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ABSTRACT

In recent decades, viscoelastic dampers have attracted the attention of
many researchers due to their reasonable cost, ease of construction, and
high energy dissipation capacity. The mechanical characteristics of these
dampers are directly influenced by the properties of the polymeric materials
used in their fabrication. Such materials are sensitive to displacement
amplitude, loading frequency, temperature, and geometry, making the
process of finding a suitable viscoelastic composition for damper design
both complex and time-consuming. In this study, small-scale planar
dampers were first constructed to compare two polymeric compositions:
one based on natural rubber and the other on chlorobutyl rubber. The
results of cyclic loading tests showed that the viscoelastic damper made
with chlorobutyl polymer exhibited significantly better damping
performance than the one made with natural rubber. Based on these
findings, full scale cylindrical dampers were fabricated using the
chlorobutyl based composition and tested under cyclic loading with a
hydraulic jack. The goal was to investigate the effects of loading rate,
thickness of the viscoelastic layer, and applied strain. The results indicated
that increasing the loading rate and strain led to greater energy dissipation
and load bearing capacity. Additionally, while reducing the viscoelastic
layer thickness had little impact on damping, it did enhance the load
bearing capacity.
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Introduction

Recent earthquakes and the associated
damage and losses show that traditional design
methods do not fully meet societal
expectations. Consequently, new seismic
design paradigms have emerged, among them
the damage avoidance philosophy. The primary
objective of this approach is to reduce or
eliminate earthquake induced damage by
employing devices and systems other than the
primary structural components.

Among cost effective and accessible
options, viscoelastic dampers have attracted
considerable attention in recent years. Their
inherently nonlinear behavior and the diversity
of materials used in their construction,
however, make their application technically
demanding. Studies indicate that these dampers
can increase equivalent damping by
approximately 15 to 57%, and, depending on
the design and polymer formulation, can
provide varying levels of stiffness.

Problem Statement

To gain a comprehensive understanding of
the behavior of viscoelastic dampers, a range of
experiments is required to examine the effects
of polymer composition, damper geometry,
loading rate, and displacement amplitude. This
study was initiated with the aim of developing
a viscoelastic damper with appropriate damping
and stiffness using readily available materials.
The goal is to identify a polymer composition
that can be used as a structural viscoelastic
damper. To achieve this, several small scale
viscoelastic dampers with different polymer
compositions were fabricated and subjected to
experimental evaluation. A chlorobutyl based
polymer was selected as the base material for
investigating other mechanical properties of
cylindrical viscoelastic dampers at full scale.

Results

To investigate the influence of various
conditions on the hysteresis behavior and
dynamic  characteristics of  cylindrical
viscoelastic dampers, a loading setup was
designed around a 1000 kN hydraulic jack. This
setup is versatile and can be used for different
dampers and loading conditions. To examine

@ @ Publisher: University of Qom.
e © The Authors.

the effects of displacement amplitude and
loading rate on hysteresis behavior, a
cylindrical ~ viscoelastic =~ damper  with
dimensions 8 x 20 cm was fabricated and
tested. Additionally, to assess the effect of the
viscoelastic material thickness on the hysteresis
curve and its dynamic characteristics, two
similar dampers with identical overall
dimensions but different viscoelastic material
thicknesses were fabricated and subjected to
experimental investigation.

Conclusion

The results from the hysteresis curves for
the small scale fabricated dampers showed that
chlorobutyl based materials had a load capacity
of 3 kN at a displacement of 13 mm, whereas
the corresponding value for natural rubber was
2 kN. At the same displacement, chlorobutyl
based polymers dissipated more energy than
natural rubber, with energy dissipation
approximately twice as high.

Furthermore, for the full scale cylindrical
dampers fabricated with a chlorobutyl based
polymer, the load capacity at a loading rate of
60 mm per minute and a displacement of 16 mm
was approximately 20 kN, whereas at a loading
rate of 20 mm per minute it decreased to 10 kN.
In addition to the increase in load capacity at
the higher loading rate, attributed to the
increased stiffness of the viscoelastic material,
the damping also nearly doubled.

25
— 3t a l0ading
20 rate of 60
mm/min.
15 || ;e at a loading
rate of 20
10 mm/min.
5
Z
< 0]
5
-10
-15
-20
-25

-20 -15 -10 -5 0 5 10 15 20
mm

Fig. 1. Hysteresis curves of a viscoelastic damper
at various loading rates

At the same loading rate, the load capacity
at 200 percent strain was slightly higher for the

https://doi.org/10.22091/cer.2025.13211.1632



damper with 5 mm thickness compared with 8
mm thickness. Specifically, the 5 mm thick
damper at 10 mm displacement had a load
capacity higher than the 8 mm thick damper at
16 mm displacement. This behavior was
primarily attributed to hardening of the
viscoelastic material at smaller thicknesses.
Moreover, changing the thickness had little
effect on system damping, likely because the
effects of material volume and shear strain
offset each other. Overall, the findings indicate
that cylindrical viscoelastic dampers, despite
using a relatively small volume of viscoelastic
material, possess high energy dissipation
capacity.

Chlorobutyl based materials not only
deliver substantial damping performance but
also exhibit stable behavior at high strain levels.
A direct relationship was also observed
between increasing displacement amplitude
and both damping and load capacity.
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