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ABSTRACT - The effects of a low intensity earthquake on the base isolated building are analysed. The
complex structure is actually composed by two blocks of three floors. They have a unique base floor, which
is supported by the foundation beams by means of the isolation system. This is composed by 73 elastomeric
isolators and 12 sliders. The structure has been instrumented by means of 18 accelerometric sensors: 2
triaxial, 8 biaxial and 8 monoaxial accelerometric sensors. They are linked to an acquisition system having
also a GPS receiver. Several seismic events have been recorded on December 2013, the first, M=3.8, with
epicentre very close to village of the school, is the one analized in this paper. The recorded data revealed a
behaviour quite different from the behaviour expected under strong events. The higher modes were excited,
whose analysis could be very useful to evaluate the structural health of the structure, pointing out the very
irregular shapes, both in plan and in elevation, of the two buildings.
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1 INTRODUCTION

Base isolated systems are usually designed to face the design earthquake at the site and the
equivalent characteristics, in terms of stiffness and damping, are used for the seismic check in the
linear analysis. Obviously this procedure gives results on the safe side and, if the check is satisfied,
the structure is certainly safe also for events of lower intensity. Under very low intensity
earthquakes the isolation system is not put in action, so the higher modes are activated but the
structure do not behave like a fixed base building, because its base beam is not infinitely rigid.

In this paper the effects of low intensity earthquake on the base isolated Jovine School in San
Giuliano di Puglia are analysed. The complex structure is actually composed by two blocks of three
floors. They have a unique base floor, which is supported by the foundation beams by means of the
isolation system. This is composed by 73 elastomeric isolators and 12 sliders. The structure has
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been instrumented by means of 18 accelerometric sensors: 2 triaxial, 8 biaxial and 8 monoaxial
accelerometric sensors. They are linked to an acquisition system having also a GPS receiver.

Several seismic events have been recorded on December 2013. The first occurred on December
20", magnitude M=3.8, with epicenter very close to San Giuliano di Puglia. The recorded data
revealed behavior quite different from the behavior expected under strong events. The higher modes
were excited, whose analysis could be very useful to evaluate the structural health of the structure.

As a matter of fact, the architectural design showed very irregular shapes, both in plan and in
elevation, of the two blocks.

2 THE STRUCTURE AND THE ACCELEROMETER NETWORK

The new Jovine School is composed by two blocks, called “school” (left, West side) and
“university centre” (right, East side), respectively (Figure 1). These are placed on a unique base
deck, which is seismically isolated from the foundations and is composed by rectangular beams
connecting the column locations. The elevation structures have a stiffness much higher that the
stiffness of the isolation system, so the decoupling between the horizontal motion of the structure
and of the soil is guaranteed. This solution takes very well advantage of the global symmetry of the
construction and respects the architectural design [Clemente et al 2007, Clemente et al. 2009].

The isolation system was designed by an expert team (P. Clemente, coordinator; M. Dolce; A.
Parducci; G. Buffarini). It is composed by 73 isolators, 12 of them are sliding isolators, 61 are
HDRB [Clemente & Buffarini 2008, Clemente & Buffarini 2010], supplied by ACEDIS (the Italian
association of the structural constraint producers) and tested at the Structural Laboratory of the
Basilicata University in Potenza. The deployment of the isolators (Figure 2) allowed optimizing the
dynamic behaviour of the structure. In fact, in the first two vibration modes the structure just
translates with a period of 2.19 sec. The seismic check was carried out by means of the response
spectrum analysis, combining the effects of the two horizontal components of the seismic actions
and accounting for the additional torsional effects according to the code requirements. The
maximum design displacement was 240 mm.
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Figure 1 - The new Jovine school in San Giuliano di Puglia

The structure has been instrumented by means of 18 accelerometric sensors: 2 triaxial, 8
biaxial and 8 monoaxial accelerometric sensors. They are linked to an acquisition system having
also a GPS receiver. Two triaxial accelerometer sensors are on the foundations, one under the
school (NF1 in Figure 2), and the other under the university centre (NF2 in Figure 2). Each building
has been instrumented by two biaxial accelerometric sensors and two uniaxial accelerometers at the
deck “0” above the isolation system and two biaxial accelerometric sensors and two uniaxial
accelerometers at the roof (Figure 2).

2



A13=»ch20

A“ﬁ SN

nguﬂml | °“19

W/EIN

%n1e
Figure 2 - Sensor layout on the roof (up) and on foundation and deck “0” (down)

In more details the biaxial sensors Al and A2 were deployed at the opposite corners of the
school rectangular block and sensors A3 and A4 at the corners of the other portion of the same
building. Analogously, the biaxial sensors A11 and A12 were deployed at the opposite corners of
the rectangular block of the university centre and sensors A13 and Al4 at the corners of the other
portion of the same building. In all cases sensors were fixed at the intrados of deck “0” just above
the isolation system. Following the same scheme, the biaxial sensors A5 and A6, and the uniaxial
sensors A7 and A8 were deployed at the intrados of the roof deck of the school building, and the
biaxial sensors A15 and Al6, and the uniaxial sensors A17 and A18 were deployed at the intrados
of the roof deck of the university centre. To simplify the description of the analysis we will refer to
the number of the singular channel, also reported in Figure 2.
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Furthermore, two other triaxial sensors were deployed in the soil close to the Jovine School,
one on surface and the other 30 m under the soil surface. These allowed analysing the properties of
the seismic input.

3 SEISMIC EVENT AND TIME DOMAIN ANALYSIS

The event here analysed occurred on December 20" 2013, and was characterized by a
magnitude M. = 3.8, depth of 25.7 km and distance from the school site of about 11 km (Lat.
41.667°, Lon. 14.823°). The recordings obtained in the soil were compared with those of the
building foundations. In Figure 3 two time histories recorded on the foundation (ch13) and on the
roof (ch07), respectively, are plotted. The maximum acceleration values were 1.7 cm/s® in
foundation and 7.2 cm/s? on the roof.
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Figure 3 - Time histories recorded on the foundation (ch13) and on the roof (ch07)

Due to the size of the structure a time shift in the wave propagation is to be expected. In
Figure 4 this is apparent for the P wave of the vertical component of sensors ch15 and ch30 on the
foundation, with a time delay of about 0.05 sec. In Figure 5 the arrivals of the P wave in foundation
and at the roof are compared for the school with reference to the two horizontal components.
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Figure 4 - Arrival of P waves in the vertical components at the foundation
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Figure 5 - Arrival of P waves in the horizontal components at the foundation and the roof of
the school (left) and the university centre (right)



It is quite interesting analysing the particle motion at the different sensor locations. These are
plotted in Figure 6 for the school and the university centre. The different behaviour of the South
(down in Figure 1) and North (up in Figure 1) part of the elevation structures are apparent as well as
the deformation of the base deck “0”.
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Figure 6 - Particle motion for the school (left) and the university centre (right)

Maximum displacements at each sensor location have been calculated by integrating the
recorded acceleration time histories, the relative displacements between roof and beam above
isolators have been obtained and then the relative displacements have been divided by the building
height. The results are depicted in Figure 7, where the maximum size of the arrows corresponds to
0.16%. Despite the plan irregularity of the two buildings, maximum top drifts are similar among the
various points and correspond to negligible damage.
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Figure 7 — Maximum top drifts of the superstructure
4 FREQUENCY DOMAIN ANALYSIS

In order to test the accelerometric network, a preliminary experimental campaign had been
carried out, just after the installation. Velocimetric sensors had also been used and ambient
vibrations had been recorded. The results obtained from the velocimetric and the accelerometric
networks were very similar and allowed having a first glance at the resonance frequencies to be
expected for the superstructures. These are listed in Table 1. For both the blocks the first two
frequencies were associated to modes with prevalent translation movements, while torsional
movements were associated to the third resonance frequencies.



The analysis of the recordings obtained during the December 20", 2013, event are shown in

the following.

Table 1 - Resonance frequencies from ambient vibration analysis

Freg. No. School University centre
(Hz) (H2)
1 4.15 4.39
2 4.63 5.49
3 6.10 10.2
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Figure 8 - Spectral ratios for the school: (a) base deck / foundation; (b) top / base deck
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Figure 9 - Spectral ratios for the university centre: (a) base deck / foundation; (b) top / base
deck

The comparison between the foundation recordings and those of the deck “0” allowed to state
that the isolation devices behaved like rigid links. As already pointed out, the rubber bearings are
not put in action for low intensity earthquakes. Therefore the behaviour of the single buildings are
analysed in the following.

Due to the complexity of the superstructures, the Fourier spectral ratios between recording
obtained at different heights were first plotted, in order to individualise the most significant
resonance frequencies; then the usual spectral analysis was carried out considering the cross
spectral densities (CSD) between the couples of sensors of interest.



The spectral ratios between the recordings obtained at the base deck and the foundation as
well as between the recordings of the top of the buildings and the corresponding ones at the base
deck were analysed. Amplifications at different frequencies were detected for the school and the
university centre. In Figures 8 and 9 the spectral ratios top/base deck and base deck/foundation are
plotted, for the school and the university centre, respectively.

Table 2 - Cross spectral analysis for recording in the school: resonance frequencies with the
corresponding phase factors (Pha) and coherence functions (Coh)
Freq. (Hz) 4.0 4.2 4.4 5.8 6.0
Pha (Coh) Pha (Coh) Pha (Coh) Pha (Coh) Pha (Coh)

Vertical alignments

ch13ch01 -46 (0.8) -80 (0.8) -100 (0.8) 29 (0.6) -137 (0.1)
ch01ch07 25 (0.7) -10 (0.9) -4 (1.0) 15 (0.9) -6 (0.7)
ch13ch03 -40 (0.8) -50 (0.7) -96 (0.6) -151 (0.4) 40 (0.4)
ch03ch09 -6 (1.0) -2 (0.9) 7 (1.0) -8 (0.9) -17 (0.6)
ch14ch02 -84 (0.2) -155 (0.5) -161 (0.4) 100 (0.9) -
ch02ch08 -4 (1.0) -7 (1.0 -3(0.9) -42 (0.9) -79 (0.2)
chl4ch04 -67 (0.3) -104 (0.6) -90 (0.6) -44 (1.0) -78 (0.8)
ch04ch10 0(1.0) 14 (1.0) 36 (0.8) 10 (1.0) 7(0.9)
Parallel sensors

ch01ch03 -7 (0.7) -35 (0.5) -9 (0.8) -176 (0.9) -172 (0.7)
ch02ch04 -11 (1.0) -44 (0.8) -68 (0.3) 146 (0.9) 107 (0.2)
ch07ch09 -68 (0.3) -28 (0.3) 6 (0.8) -168 (0.9) -179 (0.6)
ch08ch10 -8 (1.0) -21 (0.9) -11 (0.8) -163 (1.0) -170 (0.9)

Table 3 - Cross spectral analysis for recording in the university centre: resonance frequencies with
the corresponding phase factors (Pha) and coherence functions (Coh)
Freg. (Hz) 4.0 4.2 5.5 5.8 6.0
Pha (Coh) Pha (Coh) Pha (Coh) Pha (Coh) Pha (Coh)

Vertical alignments

ch28ch16 -49 (0.6) -51(0.8) -22 (0.9) 20/-3
chl6ch22 -7 (1.0) 2 (1.0) -169 (0.9) 81/175
ch28ch18 -21 (0.8) -61 (0.8) -63 (0.5) 48/-35
ch18ch24 13 (1.0) 6 (1.0) 3(0.9 -
ch29ch17 - - - -
ch17ch23 -2 (1.0) - - -
ch29ch19 - - - -
ch19ch25 14 (1.0) - - -
Parallel sensors
chl6chl18 - - 178(0.8) -
ch17ch19 - - 179(0.4) -
ch22ch24 - 11 (1.0 -91(0.2) -

ch23ch25 - - -148 (0.5) -




The successive cross spectral analysis was limited to the range on interest up to 7.0 Hz. The
results are summarized in Table 2 and Table 3 for the school and the university centre, respectively.
The identification of the modal shapes was quite hard due to the complexity of the superstructures.
As a matter of fact, the values of the phase factors and coherence functions were often not
significant. Furthermore, the two blocks had very similar resonance frequencies, so their dynamic
responses could influence each other.

In Figure 10 the phase factors for all the couples of horizontal sensors of base deck and
foundation are plotted. It is apparent that the discrepancy with reference to the zero value increases
with the frequency. This occurrence could be related to the influence of the isolators in the wave
propagation, which increases with the frequency.
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Figure 10 - Phase factors of the CDSs between the recordings of the base deck and the
foundation
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Figure 11 - Spectrum rotate at the top of the school: (a) South side; (b) North side (0°
corresponds to x axis of the school, chO1 direction)
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As said, the dynamic behaviour of the superstructure is quite complex. So, in order to better
individualize the direction of the prevalent displacements for the modal shapes, the Fourier
spectrum of the acceleration component along any axis was considered. In Figures 11 and 12 the
Fourier spectra versus the angle of the component direction are plotted. As one can see:

« The resonance frequency 4.0 Hz is present at the South side of the school along the local y
direction (90°) but in the North side of the school is present in the direction with angle 40°;

« The resonance frequency 4.2 Hz is present at the South side of the university centre along
the local 20° direction but in the North side is present in the 160° direction;

« The resonance frequency 5.8 Hz is present in the school block along the local 150° direction
and is the dominant frequency in the North side of the school.

5 CONCLUSIONS

The behaviour of an HDRB isolated building under low intensity earthquakes is governed by
the dynamic characteristics of the superstructures, the initial stiffness of the isolation system being
quite high, as requested to avoid fastidious vibration even under weak horizontal loadings.

The analysis of the seismic response of the new Jovine School pointed out the presence of
three structural resonances, 4.0, 4.2 and 5.8 Hz, respectively. The presence of the rubber isolators
influenced the wave propagation, as pointed out by the comparison between the accelerometric
recordings at the base deck and the foundations in terms of phase factor. The spectrum rotate
analysis showed that the main resonance frequencies were associated to complex movements of the
structure. The study of the particle motion at the different sensor locations pointed out the
deformability of the base deck, which can influence very much the structural behaviour under
strong earthquakes.

The results here shown will be compared with those that will be obtained during events of
different magnitude and epicentre distance.
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