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Abstract. Methods ofbuilding damping matrixes for estimating earthquake structure stability
are consideredModa expansiorand eigenvalue problem taking into accountdtracture of
eigen vectomatrixes are analyzed.

1. Introduction
In estimating structure earthquake stability engisaee increasingly faced with the problem
of taking damping into accounin most structures their membehsve different damping
parametersFor example, bridgeare characterized by damping in rolling stock dampers, in
steel spans, in bearings, in concrete piers ianthe base soils. Even for conventional
buildings at least energyissipation in the building and the foundation soil should be taken
into account. However, current regulations doawrtsidereadlamping at all.
In practice thefollowing tasks mostrequentlyarise
1 that of taking into account internal friction in stture material and in the
ground base,
7 that of taking into account the geometric dispersion of energy in the soil due to
energy radiation from the structure by elastic waves
1 that of energy dissipation in special damping devices.

2. Building the damping matrix and motion equation.

The questionof accouning internal friction in the materiarewell-studied [13 and others].
The most convenienvay to takeinternal frictioninto account isto use the gerralized
hypothesis by E.SSorokin [2] aboutthe propotionality of damping matrices anithat of
stiffnessfor the structuranembersin this casesubstitutionof the modulus of elasticitysff
the s-th structureelementon the corresponding produgEs, makes it possible tobtainthe
damping matrixBc in accordance with E.S.Sorokimypothesis byinstead of the stiffness
matrix R. Thus obtainedhe motion equation represented in complex fasrthe following:

™

MY +(Bji+R)a =-MY". (1)

Here complex values of generalized displacements and disturtamecesmrkedy symbol*
[3], M is theinertia matrix of the systenR is the stiffness matrix.

Because ofwell-known disadvantages @quation(1) the internal friction model of
E.S.Sorokinis replacedy anequivalent viscousne|[3].
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where X is the matrix of eigenvectorsf the same system without dampingndamped
system), K2=4d 1,12, él (L is thediagonal matrix of the eigenvaluekthematrix M'R.
Taking into accountormula(2), we get a real system of equatioggiwalent to (1):

ME+B, §+Rq =-MY,. 3

For systems with proportional dampinge.,i when the matrix Ml 1, has the same
systemof eigenvectorsw asthe matrixM 'R, equatios (1) and (3) areexpended intdhe

modesq = X? = X &, x,,..x, ) :

XT + (1+ gji)kax* = p’; '>'('J. + gjkjij + kax =p,. (4)

C. _
Herek, =l ;g :k_.;’ p; areelemens of thevector , Cj arethe diagonal elementef
J

the matrix =C=€C1, C2, &€nl
If dampingis not proportiona) onecan retain only the diagonal elememtghe matrix
, considering © &1, C2, &nll Then we can get another view of the
viscous damping matrix which is proportiofalaccordng to its building:

: (5)

whereG=&x, @@, @nuis themodalmatrix of inelasticresistanceoefficients

Thus, the generalized hypothebig Sorokincan be taken athe bass for building the
damping matrix, taking into account the internal friction in the matdtiallows usto build
the matrix | yand pass on tthe abovementionediscous damping matricassing formulas
(2) or (5). Calculations show that whggr0.3, which istypical of conventional materials and
soils, the use of formulg®) and (5)give similar results [3].

Somewhat more comiphted is the case with energy dissipation due to its geometric
radiation into thesoil base As shownby V.A. llichevin [5], this dissipationfor vertical and
shear vibrations is frequency dependent ead bedescribedor a wide range of frequencies
by dassical viscous damping,ei it can be characterized by the coefficient of viscous
damping. As for rotary vibrations, here tlkssipation frequency dependence is more
complcated[5], but in the acceptable range of frequendiesan be considered asfluency
independent and describes the ratio of inelastic resistance [6]. Within the framework of the
FEM geometricenergydissipationis taken into account along therderof the designbase
area In most cases, damping matrixnigt proportiond and itselements lead tthe values o
far exceedingto the value of 0.3. As a result, the fornaul2), (3) and (5) may lead to
different results.

Limited possibility of application of formulas (2), (3) and (5)typical whenusing
special dampers [7]. Some thfem are directly describduy viscous or hysteretic damping,
however, for a large part dlamperghe resistance force is considered to belhwarand is
described by dependenicg 8]:

: (6)

whereQo anda arethe dampepaametes.
In the papef8] it was shownthat nonlinear damping (6) can be represented with high
accuracy as the sum of the viscous and dry frictidf{(Ddampers

(7)



