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Some of these buildings had been damaged by past earthquakes and were
not repaired and strengthened properiy, so they were collapsed by this
earthquake. This shows the importance and the necessity of strength-
ening existing buildings which have survived an earthquake with minor

damages which have caused a weakening of the structure.

The large panel prefabricated reinforced concrete buildings of
fiQe and nine storeys, behaved very well in the Romanian earthquake
due to the fact that the fundamental period of vibration of these build-
ings was far less than the prodominant period of this particular earth-

auake, and good design and execution of these buildings in Romania.

Damages due to pounding in adjacent buildings as well as in the
expansion joints of certain buildings were very frequent and proved
the necessity of taking into account the sway of buildings due to earth-

guake motion at the time of designing such structures,

One of the most common damages in the Romanian earthquake
wag the serious damage to infilled walls in high-rise buildings. The
damages 'to‘ non structural elements suchr as fal’len parapets or fallen
ceramic and stone sheets from.the facial of the buildings is very
important and consideratiop should be paid for the proper fixing of

such elements,
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due to fallen ceramic or facial stones ¢rom the exterior walls of the

buildings as well as interior walls,

Damages to stone oT brick masonTy bﬁildings varied from minor
cracks in the walls to total collapse of the buildings. The cracks in
the walls were typical and mostly X type, In Cr'aio_va-;: 300 Km away
from thé epicenter a series of five storeys brick bﬁildings witﬁ rein-
forced concrete slab floors was damaged despite the fact that these

buildings were strenghtened against garthquakes by reinforced con-

~crete vertical elements inside the walls. In Ploi'esti. sixty Km north

of Bucharest, the old masonry building of"the Cutural House was
gseriously damaged. Many deep cracks occurred in the thick exter-
nal walls of this building, and part of the parapet of the roof had also

fallen,

The adobe buildings in Zimnices were heavily damaged by the
earthquake an(_i many houses of this type of construction werz collaps-
ed in this small town, In scme parts of this region the adobe buildings
were reinforced by providing some horizontal wooden elements locally
called "Rachita" inside of the two perpandicular walls at the corner of
the buildings. The distances between the two wooden elements wex\_'-e

about 50 centimeters, Genzrally the adobe buildings in which the

W Rachita" were provided behaved well in this earthquake.

Conclusion

In general the lessons gaiﬁed by the recent Romanian earthquake
are invaluable, The earthyuake affected & Jarge area and the damages
were sewere, specially for monolithic reinforced concrete buildings

L
having a fundamental periad of vibration of about one sec or mMoTe.
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The damages to some of the monolithic reinforced concrete build-
ings were consgiderable. More than thirty high-rise reinforced concrete
buildings were collapéed due to the earthquake, There were a lot of

damages to infilled walls in these type of buildings, and also consider-

able damages due to pounding were observed,

The most important reinforced concrete building which collapsed
i_n Bucharest was the building of the computer center. When the author
visited the area this building had already been removed, but what he
learned from others showed that this was the most instructive case of
collapse of buildings in the Romania earthquake.
The structure was a three storeys flat slab floor building.thirty meters
by thirty meters in plan suppcrted by nine columns spaced twelve meters
center to center in both directions, land,,cantilevered three meters on all
sides. There were no shear walls in this building and the building was
very flexible. The Dimention of typical columns in the bottom storey
was fifty centimeters by fifty centimeters and tapered from f{ity centi-
meters square at the top to a one meter by one meter fluted shape at
floor level. Generally the lateral columns reinforcement was insuffi-
cient and as the result of the earthquake the ground storey columns
failed at tllle top part ;':md the longitudiné.l bars were buckled and caus-

ed the collapse of the building.

The two modern and attractive bpildings, the twenty-four storeys
Intercontinental Hotel and the twenty stofeys Durobanti Hotel, with a
large period of Vibration suffered very little from the earthauake. The

damages were due to the pounding in expansion joint and to the facial
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From what has been explained about the predominant period of
the Romanian earthquake, One should expect that the damage should
be concentrated especially for the flexible b_}uildings having founda-

mental period of vibration of mbout 1 sec or more.

Oné of the most commcn types of buildings in Bucharest is the
large-panel prefabncated reinforced concrete building. This type
of building which is constructed mostly in five and pine storeys all
over Romania was not damaged badly by the earthquake. One of the
maiﬁ reasons for the good behaviour of the large panel prefabricated

reinforced concrete buildings in the Romanian earthquake was good

design and well execution of this type of building, especially the care-

ful attention that was paid to the detail of the joints and connections

of panels to each others:

As it was understood, no prefabncated reinforced concrete buil -
dings can be executed in Ramania unless a 4 scale model of the buil-

ding and a full scale sample of the joints is tested before hand.

Although the 1arge—p;ane1 puildings have performed very wellr in.
the Romaman earthquake, it should be noted that the foundamental
period of these buildings is between 0.03 N to 0. 05N(N is the number
of st‘oreys). The period of vibration of these buildings was less than
the predominant period of the earthquake, therefore the buildings did
not show a real test of earthquake resistance in this earthquake.
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the epicenter. The town is in the southern part of the country near
the Dunube river. On the other gside of Zimnicea in Bulgarian terri-
tory in the town of Svisliov three reinforced concrete building_s which
were nine, six and five storeys tall werc-e totally collapsed, The

earthquake affected also the city of Cra.io'v"a, some 300 Km away

from the epicenter as well as some other Romanian cities and towns,

At the time of the earthquake, a SMAC-B type strong motion
accelerograph was located at the Building Research Institute in the
northeastern part of Bucharest. This instrument registered an in-
teresting record from the main shock. The peak acceleration value
in the horizontal dirccticn was about 0. 20g and in the vertical direc-
tian about 0,10g. A glance at the record shows that the long period
components were predominant., The pscudo acceleration response
spectra of the records which have been carried out by professor

Tezcan and others for the different critical damping values show that

-

the peak acceleration for the various components of the records is

in the period of 1 sec and more. The Fourier transform curves were

also in good agreement with this statement,

For the pur‘pose of comparison between the acceleration response
spectra of the Romanian record with what was obtained by the 1940
El Centro earthquake, professor Tezcan has normalized the El Centro
record to the same peak magnitude and Vplc:-ted.the El Centro spectra
on the same diagram of accelefation response spectra of the Roma-:
niaﬁ record, ;'m.d noted that the shapesof the spectral accelerations

of these two earthquakes are very much different from each other,
)
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The Romania Earthquake of March 1977
Summary of the Persian text

On March 4,1977 at about 21 hours, 22 minutes local time
(19. 22 G. M. T) a strong earthquake with a Magnitude of 7.2 coccurr-
ed in Romani:;l.. The shock was felt in many cities of Europe. The
epicenter of tﬁe earthguake was in the Vrancea regiq;.)n of the Carpa-
thian mountain about 160 Krn northeast of Bucharest, The focal depth
of this earthquake was about 91 Km according to the U. 5. G. S report.
The epicenter of the earthquake was somewhat in the same epicentral
loéation as t1.1e November 10, 1940 carthquake which affected a large
area in Romania. The past earthquake of November 10,1940 had a
magnitude of 7. 4 an}d caused extensive damages in Bu-):harest and

surrounding areas,

In May 1977 nearly two months, after the earthquake the author

had the opportunity. to visik the damaged area. Although most of the

seriously damaged and collapsed buildings in Bucharest and else-

where were removed, still there were a lot of instructive examples

which were good enough for investigation.

The earthquake caused damages and collapsed more than thirty
reinforced concrete skeletan buildings of more than ten sluries in
height in Bucharest. Most of these -‘buildings were those which were
damaged in the 1940 earthquake and had not been repaired properly.
Apart from Bucharést, the most seriously darmaged area was the

small town of Zimnicea which is located about 300 Km away from
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