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Abstract: Traditional base isolation techniques can significantly improve the seismic performance of civ-il
structures by reducing accelerations and hence earthquake-induced internal forces and stresses in structural
members, and criteria for dimensioning the isolation system have been developed and endorsed in current
design codes. On the other hand, the application of seismic isolation to non-civil structures may require the
definition of specific performance criteria to be satisfied.

The study is focused on the application of seismic isolation to a Large Size Telescope (LST) structure for
gamma ray astronomy based on Imaging Atmospheric Cherenkov Technique, characterized by peculiar
features such as a non-uniform distribution of masses and stiffnesses, and very high natural frequencies, due
to its high stiffness and small mass. According to the design specifications, the telescope shall have only small
damages, with maximum loss of operation of 1 week, for an earthquake with return period of 95 years, and
moderate damages, with maximum loss of operation of 6 weeks, for the basic design earthquake (re-turn
period 475 years). This implies that not only the structure, but also sensitive optical instrumentation, shall be
protected during the ground motion.

To this end, an isolation system is proposed which has the purpose of maintaining the seismic accelerations
which the LST instrumentation is subjected to within the operating ranges of the instrumentation.

The article presents the investigation conducted on a three-dimensional model of the LST in-stalled in a high
seismicity area in Atacama Desert, in the North of Chile. Starting from the performance of the basic structure,
characterized by a fixed base, the isolation system is dimensioned and the performance of the two
configurations (not isolated and isolated) is evaluated through time history analyses in order to assess the
actual reduction of accelerations at different control points.

1. Introduction

The Cherenkov Telescope Array Observatory (https://www.cta-observatory.org - CTAO), Actis M. 2011, is a
European Research Infrastructure Consortium (ERIC) with headquarters in Italy (Bologna), which will
revolutionize the field of gamma-ray astrophysics thanks to its unprecedented sensitivity extending over 4
decades in energy (0.02-300 TeV).

However, due to budget constraints, the approved CTAO “Alpha configuration” of the Southern Array in Chile
does not yet include Large-Sized Telescopes (LSTs).
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LSTs are needed to provide sensitivity below 100 GeV, which is key to probing cosmological and transient
sources from the most powerful explosions in the Universe. In the context of the Italian National Program for
Recovery and Resilience (PNRR), INAF, in collaboration with INFN and several Italian Universities, has
presented a project, nominally "CTA+", aimed at filling this gap by providing the much-needed additional
telescopes, specifically two LSTs to be deployed in Chile.

"CTA+" aims to provide a unique opportunity to both the Italian and international communities to greatly
enhance the scientific and technological returns associated with CTA. The "CTA+" program has been
approved by the Italian Ministry of University and Research (MUR).
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Figure 1 Rendering of CTA-South (credit: Gabriel Pérez Diaz, IAC / Marc-André Besel, CTAO)

The LST is an altitude over azimuth telescope that has a segmented mirror dish of 23m diameter and 28m
focal length. The large reflection surface area of nearly 400 square meters and high photo efficiency allow to
detect low-energy events. These telescopes are deployed at the array's center (see Figure 1) to lower the
energy threshold and dominate the sensitivity of CTA between 20 and 150 GeV.

The already existing LST-North (LST-N) (Kobayshi Y. et al, 2021) is the baseline for the realization of these
telescopes also in the south (LST-S). Nevertheless, because of more stringent anti-seismic requirements in
the southern site, the LST-N (Salito T. et al, 2021) structure cannot be directly adopted for the LST-S. We are
currently discussing some options:

Option (a): employing the LST-N telescope structure with foundations including isolation systems,
Option (b): strengthening the mechanical structure,
Option (c): combination between (a) and (b).

The best solution for the realization of the LST-S mechanical structure will be decided in a bidding procedure.

In this work the Option (a) is shown through the comparison between the performance of the basic structure
characterized by a fixed base and the isolated one; both configurations are analyzed through time history
analyses in order to assess the actual reduction of accelerations at different control points which represent the
LST instrumentation that must be maintained within the operating ranges.

2. Large-Sized Telescope Models

The three-dimensional numerical models of the LST were developed with ANSYS Workbench 2022 R2 using
truss elements. The telescope structure is composed of aluminum and carbon fiber tubes, which have a very
limited weight due to their small cross section and density.

The instrumentation and mirrors, on the other hand, provide a significant amount of mass, and these were
modeled as masses concentrated at their actual positions; in addition, the structure has at its base six bogies
placed on the hexagon and the central pin, which contain the devices for moving and constraining the
telescope. In table 1 there are the contributions of the concentrate masses.



WCEE2024 Pettorruso et al.

Table.1 Concentrated masses

element n mass [kg]
camera 1 2500
heavy bogie 2 4825
light bogies 4 2413
dish 234 55
Elevation bearings 2 6676
Central pin 1 3600

There are two models, the first non-isolated, which is the benchmark for studying the structural behavior of the
telescope under high seismic action, and the second is the isolated model, which is characterized by a
superstructure geometry identical to the previous one, but a stone floor is present at the base and the
equivalent isolation system is modeled below it.

The fixed-base structure is shown in figure 2; on the left there is the arch axis and on the right the elevation
axis. This structure has seven constraints, the first at the center of the hexagon, the central pin, which
constrains the displacements in all directions; corresponding to two opposite vertices of the hexagon in the
direction of the elevation axis are the heavy bogies that constrain the displacements in the vertical direction
and in the direction of the elevation axis; and finally in the remaining four vertices of the hexagon are vertical
constraints, the light bogies.
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Figure 2 Fixed-base LST: left arch axis; right the elevation axis

In figures 3 and 4 are reported the model of isolated LST, respectively, in figure 3 there is the arch axis and in
figure 4 the elevation axis. The lower part of both figures shows the substructure added to model the insulation
system. First, it is necessary to introduce a stone floor on which the telescope will be grafted and under which
the isolation system will be installed. This stone floor was designed with a concrete slab of mass 690 tons,
which is rigidly connected to the telescope.
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Figure 3 Isolated LST arch axis: additional masses and isolation system

An elastic constraint with the properties of the equivalent insulator, characterized by a horizontal stiffness of
1986 kN/m, was placed below it. This stiffness was calibrated to have a natural frequency of the isolated
structure of 0.25 Hz.
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Figure 4 Isolated LST elevation axis: additional masses and isolation system

The investigation conducted on the described three-dimensional model of the LST installed in a high seismicity
area in Atacama Desert, in the North of Chile.

The scenario was defined according CTAO-South indications reflecting the Non-Collapse Requirement (NCR)
for a soil type Medium and viscous damping of the structure equal to 2%.

A set of seven bidirectional ground motions consistent with the target spectra were selected to analyse the
LST configurations; ground motion search was performed in the European Strong-motion Database using the
REXEL v3.4 beta software. Relevant information on the ground motion data set is reported in Table 2, and the
scaled horizontal spectra at 2% damping are shown in Figure 5.
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Table.2 Relevant information on the ground motion data set
Waveform Earthquake Name Mw  PGA_X[m/s?] PGA_Y [m/s"2] EC8S.C

292 Campano Lucano 6.9 0,58 0,58 A
4675 South Iceland 6.5 1,29 1,53 A
6335 S(‘;‘f’t?r;‘;]‘?)';?)d 6.4 1,24 1,13 A
4674 South Iceland 6.5 3,11 3,31 A
55 Friuli 6.5 3,49 3,09 A
594 Umbria Marche 6 5,13 4,53 B
879 Dinar 6.4 2,67 3,13 C

The match between the design spectrum and the average spectrum of the accelerograms is assured in the
range 0,15 — 4,0 s, in order to comply with EC8 recommendations in both configurations using the same set
of accelerograms.
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Figure 5 Scaled ground motion acceleration spectra and target spectrum

Prior to performing the time history analyses, modal analyses of the two models described in this section were
performed. Table 3 summarizes the frequencies and participating masses for the first 10 modes in the three
directions.

Table.3 Frequency and modal masses

Fixed base with base isolation
mode f (Hz) mx my mz f (Hz) mx my mz
1 1.88 55.1 0.0 0.0 0.25 100% 0% 0%
2 2.28 0.0 29.9 0.1 0.25 0% 100% 0%
3 3.00 20 0.0 0.0 2.08 0% 0% 0%
4 3.66 0.0 0.0 0.0 2.40 0% 0% 0%
5 4.99 0.0 3.9 38.4 3.01 0% 0% 0%
6 5.81 0.0 14.6 4.2 3.66 0% 0% 0%
7 8.67 0.0 0.1 5.4 5.00 0% 0% 54%
8 9.12 0.0 0.0 0.0 5.88 0% 0% 3%
9 10.51 0.0 0.0 0.0 6.36 0% 0% 0%
10 10.63 0.0 11.0 2.0 8.45 0% 0% 0%

From the modal analysis of the non-isolated structure, it can be seen how the x-direction is characterized by
a lower natural frequency than the y-direction; on the other hand, it is clear that the calibration of the isolation
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system was successful because the isolated structure has the totality of the participating mass in the first two
modes, the former in x and the latter in y.

3. Results

The results refer to five control points, four of which are on the dish: two at the extreme connection nodes
between the superstructure and the substructure, Elevation Bearing; the other two are at the nodes where the
Arch that supports the Camera; and the last control point is the Camera itself, which turns out to be the most
sensitive point because it contains a large amount of instrumentation. In figure 6 there are the positions of the
control points.

Elevation Bearing (+X side)

Elevation Bearing (-X side)

Arch I/F to Dish (+Y side)
Arch I/F to Dish (-Y side)
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Figure.6 Control points

Figure 7 shows the results in terms of acceleration relative to the control points in the two configurations (non-
isolated and isolated LST).

The analysis of the result, obtained through the time histories, for the fixed base configuration (the light blue
ones) shows first that the Camera reaches accelerations of 74.62 m/s?, close to 8g. This value that cannot be
sustained by the sensitive optical instrumentation.

On the dish it is noted that an imbalance in fact the control points on the base of Arch have an acceleration of
more than 30 m/s2, and the control points on the Elevation Bearing of 22 m/s?. This difference in acceleration
on the 4 control points on the dish is representative of the non-rigid motion of the structural assembly formed
by the substructure and the dish.
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Figure.7 Acceleration result
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In yellow, the result of the configuration with the isolation system, it is immediately clear that the accelerations
are significantly lower. For the Camera, there is an acceleration of 10.2 m/s2, slightly higher than the four
points on the dish, which are characterized by an acceleration of 9.96 m/s2.

This result is broadly representative of a rigid motion of the structure over the isolation systems, in fact the
dish experiences the same accelerations at all points while the chamber has a slight amplification due to its
position.

In red, the figure 8 shows the reduction in percent acceleration due to the introduction of isolation. The
reduction is different at different points because the isolation system causes motion changes that tend toward
rigid-body motion of the isolated structure.
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Figure.8 Acceleration reduction

The last results (figure 9) are related to the horizontal reaction and the horizontal displacement in the equivalent
isolation system.

The reactions have a limited value, this value being to be divided into an array of isolation devices.
Nevertheless, it possible to notice that the displacement is 0,677 m; during the design phase, it is necessary
to prepare appropriate joints capable of absorbing these displacements at the base.
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Figure.9 Base reaction and displacement

4. Conclusions

In this work, in accordance with current practice, base isolation was implemented only for horizontal ground
acceleration, analyzing the structure by time history analysis. The study was conducted by comparing the two
configurations, not isolated and isolated LST, showing the variation in behavior.

A substantial decrease in acceleration at the camera level (about -86%) after the implementation of base
isolation is highlighted, this result although limited to one of the sensitive instrumentations turns out to outline
a consistent approach to the application of a design developed for a site not characterized by high intensity
earthquakes to the Atacama Desert, in the North of Chile.

The steady acceleration trend along the height of the isolated LST identifies the rigid motion of the entire
structure and is indicative of the decoupling of the isolated mode from the period nature of the structure.
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