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1. Introduction

Multidimensional modeling of ground motions for seismic response analysis of structures needs the principal
axes of earthquakes to be detected. This principal axes show the energy situation in the orthogonal directions. This
paper reviews the characteristics of earthquakes recorded in various stations in August 2012, Varzeghan- Ahar’s
twin earthquakes along the principal directions and compare the angles of principal axes of the two earthquakes to
find out which direction have a greatest energy.

2. Principal axes of ground motion

The computation of the principal axes of earthquake accelerograms has been the subject of a number of studies
[1, 2]. Principal axes can be computed in a manner analogous to the computation of eigenvectors of an eigenvalue
problem. Three different sets of principal axes can be computed by diagonalizing the following matrices (1) the total
energy matrix, (2) the covariance matrix, and (3) the cross spectral matrix of three wave components.

The most commonly used method to compute the principal axes is by diagonalizing the covariance matrix of
ground accelerograms. Applying a procedure similar to the orthogonal transformation of three-dimensional stress,
an orthogonal set of principal axes can be determined for three-dimensional ground motions. Along these principal
axes, the components of motion have minimum, intermediate and maximum values of variance and have zero values
of covariance. This property suggests that components of earthquake motion do not need to be cross-correlated
statistically if they are directed along the principal axes.

If the ground motions are assumed to be Gaussian with zero mean values, the three-dimensional ground motion
process can be completely characterized in probabilistic terms by the covariance matrix as follows

Uy ny Uy,
olt,r)=|v, v, v, 1)
Uy Uy Uy

Where each term of the covariance matrix can be expressed as follows
Uij(t,T)IE[ai (t)a (t+r)]i,j =X,y,z )

In which E denotes the ensemble average.
By diagonalizing the covariance matrix, the off-diagonal terms in the covariance matrix are zeros because the
ground motion components along the principal axes are fully uncorrelated with respect to each other.
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vpt,r)=| 0 v,y O 3)

Let a, and a, represent a set of orthogonal horizontal components of ground acceleration. The correlation
coefficient between these two components over the time interval 7, <t< 7, is calculated by

“a, (t)a, (t)dt
corr(a, (t),a, (t)) = Ya, (t)a, (t) _ J.rl y "

o o T T
a, (t)%ay () \/I Zax (t)ZdtJ. Zay (t)zdt
21 2

3. Results and discussion

In this study, the mentioned methodology in the previous section was implemented to earthquake data recorded
from 2012 Azerbaijan’s twin earthquakes. Each pairs of the recorded horizontal components in each station was
investigated to find uncorrelated axes as follows:

A 2corr(a, (t),a, (t))o o
0:3( - 5 4 > 2 (1) ay(t))+k Zy =integer (5)
2 Ta, 1) ~ %a, (1) 2

Where, @ is the direction in which the components of ground motion are uncorrelated. Rotation of earthquake
components with respect to @ gives major and minor components of earthquake. Fig. 1 shows the frequency of
major direction in first and second main shocks of 2012 Azerbaijan’s twin earthquakes recorded in stations. Results
indicate that angle of major components are not in a specific direction and they vary along all directions.

S
\

Freniiencv
B N w s o N ® e
T

20 40 60 80 100 120 140 160 180
Angle of major direction with respect to north

Fig. 1. Frequency of major direction with respect to north in the first and second earthquakes

4. Conclusions

In the present study, principal directions for ground motions were investigated. Characteristics of 2012 twin
earthquakes of Azerbaijan along principal directions were evaluated. Several results of this study can be listed as
follows:

- Results show that for both recorded earthquakes in stations, the direction of principal axes is the same in the first
and second earthquakes.

- The axis perpendicular to the Earth's surface is one of the principal axes.

- Due to near-fault directivity effects of 2012 Azerbaijan’s twin earthquakes, high energy pulse can be seen in the
component of ground motions along normal to the fault.
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- In review of Azerbaijan’s earthquakes, in first earthquake, pulse features can be seen in the time history of the
velocity.

-Velocity pulse is approximately in the same direction which is achieved through the analysis of the principal axes.

- Elastic response spectra in the principal directions also have a good correlation with the characteristics of near-
fault earthquake.
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