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ABSTRACT

The analysis of 156 isoseismal maps of earthquakes occurred
in Albania and nearby, for the period 1800-1988 reveal a
dependence relation between seismic intensities and epicentral
distance of type proposed by Blake (1941). Based on this model
a methodology proposed by Bottari A. et al., (1979) was applied
for the determination of hypocentral depth h and attenuation
coefficient, ¥.

The application of this methodology in the case of shallow
earthquakes as those of Albania and nearby regions gives very
good results; the calculated seismic intensity corresponds very
well to the observed one.

Based on statistical analysis, for the territory of Albania

and nearby, we have found relations between M, I, I; and h.

MEGOAOAOTIKEZ GEQPHIEIZ IARQ ITON [MPOZAIOPISMO TQON MAKPOZEIIMIKON
[IAPAMETPON KAT TQN IYIXETIXZMON TOY:X ETHN MEAETH
TQN ZEIZMON THX ANBANIAZ

Sulstarova,E.

OEPIAHWYH

H avdivon 156 xaptdv LooodeloTwv HOUTLAWGY and oeLopoVg TNg
AlBaviag naL Twv YOpw mMepLoxwyVv Tng Teplddouv 1800-1988 anoxdiuvpe
HL& ox€an eEdptnong TUmov Blake (1941) avdpeox OTLG EVIATELG HAL
TLG EMIMEVIPLHEG amMOOdTdoelg. H Texviur mouv TpoTdybnue amd Tov
Bottari et al., (1979) Ppaoidetal OTO TEPUATEVEL HOVIEAO ML
xpnoLtpomoLlHbnxe yia tov mpoodiopioud Touv egtiamol PaBouvg h mol
Tou OLVVTIEAedTH andoffieang, .

H egoappoyn auvtriig Tng HeBSBou OToOLG ETMLEOAVELOMOVLG O LAPOVG
Nng AABaviag xal Twv YOpw meploxwy Slivel MoAD xadd amoTeAéopaTa:
n unoloyLoBeloa oceLoulur] €VIAON AVTILOTOLXeE( TOAU uaid ue Tnv
TEPATNPOVHE V).

Me Bdon TNV gTaTLoTixg avdivon, yia Tny AAPavia xar TLg yOpw
mepLoxEG, Pprixape oxgoeig peTOEL M, I,, I; xaL h.

INTRODUCTION
The analysis of 156 isoseismal maps of earthquakes occurred

in Albania and nearby, for the period 1800-1988 reveal a
dependence relation between seismic intensities and epicentral
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distance of type proposed by Blake (1941). Based on this model
a methodology proposed by Bottari et al.(1979) was applied for
the determination of hypocentral depth h and attenuation
coefficient y. The calculation of those two parameters are made
following two steps: In the first step both the focal depth h and
v coefficient are roughly estimated from a comparison with some
master curves. In the second step the final values of h and tv are
obtained by using an analytical method.

In this procedure the accurate evaluation of the ¥y
coefficients plays an important role on the accuracy of the’
determination of hypocentral depth h, epicentral intensity I, and
coefficient of seismic energy absorption.

By analysing macroseismic data for Albania and nearby
regions it was found v=3.06 for earthqguakes with h<10km and
v=4.55 for earthquakes with h>10 km. y=4.0 was accepted as a mean
value. The mean value of absorption coefficient was found
v=0.0095.

Based on those parameters, for earthquakes of Albania and
nearby regions, it was found the relation between epicentral
seismic intensity I, seismic intensity I;, magnitude M, focal
depth h, and the eplcentral distance B or hypocentral glstance
D..

The determination of the parameters of macroseismic field
and their relations with the instrumental ones 1i1s of a great
interest for the seismic hazard assessment and seismic risk
analysis.

THE MACROSEISMIC FIELD MODEL

For modelling the dependence of seismic energy attenuation
on hypocentral distance many authors have proposed relations
between epicentral intensity I , hypocentral distance D. and
hypocentral depth h (Shebalin et al.a. 1974, Chrometskaya and
Shebalin 1978, Evenden et al. 1974, Fu Cen and Liu 1960,
Gutenberg and Richter 1956, Howell and Schultz 1975, Karnik 1956,
Karnik 1969a,b, Neuman 1954, Sulstarova and KXociaj 1975,
Sulstarova 1986)

The classical relation which represents the attenuatlon of
energy from hypocentral distance is:

E, .
Ez4il%”exp(—cD) ~ (1)

E, - total seismic energy release at the focus of earthquake

D, - hypocentral distance

n - constant of the rhythm of energy attenuation from the
hypocentral distance

¢ - constant of the rhythm of energy absorbtion

If it is supposed that the seismic intensity I, is
proportional to the seismic Energy E, then:

I;=a+blogE (2)
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Replacing the equation (2) to equation (1) we will obtain:

Ii=a+blog:£%—bnlong~bcDjloge (3)

In the case when the observation point is the epicentre of
earthquake (D,=h) we obtain:

I =a+blog (4_*5;) -bn logh-bch loge (4)

Subtracting the equation (3) from the equation (4) we will
obtain:

I,~I;=bn logD;-bn logh+bcD; locge-bchloge (5)

replacing:
Y = bn

D,=/A%-h?

p = bc loge

in the equation (5) we obtain:

Aj
I,~I;=ylog (1+F)+p(‘/(Af+h2)—h) (6)

Equation (6) represents the model of macroseismic field of
Kovesligeth type. The seismic energy attenuation with distance
can be expressed by a simpler equation:

E=E,D™" (7)

Substituting the equation (7) to the equation (2) and
following the above simplification we obtain the following
equation:

2
Ai, (8)

hZ

I, -I;,=ylog,| (1+

This equation represent the model of macroseismic field
proposed by Blake(1941}.

The equation (6) is of Kovesligethy form and represents more
accurately the macroseismic field, especially in the case of
large earthquakes. Blake’s equation (8) is simple but, in case
of distant strong earthquakes it can’t model accurately the
macroseismic field. For studying the macroseismic field of
earthquakes in Albania and nearby regions, since the maximum
expected magnitude of earthquakes is M = 7.2+/-0.3 and the
epicentral distance is relatively small, we have applied the
model proposed by Blake.
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By analysing the isoseismal maps of 156 earthquakes occured
in Albania and nearby (Shebalin et al. b. 1974, Hadzievski 1971,
Sulstarova and Kociaj 1975, Sulstarova 1986), it is clearly seen
that for equal intensity intervals the corresponding interval for
the epicentral distances increases as I decrease. Consequently
the ratio between the first interval to the second one results
linearly proportional to the intensity I, and is always negative,
given that I decreases as increases. Based on this conclusion and
differentiating equation (8) we obtain:
L R’ 2 (9)
2.303 D?

a

Using equation (9) we can calculate the coefficient of
absorption:

q= B
2.303 DfIi

(10)

Eguation (10) is wused for the determination of the
coefficient of energy absorption .in respect to the epicentre and
hypocentral distance.

The parameters of the eguation (8) and (10) are determined
using macroseismic observations. They depend on the effects of
seismic wave propagation and the absorbing properties of the
medium.

Knowing the coefficient of the seismic intensity attenuation
v and based on isoseismal map data, from the equation (8), we can
determine the focal depth:

N
1 A
h=2$__ 28
N; 21,-1, (11)
Y10 Y =4
By using equations (10) and (1l1), we can calculate

respectively absorbtion coefficient y and focal depth h. The
intensity attenuation coefficient is an important parameter of
the macroseismic field.

THE DETERMINATION OF THE INTENSITY ATTENUATION COEFFICIENT

Based on the theoretical model of the macroseismic field
represented by equation (8) we constructed graphically the master
curves for v in the 2 to 8.0 interval and focal depths h in the
0 to 45 km interval, for every 5 km. In fig.l is shown one of
those master curves. The abscissa represent log and the ordinates
represent I -I.. The mean epicentral distances for each isoseist
are calculated using the area within the isoseist.

Based on the mean radius of each isoseist and the intensity
difference I -I , for each earthqguake, we constructed a curve
representing the seismic intensity decay with the epicentral
distance. Those curves are compared with the master curves,
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obtained by using equation (8). For each earthquake, the values
of and h corresponding to that curve which fits better with the
observed macroseismic data, are accepted as preliminary values
and used for further calculations (see figl).

The accurate values of y, focal depth h and corrected
epicentral seismic intensity I are found using Least Square
Method using equation (8). For each isoseist it is found the

corresponding y and I . Finally ¥ 1is calculated as mean value

of found for each isoseist:

N
=_1 I -1,
Y ) — 5 (12)
ey

The corrected epicentral intensity is calculated using the
formula:

£ l D,

The focal depth is finally evaluated using the equation (11)
the corrected epicentral intensity I and Y . Then, we can

calculate the theoretical radius of isoseists and the coefficient
of absorption.

We applied the above method for the calculation of
macroseismic parameters of earthquakes occurred in Albania for
which isoseismal maps exist. In the tables 1 and 2 given two
examples:

Examples: )
Table 1. Earthquake of November 30, 1967,with magnitude M ~6.6
Intensity I =9 (MSK-1964 scale).

Mean Radius of Isoseist
Intens. Parameters

Observed Theoretical
IX 5.3 4.81
VIII 17.4 17.94
VII 39.0 36.25 Y = 3.8384%0.2402 (6.25%)
VI 73.7 67.87 I, = 9.1651£0.2413 (2.72%)
v 130.0 124.65 h = 10.282 *1.4676 (14.27%)
v 165.0 227.65 v = 51-10™
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Table 2. Earthquake of April 15, 1979 with magnitude Mm=7.2,
intensity I =9.5 (MSK-1964 scale)

Mean Radius of Isoseist
Intens. Parameters
Observed Theoretical
IX 13.6 13.58
VIII 36+ 6 33.09
VII 62.8 62.26 ¥ = 4.1241+0.1808 {4.36%)
VI 105.1 111,23 D= 9.4827+0.9150 {0.96%)
\Y 184.8 195.77 h = 16.0795+0.9509 ( 5.91%)
L_ v 341.6 342.94 vy = 35107

In almost all 156 earthquakes analysed by applying the Blake
model we have obtained a very good fitting between the empirical
relation and observed data. We can conclude that Blake’s medel
is a good tool for studying the macroseismic field of earthquakes
of Albania territory and nearby, where the earthquakes are
shallow and maximum magnitude is M_ =7.5.

In this study we have alsoc analysed the relation between
focal depth h, v and epicentral seismic intensity I_. The results
obtained show a clear dependence of y on focal depth and in
contrary, no depend ence on IO . Because of the effect of wave
propagation, in v in creases when focal depth increases.

For Albania and the regions nearby it is found y=3.06 for
earthquakes with h < 10 km and y=4.55 for earthquakes with h>10
km. y=4.0 is accepted as a mean value and the corresponded value
cf the absorbtion coeffic¢ient is found «=0.0095.

RELATIONS BETWEEN MAGNITUDE (M,,), SEISMIC INTENSITY (I)
AND FOCAL DEPTH (h)

For the evaluation of seismic intensity, in this study we
have applied the MSK-1964 scale (Medvedev et al. 1964)}. This
scale is based on the evaluation of damage of structures which
are builded without any aseismic design criteria. For buildings
where such criteria are applied we have used a revised
appropriate scale. In dense populated areas, where macroseismic
data were sufficient, and for earthquakes with intensity greater
than 5 degrees (MSK-1964), the evaluation of seismic intesity was
carried out based on a statistical approach (Sulstarova,E.,
1986). For each type of building the mean degree of damage and
corresponding intensity (I,) is evaluated.

Based on statistical analysis, for the territory of Albania

and nearby, we found the following relations between Muyr Iy I
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and h:

M=0.53(%0.01) I +1.46(£0.12) (14)
I,=1.7SM;,~3.061logh-0.61; h<10Km; 4.0<sM<7.5 (15)
I,=1.75M;,-4.551ogh+3.45; h>10Km; 4.,0<M<7.5 (16)

The mean relation:
I,=2.1M;,-4.01logh+0.44: 4.0<M<7.5S (17)

In the cases of historical earthquakes where macroseismic
data exist, the following formula is adopted for the calculation
of macroseismic magnitude:

. =JL(I.+ylogD +c) for i>2 (18)
ax” p g 1

where:

D.~ hypocentral distance; I,- seismic intensity based on
MSK-19b4 scale; v- coefficient of seismic intensity attenuation;
b, ¢~ coefficients .

When Ai>>h and the seismic intensity of the corresponding
isoseist is 2 degree and more smaller than epicentral intensity,
D=, is a good approximation.

It is observed that in the cases when accurate values of
b,c,y coefficients are obtained the instrumental magnitude M A is
equal to the macroseismic one, calculated following the formula
(18). For example in the case of April 15,1979 earthquake, with
I=9.5 (M5K-964 degree), the macroseismic magnitudes correspondig
to the isoseistes 7,6,5 degree with respective average radius
63,105,185 km are found respectively 7.29,7.20,7.23. The mean
value of magnitude M =7.24 is very close to the instrumental
magnitude M =7.2

CONCLUSIONS

The macroseismic field model proposed by Blake can be
applied with very good results in the case of shallow earthquakes
as those of Albania and nearby regions. The calculated seismic
intensity following this model corresponds very well to the
observed one.
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