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SUMMARY. - The af te rshock activity associated wi th the central Greece 
(Trichonis Lake) ea r thquake of |une-Dec. 1975, has been studied, wi th emphasis 
on the t ime and magni tude distr ibut ion. It has been found that the value of b, 
in Gu tenbe rg - R i c h t e r ' s relat ionship was near the same for the pr imary as 
well as the secondary or second order af tershocks of the sequences, but depends 
upon the focal depth . 

A correlat ion be tween the calculated focal mechanisms and the associated 
stress componen ts to the distr ibution pat tern of meizoseismic effects as well 
as to the geological s t ructure of the seismic region was found . 

The seismic region lies at the top of an anticline which was found moving 
d o w n w a r d s , apparent ly due to compressional stresses. 

Wi th in the series of three ea r thquakes the progress of the destruct ion of 
the buildings was observed and repor ted. The interest is concentrated to mode rn 
buildings out of re inforced concrete and infill brick walls. The relatively unexpected 
ra ther bad pe r fo rmance of the later case of buildings was compared to that 
of the tradit ional small houses out of brick or stone masonry, the behav iour of 
which may be considered as better f rom wha t it was expected. 

RIASSUNTO. - Viene studiata l 'attività delle repliche associate al te r remoto 
avvenuto nel per iodo giugno-dicembre 1975 nella Grecia centrale (Lago 

Trichonis) , con part icolare r iguardo alla dis t r ibuzione e nel t empo e della 
magni tudo . Si è t rovato che il valore di b, nella relazione Gutenberg-Richter , 
è stato pressoché lo stesso nelle serie di repliche pr imarie e secondarie , o 
di secondo ordine, ma dipende dalla p rofondi tà ipocentrale. É stata quindi 
evidenzia ta una correlazione tra i meccanismi focali calcolati e le component i di 
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stress associate al model lo di d is t r ibuzione degli effetti mesosismici, come pu re 
alla s t ru t tura geologica della regione sismica. 

La regione sismica è si tuata alla cima di un 'ant ic l inale che tende a sli t tare 
verso il basso, appa ren t emen te a causa di tensioni compressional i . 

La progressiva dis t ruzione degli edifici è stata osservata e descri t ta nel l 'arco 
delle serie di tre terremoti . L' interesse è concent ra to sulle moderne costruzioni 
in cemento a rma to e mat toni pieni. Il compor t amen to , re la t ivamente inatteso ed 
a lquan to de ludente , degli edifici di ques t 'u l t imo t ipo è s tato pa ragona to a 
quel lo delle tradizionali piccole case realizzate in pietre o mat ton i , ed il cui 
c o m p o r t a m e n t o può essere cons idera to migliore di quan to ci si a t tendesse. 

1. INTRODUCTION. 

Dur ing the period June-December 1975 a series of three strong 
ear thquakes occurred near the nor thern coast of the Gulf of Patras , in 
the lower reaches of the Evinos River, where the bed seems to be pre-
determined by a f rac ture zone. 

The first ea r thquake of magni tude M s = 5.4, occurred at 13 /2 26 m 
and 55 s G. M. T. of June 30, 1975 was located at 38° 29 ' 18" N, 21° 40 ' 
0 0 " E wi th a shal low focus at a depth of about 10 km, 3 km east of 
the Kato-Makrynou village, where the m a x i m u m cumulat ive M. M. 
intensity reached VI I to V I I I degrees. According to official reports the 
shock produced property damage to several localities. 60 old houses 
where damaged beyond repair and 34 cracked. 

The second ea r thquake of magni tude M s = 5 % , occurred at 16 h 
07 m 51.7 s G . M . T . of December 21, 1975; its epicenter was calcu-
lated at 38° 2 9 ' 17" N, 21° 4 5 ' 0 5 " E wi th a depth of 0 km, 11 km 
east of the Kato-Makrynou village, where it was impossible to estimate 
the max imum intensity, because the third strong ea r thquake of the 
series occurred 10 days later. 

The third ea r thquake of magni tude Ms — 5.9, occurred at 09 h 46 m 
9.5 s G . M . T . of December 31, 1975; its epicenter wass located at 38" 
30 ' 8 " N, 21° 46 ' 0 7 " E with a depth of 3 km, 12 km east of the Kato-
Markrynou village. The observed max imum cumulat ive M. M. intensity 
was V I I I to IX degrees at Kato-Makrynou. A few cases of landslides 
and ground cracks were observed in the epicentral tract. According to 
official reports , 200 old houses were destroyed and 580 were seriously 
cracked. One person died and two slightly injured on account of the 
larger shock. 
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The first and third shocks were preceded and followed by a signifi-
cant foreshock and af tershock activity, where more than 2000 after-
shocks were registered with magnitude ML between 1.5 and 4.6. 

The series of the three strong ear thquakes with the numerous after-
shocks caused an extensive property damage at several localities, parti-
cularly in the southeastern part of the Trichonis lake, as well as panic 
and anxiety to the people for the possibility of fu tu re t remors. 

The authors visited the meizoseismal area (extended over 140 sq. km) 
immediately af ter the first and third ear thquakes . 

i n the present paper a correlation between the calculated focal me-
chanisms and the associated stress components to the distr ibution pat-
tern of the macroseismic effects and the geological s t ructure of the 
seismic region is a t tempted. 

By statistical analysis of the seismic sequences under investigation, 
a rational expression of the nature of af tershocks is a t tempted in order 
to determine their characteristics. 

2. S E I S M I C I T Y OF THE AREA. 

At the folded regions of the Western Greece the most ea r thquake 
destructions are associated with dislocations of the Ionian zone. Among 
these dislocations is the Ag rinio-Arta fault zone. 

The western part of Central Greece to which belongs the affected 
region, tectcnically is one of the active areas of Greece. Small earth-
quakes occurred within this region, and some were felt at Trichonis 
area. Ten ear thquakes were shallow with a magni tude of 4¥4 - 5.9. 

Dur ing the period 1880 and 1970, the most significant ear thquakes 
are the fol lowing: 

1882, Aug. 31: Strong ear thquake notion (381/2° N, 23V40 E), which 
caused slight damages at the town of Agrinion. The maximum 
M. M. intensity was VI degree. 

1885, Feb. 18: Strong ear thquake (38'/20 A/, 213/ 4 °£) , which caused 
damages of VII degree of the M. M. scale in the vicinity of the 
town of Naupaktos . 

1907, Nov. 7: Strong ear thquake motion (38V4° N, 21>/4°£) of 
M = 43/4, with damages of V-VI degree in the town of Amphi-
lochia. 
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1921, Sept. 13: Strong ea r thquake motion (38V4° N, 21 iA0 E) of 
M = 53/4 caused V-VI degree damages in the region of Amphi-
lochia. The shock was fol lowed by a number of af tershocks , the 
strongest of which had a magni tude M = 5.1. 

1949, Oct . 4 : Strong ea r thquake in Aetolia (38.5° N, 21.8° E), of 
M = 5.1, caused significant damages in the village of The rmon . 
The shock was preceded by slight foreshocks, and fol lowed by 
numerous af tershocks one of which had a magni tude M = 5V*. 

1953, Dec. 21: Strong ea r thquake of M = 5.2. The shock occurred 
13 /7 20 m 58 s, was located at the south part of the Tr ichonis lake 
(38.5° N, 21.10 E). Damages of V I I I degree were observed at 
Messarista. 

1955, Dec. 21 : Strong ea r thquake of M = 5Va. The shock occurred 
at 21 h 40 m 24 s (38.6° N, 21.4° E), near the NW coast of the 
Trichonis lake. 

1960, May 5: Stronge ea r thquake of M = 43 / t - 5. The shock occurred 
at 08 h 17 m 32 s (38V2°N, 21! /2° E), near the south bank 
of Tr ichonis lake, caused damages of V-VII degree at the villages 
of Paravola, Mataraga and Grammat ikon . 

Until 1966 the seismic activity of the region of Aetoloakarnania 
did not exceed the 5 3 / j magni tude level. An increase of the earth-
quake activity was observed immediately af ter the impounding of the 
artificial lake of Kremasta , in 1966. 

Macroseismic data f rom the beginning of the nineteenth century 
u p to 1970 show a max imum M. M. intensity of V I I - V l l f degrees. P. 
Comninakis 1975 using seismic data f rom 1911 u p to 1970 found by 
statistical analysis, that the maximum ear thquake magni tude with the 
greatest probabil i ty of occurrence once per year per 1 / 4 degree in the 
area of Tr ichonis lake is 3.6. 

3 . REGIONAL GEOLOGIC SETTING. 

The affected area is situated in the western flanc of Hellenides and 
belongs to the external isopic zones of Pindus, Gavrovo and part ly to 
the Ionian zone. The zones fol low the general trend of mounta in ranges 
of the Dinaro taur ic arc of S-E Europe (NNW-SSE), see Fig. 1. 
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Fig. 1. The Seismoteetonic map of Central Greece. Tectonic zones af ter J. 
Bornovas et al, 1971; Isoseismal lines for the ear thquake of June 30, 1975. 
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The Pindus Zone is fo rmed f r o m Pelagic sediments overthrust ing 
the neighbouring zone of Gavrovo . 

Jurassic and Cretaceous carbonates are common in the Pindus thrust 
zone, where ophioli thes appear with shales and radiolar ian cherts, then 
flysch deposits over thrusted them. 

In this zone the plastic tectonic format ion of foldings dominates 
as are the overthrusts and tectonic nappes . 

The Gavrovo-Tripolitsa Zone is formed out of neri t ic sedimental 
deposits which have been overlaid the meiogeoanticline ridge. 

The age of these sedimental deposits belongs to the Cretaceous, 
Mid-Eocene period. O n the top of the above ment ioned sediments lays 
flysch belonging to the Upper Eocene and Oligocene. The tectonic of 
this zone is character ized by a sequence of anticlines and synclines 
with many faul ts and strong displacements . 

The Ionian Zone consists out of sediments belonging to the Pelagic 
phase, whi le weak overthrusts directed wes twards characterize the tectonic 
of the zone. 

The wes twards strong movement thrusts have been developed during 
the Pindus orogenesis (Miocene), and divide the region into a sequence 
of tectonic nappes with a p redominant direction NNW-SSE. The whole 
region presents intense tectonic format ion with parallel and perpendicular 
mult iple fault ings to the direction of the Pindus zone. 

The region is located between anticlines and has been affected by 
numerous faults; two of the most significant are the fol lowing: 

a) The Evinos fault which almost fol lows the homonymous 
valley with NE-SW direction and right-lateral mot ion. 

b) The dip-slip displacements observed in the eastern side of 
Tr ichonis lake. 

The lake of Tr ichonis occupies the east edge of the f rac tured 
tectonic trough, that crosses the Aetoloakarnania like a half circle. T h e 
format ion of this trough is mainly due to the intense tectonism of the 
area under considerat ion and partly to the falling down of l imestone 
masses into the existing underground caverns, which form a qui te 
extensive underground Carstic ne twork . The above ment ioned limestones 
belong to the Cretaceous and Jurassic period. The underground caverns 
of this ne twork are being enlarged due to the corrosive and solvent 
action of the water , resulting thus to the fall of the overlying layers and , 
finally, to the change of the morphology of the region. 
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4 . S T A T I S T I C A L STUDY OF AFTERSHOCK S E Q U E N C E . 

I. Histogram and frequency distribution. 

At first it was at tempted to prove statistically that the events were 
not random or did not belong to some microear thquake swarm but to 
an af tershock sequence. A comparison was made between the Poisson 
distr ibution and the plot showing the percentage of hour intervals in 
which a certain number of ear thquakes occurred versus the number of 
shocks per hour . Similar work has been done by Knopoff 1964 for the 
ear thquakes of southern California and Drakopoulus 1970 in the study 
of Epidauros sequence. 

In order to find the Poisson distribution, the fol lowing expression 
was used: 

Z n ^ n ^ j [1] 

where n is the number of events per hour Zn denotes the number of 
samples (where n events are observed) and n the average number of 
events per hour . 

The plot of Zn derived f rom eq. (1) for the first af tershock sequence 
is shown in Fig. 2, as well as the normal Poisson Distr ibution. From this 
figure one can easily see that there is no coincidence between the Zn 
histogram with the law of Po i s son ' s distr ibution. Tha t means that the 
observed sequence is not random, but it is a dependent one and in our 
case is an af tershock sequence. 

II . Temporal Distribution of Aftershocks. 

The distribution of af tershocks in time has often been studied by 
many authors . The original O m o r i ' s law was modified into 

n (t) dt = K (t + c)~h dt [2] 

where t is the time after the main shock, n ( 0 dt is the number of 
af tershocks occurring in the time interval t and t + dt and K, c and h 
are constants chosen to fit the data, 
when h= 1, eq. (2) expresses the O m o r i ' s law. 
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Fig. 2. Number of shocks per hour vs percentage of hour for the first series. 

D r a k o p o u l o s 1968 de t e rmined the cumula t ive f r e q u e n c y of m a n y 
e a r t h q u a k e s in Greece us ing the re la t ion : 

N(t) 

to 

= H 
(0 dt [3 ] 

By app ly ing eq. [3] it w a s f o u n d that the f u n c t i o n s tha t best fit the da ta 

a re of the fo l lowing type. 

N = Ni t~H f o r t<t0 [4 ] 
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where to is the time which the decay of the number of af tershocks is 
more abrupt . 

log N = B — / / log / [5] 

The constant H may depend on the viscosity of the medium. 
The logarithm of the number N of af tershocks which occurred 

t— 1 days af ter the main shock of June 30, 1975 versus the logarithm 
of t, is plotted in Fig. 3. This plot is composed of two straight lines with 
the constants of eq. 5 given as fol lows: 

log ^ = 2.986 —0.954 log t [5 ' ] 

log N= 1 8 . 4 6 - 12.37 l o g / [ 5 " ] 

T h e f requency distribution for the second aftershock sequence of the 
series within the time interval of 21 to 31 December 1975 is plotted in 
Fig. 4 a, with the f requency law: 

log N = 2 . 7 4 - 1.14 log t. 

The distribution of the third af tershock sequence, for the period of 
time f rom 31 December 1975 to 30 January 1976, is plotted in Fig. 4 b; 
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Fig. 4. Time distr ibution of the af tershocks with magni tude ML>\5. 

the mean value of which obeys the law: 

log N = 6.5 - 3 . 3 4 log / 

The first a f tershock sequence shows two branches (see Fig. 3), whi le 
that of the second and third ones show only one b ranch (see Fig. 4 a, b). 
The peculiarity of the third sequence is a t r ibuted to the fact of the 
mixing of the two last a f te rshock sequences. 

The value of the constant H of eqs. [4] and [5] is the rate of 
decrease of af tershocks in a certain interval of t ime; this depends on 
the lower limit of the observed ea r thquake magni tudes , which in the 
present case is 1.5. 
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The af tershock activity started dying out, but on July 25, 1975 and 
January 21, 1976, two af tershocks of magni tude ML — 4 .6 and MI.— 3.9 
occurred, respectively. These are the largest af tershocks which have 
been followed by their own second order af tershock sequences shown 
in Figs 5 and 6 respectively, where as shown, their t ime distr ibution 
is of the exponential type. 

n ( t ) 
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n ( t ) 

Fig. 6. T ime dis t r ibut ion of the a f t e r shocks wi th M f > 1.5, showing the existence 
of second o rder a f te rshocks , fo r the two late events. 

5 . DETERMINATION OF THE MAGNITUDES OF THE SHOCKS. 

In order to calculate the magni tude ML for each af tershock of every 
sequence, for which an ampl i tude A' was measured at the station of 
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Valsamata (VLS) (') the following relation was used: 

n 

z log Ai 
M'l= log A'+M, 

1=1 [6] n 

where ML is the mean value of the magnitudes of all the shocks of the 
sequence recorded by thte Wood-Anderson seismograph ( r 0 = 0 .8 sec , 
V = 2800) installed at Valsamata. 

Ai is the peak to peak ampli tude recorded on the vertical compo-
nent of VLS seismograph (Spregnether type V = 50000, To = 0.5 sec). 

n is the number of these shocks, related to the mean value Ml and 

A' is the peak to peak ampli tude on vertical component of VLS, 
Srengnether type. 

The method is reliable only, when the epicentral distance of the 
shocks does not vary much. The epicentral distance f rom Valsamatat 
station is calculated for every shock, using the arrival time of several 
phases and travel time curves. These distances varied between 100 and 

Finally, for all sequences eq. [6] receives the following form: 

The cumulat ive f requency of the detected af tershocks for different 
values of Ml are 1088 for the first and 1823 for the third sequences; 
their magnitudes Ml are between 1.5 and 4.6. 

These observations have been used to determine spatial, time and 
magni tude distr ibution, as well as, the deformation characteristics of 
the foreshocks and aftershocks of the sequences. 

115 km. 

M'L= log A' + 1 . 7 3 [7] 

(>) Valsamata station (38° 10' 3 8 " N, 20° 3 5 ' 2 3 " £ , h = 375 m) is located on 
Cephalonia Island. 
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6 . F R E Q U E N C Y V E R S U S M A G N I T U D E OF THE A F T E S H O C K S . 

Ear thquakes are usually distr ibuted according to Gutenberg-Richter 
1956 relat ionship: 

where a and b are constants n (M) dM is the n u m b e r of ea r thquakes 
wi th magni tudes within the range of M and M + d/W for a specified 
time interval and area. 

The relat ionship of eq. [8] was proved to be adequate for af tershock 
sequences. 

Many investigators use instead of eq. [ 8 ] , the cumulat ive f requency 
funct ion expressed by: 

Page 1972 and many other investigators have shown that the constant 
b may vary slightly depending on the physical propert ies of the ma-
terial and the distr ibution of stress wi th in the seismic region, Mogi 
1963 and Minakami 1960 have found that b could be much higher in 
volcanic shocks. 

Values of b have been reported f r o m about 0.5 u p to 1.5; af ter 
Isacks and Oliver 1964 b is mostly varying between 0.7 and 1.0. 

Drakopoulos 1968 using many cases f rom the area of Greece found 
that the values of b vary between 0.4 and 1.7. Some investigators expres-
sed the opinion that the parameter b is constant and equal to about 1.0. 
However , the majori ty of the investigators, believe that b varies f rom 
region to region and wi th focal depth , and its value depends on the 
stress condit ions as well as on the heterogeneity of the ea r thquake 
volume. 

The logari thm of the cumulat ive f requency funct ion N (M) versus 
magni tude M of the af tershocks of Tr ichonis ear thquakes , for the whole 
sequence af ter | u n e 31, 1975 period, is plot ted in Fig. 1 A. For the 
said af tershock sequence the fol lowing equat ion was obtained af ter 
application of the least squares method: 

log n (M) d M - { a - b M ) dM [8] 

log N=a—bM [9] 

log N = 4 . 5 7 - 1.0 M [10] 
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Fig. 7. Cumulat ive frequency distribution of magnitude for some different time 
intervals after the occurrence of the main shock, for the first event. 

3 
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Fig. 8. Cumulative frequency funct ion of the magnitude of af tershocks of 
Dec. 21 and 31 1975 main shocks. 
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For the sequence of the period December 21 to 31, 1975 the resulting 
funct ion N (M) is plotted in Fig. 8; its numerical values take the form: 

log N = 4 . 8 9 - 1.05 M [11] 

with s tandard dev. = 0 . 0 5 2 

For the first af tershock sequence the magnitude-frequency relationship 
for various time periods was studied. The results of the study are 
plotted in Figs 7 B and C for the first 10 days and for the first 24 
hours respectively. It may be seen that the plots B, C and D constitute 
three almost parallel lines. This means that the value of the parameter 
b remains constant and equal to 1.0, independent of the sampling time 
period. 

The same procedure was applied for the other sequences by 
dividing the whole af tershock period into smaller periods. It was proved 
again that the parameter b remains constant and equal to that of the 
first sequence. In Fig. 8, only the first line corresponding to the whole 
time of the sequence is presented. 

The magnitude-frequency relationship for the foreshocks is found , 
for the first event, to follow the formula : 

log N - 2.52 - 0 . 6 4 M [12] 

which is shown in Fig. 1 A. The value of the parameter i> = 0.64 is 
obviously less than that holding for the af tershocks ( 6 = 1 . 0 ) , as it 
should be expected. 

The values of b, previously found, are in agreement with those 
derived by Berg 1968 and Drakopoulos 1974, for natural ear thquakes . 
Drakopoulos 1974 found that the values of b corresponding to fore-
shocks are much lower (0.3 — 0.6) than those corresponding to after-
shocks ( 0 . 7 5 - 1 . 2 ) . 

In the reservoir impounding associated ear thquake activity, in 
Berg's 1968 analysis different values of b have been reported, as listed 
in Table I. In all cases the value of fr/„r is larger than the corresponding 
ball. 
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T A B L E I 

b values for the reservoir impounding associated 

ear thquake activity 

b values 
Foreshocks Aftershocks 

Kremasta 1.41 1.12 

Koyna 1.87 1.09 

Kariba 1.18 1.02 

In the present study it was found for foreshocks the value of 
6 = 0.64 and for af tershocks b = 1.0. The findings give ground to 
believe that the ea r thquake sequences of the present case has no apparen t 
relation to reservoir impounding ear thquakes as fa r as the parameter b 
concerns. 

Frequency-magnitude distr ibution curves of the last af tershock se-
quences are plotted for layer zones of 5 km thickness each in Fig. 9. 
Three discrete 6-values were obtained as fol lowing: 

1 . 8 -

1 .6-

1.4-

1.2-
2 
w 1 . 0 -

cn 

° 0 . 8 -

0 6 -

0 4 -

0 . 2 -

2 5 4 5 6 

Fig. 9. Frequency - magnitude distribution at various dayers, for the first event. 

© 0 < h < 5 b = 0 . 7 4 

© 6 < h < 2 0 b : 0 . 9 1 

( D h ^ 2 0 b = 0 . 8 8 



RI-CENT E A R T H Q U A K E ACTIVITY IN T R I C H O N I S REGION E T C . 5 7 

6 = 0.74 for the layer between 0 and 5 km 

6 = 0.91 for the next layers within 5 and 20 km, constant , and 

6 = 0.88 for higher depths. 
The first layer corresponds to the depth of the sediments in the area. 

The value of b that was found for the layers 5 to 20 km, indicates 
the presence of one layer, which was also assumed in the Model « A » 
of Table I I I , given in paragraph 9. 

These values of b as decreasing with the depth are in agreement 
wi th the results of other investigators. Exception of this, constitutes, 
the present case with the unexpected small value of b in the first layer, 
which , when smaller, is more suitable for homogeneous medium. This 
is due partly to the occurrence of the greater magnitude late af tershocks 
within the upper layer. The seasonal presence of the higher ground 
wate r table which results in the more homogeneous distribution of internal 
stresses, and the more complete stress release, is a strong evidence for 
the explanation of small b value in the upper layer since the ground 
water is assumed to act as lubricating. 

7 . D E F O R M A T I O N C H A R A C T E R I S T I C S . 

The deformat ion in the af tershock zone has been calculated using 
o 

the fol lowing formula given by Bath and Duda 1964: 

log D = 5 . 1 7 + 1 . 4 6 M [13] 

where D is the deformat ion in cm3. 
The cumulat ive deformat ion ID of the first sequence starting on 

June 31, 1975 was calculated and plotted versus time in Fig. 10. As 
it is seen f rom this figure, the sequence shows two phases, the compres-
sional phase and the shear one. The energy in the compressional phase 
is released by small af tershocks and the corresponding deformat ion is 
expressed by the relation: 

Z D = {0.17 + 3.83 l o g / } 10" [14] 

The second phase consists of two branches; the first branch starts at 
0.2 days and lasts for about 10 days af ter the main shock. The second 
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branch begins with the occurrence of a magni tude ML = 3.4 earth-
quake , on )uly 14, 1975. The t'hird branch includes a largest « l a t e 
af tershock » of magni tude M i = 4.6. Af ter the occurrence of this shock 

the ea r thquake activity increased abrupt ly . From this, one may conclude 
that most of the shocks of the third branch probably are due to a 
different seismic volume. This is supported by the fact that the epicenter 
of the « late af tershock » differs f rom that of the main shock. 

The first branch of the second phase is expressed by the relation: 

Z D = { 0 . 5 3 + 6.27 (1 - ß - i - ^ ' - o " « )} 10" [15] 

The relaxation time for the first sequence is 0.7 days. 



RI-CENT E A R T H Q U A K E ACTIVITY IN T R I C H O N I S REGION E T C . 3 9 

The cumulative deformat ion ZD of the second and third sequences 
are plotted in Figs 11 a, b respectively. The third af tershock sequence 
shows two phases as well, with one branch each, though the second 
sequence shows only one phase, the compressional one. This is due to 
the fact that almost at the end of its compressional phase the shear 
phase has been overlaped by the third af tershock sequence. 
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Fig. 11. Deformation characteristics of the aftershocks of the Earthquake of 
December 21, 1975 (a) and December 31, 1975 (b). 

The shear phase of the third sequence is expressed by the equat ion: 

ID = {0.76 + 6.87 ( l - e - ' - V ' " 3 ^ ) } 10'2 [16] 

The relaxation time of the third sequence was found equal to 0.5 days. 
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8 . C O M M E N T S AND TREATMENT OF M A C R O S E I S M I C DATA. 

8.1. Intensity distribution and jocal depths. 

The isoseismal maps for the f u n e 30 and December 31, 1975 earth-
quakes are presented in Figs 1 and 12 respectively. 

Fig. 12. I sose i smal m a p f o r the E a r t h q u a k e of D e c e m b e r 31, 1975. 
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In t'he epicentral regions the maximum accelerations can be estima-
ted, a f te r Galanopoulos 1971, by the formula holding for the Greek 
area: 

a s = 0.26 —0.1 /o + 0.01 /o2 [17] 

where ag the effective ear thquake ground acceleration in units of gravity 
and /o the intensity in Mercalli-Sieberg scale. 

For the first event the maximum ground acceleration was estimated 
to be i7g = 0 . 0 S g while for the third one a s = 0 . 1 0 g . 

The isoseismals of VI degree are of an elliptical f o r m with the 
ma jo r axis to the N — S direction, for both events. The difference in 
the relation between intensity and respective area most probably is 
due to Che difference of ear thquake depths of the two events. Thus , 
for greater than V + intensities, the corresponding area is greater for 
the first and deeper event, than for the second one. 

As it is shown in Figs 1 and 12 the boundary lines of I I I degree 
present an abnormal distribution. To the west, the shock reached the 
west coast of the Ionian Islands, Leukas, Cephalonia, Zante . 
Nor thwards , the shock shows an abrupt decrease in the intensity of 
shaking. The intensity at tenuat ion, occurs when the seismic waves and 
especially the surface waves, pass through f rac ture zones. The same 
picture is shown eastwards too. To the south the III degree isoseismal 
presents a clear elongation to the southwest and east coast of 
Peloponnesus. The shock was not felt in central Peloponnesus parti-
cularly in the f ront of the thrust belt between the Olonos-Pindus and 
Tripolis zones. The focal mechanism is also an important factor for 
the distr ibution pat tern of the macroseismic effects. 

In the areas, where the intensity was between III and IV, four 
« islands » of minor intensity may be observed, where the shock was 
not felt and « k e r n e l s » with intensity III - IV which lay out of the 
area bounded by the isoseismal line of I II degree. 

The determination of the coefficient of intensity at tenuation n and 
focal depth h has been performed with the help of the theoretically 
computed master curves af ter Sponheuer 1960 and Shebalin 1972. In 
order to check the n values, thus determined, the fol lowing relations 
have been used, by correlating the isoseismal areas S, or the average 
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radii ri of the outer isoseismal lines ( ; > 3 ) af ter Shebalin 1972: 

1 S < + ! 2 M Q l 
log — — - — [18] 

o , n 
or 

The resulted mean values are n ~ 4 and h=10km fo r both seismic 
events. 

Using the fol lowing empirical formula af ter Karnik 1971: 

M = 0 . 6 / 0 + l o g + 0 . 4 [20] 

where /o the max imum observed M. M. Intensity, it was found h — 3 km 
for the first event and h = 2 km for the third one; and af ter Shebalin 
1972 the equat ion: 

/o = 1.3 M/.H — 3.5 log /z + 3.8 [21] 

it was found h — 9 km for the first event and h — 7 for the third one. 
The corresponding value of depth af ter Galanopoulos (empirical formu-
la): 

~ = 1 A l 1 " - 1 [ 2 2 ] 

where r the max imum radius of perceptibili ty, and / the MM intensity, 
equal to 1.5 for the present cases, 
was found h= 16 km for the first event and h=\\ km fo r the third 
one. 

The instrumental values of depths were calculated 11 and 3 km 
respectively. From the compar ison of the focal depths estimated by 
instruments and by macroseismic data it is observed that the empirical 
formula for estimation of focal depths af ter macroseismic data give just 
indicative values. 

The calculation of the absorpt ion coefficient a, of the region under 
considerat ion, for both events and for various azimuths was made af te r 
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Sponheuer 1960 by applying the formula: 

n ( / - / ' ) - I o g f 

[23] a = 
log e(r'-r) 

where I, / ' the intensity of isoseismals r, r' the hypocentral distances of 
t'he corresponding isoseismals / and / ' , respectively, and l o g e = 0 .4343. 

As a mean value for both events was found a = 0.01 to the NNW 
and E directions and a = 0.02 to the S direction. The mean value was 
calculated f rom fhe original values of a, and was found a = 0 .018 for 
all directions. 

8 . 2 . F A U L T PLANE SOLUTIONS AND SOURCE PARAMETERS. 

Most calculations of focal mechanisms have been done for earth-
quakes with magnitudes M > 6. The long period stations ne twork is 
insufficient for shocks of lower magnitude level. Short period instru-
ments are of ten competent for shocks of magni tude M < 5 1 /2 , mostly 
of local stations with magnification, high enough for reading the initial 
motion of the longitudinal waves. 

The focal mechanism of the shocks has been calculated, f rom the 
first motion directions at all the stations of the Greek network and of 
the neighbouring countries. The solutions are shown in Figs 15, 14 and 
15 for the events of (une 30, December 21 and December 31, 1975, 
respectively, and in Table I f . The values are in agreement with other 
independent data. 

From the available geological data, the af tershock distribution pat-
tern and the B axis indicate that the a planes, (see Figs 13, 14, 15) 
are the fault planes for the three events. 

In order to estimate the fault length L in miles the following for-
mula was used af ter Housner 1969 according to existing data of Central 
America: 

which, for the first event of Ai = 5.4 yields 1 = 4.03 mi or L = 65 km 
and for the third one of M = 5.9, 1 = 6.6 mi or L=\0.6km. 

For the same as the above mentioned data, Bonilla 1970 elaborated 
as the best fit lines for all the points the fol lowing two equat ions for 
the estimation of the length of surface rupture / in miles, and the 

¿ = 1 . 8 2 1 0 ~ 2 e' [24] 
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Fig. 14. Fault plane solution for the December 21, 1975, ear thquake. 
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maximum displacement D in feet on the main fault at the ground surface: 

log D = 0.86 l o g / - 0 . 4 6 [25] 

log D = 0.57 M —3.39 [26] 

For the first event of M = 5.4 one finds that D— 14.8 cm, 1 = 2.4 km, 
while for the third event of M = 5.9, D = 31 cm, / = 5.1 km. 

Using the formula given by King and Knopoff as cited by 
Galanopoulos 1971: 

log (LD2) = 2.24 M- 4.99 [27] 

where L is the fault length in cm and D the maximum displacement 
along the fault , 
one calculates that for the first event of M = 5.4: 

LD2 = 12.8 106 cm3, while for the third event of M = 5.9: 

LD2= 168.3 106 cm3. 

8 . 3 . S E I S M O S C O P E RECORDS. 

At Messologhi (38° 36' N, 21° 45 ' £ ) where the first and third 
ear thquakes reached a IV - V degree intensity on Mercalli-Sieberg 
scale, a S / M 0 0 Wilmot seismoscope recorded in the N 1 2 0 ° £ dire-
ction spectral velocity 13 cm/sec for the first, Fig. 16a, b and in the 
N 1 3 0 ° £ direction spectral velocity 14 cm/sec for the third event, 
Fig. 17 a, b respectively. 

The seismoscope at Messologhi is instiled on the elevated by 1.5 in 
ground floor of the one story town hall. The foundat ion soil consists 
of a very soft peat, sandy and silty clays, sediments of a drained lagoon. 

It is worth while to note here that the directions of the main axes 
of both records and their shapes as well, are homologous to the dis-
tr ibution pattern of the isoseismals of the V and IV degrees as are 
presented in Fig. 1 and Fig. 12 respectively. 



Fig. 16. Correlation of seismoscope record with fault - Plane solutions and 
shape of Pleistoseismic area of June 30, 1975, ear thquake. 
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Fig. 17. Correlation of seismoscope record with fault - Plane solution and 
shape of Pleistoseismic area of December 31, 1975, ear thquake. 
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8 . 4 . C O M M E N T A R Y ON THE INTENSITY D I S T R I B U T I O N PATTERN. 

The macroseismic effects depend upon several factors, the more 
important of which are magnitude, focal depth and hypocentral distance, 
radiat ion pat tern, propagation of waves through the geologic strata, 
soil conditions, durat ion and frequency bandwidth of shaking and the 
kind of building constructions related also to the extend of their 
exposure to previous ear thquakes . 

The fault plane solutions for almost all events show that the plane 
of action, in which there are the kinematic axes A and C as well as 
the P and T axes, is oriented to the NE-SW direction and has a vertical 
plunge. From these four axes, the axis C is horizontal while A is almost 
vertical. Either single or double couple of forces act at the ear thquake 
focus, the radiation pat tern and consequently the intensity d i s t r i bu t ion , 
must be elliptical. This elliptical form is apparent in the shape of the 
isoseismals of V and IV degree, as it is shown in Figs 1 and 12. From 
the au thors ' point of view a better explanation of the intensity distri-
bution may be given by the upgoing directions of these four axes. 

The relatively high intensity of VI1 + degree observed in the 
meizoseismal area is mainly due to the small focal depth and probably 
to the radiation pattern in the direction of the axes A (vertival), P and T. 

To the authors ' opinion the fault plane solution explains fairly well 
the elongation of the isoseismals to the southwest direction (Axis C). 
In the north and east direction the seismic energy is not trasmitted 
to a long distance although much energy is presumably radiated towards 
these directions. This is probably due to the presumed discontinuity in 
the uppe r strata along geologic zones of successive upthrust ings, over-
thrust ings and faults, which run along the central Greece, as it is 
shown in the tectonic map of Greece. 

It is worth noting, that in the central Peloponnesus and especially 
in the thrust f ront line between the Olonos-Pindos and Tripolis geologic 
zones, a strong attenuation of the seismic energy is observed. This can 
be probably at tr ibuted to the poor transmission of the seismic energy 
f rom the under thrust to the upper thrus t members of the folded zone. 
Complicated tectonics of the region reflects to the complicated shape 
of isoseismals. 
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9 . S E I S M O T E C T O N I C S T U D Y A N D S P A T I A L D I S T R I B U T I O N O F A F T E R S H O C K S . 

Accurate determination of the location of epicenters has been made 
for all ear thquakes registered with M i > 3 . 5 . A modified version of the 
HYPOLAYR computer program after Eaton 1969 was used for the 
ea r thquake location. In TABLE III the velocity model « / I » af ter 
Makris 1976 which was assumed for the calculation of P wave travel 
times is shown. For the calculation of S wave velocities a Poisson' s 
ratio equal to 0.25 was used. In the whole compilat ion of the main 
shocks and their af tershocks the Greek network station parameters and 
data were used, as well as the recorded shocks by two portable, smoked-
paper seismographs, Sprengether type MEQ-800, used by the authors 
one day af ter the main shock of December 31. 1975. 

One of the two seismographs was installed at the most affected 
village, at Kato Makrynou, operating as master station, while the other 
was used as a satellite station around the meizoseismic area with a 
time synchronization to each other. The observations lasted four days 
and the total number of the recorded shocks exceeds 2000. The foci 
of the recorded aftershocks present a small shift as it is shown f rom 
the difference of arrival times between P and S waves. 

T A B L E I I I 
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P-WAVE V E L O C I T I E S ( K m / s ) AND D E P T H (Km) 
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The difference oscillates between 1.2 and 2.0 sec, corresponding 
to an epiceniral distance between 6 and W km, for the focal depth 
considered. 

The affected region, belongs to the external tectonic units of the 
Hellenides; which shows an impor tant tectonic activity dur ing the 
middle Quaternary . In addi t ion, many faults were created or reactivated 
during the fol lowing two stages: 

«) The first stage, between the Calablian and middle Qua te rnary 
time, as evidenced by reverse faults or flexures is character ized by a 
compression striking NE-SW. 

b) The second is the middle Quate rnary stage, which is mainly 
characterized by normal faults along the anticlines. 

Tak ing all these into account , it can be considered that this area 
f rom geotectonic point of view, is a very unstable one. 

On the m a p of the tectonic features of the region the epicenters 
of 100 best located af tershocks are shown in Fig. 18. As it can be 
seen f rom this map , the mosaic pat tern of fault ing can be discriminated 
into three faul t systems: 

a) The first system trends NE-SW and is perpendicular to the 
axis of anticlines. 

b) The second system trends E-W and 

c) The third one t rends SE-NW, parallel to the folds. 
As it is shown f rom Fig. 18, the af tershock distr ibution pat tern 

shows an northeast t rend into the upper reaches of the Evinos River, 
nor theas twards of the Pindus thrust . The epicenters are more concen-
trated in the inner part of the area u n d e r study and part icularly in 
Famila-Katsantoneika graben; the clustering is relatively less in the 
sur rounding area. 

It is to be noted that the epicenters are mostly located along 
faults and f rac tures and mostly in the new faul t -bounded depressions, 
as are the Kato-Markrynou and Famila, Katsantoneika grabens. 

It can generally be concluded that young depressions, part icularly 
those with anomalous contacts at their edges and regions traversed by 
faul ts and ruptures have been activated during the neotectonic per iod. 

For a fu r the r investigation, the hypocenters for all the af tershock 
sequences, were projected to two vertical planes perpendicular to 
each other . These cross sections, oriented E-W and parallel to the 
Pindos thrust (see Fig. 18), are indicated by A-A and B-B' in Figs 19 
and 20, respectively. 
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Fig. 18. Tectonic features and epicentral locations of the main Trichonis 
events of June 30, 1975 (Solid circles) and of December 21 and 31, 1975 
(open circles). 
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In both project ions of Figs 19 and 20 two clustering zones of 
hypocenters predominate . The first zone is a round the focus of the 
main shock to a depth ranging f r o m 9 to 20 km. The second zone is a 
very shal low, between 0 to 6 km. It is wor thnot ing that most of the focal 
depths are less than 5 km, and a distinct decrease of hypocenters 
occurs between t'hese two zones. The intermediate zone which is cha-
racterized by the less density of hypocenters dips about 20° E. The 
delineation of this zone may be at t r ibuted either to some errors on 
the calculation of epicenters, or to the existence of a layer of low 
rigidity which is related to the Cenozoic deformat ion in this region. 
This decrease of foci zone can be also observed in Fig. 21 which 
s'hows a his togram of focal depths versus n u m b e r of events. It may 
finally be concluded that the spatial dis tr ibution of the hypocenters 
zone dips about 60° W. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 k m . 

DEPTH 

Fig. 21. A histogram of focal depths versus number of events. 

oi 
w 2 0 

From the fault plane solutions it can be observed a change in the 
kind of motion. The faul t motion dur ing the June ea r thquake was 
r e v e r s e and d e x t r a l , while in both shocks of December it was 
n o r m a l and s i n i s t r a l . The epicenters of the last two shocks were 
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located 5 km eas twards to the first one, at the southeast end of 
Katsantoneika - Famila graben (Cophtra Valley), in where a series of 
normal faults , striking NW-SE, marks a sharp topographic escarpment . 

The faul t plane solutions for the two late shocks indicate normal 
faul ts with strike and dip almost similar to those of the observed 
faults at t'he surface of the area. 

The wes twards dipping of the nodal planes a coincides with the 
dip of the af tershock hypocentral zone and also wi th the motion on 
the fault planes. All these evidences indicate that the focal region (No. 1, 
2, 3 Fig. 19) is fat igued and strongly dislocated. The valley lies at 
t'he top of an anticline, which moved downwards . In the present case 
it is believed that the tectonics and the seismicity of the region is due to 
a cont inuous effect of compressional stress perpendicular to Hellenides. 
These stresses are responsible for an occasional subsidence of the 
central par t of anticlines or synclines, as it is schematically shown in 
the model of Fig. 19 b. 

From the above mentioned, it may finally be concluded that the re-
cent seismic activity of the Trichonis Region is caused f rom a slight 
d o w n w a r d s movement of the upper part of the Cophtra anticline valley. 

1 0 . D A M A G E S TO B U I L D I N G S AND ENGINEERING S T R U C T U R E S . 

10.1. Generalities. 

The demaged villages are located on different ground sites either 
f r o m the geologic or the soil dynamics points of view. The damages 
are spread over an elliptical area with the main axis of about 15 km 
length. Inspite of the various kind of buildings that were damaged 
one may conclude that it was a general trend for the ear thquakes 
unde r study to accumulate damages on sites with loose soil material 
of small to med ium depth . In one case of deeper cohesionless soils 
the most of the buildings suffered quite insignificant damages, as it 
was evidenced at the village Pamfion (at about 3-4 km N-E of K. 
Makrynou village). The increase of damages on sites with loose soil 
materials may be due to the fol lowing reasons: 

a) Increase of the durat ion of the significant ground shaking. 

b) Increase of the nonun i fo rm foundat ion settlements. 
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c) More un i fo rm, in the f requency domain , ground shaking, 
which means increase of the n u m b e r of peaks . 

cl) Increase of the displacements and in a minor percentage of 
the velocities of the ground shaking, Seed et al 1970. 

e) The predominant periods of the shaking increase, which in 
relation to the above c and cl, results to more apparent resonance phe-
nomena of the structures with greater fundamen ta l periods. 

/) The effect of « secondary factors » of the body of the soil 
(water , compact ion, overburden pressure etc.) to its dynamic behaviour 
is more pronounced , which results to different input motions even 
to one and the same building. 

g) The deteriorat ion due to the aging of buildings founded on 
loose soils is higher than that of buildings founded on rock. 

As it has been shown by Seed at al, 1975, the ground acceleration 
is lower on sites of stiff soils and even lower on sites of deep 
cohesionless soils, at small epicentral distances than on rock. Inspite 
of the above a to g adverse condit ions the very low accelerations that 
most probably appeared on the ground surface of the village Pamfion 
(site with deep cohesionless soil, as explained at the beginning of this 
paragraph) may explain the absence of any significant damage. On 
the other sites of ra ther small soil depths or near the boundar ies where 
the inclined bed rock starts outcroping, the ground surface acceleration 
is higher which in combinat ion with the above ment ioned condit ions 
a to g resulted to a drastic increase of the damages as is shown by 
Sieberg and cited by Galanopoulos 1971 and Seed at al, 1970. This 
is the case of a part of Kato-Makrynou village. 

It is wor thnot ing here that an other part of Kato-Makrynou village 
is founded on flysch or limestone when outcroping. Although the 
ground surface accelerations are expected quite high as is shown by 
Seed et al, 1975 and Tr i funac and Brady, 1976 the damages are very low. 
These observations give the ground to reaffirm also the remark made 
by Donovan, 1973 that : « ... acceleration values when used alone are 
not an effective parameter for describing the damaging effects of 
ear thquakes . Higher particle velocities and longer dura t ions of shaking 
are believed to be the reasons for these greater damage areas ». 
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1 0 . 2 . S T R U C T U R A L CONDITIONS, GENERAL C L A S S I F C A T I O N OF DAMAGES. 

The types of the s tructural load carrying systems used in the 
buildings almost characterize the time of the erection of the building, 
so that the buildings of the region under study may be divided into 
the three categories: Old , Newer and Contemporary buildings. Their 
general characterist ics and seismic behaviour is briefly given as fol lows: 

a) Old Buildings. 

These are one or two story stonemasonry 'houses with reinforcing 
layers on the s toneworks out of wood or bare steel bars of various 
cross sections. Sometimes there are vault s tructures with wooden roofs. 
The roofs are out of hollow, f rench type clay tiles or thin schist plates 
which have a considerab 'e weight . Usually the floor, of the two story 
houses, is wooden . In order to obtain on both sides of the walls plane 
surfaces, the two sides of the walls were constructed almost separately 
wi thout any connection to each other while the mortar which was 
poured inside was of bad quality. Many structures in this category are 
built wi thout any mortar (dry masonry) . 

The period of the erection of these category of structures may be 
dated as before 1945. One may estimate that, as a mean, these 
structures have been exposed before )une, 1975 to at least three 
ea r thquakes with each one being almost equal to the ear thquake of 
Iune 50, 1975. Tha t means that these structures, af ter the third 
ea r thquake of December 31, 1975, are exposed to about six such earth-
quakes . 

The part i t ions of the buildings are out of light t imber work (bagda-
ti) which do not add any structural connection among the exterior and 
rest load carrying walls. 

These buildings suffered the most damages. This may be at t r ibuted 
due to two facts. One is the above mentioned bad way of construction 
and the other is the entire lack of repair due to previous minor or not 
ear thquakes and maintenace due to aging of the structures. 

The structures of this category which, due to the ea r thquake of 
| u n e 30, 1975, considerably crakcd and were not repaired, as it should 
be, half of totally collapsed during the late shocks, as it is shown in 
Fig. 22. 
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O n the contrary, which must be emphasized in the present study, 
those of the buildings that were carefully repaired due to previous 
ear thquakes , showed a very good response and strength during the late 
ear thquakes . One may point out here that the seismic behaviour of 
this kind of repaired structures is better than one could expect. An 
explanat ion of this, may be the ability of the well repaired s tructures 
for absorpt ion of higher energy, while their load carrying walls do not 
lose their strength and externally do not show much cracking during 
a next ear thquake . But this external good appearance of the walls may 
be fatal for the s t ructures against fu tu re seismic activity. 

b) Newer Buildings. 

These are one to three story stone or brick masonry houses with 
reinforcing leyers on the stone or br ickworks of limited length in general . 
These reinforcing layers are reinforced concrete or bare steel bars of 
various cross sections, at the places of lintels. The roofs are wooden 
wi th hol low or f rench type clay tiles. The trusses of the roofs lie on a 
layer out of cement-lime-sand mor tar . The construction of the buildings 
of this category is better than that of the previous category. Most of 
these buildings have been constructed in the period between 1945 and 
1960. The part i t ions are usually brickwalls . These structures may be 
said that have been exposed before June, 1975 to at least one ea r thquake 
equal lo that of June 50, 1975. The major i ty of these structures responded 
to the subsequent two ear thquakes with no significant damages. The 
most of these damages were due to constructional errors and being rather 
un impor tan t were not repaired af ter the first ea r thquake . But during 
the last ea r thquake of December 31, 1975, these structures suffered 
heavy damages. This may be observed in Fig. 23. 

c) Contemporary Buildings. 

The construction of these buildings is according to ea r thquake 
proof requi rements and the yielding since 1959 National Code for 
aseismic constructions. These structures are one to three story stone or 
brick masonry houses. For the construction was generaly used strong 
cement l i ine-sand mortar . The reinforcing leyers are put at the levels 
of lintels, w indow and door sills forming at most a close circumferencial 
belt out of reinforced concrete. In this category belong also the buildings 



Fig. 23. Newer building not repaired af ter the first ear thquake (a) were 
heavily damaged af ter the third ear thquake (6). 
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with a reiforced concrete load carrying structural system with infill 
br ickwalls . In both cases of masonry or reinforced concrete buildings 
the part i t ions are brickwalls with no or a very loose connection to the 
load carrying system. The roof is usually constructed as a reinforced 
concrete slab. 

For the occurred series of ear thquakes in the region under study 
and the way of construction of the buildings, the overall behaviour of 
the contemporary stone or brick masonry structures may be considered 
as better compared to wha t one could expect f rom the modern buildings 
with a reinforced concrete load carrying system and infill brickwalls . 
This may be at t r ibuted also to the higher damping capacity that the 
first category of s tructures presents compared to the latter one. The 
influence of the clamping in reducing the response of the structures is 
even more apparent for epicentral regions where the high acceleration 
values are associated with high frequencies . 

At the structures of the above mentioned latter case one generally 
may observe the following pattern of damages: Dislocation of the 
br ickwalls (part i t ions or infill walls) f rom the load carrying system as 
it is shown in Fig. 24. Cracks and deterioration of the concrete of 
staircases and mainly at their connections at floor levels, and relevant 
s tructural parts . This case is representatively shown in Fig. 25. Ex-
planat ion of this behaviour is given by Angelides and cited in 
Kokinopoulos and Tasios 1966. 

In most cases appeared horizontal cracks at the columns and ver-
tical cracks at the slabs and beams. These may be schematicaly shown 
in Fig. 26. Visible influence of various at first sight of « minor im-
portance factors », as for example, the existance of a vertically stiffening 
element wi th a greater rigidity, non symetrically sited on the plan, 
has caused serious damages to the structure and the load carrying 
system. These are due to considerable rotation (cracks ci) a round a 
vertical axis and an horizontal displacement that the top of the structure 
underwent during the ear thquake . The increase of the rigidity of vertical 
elements may be due to s tructural , architectural or use reasons. A 
very common case of increasing their rigidity, is the reduction of the 
effective height H of the element, by placing the lintels and w indow 
sills. Since the rigidity K is expressed according to Fig. 27 by the 
relation [ 2 8 ] . 

E-B-D3 

" H - ( H 2 + 3 D2) Ctm- 1 ) [ 2 8 ] 
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Fig. 24. Separation of the brickwalls from the reinforced concrete load carrying 
system, after the first (a) and the third (b) ear thquakes respectively. 
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F.g. 25. A view from down of the staircase of fig. 29, after the first (a) and 
third (b) ear thquakes respectively. 
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Fig. 26. Typical cracks of contemporary houses mostly built according to 
ear thquake proof requirements C,: tortional cracking, C2: shearing and 
bending cracking, C3: diagonal pure shearing cracking, C4: bending or 
pure tentional cracking, C5 : circumferential tentional crack, C6: vertical 
cracks at slabs and beams, C7: dislocation of the brickwalls f rom the 
load carrying system. 

M. 5tl 
/ - I 

B " 2 

M ^ L Ì L 

" H 
4 - 6= f ' K f - a ï dI J E J 7 G F 

(O ) 

+ D " t 

d i r e c t i o n o i m o t i o n 

Fig. 27. Diagrams for the calculation of the rigidity K = 1 / 5 of an elastic 
member adjoining to levels i and i—1 according to the « S h e a r building 
hypothesis ». 
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where £ : the modulus of elasticity of the material of the elastic 
member tnr2. 

B, D: the two dimensions of the cross section of the member 
perpendicular and parallel to the direction of motion respectively. 

H : the effective height of the elastic member within which the 
displacements of the adjacent floor levels will occur. 

By reducing the effective height H the rigidity k increases almost 
by the cube power of H, which is more evident for ra ther slender 
members . 

In almost no one case this abrupt increase of the rigidity and hence-
for th the redistr ibution of the seismic loads has been taken into 
account during the aseismic or structural desing of the structures. This 
is due to either the complexity that the adequate design aquires, or 
due to the alterations or addit ions made af ter the initial drawings. The 
cracks Ci of Fig. 26 are a typical pat tern due to the above mentioned 
rotation of the structure. 

In the epicentral regions where the vertical vibration was the 
dominat ing character of the ground motion, was observed that, in some 
cases, the vertical reinforcing bars at the top and bot tom of concrete 
columns were curved outwards as it is shown in Fig. 28, and in any 
direction of the cross section of the columns, related also to the 
c i rcumferent ia l cracks c5 of Fig. 26. The ou twards curving of the 
reinforcing steel bars may also be at t r ibuted to an excessive tension 
due to bending of the respective reinforced concrete cross section, 
away f rom the epicentral region. In the latter case the bending is 
almost undirect ional and do not appear the circumferential cracks Cs. 

The inevitable construction joints during the bedding of concrete 
responded very badly against the ear thquakes under study, due to 
the absence of any or adequate connection of the two adjacent parts . 
A characterist ic damage of this kind is shown in Fig. 29. 

The authors want to point out that the contemporary, one to three 
story, buildings, constructed out of a flexible reinforced concrete load 
carrying system are subject to damages very often and these damages 
in the most cases are due to the effects of «minor importance factors ». 
O n the contrary the stiff, one to three story, reinforced concrete buildings 
suffered almost nothing during the under study seismic series. 
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Fig. 28. Bending of reinforcing bars at the top and botton of concrete 
columns in the epicentral region, for C5 see Fig. 31. 
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Fig. 29. Const ruct ion joint with no connect ion of the two adjacent parts , 
caused a dislocation of the top part of the church steeple at Kaloudi . 

1 0 . 3 DIRECTION OF MOVEMENT. 

The direction in which various subjects fall was also recorded. 
Almost all these subjects were restrained to one direction of the possi-
bility of movement more than to the other direction during their motion 
due to the ear thquake . The directions of overall movements are schema-
tically plotted as a non-polar az imuth in Fig. 30. A pronounced coinci-
dence of the directions of these movements was found to be parallel to 
N-E, S-W. These directions are perpendicular to the main axes of the 
seismoscope records, at Messologhi. 
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Fig. 30. Rose d iagram of fall direct ions. 

1 0 . 4 . DAMAGES TO BUILDINGS AND BRIDGES. 

In the fol lowing a selected series of damaged buildings will be 
presented in order mainly to show the progress of the damages af ter 
the first and the two other main ear thquakes , which has been also part ly 
presented above. 

In Figs 31 and 32 a comparison of the damages due to the first 
and third ea r thquake may be carried out for an old two story s tonework 
and for a one and a half story contemporary houses respectively. 

Almost all of the churches in the meizoseismic region behaved 
dur ing the present ear thquakes very badly. This may be at t r ibuted to 
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Fig. 31. Progress of damage to a two story old house out of s tonework. Af ter 
the first ear thquake only that part of the building shown in (a) was 
damaged. (b) is after the third ear thquake. 



Fig. 32. Destruction of a contemporary one and a half story building af ter 
the third (b) ear thquake, while it was not repaired af ter the first one (a). 
The. destruction of the front parts of the wall is proport ional to their rigidity. 
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the fact that the domes out of brick and s toneworks can not at all be 
considered as ea r thquake resistant. This kind of structures showed 
inadequate horizontal reinforcing above the level of lintels, in view of 
the heavy masses concentrated at the top of the structures. An other 
reason of damages may be at t r ibuted to the strong vertical component 
of the ground motion which results, due to the funct ion of the dome, 
to the development of two symmetrical horizontal forces, acting 
ou twards to the dome. 

A last case is the effect of adjoining structures to the main 
building of church as these sometimes, are the steeples. In Fig. 33 
the mechanism of the relevant funct ion is outl ined. The same mechanism 
yields also for the chimneys of low houses. In Fig. 34 an example of this 
kind of destruction is shown. 

In Fig. 35 a typical construct ional error is presented. This kind 
of construction yields for almost all houses which are constructed on the 
downst ream part of the raod where also is the entrance of the house. In 
Fig. 5 b a simple separation space is proposed between the two structures. 

Damages of the protective works at the level of pavement of the 
small s tonework bridge f rom Douneika to Kato-Makrynou village were 
observed. The piers and foundat ions were unaffected. The rest bridges 
out of s tonework, re inforced, or not, concrete and the steel bridge at 
Chani Bania behaved quite well. The superstructures were only partially 
damaged. 

The various retaining walls suffered considerable damages in ge-
neral. The most of those constructed wi thout any mortar almost collapsed, 
while some of those constructed with mortar cracked or were dislocated 
and rotated around a vertical axis. Those out of reinforced concrete 
behaved almost quite well . 

tl? 
a d j a c a n t -

s t r u c t u r e 

I I 
l a i n b u i l d i n g 

- J o i n t w i t h o u t 
c o n n e c t i o n 

a dj a c e nt 
s t r u c t u r a 

/ y ••;•'/ v y p~y 

T a i n b u i l d i n g 

/ / • ' / / 7' 7 r v /• / / / / 

a ) T h e d a m a g e o c c u r s 

in o n e d i r e c t i o n 

b ) T h e d a m a g e o c c u r s 

¡0 b o t h d i r e c t i o n s 

Fig. 33. Mechanism for the presentation of damages of adjacent structures to 
main body of buildings. 



Fig. 34. The steeple was struck by the main body o!' the church at Kaloudi, 
giving also a rotation to its top part, a f ter the first ear thquake (a). The 
third ear thquake caused the overturning of the top part of the steeple, 
which fall into the church (b). 
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(a) 

Fig. 35. (a) A typical construct ional error . The top of the retaining wal l is 
connected wi th the re inforced concrete slab of the roof of the g round floor. 
T h e retaining wall func t ions af ter the creation of considerable hor izontal 
d isplacements , wh ich the s t ructure may not be able to fol low elasticity. 
(6) A possible prevent ive measure hy separat ing the two s t ructures . 

11 . DAMAGE TO GROUND. 

As a result of the ear thquake activity was the generation of some 
landslides, sett lements or cracks on (he ground or dikes, and on some 
pavements of the roads laying on ear thbanks . It was also reported 
fall ing of stones f rom escarpments . 

A limited landslide is observed at the south of the village Analepsis. 
A ground cracking was observed along the pavement of the road 
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f rom Vlachomandra to Douneika and at various points of the road. 
The most interesting ground cracking was observed at the Cophtra 

Valley af ter the December 31, 1975 ear thquake . The ground surface is 
horizontal , and the cracking had a total length of about 200 m directed 
N 1250 E, as is shown in Fig 36. No one offset is observed. This f rac ture 

Fig. 36. Fissures vertical to the Cophtra Valley af ter the December 31, 1975 
ear thquake. 
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may be a surface expression of t'he fault N. 3, Fig. 19 b which, as discussed 
in paragraph 9, has the same direction. 

1 2 . C O N C L U S I O N S . 

The present study brings out the following results: 

1) The f requency of occurrence of the af tershock sequences 
decays uniformly in time over an interval of more than 15 days according 
to an inverse power law. 

2) The magnitudes of af tershocks are distributed according to 
the Gutenberg-Richter magni tude-frequency reiat ionship with b value equal 
to 1.00. The 6-value of the sequences is stationary in time but depends 
upon the focal depth . 

3) The areal distr ibution of the af tershock epicenters is al-
most circular , and the majori ty of them lie on faults with surface 
manifes ta t ion. 

4) The compressional and shear phases were observed in the 
investigation of the deformat ion characteristics of all sequences. Moreover, 
a third phase was observed in the last sequence whose energy was 
released by the major late af tershock. 

5) The relaxation time of the shear phase for the first and 
third cases was found equal to 0.3 and 0.7 days respectively. 

6) The seismic activity is produced by the action of compres-
sional stresses on the Cophtra anticline associated with a slight down-
wards movement of its upper par t . 

7) The damages of buildings are concentrated on rather old 
houses. In some of them, problems of foundat ion were observed. 

8) Almost all church buildings showed a rather bad perfor-
mance dur ing the present series of ear thquakes , al though materials of 
good quality were used and good construction of the walls was made. 
This can be at t r ibuted to the construction of walls having long di-
mensions wi thout any or enough connection to each other . The hori-
zontal connection at the level of the roof suppor t was inadequate or 
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very poor . In this case circumferent ial connective beams out of reinforced 
concrete should be used. 

9) Many cases of damages were repor ted, caused by collision 
of adjoining buildings due to the negligible wid th of the vertical joints, 
and the diiferent dynamic behaviour of even similar buildings. 

10) It was observed that in the case of addit ions, repairs , or 
s trengthenings of existing buildings, damages were observed at the 
points of connect ion. This is at t r ibuted to the different dynamic behaviour 
between the two construct ions, to the behaviour of materials theme-
selves, as well as to the weak connection of t'he two construct ions. The 
same was observed along the construction joints of the same structure, 
in the case of re inforced concrete s tructures. 

11) Interest ing observat ions are made for one to two story 
« flexible » structures having a load carrying system out of reinforced 
concrete. Some of the damages of this category have been described 
previously, and it may be concluded that the seismic behaviour of 
this type of s tructures is very sensitive to the effect of factors which are 
considered until now as of minor importance. The opposite yields for 
the « rigid » structures which have symmetrical reinforced concrete 
shear walls at both directions. 

12) A close relation between damages and soil condit ions was 
also observed that yields for the epicentral regions. Small damages, say 
degree V for buildings founded on bed rock, heavy damages, say degree 
VII for buildings founded on soft soils underlayed by an outcroping 
bed rock, intermediate damages, say degree VI on soft soils of small 
to medium depth and almost no damages, say degree IV on deep soft 
soils. 
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