisfied at the following three collocation points:

i i 1 15 i i
cp!’ =91()+[——£}(9§)—01()),

2 10
i i 1 i i
cpg>=el(>+5(02(>—91“), (12)
W _ a0 (1 N5 )0 a0
cpy’ =6, +[2+ 10 (02 0, )

Therefore, starting from the differential equation (8) a set of n,x3linear algebraic equations

in the polynomial coefficients is obtained; moreover, further n, —1 algebraic equations coming

from the requirement of the continuity of the approximating functions when passing from an
element to the next are considered:

RY(0=6,)=R"(0=0"). (13)

Finally, if we also assign boundary conditions on R(6),we obtain a system of n,x4linear

algebraic equations in n, x4 unknowns (the coefficients in the functions R(@)(i)); notice that

at this stage the thrust H, is undetermined.

Now, in the spirit of the lower bound theorem of Limit Analysis, the thrust line must be
contained in the thickness of the arch. Moreover, if the boundary conditions are not a priori
prescribed (indeed, in practical problems, they are unknown), we can search between the infi-
nite possible equilibrium solutions, those that are relevant: usually, the minimum horizontal
thrust and the maximum horizontal thrust solutions. To do this, we add to the numerical pro-
cedure an optimization routine, which solve the following constrained optimization problem:

find minH, (or maxH,)

RV (0)>=R" (6 (14)
such that _ () ' () with i=1,...,n,.

RU(0)<R(0)

The above approach has been applied for finding the thrust line of a circular arch subjected
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to the self-weight; the arch has external radius R,=1250 mm, internal radius R, =950 mm,
width t=500 mm and specific weight ¥ =2000 daN/m®. The domain [—71/2,77/2] has been

subdivided in n, =8 intervals (angular amplitude A@ =7 /8). For what concerns the maxi-
mum thrust solution, Figure 2 shows a comparison between the analytical results (dotted line),
obtained from formula (9) by settingR, =R; and R(z/2)=R,, and the numerical results

(solid line). Notice that the two curves are practically identical; moreover, also the analytical-
ly determined horizontal thrust on the spring, equal to 297.58 daN, is the same of that numeri-
cally determined, resulting equal to 297.06 daN. The same applies for the minimum thrust
solution: by formula (9) we obtained a horizontal thrust on the springing equal to 131.10 daN,
practically the same of that numerically determined, equal to 130.57 daN. The analytical (dot-
ted line) and the numerical (solid line) thrust lines are compared in Figure 3.

x| ! I L o

Figure 2: Maximum thrust solution: analytical (dotted line) and numerical (solid line) results.

0
— ! —————
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e ’/

B
Figure 3: Minimum thrust solution: analytical (dotted line) and numerical (solid line) results.

5 CONCLUSIONS
e We revised the Milankovitch's theory of the equilibrium of arches.

e We proposed a numerical procedure for solving the differential equilibrium equations of
a masonry arch, based on the Point Collocation Method. By coupling this procedure with
an optimization routine, it is possible to find equilibrium lower bound solutions relevant
for practical applications.

e The method has been successfully applied for determining the maximum and minimum
thrust of a circular arch subjected to the self-weight.
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e The method is simple, stable and requires low computational costs.

REFERENCES

[1]

[2]

3]
[4]
[5]

[6]

[7]

8]
[9]

[10]

M. Como, Statics of Historic Masonry Constructions, 2nd ed..Springer Series in Solid
and Structural Mechanics, 2016.

P. Roca, M. Cervera, G. Gariup, L. Pela, Structural analysis of masonry historical con-
structions, Classical and Advanced Approaches, Archives of Computational Methods in
Engineering, 17(3), 299-325, 2010.

E. Benvenuto, An Introduction to the History of Structural Mechanics, Part Il: Vaulted
Structures and Elastic Systems. Springer-Verlag, 1991.

P. Block, M. De Jong, J. Ochsendorf, As Hangs the Flexible Line: Equilibrium of Ma-
sonry Arches, Nexus Network Journal, 8(2), 13-24, 2006.

J. Heyman, Arches, vaults and buttress: masonry structures and their engineering.
Variorum, 1996.

E. Sacco, Some Aspects on the Statics of Masonry Arches. Masonry Structures: Be-
tween Mechanics and Architecture (D. Aita, O. Pedemonte, K. Williams (Editors)).
Springer International Publishing Switzerland, 2015, pp. 265-290.

E. Sacco, Stress approaches for the analysis of masonry arches. Proceedings of 8th In-
ternational Conference on Structural Analysis of Historical Constructions (SAHC 2012)
(Editor: Jerzy Jasienko), Wroclaw (Polonia), 15-17 October 2012.

M. Milankovitch, Theorie der Drukccurven, Zeitschriftfir Mathematik und Physik, 55,
1-27, 1907.

F. Foce, Milankovitch’s Theorie der Druckkurven: Good mechanics for masonry archi-
tecture, Nexus Network Journal, 9(2), 185-210, 2007.

A. lIserles, A first course in the numerical analysis of differential. Cambridge University
Press, 1996.

1533



	Cover of proceedings_front
	AIMETA_p1
	AIMETA_2017_p2_n
	MG_n
	45
	506
	625
	INTRODUCTION
	MATERIALS AND METHODS
	Dynamical model of the vehicle
	Electrical model of the feeding line
	Test Case

	RESULTS
	CONCLUSIONS

	660
	INTRODUCTION
	LITERATURE REVIEW
	PROBLEM STATEMENT
	EXPERIMENTAL CAMPAIGN
	The robotic device
	Acquisition specifications and dynamic tests

	RESULTS
	CONCLUSIONS

	807
	818
	INTRODUCTION
	BALANCE EQUATIONS AND JUMP CONDITIONS FOR A BODY WITH ELLIPSOIDAL MICROSTRUCTURE
	THE POROUS SOLID AS A THERMOELASTIC CONTINUUM WITH STRAIN GRADIENT EFFECTS
	THE PURE FIELD EQUATIONS
	A CONSTITUTIVE CHOICE
	CONCLUSIONS

	865
	1258
	INTRODUCTION
	CHARACTERIZATION OF THE TERRAIN-VEHICLE INTERACTION
	Shear stress
	Motion resistance
	Off-road vehicle performance

	MULTIBODY MODEL
	LQR Control

	EXPERIMENTAL TEST-RIG
	CONCLUSIONS

	1258_n.pdf
	INTRODUCTION
	CHARACTERIZATION OF THE TERRAIN-VEHICLE INTERACTION
	Shear stress
	Motion resistance
	Off-road vehicle performance

	MULTIBODY MODEL
	LQR Control

	EXPERIMENTAL TEST-RIG
	CONCLUSIONS


	MF_n
	526
	Introduction
	Aerodynamic drag breakdown and local irreversible velocity
	Aerodynamic force and Lamb vector field
	Incompressible regime
	Compressible regime
	Link with inviscid theories
	Incompressible regime
	An extension to compressible flows


	Numerical applications
	Conclusions

	542
	Introduction
	Physical model
	Experimental measurements
	Power supply system
	Total pressure measurements
	Tuning of the lumped model

	Conclusions

	549
	558
	INTRODUCTION
	THEORY
	Steady flow around an actuator disk
	Unsteady flow around an oscillating airfoil

	RESULTS
	Steady flow around an actuator disk
	Unsteady flow around a plunging airfoil

	CONCLUSIONS

	564
	Introduction
	Classical nucleation theory in confinement
	Results
	Methods
	Discussion
	Conclusions

	575
	INTRODUCTION
	DESCRIPTION OF THE DEVICE
	EXPERIMENTAL SETUP AND METHODOLOGY
	COMPUTATIONAL MODELLING
	Continuous phase simulation
	Lagrangian particle tracking
	Single-particle erosion modelling
	Computational domain and boundary conditions
	Computational methodology, consistency of the numerical solution, and preliminary experimental validation

	RESULTS
	Erosion hotspots and comparison with experiments
	Effect of flow and operation parameters
	Particle shape
	Particle size
	Flow velocity
	Valve opening

	A simple interpolatory formula

	CONCLUSIONS

	610
	632
	INTRODUCTION
	METHODOLOGY
	Model and wind tunnel
	Measurement techniques and data reduction

	RESULTS
	Drag characterization and accuracy
	Pressure distribution
	Cross correlation of the microphones
	Wake analysis
	Spectrum analysis results

	CONCLUSIONS

	1068_n.pdf
	1 INTRODUCTION
	2 AN OVERALL DESCRIPTION OF THE DATA PROCESSING TECHNIQUE
	2.1 Separation of hydrodynamic and acoustic pressure fluctuations
	2.2 Auto- and Cross-conditioning

	3 PRESSURE FLUCTUATIONS IN THE NEAR FIELD OF FREE JETS
	3.1 Hydrodynamic and acoustic pressure separation
	3.2 Stochastic modelling of hydrodynamic pressure fluctuations

	4 Jet-flat plate interactions
	5 conclusions


	MSS_n
	451
	INTRODUCTION
	THE NEW NUMERICAL PROCEDURE FOR THE MODAL ANALYSIS OF MASONRY STRUCTURES
	THE ``CLOCK TOWER'' IN LUCCA
	CONCLUSIONS

	490
	INTRODUCTION
	SLENDER RIGID BLOCKS
	CONTROL ALGORITHM
	PARAMETRIC ANALYSES
	Robustness of the control law
	The role of the slenderness and of the base of the block

	CONCLUSIONS

	515
	INTRODUCTION
	Mechanical model
	Rocking equations of motion
	Uplift conditions
	Impact conditions

	PARAMETRIC ANALYSIS
	The role of the slenderness of the columns and of the mass of the pendulum

	CONCLUSIONS

	559
	INTRODUCTION
	THE KOITER ASYMPTOTIC STRATEGY FOR MIXED SOLID-SHELL FE MODELS
	The current implementation of the asymptotic algorithm
	Fundamental path.
	Buckling loads and modes.
	The reduced model of the perfect structure.
	Standard a-posteriori account of geometrical imperfections.

	FEM implementation of the asymptotic approach

	AN ACCURATE A-POSTERIORI ACCOUNT OF GEOMETRICAL IMPERFECTIONS
	The strain energy and the equilibrium path of the structure with geometrical imperfection
	The new reduced model with geometrical imperfection
	Projection of the equilibrium equation in the space W.
	The new reduced equations with geometrical imperfection.

	FEM implementation of the proposed algorithm

	NUMERICAL RESULTS
	Simply supported plate
	Cylindrical isotropic and laminated roofs
	Compressed simply supported channel section
	Cylinder
	Frame

	CONCLUSIONS

	576
	INTRODUCTION
	Problem formulation
	Functional equations
	Travelling-wave solution
	Analysis in the frequency domain

	Analysis and factorization of the kernel function
	ACKNOWLEDGMENTS

	586
	INTRODUCTION
	THE IN-HOUSE NUMERICAL CODE
	CALCULATION EXAMPLES
	Intesa Sanpaolo Tower
	Piedmont Region Headquarters Tower

	CONCLUSIONS

	588
	INTRODUCTION
	STRESS RECOVERY PROCEDURE
	NUMERICAL EXAMPLE
	FINAL REMARKS
	ACKNOWLEDGMENTS

	592
	INTRODUCTION
	1D CUF beam theory
	Analytical solution 
	Numerical results
	Conclusions

	634
	641
	655
	INTRODUCTION
	THE BIAXTESTER
	RESULTS AND DISCUSSION
	Clamping system and specimen optimization
	Mullins effect induced anisotropy

	CONCLUSIONS

	658
	672
	INTRODUCTION
	PHENOMENOLOGICAL BASED MODEL 
	A CONTINUOUS MATHEMATICAL MODEL
	DISCRETE FORMULATION FOR ONE-DIMENSIONAL CONTINUA
	Algorithm

	NUMERICAL RESULTS
	CONCLUSION

	692
	INTRODUCTION
	INTEGRAL EQUATIONS AND NURBS REPRESENTATION
	THE ITERATIVE PROCEDURE
	Modified Newton-Raphson
	Full Newton-Raphson

	NUMERICAL ISSUES
	Computation of the integrals over S0 and V0
	Computation of 0

	TEST EXAMPLE
	CONCLUSIONS

	698
	INTRODUCTION
	THEORETICAL BACKGROUND
	Structural complexity
	Average impact of element removal

	METHODS
	Frame structure
	Truss structure

	RESULTS
	Frame structure
	Truss structure

	DISCUSSION
	CONCLUSIONS

	737
	820
	831
	846
	1248
	655_n.pdf
	INTRODUCTION
	THE BIAXTESTER
	RESULTS AND DISCUSSION
	Clamping system and specimen optimization
	Mullins effect induced anisotropy

	CONCLUSIONS

	692_n.pdf
	INTRODUCTION
	INTEGRAL EQUATIONS AND NURBS REPRESENTATION
	THE ITERATIVE PROCEDURE
	Modified Newton-Raphson
	Full Newton-Raphson

	NUMERICAL ISSUES
	Computation of the integrals over S0 and V0
	Computation of 0

	TEST EXAMPLE
	CONCLUSIONS

	698_n.pdf
	INTRODUCTION
	THEORETICAL BACKGROUND
	Structural complexity
	Average impact of element removal

	METHODS
	Frame structure
	Truss structure

	RESULTS
	Frame structure
	Truss structure

	DISCUSSION
	CONCLUSIONS


	MM_n
	478_n
	INTRODUCTION
	MULTIBODY FORMULATION APPROACHES
	Reference Point Coordinate Formulation with Euler Angles (RPCF-EA)
	Reference Point Coordinate Formulation with Euler Parameters (RPCF-EP)
	Natural Absolute Coordinate Formulation (NACF)

	MULTIBODY SOLUTION PROCEDURES
	Augmented Formulation (AF)
	Embedding Technique (ET)
	Amalgamated Formulation (AMF)
	Projection Method (PM)
	Udwadia-Kalaba Equations (UKE)

	NUMERICAL RESULTS AND DISCUSSION
	SUMMARY ANCD CONCLUSIONS

	480
	INTRODUCTION
	THE AEROSTATIC THRUST BEARING MODEL
	EXPERIMENTAL SET-UP
	The Aerostatic Thrust Bearing (ATB)
	Test Rig

	EXPERIMENTAL PROCEDURES
	Static
	Dynamic procedure

	RESULTS AND DISCUSSIONS
	Static
	Dynamic

	CONCLUSIONS
	BIBLIOGRAPHY

	486
	INTRODUCTION
	PUSH-TYPE DRY CLUTCH
	VEHICLE LONGITUDINAL DYNAMICS
	FE MODEL
	Structural analysis
	Thermal-structural analysis

	SIMULATION RESULTS
	CONCLUSIONS

	501
	547_n
	554_n
	556_n
	566
	INTRODUCTION
	RECIRCULATING POWER PRINCIPLE
	SYSTEM DESIGN
	EXPERIMENTAL SETUP
	Measurement system
	Control system

	RESULTS
	Post processing

	CONCLUSIONS

	580
	585
	629
	651
	656
	688
	INTRODUCTION
	6-DoF robot design
	Reduced-order experimental 2 DoF benchmark setup
	Numerical model and experimental validation
	Conclusions and ongoing developments
	Aknowledgments

	706
	707
	738
	752
	INTRODUCTION
	THE WIND FARM
	SCADA DATA ANALYSIS
	CFD SIMULATIONS
	CONCLUSIONS AND FURTHER DIRECTIONS

	833
	840
	INTRODUCTION
	Modelling
	MSC Adams full vehicle model
	Simulink control system
	Proportional and Proportional-integrative control
	Fuzzy-PID control
	Fuzzy control


	Results
	Braking on wet surface
	Braking on -split surface

	CONCLUSIONS


	MS01_n
	534_n
	607_n
	746
	INTRODUCTION
	PHYSICAL MODEL
	MATHEMATICAL STATEMENT OF THE PROBLEM
	SOLUTION PROCEDURE
	Homogenization technique
	Solution of the cell problem

	Solution of the macroscopic problem

	RESULTS AND DISCUSSION
	Isotropic case
	Anisotropic case

	Conclusions
	SOLUTION OF THE CELL PROBLEM
	ANISOTROPIC EFFECTIVE COEFFICIENTS

	750

	MS02_n
	64
	465
	468
	INTRODUCTION
	THE DYNAMICAL MODEL
	Description of the dynamical model
	The system of equations
	Torsional stability of the solutions
	Numerical experiments

	THE UNDAMPED SYSTEM
	The positive part nonlinearity
	A cubic perturbation in the positive part nonlinearity

	THE DAMPED SYSTEM
	APPENDIX: OBSERVATIONS ON THE TNB COLLAPSE
	CONCLUSIONS

	479
	492_n
	INTRODUCTION
	EIGENVALUES PROBLEMS ALGORITHMS
	NUMERICAL EXAMPLE
	CONCLUSIONS

	503_n
	504_n
	INTRODUCTION
	Governing equations for two-layer cracked beam with interlayer slip
	Dynamic response analysis
	Numerical example
	CONCLUSIONS

	528_n
	531_n
	536
	INTRODUZIONE
	NANO-TRAVI DI BERNOULLI-EULER CON ELASTICITÀ STRESS-DRIVEN
	APPLICAZIONI
	Trave appoggiata
	Trave incastrata

	COMMENTI FINALI

	538
	INTRODUCTION
	DESCRIPTOR STATE-SPACE AND TRANSFER-FUNCTION FORMULATIONS
	Time and frequency domain governing equations
	The Hbold0mu mumu program@epstopdf-norm as a meaningful design goal

	THE Hbold0mu mumu program@epstopdf TOPOLOGY OPTIMIZATION PROBLEM
	On the computation of the Hbold0mu mumu program@epstopdf–norm gradient

	MODELING MATERIALS AND LOAD UNCERTAINTIES
	Material uncertainties
	Load uncertainties

	SQUARE DOMAIN Hbold0mu mumu program@epstopdf TOPOLOGY OPTIMIZATION PROBLEM
	CONCLUSIONS

	551
	INTRODUCTION
	LINEARISED MODEL
	LARGE-AMPLITUDE MEASUREMENTS
	CONCLUSIONS

	594
	603_n
	605
	619_n
	626
	INTRODUCTION
	MATERIALS AND METHODS
	Model description
	Numerical implementation
	Test Cases

	RESULTS AND DISCUSSION
	Literature validation
	Experimental validation
	Further numerical results
	Computational times

	CONCLUSIONS AND FUTURE DEVELOPMENTS

	675_n
	INTRODUCTION
	DESCRIPTION OF THE TWIN 6-DOFs SHAKING TABLE SYSTEM
	Overview of the hardware
	Overview of the control system

	TESTING PROGRAM
	Description of rigid payload
	Description of the elastic payload

	TESTING EXECUTION AND RESULTS
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	721
	755_n
	765
	INTRODUCTION
	METHODOLOGY
	Synchronization
	Master stability function

	MATHEMATICAL MODEL
	RESULTS
	CONCLUSIONS

	783_n
	INTRODUCTION
	THE LINEAR BOLTZMANN TRANPORT EQUATION
	A MONTE CARLO ALGORITHM FOR THE LBTE
	NUMERICAL TEST
	RESIDENCE TIME

	786_n
	INTRODUCTION
	THE MODEL
	HEAT CONDUCTION EVOLUTION PROBLEM
	REGULAR EVOLUTION PROBLEM
	SINGULAR EVOLUTION PROBLEM

	CONNECTIONS WITH OTHER RESULTS AND PERSPECTIVES

	793
	INTRODUCTION
	FRACTIONAL ORDER CALCULUS
	GOVERNING EQUATON AND STATE SPACE APPROACH
	APPLICATION OF ROUTH-HURWITZ THEOREM GENERALIZED AND NUMERICAL APPLICATION
	CONCLUSION
	ACKNOWLEDGEMENTS

	826
	1 INTRODUCTION
	2 MRE speciments
	3 Experimental setup
	4 Experimental tests
	4.1 Non activated state
	4.2 Activated state

	5 Conclusions
	The authors are grateful to Giuseppe Iovino and Gennaro Stingo for their collaboration during the setup construction and the execution of laboratory tests.

	859
	Introduction
	First experimental results
	Thermalization
	Energy fluxes and coherence effects
	Spatial oscillation asymmetry
	Chaos
	Localized modes

	Conclusions

	864
	INTRODUCTION
	Base-isolated structure with attached TID: a simplified 3DOF-system
	Optimal TID parameters for the simplified 3DOF-system
	Extension to MDOF systems
	Numerical applications on multi-story buildings
	Concluding remarks


	MS03_n
	64_n
	477_n
	INTRODUCTION
	STRUCTURED DEFORMATIONS
	Notation
	Structured deformations

	STRUCTURED DEFORMATIONS IN THE CONTEXT OF SBV
	STRUCTURED DEFORMATIONS IN COMPOSITE MEDIA
	ANNEX
	BV-functions
	Measure theory
	Sets of finite perimeter
	Hypotheses


	485
	INTRODUCTION
	NOTATION AND PRELIMINARIES
	THE VAN DER WAALS-CAHN-HILLIARD MODEL
	THE SCALAR-VALUED DECOUPLED CASE
	THE SCALAR-VALUED COUPLED CASE
	THE VECTOR-VALUED COUPLED CASE

	513_n
	519_n
	INTRODUCTION
	BEHAVIOUR NEAR THE BOUNDARY AND ESTIMATES ON COLLISION TIMES
	CONFINEMENT UNDER SUITABLE BOUNDARY CONDITIONS
	CONCLUSIONS


	MS04_n
	454
	457
	474_n
	507
	647
	703_n
	743 (2)
	INTRODUCTION
	ANISOTROPIC RESPONSE OF LATTICES WITH TETRAKIS-LIKE ARCHITECTURE
	Relationships among moduli

	SPECIAL CASES
	The orthotropic case
	The isotropic case
	An example of ``directionally tailored'' lattice

	CONCLUSIONS

	749
	MAIN RESULTS
	Single compressed bar
	Tensegrity columns with increasing complexity
	Tensegrity columns with infinite complexity and fractal limit dimension

	 STABILITY ANALYSIS
	OPTIMIZATION

	800
	INTRODUCTION
	RATE ELASTICITY
	CONSIDERATIONS
	NONLOCAL ELASTICITY
	CONCLUSIONS

	816
	INTRODUCTION
	VARIATIONAL PRINCIPLE FOR FORM FINDING
	The model net
	Generalized Hu-Washizu functional
	Extended Force Density

	NUMERICAL EXAMPLES
	5-cable plane net
	3d-cable net

	COCLUSIONS

	852_n
	1053
	1188_n
	1237
	1239
	1244_n

	MS05a_n
	470
	1 INTRODUCTION
	2 THE CARMINE BELL TOWER IN NAPOLI
	3 THe Numerical model
	5. RESULT OF PUSH-OVER ANALYSIS

	4 CONCLUSIONS

	481
	1 INTRODUCTION
	2 Energy-based analysis of unilateral 2D bodies
	3 Optimal reinforcement of no-tension bodies with no-compression layers
	4 numerical application
	5 concluding remarks and future perspectives
	acknowledgments

	527
	1 INTRODUCTION
	2 Theoretical formulation
	2.1 Microscopic modeling of masonry
	2.2 Macroscopic modeling of masonry

	3 Description of the multiscale simulation algorithm
	4 Numerical experiments: the shear wall test
	4.1 Description of the test specimen and the boundary conditions
	4.2 Results of the multiscale numerical simulation (MNS)

	5 CONCLUSIONS
	Acknowledgments

	612
	INTRODUCTION
	NORMAL ELASTIC MATERIALS
	ELASTOPLASTIC MATERIALS
	NUMERICAL EXAMPLE
	CONCLUSIONS

	635_n
	643
	INTRODUCTION
	THE STATISTICAL EQUIVALENT PERIODIC UNIT CELL (SEPUC)
	ESTIMATION OF FAILURE SURFACE OF PERIODIC MASONRY
	Limit analysis approach
	Micromechanical approach

	ESTIMATION OF FAILURE SURFACE WITH THE SEPUC
	Limit analysis approach
	Micromechanical approach
	Comparison with homogenized approach

	CONCLUSIONS

	644
	663
	1 INTRODUCTION
	2 EXPERIMENTAL TESTS
	2.1 Test matrix
	2.2 Experimental Set up
	2.3 Experimental Results

	3 FINITE ELEMENT MODELING
	3.1 Numerical modelling
	3.2 Mechanical parameters
	3.3 Unreinforced wall
	3.4 Repaired wall

	4 CONCLUSIONS

	671
	INTRODUCTION
	HEURISTIC MODELLING OF THE ANISOTROPIC DAMAGE
	APPLICATION TO THE DAMAGE OF AN EXAMPLE OF MASONRY TOWER
	SOME REMARKS ON THE NUMERICAL RESULTS
	The pushover response with symmetric shear springs
	The pushover response with different shear strengths


	774
	INTRODUCTION
	THEORETICAL BACKGROUND
	CONSISTENT TANGENT EVALUATION
	COMPARISON BETWEEN FEM AND MESHLESS ANALYSIS IN PURE MODES
	CONCLUSIONS

	815_n
	1246_n

	MS05b_n
	452_n
	471
	INTRODUCTION
	THRUST NETWORK ANALYSIS
	Assemblage of the equilibrium equations
	Solving procedure

	MASONRY HELICOIDAL STAIRCASES
	The helicoidal staircase inside the Padula Charterhouse
	The Staircase of Reconciliation inside the Graz Castle

	CONCLUSIONS

	502_n
	539
	642
	INTRODUCTION
	EQUILIBRIUM OF AXIAL-SYMMETRIC DOMES
	INVERSE PROBLEM FOR AXIAL-SYMMETRIC DOMES
	STATICALLY ADMISSIBLE FIELDS FOR DOMES OF ASSIGNED SHAPE
	CONCLUSIONS

	645
	646
	762
	769
	824
	832
	856
	1260
	1272
	806_n.pdf
	INTRODUCTION
	Micromechanics and homogenization of masonry beam
	Macroscale finite element formulation
	NUMERICAL APPLICATIONS
	Wallette four-point out-of-plane bending test
	Bending of a circular arch

	CONCLUSIONS


	MS06_n
	514_n
	INTRODUCTION
	STEP-BY-STEP GEOMETRICALLY NON-LINEAR ANALYSIS VIA DISPLACEMENT FES
	The discrete non-linear equations
	Path–following analysis
	Displacement-based discrete formulation
	Numerical integration
	Remarks


	THE NEW ITERATIVE SCHEME FOR DISPLACEMENT-BASED DISCRETE FORMULATIONS USING MIXED INTEGRATION POINTS
	The MIP full Newton
	The MIP modified Newton
	MIP full Newton vs MIP modified Newton
	MIP strategy vs mixed formulation

	IMPLEMENTATION DETAILS
	Implementation details of the Newton scheme
	The 2D beam element
	The solid-shell finite element
	The solid-shell isogeometric element

	NUMERICAL TESTS
	2D frame tests
	Clamped-Hinged arc
	Rigidly jointed truss

	Shell structures
	Slit annular plate under line force
	Pinched cylinder with rigid diaphragms
	Thin walled cantilever beam
	Clamped semi-cylinder

	CONCLUSIONS

	571
	Introduction
	One-dimensional CUF models for Stokes flow
	Finite element formulation and CFD fundamental nuclei

	Numerical results: Poiseuille flow in circular-section pipe
	Conclusions

	699
	INTRODUCTION
	THE SPECIFIC RIGID BODY-SPRING MODEL - RBSM
	THE DISCRETE BOND BASED PERIDYNAMIC MODEL
	NON-LINEAR ANALYSES WITH MONTE CARLO METHOD
	CONCLUSIONS

	744
	747
	811
	INTRODUCTION
	GOVERNING EQUATIONS
	DISCRETIZATION OF THE GOVERNING EQUATIONS
	NUMERICAL APPLICATION
	CONCLUSIONS

	812
	837
	847_n
	INTRODUCTION
	HOMOGENIZATION OF LONG FIBRE COMPOSITES
	VIRTUAL ELEMENT METHOD
	NUMERICAL APPLICATIONS
	CONCLUSIONS


	MS07_n
	488
	628_n
	INTRODUCTION
	METHODOLOGY AND COMPUTATIONAL SETUP
	Modeling and numerical methodology
	Simulation set-up

	RESULTS OF DETERMINISTIC SIMULATIONS
	Stochastic analysis
	Concluding remarks

	828_n
	INTRODUCTION
	MATHEMATICAL MODEL
	Configuration
	Fluid-structure interaction modelling
	Piezo-electric patch modelling
	Linear global stability of the fluid-solid-electric system

	NUMERICAL DISCRETISATION
	RESULTS
	Fluid-solid-electric stability analysis
	Piezo-shunts configuration

	CONCLUSIONS

	844
	1027

	MS08_n
	606
	1 INTRODUCTION
	2 EXPERIMENTAL INVESTIGATION
	2.1 Pull out test

	3 VARIATIONAL MODELING
	3.1 Matrix and Yarn Energies
	3.2 Interface Energy
	3.3 Evolution problem

	The evolution of u and , for increasing boundary displacement , is determined by means of incremental energy minimization [15,16]. The loading parameter  is discretized into steps, and, within each step, the quadratic approximation of the energy (1...
	4 NUMERICAL SIMULATIONS OF PULL-OUT TESTS
	Pull-out tests are simulated by considering the simplified geometrical scheme of Figure 3. A radial transversal section of the sample is considered, and the hypothesis of plane strain state is applied. For symmetry reasons, only one-half of the sectio...
	Force-displacement curves obtained from simulations are plotted in Figure 4 (red lines). They accurately match the experimental curve, capturing the three basic phase of the failure mechanism: initial linearly elastic phase, stress-softening phase, co...
	Evolution of damage  and shear stress  at the yarn-to-matrix interface of the 50 mm in length sample (HS_50) is presented in Figure 5. Profiles of  and  are plotted for different value of , and different colours are used to distinguish the differ...
	5 CONCLUSIONS

	678_n
	702
	710
	724
	INTRODUCTION
	MULTIPLANE INTERFACE FORMULATION
	FINITELY DILATING MODEL
	MODELLING OF PROGRESSIVE INTERLOCKING DEGRADATION
	CONCLUSIONS

	732
	INTRODUCTION
	PRELIMINARIES
	SKETCHES OF THE PROOFS OF THEOREMS 1.1 AND 1.2.

	741
	789
	823
	1235
	INTRODUCTION
	POSITION OF THE PROBLEM
	THE ASYMPTOTIC EXPANSION METHOD
	THE WEAK MICROSTRETCH INTERFACE PROBLEM
	THE STRONG MICROSTRETCH INTERFACE PROBLEM
	CONCLUSIONS

	1249_n
	INTRODUCTION
	THE REGULARIZED XFEM
	A MECHANISM-BASED MODEL FOR THE DETACHMENT IN SFRC BEAMS
	Damage evolution and continuous-discontinuous transition
	Mechanism based enrichment

	THREE POINT BENDING TESTS
	CONCLUSIONS


	MS09_n
	530
	652_n
	INTRODUCTION
	SPECIES DIFFUSION IN A CRYSTAL LATTICE
	Kinematics and kinetics
	From the species molar balance to the species power balance
	Power balance laws
	Free energy imbalance
	Free energy expression and constitutive characterization

	FROM SPECIES DIFFUSION TO POROELASTICITY
	Deformation and porosity
	Interstitial fluid pressure and power balance laws
	Free energy imbalance
	Free energy (type g) expression and constitutive charaterization
	Free energy (type s) expression and constitutive charaterization
	Darcy's law
	Boundary conditions

	UNIAXIAL DEFORMATION OF A POROELASTIC CYLINDER
	Free energy (type g)
	Free energy (type s)

	THE LAMINA CRIBROSA
	Glaucoma
	Permeability constitutive characterization
	Numerical simulations


	700
	827_n
	836
	989
	INTRODUCTION
	THE CONSTITUTIVE MODEL FOR MMNCs
	EVALUATION OF A PLB BY A NONLOCAL LIMIT ANALYSIS APPROACH
	NUMERICAL EXAMPLE AND CONCLUDING REMARKS


	MS09a
	Introduction
	Materials and methods
	Experimental characterization of the polymer

	The shape memory effect
	Multiscale modelling of the foam
	Isogeometric Analysis of the RVE
	Foam mechanics

	CONCLUSIONS

	MS09b_n
	73
	1 INTRODUCTION
	2 MATERIALS
	3 Experimental results
	3.1 Blocks
	3.2 Prisms
	3.3 Wallettes

	4 numerical simulations
	5 CONCLUSIONS

	496
	510
	533
	597
	662
	1 INTRODUCTION
	2 MECHANICAL AND GEOMETRICAL PROPERTIES OF MATERIALS
	2.1 Impact of the mechanical model of the composite on the ultimate behaviour

	3 BENDING MOMENT-CURVATURE DIAGRAM
	3.1 Parametrical analyses

	4 CONCLUSIONS

	725
	727
	729
	754_n
	759
	INTRODUCTION
	MATERIALS
	METHODS
	RESULTS AND DISCUSSION
	Mortar testing
	Concrete testing

	CONCLUSIONS

	775
	784
	842_n
	1 INTRODUCTION
	2 Structural modeling of the pathway
	2.1 Basic geometrical modeling
	2.2 Winkler Modeling approach

	3 CASE STUDY: MEchanical analysis
	4 CONCLUSIONS


	MS09c_n
	524
	598_n
	599
	623
	654
	659_n
	INTRODUCTION
	ANALYSIS OF 1D PERIODIC STRUCTURE UNDER TENSILE DEAD LOAD
	SDs-based formulation
	Overall response of the structure

	DISCUSSION AND CONCLUSION

	665
	670
	INTRODUCTION
	LOCALLY RESONANT ACOUSTIC METAMATERIALS
	Free-wave motion
	Band-gaps structure
	Wave propagation across a block of LRAM

	IMPACT ABSORBERS
	Virtual crash test simulation with a LRAM absorber

	CONCLUSIONS

	779
	INTRODUCTION
	EQUATION OF MOTION FOR HOMOGENEOUS ISOTROPIC PLATES
	EQUATION OF MOTION FOR PLATES UNDER GEOMETRIC TRANSFORMATION
	EIGENFREQUENCY ANALYSIS
	CONCLUSIONS

	794
	1 INTRODUCTION
	2 THEORETICAL FRAMEWORK
	3 EXPERIMENTAL SETUP
	4 experimental results
	5 CONCLUSIONS

	813

	MS09d_n
	15
	546_n
	INTRODUCTION
	A CASE STUDY: THE CITTADELLA BRIDGE IN PISA
	General description
	Experimental dynamic analysis
	Finite element model of the bridge

	MECHANICAL MODEL OF A PIEZOELECTRIC CANTILEVER BEAM
	Model geometry
	Constitutive relationships
	Piezoelectric material
	Piezoelectric laminated cantilever beam

	Partial differential equation of motion
	Analysis of free vibrations
	Electrical boundary conditions
	Short-circuit condition
	Open-circuit condition


	NUMERICAL EXAMPLE
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	574
	Introduction
	Electromechanical equations under large strains
	Finite element implementation
	FE2 modeling of interfaces
	Computational homogenization procedure

	Lumped parameters model
	Numerical analysis
	Electromechanical and geometrical data
	Results
	FE2 analysis of a piezoelectric cantilever under static loading
	Effects of load type on the nonlinear static response
	Analytical approximation of the pushover curves
	Dynamic analysis of a piezoelectric cantilever under base excitation including large-deformation effects


	Conclusions

	577_n
	INTRODUCTION
	PHASE FIELD MODEL
	FINITE ELEMENT IMPLEMENTATION
	NUMERICAL SIMULATIONS
	Single grain with domain wall motions
	Single grain with holes
	Multigrain structure and hysteresis loop


	679_n
	INTRODUCTION
	METHODS AND MODELS
	EXPERIMENTAL SETUP
	RESULTS AND DISCUSSIONS
	CONCLUSIONS

	819

	MS10_n
	540_n
	INTRODUCTION
	INCOMPRESSIBLE FLOWS
	Continuous equations
	Spatial discretization
	Regular layout
	Staggered layout

	Temporal conservation

	COMPRESSIBLE FLOWS
	Kinetic energy equation
	Numerical tests

	Further topics
	Conclusions

	640_n
	INTRODUCTION
	FULLY DISCRETE NAVIER-STOKES EQUATIONS
	ADAPTIVE TIME-STEPPING STRATEGY
	Minimum-dissipation criterion
	Symplectic and pseudo-symplectic methods

	NUMERICAL RESULTS
	Standard and pseudo-symplectic methods

	CONCLUSIONS


	MS11_n
	567
	INTRODUCTION
	PROBABILISTIC ANALYSIS
	Through-the-Thickness Jacketed Shell formulation

	RESULTS AND DISCUSSION
	CONCLUSIONS

	636
	Introduction
	Preliminary remarks on the theory of fractional viscoelasticity
	Consequences of the fractional term in stochastic dynamics
	Numerical evidence
	Conclusions

	674
	676_n
	INTRODUCTION
	PROBLEM FORMULATION
	Stochastic linearization tecnique
	Cost function and failure probability evaluation

	STOCHASTIC MODEL OF SEISMIC ACTION
	NUMERICAL APPLICATION
	2-D SHEAR-TYPE FRAME
	3-D BUILDING STRUCTURE

	CONCLUSIONS

	677_n
	INTRODUCTION
	GOVERNING EQUATIONS
	SIMPLIFIED DESIGN OF THE NES FOR MDOF STRUCTURES
	CASE STUDY
	NESs design and their effectiveness

	CONCLUSIONS

	764
	858
	INTRODUCTION
	GEOMETRICAL DESCRIPTION
	ACTIVATION CONDITIONS OF MOTION AND TIME HISTORY ACCELERATION
	DYNAMIC ANALYSIS
	RESULTS
	Onset of motion in presence of sinusoidal acceleration time history
	Effects of geometrical uncertainties on the dynamic response
	Failure domain under sine-pulse base motion

	CONCLUSIONS

	1233
	1234

	MS12_n
	801_n
	821

	MS13_n
	653_n
	INTRODUCTION
	INCLUDING GROWTH IN FINITE ELASTICITY
	Application to a tumor spheroid
	The effect of heterogeneous growth on in situ stresses
	Piecewise constant growth

	Predicting growth-induced modification of tangent stiffness
	GROWTH-INDUCED STRESS AND MODULI REMODELING
	CONCLUSIONS AND PERSPECTIVES

	845
	INTRODUCTION
	FORMULATION
	RESULTS
	CONCLUSIONS

	1225_n


	Cover of proceedings_back
	MS09d_n.pdf
	15
	546_n
	INTRODUCTION
	A CASE STUDY: THE CITTADELLA BRIDGE IN PISA
	General description
	Experimental dynamic analysis
	Finite element model of the bridge

	MECHANICAL MODEL OF A PIEZOELECTRIC CANTILEVER BEAM
	Model geometry
	Constitutive relationships
	Piezoelectric material
	Piezoelectric laminated cantilever beam

	Partial differential equation of motion
	Analysis of free vibrations
	Electrical boundary conditions
	Short-circuit condition
	Open-circuit condition


	NUMERICAL EXAMPLE
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	574
	Introduction
	Electromechanical equations under large strains
	Finite element implementation
	FE2 modeling of interfaces
	Computational homogenization procedure

	Lumped parameters model
	Numerical analysis
	Electromechanical and geometrical data
	Results
	FE2 analysis of a piezoelectric cantilever under static loading
	Effects of load type on the nonlinear static response
	Analytical approximation of the pushover curves
	Dynamic analysis of a piezoelectric cantilever under base excitation including large-deformation effects


	Conclusions

	577_n
	INTRODUCTION
	PHASE FIELD MODEL
	FINITE ELEMENT IMPLEMENTATION
	NUMERICAL SIMULATIONS
	Single grain with domain wall motions
	Single grain with holes
	Multigrain structure and hysteresis loop


	679_n
	INTRODUCTION
	METHODS AND MODELS
	EXPERIMENTAL SETUP
	RESULTS AND DISCUSSIONS
	CONCLUSIONS

	819

	Blank Page
	9-28.pdf
	Cover of proceedings_front
	AIMETA_p1
	AIMETA_2017_p2_n
	MG_n
	45
	506
	625
	INTRODUCTION
	MATERIALS AND METHODS
	Dynamical model of the vehicle
	Electrical model of the feeding line
	Test Case

	RESULTS
	CONCLUSIONS

	660
	INTRODUCTION
	LITERATURE REVIEW
	PROBLEM STATEMENT
	EXPERIMENTAL CAMPAIGN
	The robotic device
	Acquisition specifications and dynamic tests

	RESULTS
	CONCLUSIONS

	807
	818
	INTRODUCTION
	BALANCE EQUATIONS AND JUMP CONDITIONS FOR A BODY WITH ELLIPSOIDAL MICROSTRUCTURE
	THE POROUS SOLID AS A THERMOELASTIC CONTINUUM WITH STRAIN GRADIENT EFFECTS
	THE PURE FIELD EQUATIONS
	A CONSTITUTIVE CHOICE
	CONCLUSIONS

	865
	1258
	INTRODUCTION
	CHARACTERIZATION OF THE TERRAIN-VEHICLE INTERACTION
	Shear stress
	Motion resistance
	Off-road vehicle performance

	MULTIBODY MODEL
	LQR Control

	EXPERIMENTAL TEST-RIG
	CONCLUSIONS

	1258_n.pdf
	INTRODUCTION
	CHARACTERIZATION OF THE TERRAIN-VEHICLE INTERACTION
	Shear stress
	Motion resistance
	Off-road vehicle performance

	MULTIBODY MODEL
	LQR Control

	EXPERIMENTAL TEST-RIG
	CONCLUSIONS


	MF_n
	526
	Introduction
	Aerodynamic drag breakdown and local irreversible velocity
	Aerodynamic force and Lamb vector field
	Incompressible regime
	Compressible regime
	Link with inviscid theories
	Incompressible regime
	An extension to compressible flows


	Numerical applications
	Conclusions

	542
	Introduction
	Physical model
	Experimental measurements
	Power supply system
	Total pressure measurements
	Tuning of the lumped model

	Conclusions

	549
	558
	INTRODUCTION
	THEORY
	Steady flow around an actuator disk
	Unsteady flow around an oscillating airfoil

	RESULTS
	Steady flow around an actuator disk
	Unsteady flow around a plunging airfoil

	CONCLUSIONS

	564
	Introduction
	Classical nucleation theory in confinement
	Results
	Methods
	Discussion
	Conclusions

	575
	INTRODUCTION
	DESCRIPTION OF THE DEVICE
	EXPERIMENTAL SETUP AND METHODOLOGY
	COMPUTATIONAL MODELLING
	Continuous phase simulation
	Lagrangian particle tracking
	Single-particle erosion modelling
	Computational domain and boundary conditions
	Computational methodology, consistency of the numerical solution, and preliminary experimental validation

	RESULTS
	Erosion hotspots and comparison with experiments
	Effect of flow and operation parameters
	Particle shape
	Particle size
	Flow velocity
	Valve opening

	A simple interpolatory formula

	CONCLUSIONS

	610
	632
	INTRODUCTION
	METHODOLOGY
	Model and wind tunnel
	Measurement techniques and data reduction

	RESULTS
	Drag characterization and accuracy
	Pressure distribution
	Cross correlation of the microphones
	Wake analysis
	Spectrum analysis results

	CONCLUSIONS

	1068_n.pdf
	1 INTRODUCTION
	2 AN OVERALL DESCRIPTION OF THE DATA PROCESSING TECHNIQUE
	2.1 Separation of hydrodynamic and acoustic pressure fluctuations
	2.2 Auto- and Cross-conditioning

	3 PRESSURE FLUCTUATIONS IN THE NEAR FIELD OF FREE JETS
	3.1 Hydrodynamic and acoustic pressure separation
	3.2 Stochastic modelling of hydrodynamic pressure fluctuations

	4 Jet-flat plate interactions
	5 conclusions


	MSS_n
	451
	INTRODUCTION
	THE NEW NUMERICAL PROCEDURE FOR THE MODAL ANALYSIS OF MASONRY STRUCTURES
	THE ``CLOCK TOWER'' IN LUCCA
	CONCLUSIONS

	490
	INTRODUCTION
	SLENDER RIGID BLOCKS
	CONTROL ALGORITHM
	PARAMETRIC ANALYSES
	Robustness of the control law
	The role of the slenderness and of the base of the block

	CONCLUSIONS

	515
	INTRODUCTION
	Mechanical model
	Rocking equations of motion
	Uplift conditions
	Impact conditions

	PARAMETRIC ANALYSIS
	The role of the slenderness of the columns and of the mass of the pendulum

	CONCLUSIONS

	559
	INTRODUCTION
	THE KOITER ASYMPTOTIC STRATEGY FOR MIXED SOLID-SHELL FE MODELS
	The current implementation of the asymptotic algorithm
	Fundamental path.
	Buckling loads and modes.
	The reduced model of the perfect structure.
	Standard a-posteriori account of geometrical imperfections.

	FEM implementation of the asymptotic approach

	AN ACCURATE A-POSTERIORI ACCOUNT OF GEOMETRICAL IMPERFECTIONS
	The strain energy and the equilibrium path of the structure with geometrical imperfection
	The new reduced model with geometrical imperfection
	Projection of the equilibrium equation in the space W.
	The new reduced equations with geometrical imperfection.

	FEM implementation of the proposed algorithm

	NUMERICAL RESULTS
	Simply supported plate
	Cylindrical isotropic and laminated roofs
	Compressed simply supported channel section
	Cylinder
	Frame

	CONCLUSIONS

	576
	INTRODUCTION
	Problem formulation
	Functional equations
	Travelling-wave solution
	Analysis in the frequency domain

	Analysis and factorization of the kernel function
	ACKNOWLEDGMENTS

	586
	INTRODUCTION
	THE IN-HOUSE NUMERICAL CODE
	CALCULATION EXAMPLES
	Intesa Sanpaolo Tower
	Piedmont Region Headquarters Tower

	CONCLUSIONS

	588
	INTRODUCTION
	STRESS RECOVERY PROCEDURE
	NUMERICAL EXAMPLE
	FINAL REMARKS
	ACKNOWLEDGMENTS

	592
	INTRODUCTION
	1D CUF beam theory
	Analytical solution 
	Numerical results
	Conclusions

	634
	641
	655
	INTRODUCTION
	THE BIAXTESTER
	RESULTS AND DISCUSSION
	Clamping system and specimen optimization
	Mullins effect induced anisotropy

	CONCLUSIONS

	658
	672
	INTRODUCTION
	PHENOMENOLOGICAL BASED MODEL 
	A CONTINUOUS MATHEMATICAL MODEL
	DISCRETE FORMULATION FOR ONE-DIMENSIONAL CONTINUA
	Algorithm

	NUMERICAL RESULTS
	CONCLUSION

	692
	INTRODUCTION
	INTEGRAL EQUATIONS AND NURBS REPRESENTATION
	THE ITERATIVE PROCEDURE
	Modified Newton-Raphson
	Full Newton-Raphson

	NUMERICAL ISSUES
	Computation of the integrals over S0 and V0
	Computation of 0

	TEST EXAMPLE
	CONCLUSIONS

	698
	INTRODUCTION
	THEORETICAL BACKGROUND
	Structural complexity
	Average impact of element removal

	METHODS
	Frame structure
	Truss structure

	RESULTS
	Frame structure
	Truss structure

	DISCUSSION
	CONCLUSIONS

	737
	820
	831
	846
	1248
	655_n.pdf
	INTRODUCTION
	THE BIAXTESTER
	RESULTS AND DISCUSSION
	Clamping system and specimen optimization
	Mullins effect induced anisotropy

	CONCLUSIONS

	692_n.pdf
	INTRODUCTION
	INTEGRAL EQUATIONS AND NURBS REPRESENTATION
	THE ITERATIVE PROCEDURE
	Modified Newton-Raphson
	Full Newton-Raphson

	NUMERICAL ISSUES
	Computation of the integrals over S0 and V0
	Computation of 0

	TEST EXAMPLE
	CONCLUSIONS

	698_n.pdf
	INTRODUCTION
	THEORETICAL BACKGROUND
	Structural complexity
	Average impact of element removal

	METHODS
	Frame structure
	Truss structure

	RESULTS
	Frame structure
	Truss structure

	DISCUSSION
	CONCLUSIONS


	MM_n
	478_n
	INTRODUCTION
	MULTIBODY FORMULATION APPROACHES
	Reference Point Coordinate Formulation with Euler Angles (RPCF-EA)
	Reference Point Coordinate Formulation with Euler Parameters (RPCF-EP)
	Natural Absolute Coordinate Formulation (NACF)

	MULTIBODY SOLUTION PROCEDURES
	Augmented Formulation (AF)
	Embedding Technique (ET)
	Amalgamated Formulation (AMF)
	Projection Method (PM)
	Udwadia-Kalaba Equations (UKE)

	NUMERICAL RESULTS AND DISCUSSION
	SUMMARY ANCD CONCLUSIONS

	480
	INTRODUCTION
	THE AEROSTATIC THRUST BEARING MODEL
	EXPERIMENTAL SET-UP
	The Aerostatic Thrust Bearing (ATB)
	Test Rig

	EXPERIMENTAL PROCEDURES
	Static
	Dynamic procedure

	RESULTS AND DISCUSSIONS
	Static
	Dynamic

	CONCLUSIONS
	BIBLIOGRAPHY

	486
	INTRODUCTION
	PUSH-TYPE DRY CLUTCH
	VEHICLE LONGITUDINAL DYNAMICS
	FE MODEL
	Structural analysis
	Thermal-structural analysis

	SIMULATION RESULTS
	CONCLUSIONS

	501
	547_n
	554_n
	556_n
	566
	INTRODUCTION
	RECIRCULATING POWER PRINCIPLE
	SYSTEM DESIGN
	EXPERIMENTAL SETUP
	Measurement system
	Control system

	RESULTS
	Post processing

	CONCLUSIONS

	580
	585
	629
	651
	656
	688
	INTRODUCTION
	6-DoF robot design
	Reduced-order experimental 2 DoF benchmark setup
	Numerical model and experimental validation
	Conclusions and ongoing developments
	Aknowledgments

	706
	707
	738
	752
	INTRODUCTION
	THE WIND FARM
	SCADA DATA ANALYSIS
	CFD SIMULATIONS
	CONCLUSIONS AND FURTHER DIRECTIONS

	833
	840
	INTRODUCTION
	Modelling
	MSC Adams full vehicle model
	Simulink control system
	Proportional and Proportional-integrative control
	Fuzzy-PID control
	Fuzzy control


	Results
	Braking on wet surface
	Braking on -split surface

	CONCLUSIONS


	MS01_n
	534_n
	607_n
	746
	INTRODUCTION
	PHYSICAL MODEL
	MATHEMATICAL STATEMENT OF THE PROBLEM
	SOLUTION PROCEDURE
	Homogenization technique
	Solution of the cell problem

	Solution of the macroscopic problem

	RESULTS AND DISCUSSION
	Isotropic case
	Anisotropic case

	Conclusions
	SOLUTION OF THE CELL PROBLEM
	ANISOTROPIC EFFECTIVE COEFFICIENTS

	750

	MS02_n
	64
	465
	468
	INTRODUCTION
	THE DYNAMICAL MODEL
	Description of the dynamical model
	The system of equations
	Torsional stability of the solutions
	Numerical experiments

	THE UNDAMPED SYSTEM
	The positive part nonlinearity
	A cubic perturbation in the positive part nonlinearity

	THE DAMPED SYSTEM
	APPENDIX: OBSERVATIONS ON THE TNB COLLAPSE
	CONCLUSIONS

	479
	492_n
	INTRODUCTION
	EIGENVALUES PROBLEMS ALGORITHMS
	NUMERICAL EXAMPLE
	CONCLUSIONS

	503_n
	504_n
	INTRODUCTION
	Governing equations for two-layer cracked beam with interlayer slip
	Dynamic response analysis
	Numerical example
	CONCLUSIONS

	528_n
	531_n
	536
	INTRODUZIONE
	NANO-TRAVI DI BERNOULLI-EULER CON ELASTICITÀ STRESS-DRIVEN
	APPLICAZIONI
	Trave appoggiata
	Trave incastrata

	COMMENTI FINALI

	538
	INTRODUCTION
	DESCRIPTOR STATE-SPACE AND TRANSFER-FUNCTION FORMULATIONS
	Time and frequency domain governing equations
	The Hbold0mu mumu program@epstopdf-norm as a meaningful design goal

	THE Hbold0mu mumu program@epstopdf TOPOLOGY OPTIMIZATION PROBLEM
	On the computation of the Hbold0mu mumu program@epstopdf–norm gradient

	MODELING MATERIALS AND LOAD UNCERTAINTIES
	Material uncertainties
	Load uncertainties

	SQUARE DOMAIN Hbold0mu mumu program@epstopdf TOPOLOGY OPTIMIZATION PROBLEM
	CONCLUSIONS

	551
	INTRODUCTION
	LINEARISED MODEL
	LARGE-AMPLITUDE MEASUREMENTS
	CONCLUSIONS

	594
	603_n
	605
	619_n
	626
	INTRODUCTION
	MATERIALS AND METHODS
	Model description
	Numerical implementation
	Test Cases

	RESULTS AND DISCUSSION
	Literature validation
	Experimental validation
	Further numerical results
	Computational times

	CONCLUSIONS AND FUTURE DEVELOPMENTS

	675_n
	INTRODUCTION
	DESCRIPTION OF THE TWIN 6-DOFs SHAKING TABLE SYSTEM
	Overview of the hardware
	Overview of the control system

	TESTING PROGRAM
	Description of rigid payload
	Description of the elastic payload

	TESTING EXECUTION AND RESULTS
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	721
	755_n
	765
	INTRODUCTION
	METHODOLOGY
	Synchronization
	Master stability function

	MATHEMATICAL MODEL
	RESULTS
	CONCLUSIONS

	783_n
	INTRODUCTION
	THE LINEAR BOLTZMANN TRANPORT EQUATION
	A MONTE CARLO ALGORITHM FOR THE LBTE
	NUMERICAL TEST
	RESIDENCE TIME

	786_n
	INTRODUCTION
	THE MODEL
	HEAT CONDUCTION EVOLUTION PROBLEM
	REGULAR EVOLUTION PROBLEM
	SINGULAR EVOLUTION PROBLEM

	CONNECTIONS WITH OTHER RESULTS AND PERSPECTIVES

	793
	INTRODUCTION
	FRACTIONAL ORDER CALCULUS
	GOVERNING EQUATON AND STATE SPACE APPROACH
	APPLICATION OF ROUTH-HURWITZ THEOREM GENERALIZED AND NUMERICAL APPLICATION
	CONCLUSION
	ACKNOWLEDGEMENTS

	826
	1 INTRODUCTION
	2 MRE speciments
	3 Experimental setup
	4 Experimental tests
	4.1 Non activated state
	4.2 Activated state

	5 Conclusions
	The authors are grateful to Giuseppe Iovino and Gennaro Stingo for their collaboration during the setup construction and the execution of laboratory tests.

	859
	Introduction
	First experimental results
	Thermalization
	Energy fluxes and coherence effects
	Spatial oscillation asymmetry
	Chaos
	Localized modes

	Conclusions

	864
	INTRODUCTION
	Base-isolated structure with attached TID: a simplified 3DOF-system
	Optimal TID parameters for the simplified 3DOF-system
	Extension to MDOF systems
	Numerical applications on multi-story buildings
	Concluding remarks


	MS03_n
	64_n
	477_n
	INTRODUCTION
	STRUCTURED DEFORMATIONS
	Notation
	Structured deformations

	STRUCTURED DEFORMATIONS IN THE CONTEXT OF SBV
	STRUCTURED DEFORMATIONS IN COMPOSITE MEDIA
	ANNEX
	BV-functions
	Measure theory
	Sets of finite perimeter
	Hypotheses


	485
	INTRODUCTION
	NOTATION AND PRELIMINARIES
	THE VAN DER WAALS-CAHN-HILLIARD MODEL
	THE SCALAR-VALUED DECOUPLED CASE
	THE SCALAR-VALUED COUPLED CASE
	THE VECTOR-VALUED COUPLED CASE

	513_n
	519_n
	INTRODUCTION
	BEHAVIOUR NEAR THE BOUNDARY AND ESTIMATES ON COLLISION TIMES
	CONFINEMENT UNDER SUITABLE BOUNDARY CONDITIONS
	CONCLUSIONS


	MS04_n
	454
	457
	474_n
	507
	647
	703_n
	743 (2)
	INTRODUCTION
	ANISOTROPIC RESPONSE OF LATTICES WITH TETRAKIS-LIKE ARCHITECTURE
	Relationships among moduli

	SPECIAL CASES
	The orthotropic case
	The isotropic case
	An example of ``directionally tailored'' lattice

	CONCLUSIONS

	749
	MAIN RESULTS
	Single compressed bar
	Tensegrity columns with increasing complexity
	Tensegrity columns with infinite complexity and fractal limit dimension

	 STABILITY ANALYSIS
	OPTIMIZATION

	800
	INTRODUCTION
	RATE ELASTICITY
	CONSIDERATIONS
	NONLOCAL ELASTICITY
	CONCLUSIONS

	816
	INTRODUCTION
	VARIATIONAL PRINCIPLE FOR FORM FINDING
	The model net
	Generalized Hu-Washizu functional
	Extended Force Density

	NUMERICAL EXAMPLES
	5-cable plane net
	3d-cable net

	COCLUSIONS

	852_n
	1053
	1188_n
	1237
	1239
	1244_n

	MS05a_n
	470
	1 INTRODUCTION
	2 THE CARMINE BELL TOWER IN NAPOLI
	3 THe Numerical model
	5. RESULT OF PUSH-OVER ANALYSIS

	4 CONCLUSIONS

	481
	1 INTRODUCTION
	2 Energy-based analysis of unilateral 2D bodies
	3 Optimal reinforcement of no-tension bodies with no-compression layers
	4 numerical application
	5 concluding remarks and future perspectives
	acknowledgments

	527
	1 INTRODUCTION
	2 Theoretical formulation
	2.1 Microscopic modeling of masonry
	2.2 Macroscopic modeling of masonry

	3 Description of the multiscale simulation algorithm
	4 Numerical experiments: the shear wall test
	4.1 Description of the test specimen and the boundary conditions
	4.2 Results of the multiscale numerical simulation (MNS)

	5 CONCLUSIONS
	Acknowledgments

	612
	INTRODUCTION
	NORMAL ELASTIC MATERIALS
	ELASTOPLASTIC MATERIALS
	NUMERICAL EXAMPLE
	CONCLUSIONS

	635_n
	643
	INTRODUCTION
	THE STATISTICAL EQUIVALENT PERIODIC UNIT CELL (SEPUC)
	ESTIMATION OF FAILURE SURFACE OF PERIODIC MASONRY
	Limit analysis approach
	Micromechanical approach

	ESTIMATION OF FAILURE SURFACE WITH THE SEPUC
	Limit analysis approach
	Micromechanical approach
	Comparison with homogenized approach

	CONCLUSIONS

	644
	663
	1 INTRODUCTION
	2 EXPERIMENTAL TESTS
	2.1 Test matrix
	2.2 Experimental Set up
	2.3 Experimental Results

	3 FINITE ELEMENT MODELING
	3.1 Numerical modelling
	3.2 Mechanical parameters
	3.3 Unreinforced wall
	3.4 Repaired wall

	4 CONCLUSIONS

	671
	INTRODUCTION
	HEURISTIC MODELLING OF THE ANISOTROPIC DAMAGE
	APPLICATION TO THE DAMAGE OF AN EXAMPLE OF MASONRY TOWER
	SOME REMARKS ON THE NUMERICAL RESULTS
	The pushover response with symmetric shear springs
	The pushover response with different shear strengths


	774
	INTRODUCTION
	THEORETICAL BACKGROUND
	CONSISTENT TANGENT EVALUATION
	COMPARISON BETWEEN FEM AND MESHLESS ANALYSIS IN PURE MODES
	CONCLUSIONS

	815_n
	1246_n

	MS05b_n
	452_n
	471
	INTRODUCTION
	THRUST NETWORK ANALYSIS
	Assemblage of the equilibrium equations
	Solving procedure

	MASONRY HELICOIDAL STAIRCASES
	The helicoidal staircase inside the Padula Charterhouse
	The Staircase of Reconciliation inside the Graz Castle

	CONCLUSIONS

	502_n
	539
	642
	INTRODUCTION
	EQUILIBRIUM OF AXIAL-SYMMETRIC DOMES
	INVERSE PROBLEM FOR AXIAL-SYMMETRIC DOMES
	STATICALLY ADMISSIBLE FIELDS FOR DOMES OF ASSIGNED SHAPE
	CONCLUSIONS

	645
	646
	762
	769
	824
	832
	856
	1260
	1272
	806_n.pdf
	INTRODUCTION
	Micromechanics and homogenization of masonry beam
	Macroscale finite element formulation
	NUMERICAL APPLICATIONS
	Wallette four-point out-of-plane bending test
	Bending of a circular arch

	CONCLUSIONS


	MS06_n
	514_n
	INTRODUCTION
	STEP-BY-STEP GEOMETRICALLY NON-LINEAR ANALYSIS VIA DISPLACEMENT FES
	The discrete non-linear equations
	Path–following analysis
	Displacement-based discrete formulation
	Numerical integration
	Remarks


	THE NEW ITERATIVE SCHEME FOR DISPLACEMENT-BASED DISCRETE FORMULATIONS USING MIXED INTEGRATION POINTS
	The MIP full Newton
	The MIP modified Newton
	MIP full Newton vs MIP modified Newton
	MIP strategy vs mixed formulation

	IMPLEMENTATION DETAILS
	Implementation details of the Newton scheme
	The 2D beam element
	The solid-shell finite element
	The solid-shell isogeometric element

	NUMERICAL TESTS
	2D frame tests
	Clamped-Hinged arc
	Rigidly jointed truss

	Shell structures
	Slit annular plate under line force
	Pinched cylinder with rigid diaphragms
	Thin walled cantilever beam
	Clamped semi-cylinder

	CONCLUSIONS

	571
	Introduction
	One-dimensional CUF models for Stokes flow
	Finite element formulation and CFD fundamental nuclei

	Numerical results: Poiseuille flow in circular-section pipe
	Conclusions

	699
	INTRODUCTION
	THE SPECIFIC RIGID BODY-SPRING MODEL - RBSM
	THE DISCRETE BOND BASED PERIDYNAMIC MODEL
	NON-LINEAR ANALYSES WITH MONTE CARLO METHOD
	CONCLUSIONS

	744
	747
	811
	INTRODUCTION
	GOVERNING EQUATIONS
	DISCRETIZATION OF THE GOVERNING EQUATIONS
	NUMERICAL APPLICATION
	CONCLUSIONS

	812
	837
	847_n
	INTRODUCTION
	HOMOGENIZATION OF LONG FIBRE COMPOSITES
	VIRTUAL ELEMENT METHOD
	NUMERICAL APPLICATIONS
	CONCLUSIONS


	MS07_n
	488
	628_n
	INTRODUCTION
	METHODOLOGY AND COMPUTATIONAL SETUP
	Modeling and numerical methodology
	Simulation set-up

	RESULTS OF DETERMINISTIC SIMULATIONS
	Stochastic analysis
	Concluding remarks

	828_n
	INTRODUCTION
	MATHEMATICAL MODEL
	Configuration
	Fluid-structure interaction modelling
	Piezo-electric patch modelling
	Linear global stability of the fluid-solid-electric system

	NUMERICAL DISCRETISATION
	RESULTS
	Fluid-solid-electric stability analysis
	Piezo-shunts configuration

	CONCLUSIONS

	844
	1027

	MS08_n
	606
	1 INTRODUCTION
	2 EXPERIMENTAL INVESTIGATION
	2.1 Pull out test

	3 VARIATIONAL MODELING
	3.1 Matrix and Yarn Energies
	3.2 Interface Energy
	3.3 Evolution problem

	The evolution of u and , for increasing boundary displacement , is determined by means of incremental energy minimization [15,16]. The loading parameter  is discretized into steps, and, within each step, the quadratic approximation of the energy (1...
	4 NUMERICAL SIMULATIONS OF PULL-OUT TESTS
	Pull-out tests are simulated by considering the simplified geometrical scheme of Figure 3. A radial transversal section of the sample is considered, and the hypothesis of plane strain state is applied. For symmetry reasons, only one-half of the sectio...
	Force-displacement curves obtained from simulations are plotted in Figure 4 (red lines). They accurately match the experimental curve, capturing the three basic phase of the failure mechanism: initial linearly elastic phase, stress-softening phase, co...
	Evolution of damage  and shear stress  at the yarn-to-matrix interface of the 50 mm in length sample (HS_50) is presented in Figure 5. Profiles of  and  are plotted for different value of , and different colours are used to distinguish the differ...
	5 CONCLUSIONS

	678_n
	702
	710
	724
	INTRODUCTION
	MULTIPLANE INTERFACE FORMULATION
	FINITELY DILATING MODEL
	MODELLING OF PROGRESSIVE INTERLOCKING DEGRADATION
	CONCLUSIONS

	732
	INTRODUCTION
	PRELIMINARIES
	SKETCHES OF THE PROOFS OF THEOREMS 1.1 AND 1.2.

	741
	789
	823
	1235
	INTRODUCTION
	POSITION OF THE PROBLEM
	THE ASYMPTOTIC EXPANSION METHOD
	THE WEAK MICROSTRETCH INTERFACE PROBLEM
	THE STRONG MICROSTRETCH INTERFACE PROBLEM
	CONCLUSIONS

	1249_n
	INTRODUCTION
	THE REGULARIZED XFEM
	A MECHANISM-BASED MODEL FOR THE DETACHMENT IN SFRC BEAMS
	Damage evolution and continuous-discontinuous transition
	Mechanism based enrichment

	THREE POINT BENDING TESTS
	CONCLUSIONS


	MS09_n
	530
	652_n
	INTRODUCTION
	SPECIES DIFFUSION IN A CRYSTAL LATTICE
	Kinematics and kinetics
	From the species molar balance to the species power balance
	Power balance laws
	Free energy imbalance
	Free energy expression and constitutive characterization

	FROM SPECIES DIFFUSION TO POROELASTICITY
	Deformation and porosity
	Interstitial fluid pressure and power balance laws
	Free energy imbalance
	Free energy (type g) expression and constitutive charaterization
	Free energy (type s) expression and constitutive charaterization
	Darcy's law
	Boundary conditions

	UNIAXIAL DEFORMATION OF A POROELASTIC CYLINDER
	Free energy (type g)
	Free energy (type s)

	THE LAMINA CRIBROSA
	Glaucoma
	Permeability constitutive characterization
	Numerical simulations


	700
	827_n
	836
	989
	INTRODUCTION
	THE CONSTITUTIVE MODEL FOR MMNCs
	EVALUATION OF A PLB BY A NONLOCAL LIMIT ANALYSIS APPROACH
	NUMERICAL EXAMPLE AND CONCLUDING REMARKS


	MS09a
	Introduction
	Materials and methods
	Experimental characterization of the polymer

	The shape memory effect
	Multiscale modelling of the foam
	Isogeometric Analysis of the RVE
	Foam mechanics

	CONCLUSIONS

	MS09b_n
	73
	1 INTRODUCTION
	2 MATERIALS
	3 Experimental results
	3.1 Blocks
	3.2 Prisms
	3.3 Wallettes

	4 numerical simulations
	5 CONCLUSIONS

	496
	510
	533
	597
	662
	1 INTRODUCTION
	2 MECHANICAL AND GEOMETRICAL PROPERTIES OF MATERIALS
	2.1 Impact of the mechanical model of the composite on the ultimate behaviour

	3 BENDING MOMENT-CURVATURE DIAGRAM
	3.1 Parametrical analyses

	4 CONCLUSIONS

	725
	727
	729
	754_n
	759
	INTRODUCTION
	MATERIALS
	METHODS
	RESULTS AND DISCUSSION
	Mortar testing
	Concrete testing

	CONCLUSIONS

	775
	784
	842_n
	1 INTRODUCTION
	2 Structural modeling of the pathway
	2.1 Basic geometrical modeling
	2.2 Winkler Modeling approach

	3 CASE STUDY: MEchanical analysis
	4 CONCLUSIONS


	MS09c_n
	524
	598_n
	599
	623
	654
	659_n
	INTRODUCTION
	ANALYSIS OF 1D PERIODIC STRUCTURE UNDER TENSILE DEAD LOAD
	SDs-based formulation
	Overall response of the structure

	DISCUSSION AND CONCLUSION

	665
	670
	INTRODUCTION
	LOCALLY RESONANT ACOUSTIC METAMATERIALS
	Free-wave motion
	Band-gaps structure
	Wave propagation across a block of LRAM

	IMPACT ABSORBERS
	Virtual crash test simulation with a LRAM absorber

	CONCLUSIONS

	779
	INTRODUCTION
	EQUATION OF MOTION FOR HOMOGENEOUS ISOTROPIC PLATES
	EQUATION OF MOTION FOR PLATES UNDER GEOMETRIC TRANSFORMATION
	EIGENFREQUENCY ANALYSIS
	CONCLUSIONS

	794
	1 INTRODUCTION
	2 THEORETICAL FRAMEWORK
	3 EXPERIMENTAL SETUP
	4 experimental results
	5 CONCLUSIONS

	813

	MS09d_n
	15
	546_n
	INTRODUCTION
	A CASE STUDY: THE CITTADELLA BRIDGE IN PISA
	General description
	Experimental dynamic analysis
	Finite element model of the bridge

	MECHANICAL MODEL OF A PIEZOELECTRIC CANTILEVER BEAM
	Model geometry
	Constitutive relationships
	Piezoelectric material
	Piezoelectric laminated cantilever beam

	Partial differential equation of motion
	Analysis of free vibrations
	Electrical boundary conditions
	Short-circuit condition
	Open-circuit condition


	NUMERICAL EXAMPLE
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	574
	Introduction
	Electromechanical equations under large strains
	Finite element implementation
	FE2 modeling of interfaces
	Computational homogenization procedure

	Lumped parameters model
	Numerical analysis
	Electromechanical and geometrical data
	Results
	FE2 analysis of a piezoelectric cantilever under static loading
	Effects of load type on the nonlinear static response
	Analytical approximation of the pushover curves
	Dynamic analysis of a piezoelectric cantilever under base excitation including large-deformation effects


	Conclusions

	577_n
	INTRODUCTION
	PHASE FIELD MODEL
	FINITE ELEMENT IMPLEMENTATION
	NUMERICAL SIMULATIONS
	Single grain with domain wall motions
	Single grain with holes
	Multigrain structure and hysteresis loop


	679_n
	INTRODUCTION
	METHODS AND MODELS
	EXPERIMENTAL SETUP
	RESULTS AND DISCUSSIONS
	CONCLUSIONS

	819

	MS10_n
	540_n
	INTRODUCTION
	INCOMPRESSIBLE FLOWS
	Continuous equations
	Spatial discretization
	Regular layout
	Staggered layout

	Temporal conservation

	COMPRESSIBLE FLOWS
	Kinetic energy equation
	Numerical tests

	Further topics
	Conclusions

	640_n
	INTRODUCTION
	FULLY DISCRETE NAVIER-STOKES EQUATIONS
	ADAPTIVE TIME-STEPPING STRATEGY
	Minimum-dissipation criterion
	Symplectic and pseudo-symplectic methods

	NUMERICAL RESULTS
	Standard and pseudo-symplectic methods

	CONCLUSIONS


	MS11_n
	567
	INTRODUCTION
	PROBABILISTIC ANALYSIS
	Through-the-Thickness Jacketed Shell formulation

	RESULTS AND DISCUSSION
	CONCLUSIONS

	636
	Introduction
	Preliminary remarks on the theory of fractional viscoelasticity
	Consequences of the fractional term in stochastic dynamics
	Numerical evidence
	Conclusions

	674
	676_n
	INTRODUCTION
	PROBLEM FORMULATION
	Stochastic linearization tecnique
	Cost function and failure probability evaluation

	STOCHASTIC MODEL OF SEISMIC ACTION
	NUMERICAL APPLICATION
	2-D SHEAR-TYPE FRAME
	3-D BUILDING STRUCTURE

	CONCLUSIONS

	677_n
	INTRODUCTION
	GOVERNING EQUATIONS
	SIMPLIFIED DESIGN OF THE NES FOR MDOF STRUCTURES
	CASE STUDY
	NESs design and their effectiveness

	CONCLUSIONS

	764
	858
	INTRODUCTION
	GEOMETRICAL DESCRIPTION
	ACTIVATION CONDITIONS OF MOTION AND TIME HISTORY ACCELERATION
	DYNAMIC ANALYSIS
	RESULTS
	Onset of motion in presence of sinusoidal acceleration time history
	Effects of geometrical uncertainties on the dynamic response
	Failure domain under sine-pulse base motion

	CONCLUSIONS

	1233
	1234

	MS12_n
	801_n
	821

	MS13_n
	653_n
	INTRODUCTION
	INCLUDING GROWTH IN FINITE ELASTICITY
	Application to a tumor spheroid
	The effect of heterogeneous growth on in situ stresses
	Piecewise constant growth

	Predicting growth-induced modification of tangent stiffness
	GROWTH-INDUCED STRESS AND MODULI REMODELING
	CONCLUSIONS AND PERSPECTIVES

	845
	INTRODUCTION
	FORMULATION
	RESULTS
	CONCLUSIONS

	1225_n


	Cover of proceedings_back
	MS09d_n.pdf
	15
	546_n
	INTRODUCTION
	A CASE STUDY: THE CITTADELLA BRIDGE IN PISA
	General description
	Experimental dynamic analysis
	Finite element model of the bridge

	MECHANICAL MODEL OF A PIEZOELECTRIC CANTILEVER BEAM
	Model geometry
	Constitutive relationships
	Piezoelectric material
	Piezoelectric laminated cantilever beam

	Partial differential equation of motion
	Analysis of free vibrations
	Electrical boundary conditions
	Short-circuit condition
	Open-circuit condition


	NUMERICAL EXAMPLE
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	574
	Introduction
	Electromechanical equations under large strains
	Finite element implementation
	FE2 modeling of interfaces
	Computational homogenization procedure

	Lumped parameters model
	Numerical analysis
	Electromechanical and geometrical data
	Results
	FE2 analysis of a piezoelectric cantilever under static loading
	Effects of load type on the nonlinear static response
	Analytical approximation of the pushover curves
	Dynamic analysis of a piezoelectric cantilever under base excitation including large-deformation effects


	Conclusions

	577_n
	INTRODUCTION
	PHASE FIELD MODEL
	FINITE ELEMENT IMPLEMENTATION
	NUMERICAL SIMULATIONS
	Single grain with domain wall motions
	Single grain with holes
	Multigrain structure and hysteresis loop


	679_n
	INTRODUCTION
	METHODS AND MODELS
	EXPERIMENTAL SETUP
	RESULTS AND DISCUSSIONS
	CONCLUSIONS

	819

	Blank Page




