Congress on Numerical Methods in Engineering CMN2017
Valencia, 3-5 July, 2017

Rayleigh with viscoelasticity applied to a highly slender 40-m-high
concrete mast

Alexandre de M. Wahrhaftig*

“Federal University of Bahia (UFBa), Polytechnic School, Department of Construction and
Structures, Rua Aristides Novis, N° 02, 5° andar, Federacdo, Salvador — BA, Brazil, CEP: 40210-910
e-mail: alixa@ufba.br, web page: http://lattes.cnpq.br/7971716903240686

ABSTRACT

For a complete vibration analysis, the stiffness of a structure is composed of two characteristics: one
corresponding to conventional stiffness and the other to the geometric stiffness. Thus, the total
stiffness takes the form where the rheological model that one wants to use to represent any
viscoelastic behaviour of the material is introduced to the first part via the modulus of elasticity. The
second is the geometric, function of the normal effort that includes the self-weight of the structural
element. In this study, an analytical approach based on the Rayleigh method is adopted to calculate
the first resonant frequency of a highly slender, actual 40-m-high concrete mobile phone mast system
by considering the geometric stiffness, which is a geometric nonlinear consideration. The mast is
done in concrete, so that its nonlinear behaviour is linearised by reducing the flexural stiffness. The
creep, an important aspect for that structure, defined as the increase of deformation on time for a
constant level of stress, is taken into account by a rheological model of three parameters. The section
of reinforced concrete is treated from the theory of the homogenised section in order to consider the
presence of the steel. Under geometric and material nonlinearity, with creep, the vibration frequency
of the fundamental mode is calculated analytically and an evaluation of the structural collapse is
performed. The process is built step-by-step, as the integrals of the method are resolved into the
limits established for each interval according to the geometry. Finally, the structural stiffness is
evaluated.
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