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The modal analysis

The modal analysis is the study of
the dynamic  properties  of
stfructures under vibrational
excitation.

The free vibration equilibrium
equations are

KU+ MU =0 (FVE)

UeR" is the Finite Element (FE)
displacement vector, K,M € R™"
are the stiffness and mass matrix of
the FE assemblage, nis the total
number of dofs of the system.

The solution of (FVE) can be
assumed to be of the form

U(t) = usin(w(t —t,))

u € R", t is the time variable, t, a
time constant, w is a constant that
represents the frequency of
vibration (rad/sec) of the vector wu.

Substituting U(t) in (FVE), we
obtain the generalized
eigenproblem (GEP)

Ku = w?*Mu

The solution of (GEP) allows to find
the various periods at which @
stfructure naturally resonates.
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The multi-point constraints
Fixed (single-point) constraints
w; =0,i € Ir
where u; is the displacement of a single dof.

Master-Slave constraints or tying relations: there exists
asubset s €{1,...,n}such that

Ug = ZmEIMS ComUm, SEIs, m€ly, c{1,..,n}\ s

u, is the slave dof, u,,, are the master dofs.

These constraints are crucial in modeling the contact
interaction between masonry and reinforcement.

The constrained eigenvalue problem

Ku = w?Mus.t.Cu=0

K.M e RY™™ are sparse and symmeftric positive
semidefinite, € € R™" is full row rank and K is posifive
definite on the null(C).

Let the columns of C be ordered so that
C - [CIFCISCIMCIU]' Theh The mOTI’iX

—[C1,,0] _
7 = M ) = Rnx(n m)
( Id,

forms a basis for the null(C), where I, I, Iy, I; denote
the sefts of fixed, slave, master and free dofs.

The condensed eigenvalue problem

Find the s « n smallest eigenpairs of

ZTKZ u = w?ZTMZ

If K,M are sparse = the projected matrices ZTKZ
and ZTMZ are sparse (m < n).

SPARSEKIT

A tool for sparse
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Geometric survey

Case study: the “Voltone”, Piazza della Repubblica, Livorno, Italy

The “Voltone” is a large underground vaulted masonry structure (thick 0,43
meters) located beneath Piazza della Repubblica in Livorno, Italy; it extends for
a total length of 220 meters and is constituted by two longitudinal walls (thick
2,32 meters) with variable height, on which the vault is placed. The aim of the
research is the application of the NOSA-ITACA code to this real case for
assessing Its static safety and seismic vulnerabillity; in particular, the modal
analysis is used for a preliminary study on the dynamic response of the structure,
as recommended by the Italian Technical Regulations.

The structure’s geometry was obtained by a 3D digital survey. The finite element
mesh Is constituted by 43084 thick shell elements and by 45379 nodes. The
modal frequencies calculated by NOSA-ITACA mainly involve the vaulted
structure, which is much more slender than the lateral walls.

The activity IS carried-out within the project “Tools for
the modelling and assessment of the structural behaviour of ancient
construction: the NOSA-ITACA code”, funded by Region of Tuscany, 2011-2013.

www.nosaitaca.it
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Implicity restarted An incomplete
Cholesky
Lanczos method

factorization with
Lehoucq, Sorensen, imited memor
1998 4

Lin, Moré&, 1999

Eigensolver

Mode 3: Eigenvalue = 815.72 Frequency = 4.5456

Mode 21: Eigenvalue = 1420.7 Frequency = 5.9988




	Slide Number 1

