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INTRODUCTION

Bucharest, the capital of Romania, with almost 2.8 million inhabitants, is considered after Istanbul the
second-most earthquake-endangered metropolis in Europe. Itis identified as a natural disaster hotspot by a
recent global study of the World Bank and the Columbia University (Dilley et al., 2005). Four major
earthquakes with moment-magnitudes between 6.9 and 7.7 hit Bucharest in the last 65 years. The most
recent destructive earthquake of 4. March 1977, with a moment magnitude of 7.4, caused about 1.500
casualties in the capital alone. All disastrous earthquakes are generated within a small epicentral area the
Vrancea region - about 150 km north of Bucharest. Thick unconsolidated sedimentary layers in the area of
Bucharest amplify the arriving seismic shear-waves causing severe destruction. Thus, disaster prevention
and mitigation of earthquake effects is an issue of highest priority for Bucharest and its population.

Ten boreholes were drilled in the city and were started the dynamic tests at the soils and rocks of the
drilling cores.

THE BOREHOLE SITES

The boreholes were drilled by athird party according to the project plan.

Careful selection of the boreholes sites according to the proposed plan and also
according to the real situation - in this case being an area of a very populated and
rapidly changing city. Two borehole sites were chosen in public places, belonging to
the City Hall ("Titan 2” Park and “Tineretului” Park). Other two places are situated at
private places - at the Ecologic University, near Dambovita River, and the Astronomic
Institute of Romania, near the Carol Park. Thus all four sites are situated inside the
central part of Bucharest and fully agree to the aims of the project. All the 10 boreholes
designed to be drilled in Bucharest City in the frame of the NATO SFP Project 981882
are presentedin Figure 1.

The boreholes with a depth of 50 m in the metropolitan area of Bucharest were
drilled in order to obtain the necessary data for a new and modern map with site
effects related to earthquake wave amplification. The boreholes are placed near
URS stations (Urban Seismology project 2003/2004, Ritter et al., 2005) or K2
stations (a strong-motion recording network) of the National Institute for Earth
Physics, Bucharest (NIEP) to allow a direct comparison and calibration of borehole
data with actual seismic measurements. Six of the ten boreholes are placed like
that, two boreholes are placed in the proximity of K2 stations of NIEP. The positions
of the ten proposed boreholes are also chosen in order to fill information gaps in the
central part of Bucharest.
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double amplitude of the axial load. In the phases of cyclic loading in which
(4q)SAis smaller than 0.1%, axial deformation of the sample is measured with
gap sensors installed in the triaxial cell. During the experiment the acquisition
system monitors all parameters: axial cyclic loading, axial cyclic deformation,
water pore pressure.

4. borehole: Universitatea Ecologicaa

} porehole: 1 further studies on the seismic microzonation of Bucharest City

using the equivalent linear approach and will contribute directly to
an improvement of the seismic hazard evaluation in the city area
and to a better understanding of the links between the geological
characteristics of each layer, the geotechnical parameters and
development of future ground motion scenarios.

Table 5: Tests of compression - settling

After a through examination of the database 56 samples were chosen from representative
%eologlcal layers for tests in the resonant column. One sample was chosen from a soil layer. The
rnevich resonant column is used for the experimental determination of the dynamic soil response
at harmonic oscillations, through soliciting a cylindrical sample with harmonic stationary vibrations,
torsional and/or longitudinal in resonance mode. In our case the torsional mode is applied.

A picture of the used Drnevich instrument at NIEP is displayed in
Fig. 4. The soil and rock samples which are tested in the resonant
columns are cylindrical of the following dimensions: diameter 3.57
;_7.11) cm and height of 8 %14.2) cm. The lower base of the sample is
ixed, and upon the top of the sample an electromagnetic vibration
unitis placed. This assembly ﬁs.ampl_e vibrator) is installed in a plastic
translucid high resistance cell, in which hydrostatic pressure with air,
oil or water is produced. The value of this pressure is chosen to be
equivalent with the in situ sample pressure.
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The resonant column tests are very time consuming: On averaﬁg (http://www.nipne.ro/rip/2009 54 9-10/0951_0964.pdf)

one sample to be tested takes 2 days (the first day for mounting t
apparatus, than the consolidation period, which varies with the depth
g)ress_,ure) - a couple of hours to 3 days -, than the test itself as
escribed above, and finally the dismounting of thesample and
cleaning the apparatus.
An example of resonant column test on a sample from the site
"Parcul Tineretului” can be seenin Fig. 5.
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Fig. 3: Triaxial apparatus for borehole sample examinations

Fig. 4. Drnevich resonant column at the
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