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Abstract. Methods of building damping matrixes for estimating earthquake structure stability 

are considered. Modal expansion and eigenvalue problem taking into account the structure of 

eigen vector matrixes are analyzed.  

 

 

1. Introduction  

In estimating structure earthquake stability engineers are increasingly faced with the problem 

of taking damping into account. In most structures their members have different damping 

parameters. For example, bridges are characterized by damping in rolling stock dampers, in 

steel spans, in bearings, in concrete piers and in the base soils. Even for conventional 

buildings at least energy dissipation in the building and the foundation soil should be taken 

into account. However, current regulations do not considered damping at all. 

In practice, the following tasks most frequently arise:  

¶ that of taking into account internal friction in structure material and in the 

ground base,  

¶ that of taking into account the geometric dispersion of energy in the soil due to 

energy radiation from the structure by elastic waves  

¶ that of energy dissipation in special damping devices. 

 
2. Building the damping matrix and motion equation. 

The questions of accounting internal friction in the material are well-studied [1-3 and others]. 

The most convenient way to take internal friction into account is to use the generalized 

hypothesis by E.S. Sorokin [2] about the proportionality of damping matrices and that of 

stiffness for the structure members. In this case, substitution of the modulus of elasticity Es of 

the s-th structure element on the corresponding product gsEs, makes it possible to obtain the 

damping matrix BC in accordance with E.S.Sorokin hypothesis by instead of the stiffness 

matrix R. Thus obtained the motion equation represented in complex form is the following: 
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Here complex values of generalized displacements and disturbances are marked by symbol * 

[3], M  is the inertia matrix of the system, R is the stiffness matrix. 

Because of well-known disadvantages of equation (1) the internal friction model of 

E.S. Sorokin is replaced by an equivalent viscous one [3]. 
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where X is the matrix of eigenvectors of the same system without damping (undamped 

system), K2 = èl1, l2,é ln ú=L is the diagonal matrix of the eigenvalues of the matrix M -1R. 

Taking into account formula (2), we get a real system of equations equivalent to (1): 
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For systems with proportional damping, i.e., when the matrix M -1ɺʩ has the same 

system of eigenvectors ʍ as the matrix M -1R, equations (1) and (3) are expended into the 

modes ( )Tn21 ,..., xxxÖ== XXɂq : 
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=g , pj are elements of the vector , cj are the diagonal elements of 

the matrix =c= èc1, c2,écnú.  

If  damping is not proportional, one can retain only the diagonal elements in the matrix 

, considering º èc1, c2,écnú. Then we can get another view of the 

viscous damping matrix which is proportional in according to its building: 
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where G=èg1, g2,égnú is the modal matrix of inelastic resistance coefficients. 

Thus, the generalized hypothesis by Sorokin can be taken as the basis for building the 

damping matrix, taking into account the internal friction in the material. It allows us to build 

the matrix ɺʩ and pass on to the abovementioned viscous damping matrices using formulas 

(2) or (5). Calculations show that when gs<0.3, which is typical of conventional materials and 

soils, the use of formulas (2) and (5) give similar results [3]. 

Somewhat more complicated is the case with energy dissipation due to its geometric 

radiation into the soil base. As shown by V.A. Ilichevin [5], this dissipation for vertical and 

shear vibrations is frequency dependent and can be described for a wide range of frequencies 

by classical viscous damping, i.e. it can be characterized by the coefficient of viscous 

damping. As for rotary vibrations, here the dissipation frequency dependence is more 

complicated [5], but in the acceptable range of frequencies it can be considered as frequency 

independent and describes the ratio of inelastic resistance [6]. Within the framework of the 

FEM geometric energy dissipation is taken into account along the border of the design base 

area. In most cases, damping matrix is not proportional and its elements lead to the values of g 

far exceeding to the value of 0.3. As a result, the formulas (2), (3) and (5) may lead to 

different results. 

Limited possibility of application of formulas (2), (3) and (5) is typical when using 

special dampers [7]. Some of them are directly described by viscous or hysteretic damping, 

however, for a large part of dampers the resistance force is considered to be non-linear and is 

described by dependence [7, 8]: 
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where Q0 and a are the damper parameters. 

In the paper [8] it was shown, that nonlinear damping (6) can be represented with high 

accuracy as the sum of the viscous and dry friction (DFD) dampers: 
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