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Tri-Dimensional HSLDS Isolators:
Experimental Validation and

Seismic Performance Under Near-
Fault Earthquakes

Each year, the global occurrence of over a million
seismic events poses a severe threat, resulting in
significant fatalities and infrastructure damage.
To counteract this challenge, advancing building
technologies and implementing early warning
systems are crucial. A promising strategy lies in
leveraging the inherent nonlinearities of seismic
isolation systems to develop high-performance
devices for earthquake prevention. Among these,
High-Static-Low-Dynamic-Stiffness (HSLDS)
mechanisms stand out. These innovative systems
strategically exploit nonlinear kinematics,
preserving limited static deflections while
maintaining low natural frequencies in isolators.
This groundbreaking approach holds
transformative potential, offering a paradigm shift
in seismic resilience. HSLDS mechanisms present
a unique opportunity to revolutionize the
effectiveness of isolators, providing a proactive
solution to mitigate the devastating effects of
seismic events on both human lives and
infrastructure.
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Fig. 1: Shaking table tests. HSDLS mounted on the shaker.
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Product description
 
Introduced is an innovative isolator, showcasing a
meticulously designed robust tripod structure for optimal
vibration mitigation. At its core, the isolator is comprised
of a vertically translating payload, supported by a vertical
spring. The payload is  connected to three push-rods
through oscillating rods and spherical joints. Each push-
rod interfaces with a horizontal spring, introducing a
hardening nonlinearities in the equivalent restoring force.
A notable feature lies in the isolator's customizable
horizontal spring preload, providing the flexibility to tailor
the nonlinear elastic restoring force. This thoughtful and
versatile design ensures that effective vibration reduction
is achieved, while also permitting precise adjustments to
be made.

Fig. 2: Tripod isolator with HSLDS characteristics

Innovative aspects
High-Static-Low-Dynamic-Stiffness (HSLDS)
isolators excel in passive vibration control through a
dual approach: leveraging kinematic nonlinearities
and a tuneable restoring force. Fundamentally, the
incorporation of kinematic nonlinearities enhances
the isolator's effectiveness by concurrently
preserving limited static deflections and achieving
low natural frequencies. In tandem, the tuneable
elastic restoring function signifies a remarkable
advancement, granting engineers the ability to finely
adjust the isolator's response to dynamic forces.
This level of customization provides users with
unparalleled adaptability, allowing for precise
tailoring to specific structural requests and
environmental variables. The HSLDS isolators, thus,
emerges as a sophisticated solution that
harmoniously combines stability with adaptability,
transcending the capabilities of conventional
vibration control systems.

Potential applications
The innovative High-Static-Low-Dynamic-Stiffness
(HSLDS) isolator technology holds promising
applications in seismic-resistant construction,
safeguarding structures in earthquake-prone areas.
Its ability to reduce vibrations while maintaining
stability is valuable for protecting sensitive
equipment, improving ride comfort in transportation
systems, and enhancing aerospace performance
during launch and operation. In summary, HSLDS
isolators offer versatile solutions across industries,
addressing seismic resilience, equipment
protection, and performance optimization in various
applications.
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Readiness
Level

TRL4 - Technology validated in lab

Exploitation The study confirms the
effectiveness of HSLDS isolators in
mitigating transmitted acceleration
for most input signals during near-
fault earthquakes. The results
demonstrate excellent mitigation
of transmitted acceleration,
reinforcing the concept of HSLDS
isolators in civil infrastructure.

Fig. 3: Experimental tests. Vertical acceleration time
history. Bam earthquake (grey - ground acceleration, blue -
Linear spring, red - HSLDS isolator).

Application example
 
 
HSLDS Isolator Advancements: Experimental
Testing Under Near-fault Earthquakes

 
This study experimentally demonstrates the
beneficial effects of tri-dimensional HSLDS
isolators over linear ones in reducing the vibrations
transmitted to the suspended mass under near-
fault earthquakes. A lumped parameter model is
formulated considering a piecewise nonlinear
stiffness. Dissipation is taken into account through
viscous and dry friction forces. Considering
different test cases, preliminary tests are
conducted assuming harmonic base motion to
evaluate the isolator transmissibility. Excellent
agreement is obtained when comparing the model
to the experimental measurements. Finally, the
behavior of the isolator is investigated under
simulated earthquakes, and results are presented
using vertical acceleration time histories and
spectra, showing the vibration reduction provided
by the nonlinear isolator. The HSLDS isolator
exhibits remarkable performance, surpassing
standard isolators by 20% in effectiveness and
achieving an impressive 70% reduction in ground
vibrations. This substantial improvement
underscores its superior capability in mitigating
seismic impacts compared to conventional isolator
systems.
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Il Centro promuove e coordina studi e ricerche
intersettoriali nel campo dell’industria manifatturiera,
con particolare attenzione ai settori: Meccanica,
Automotive, Motoristica, Robotica, Aerospace,
Energia, Meccatronica, Materiali e Superfici,
Biomedica; amalgamando tecnologie innovative, con
un approccio interdisciplinare. Il Centro si propone
quale interlocutore degli Enti Pubblici per la
realizzazione e la gestione dei Tecnopoli nelle
province di Modena e Reggio Emilia, si impegna a
sviluppare progetti nel settore industriale indicati
nell’accordo di programma inerente la costituzione
dei Tecnopoli nelle provincie di Modena e Reggio
Emilia. Il Centro favorisce le iniziative scientifiche e
formative atte a promuovere collaborazioni negli
ambiti culturali di interesse, a livello regionale
nazionale ed internazionale. Inoltre, il Centro si
propone come punto di riferimento per le Imprese
del territorio che necessitano di consulenza, servizi e
collaborazioni per lo sviluppo di nuovi prodotti e
processi. Il Centro inoltre coordina i laboratori e i
gruppi di ricerca, gestisce programmi di ricerca,
anche in collaborazione con altri Atenei, Enti pubblici
o privati e partecipa all’organizzazione di corsi,
seminari e convegni, collabora alla redazione e
divulgazione della Normativa Tecnica; promuove la
pubblicazione di lavori scientifici; offre
collaborazione scientifica e consulenza tecnica a
tutte le imprese che necessitano delle sue
competenze.
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