D
B
Ny %

Online ISSN : 3060-7620 '“~

Razi Uni‘;efsit)'

Influence of reinforcement flexural rigidity on the performance of

Mohammad Moien Akbari!

unbonded elastomeric bearings

, Hamid Toopchi-Nezhad**

1. Civil Engineering Dept., Faculty of Engineering, Razi University, Kermanshah, Iran. E-mail: m.moein.akbari@gmail.com
2. Corresponding Author, Civil Engineering Dept., Faculty of Engineering, Razi University, Kermanshah, Iran. E-mail:

h.toopchinezhad@razi.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:
Received

2025-10-03

Received in revised form
2025-11-21

Accepted

2025-12-12

Available online
2025-12-23

Keywords:

Seismic isolator,
Elastomeric bearing,
Fiber reinforcing layers,
Finite element analysis,
Unbonded application

This study aims to investigate the influence of internal reinforcement type—steel plates
versus fiber layers—on the stress—strain demand and force—deformation response of
elastomeric bearings under lateral and vertical loading. The novelty of the work lies in the
comparative approach: both bearing types are designed with identical geometric dimensions
and similar elastomeric material properties, allowing the reinforcement layer to be isolated
as the sole varying parameter. The behavior of steel-reinforced elastomeric bearings
(SREB) and fiber-reinforced elastomeric bearings (FREB) is examined using finite element
analysis. For both bearing types, unbonded support conditions are considered. In this
configuration, the bearings are placed between the superstructure and substructure without
mechanical attachment, and shear forces are transferred to the supports through friction at
the contact surfaces. The numerical models are used to assess the resulting stress
distribution, strain demand, and global deformation response in both the vertical and lateral
directions. The findings indicate that in unbonded applications, FREB bearings experience
significantly lower internal stress demand compared with SREB bearings. This reduction is
particularly pronounced for tensile stresses acting normal to the interface between the
reinforcement layers and the elastomeric material. In addition, the effective lateral stiffness
of FREB bearings is noticeably smaller than that of SREB bearings. The results
demonstrate that the type of internal reinforcement has a substantial impact on the
mechanical behavior of elastomeric bearings under combined vertical and lateral loading.
Fiber reinforcement leads to a meaningful reduction in both internal tensile stresses and
lateral stiffness in unbonded configurations. These outcomes highlight the potential
advantages of fiber-reinforced bearings for applications where reduced stress demand and

greater flexibility are desirable.
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Introduction
The idea of isolating structures from ground motion during earthquakes has been explored

for more than a century [1], yet the number of practical applications remains limited. High
cost is one of the main barriers to its widespread use in ordinary buildings [2]. Steel-
reinforced elastomeric bearings (SREB) have long been used as seismic isolators and bridge
bearings, with the first simple application reported in a three-story school in France in 1978
[1]. Their behavior has been investigated through shake-table studies [3], blast-induced
simulated earthquakes [4], and applications in highway bridges, railway bridges, and other
structures [5]. Finite-element simulations of their force—displacement hysteresis behavior
have also been reported [6]. Over the past two decades, fiber-reinforced elastomeric bearings
(FREB) have been introduced as a new class of elastomeric isolators, followed by extensive
experimental research. These studies include vertical stiffness tests [7,8], standard cyclic
lateral tests under sinusoidal displacement [9], and shake-table experiments evaluating the
dynamic behavior of isolated structures [10,11]. Numerical studies fall into two major
groups: those focused on modeling lateral behavior based on cyclic tests [12,13], and finite-
element modeling of rubber materials or complete bearings [14—18]. Prior work has
reviewed hyperelastic constitutive models for elastomers [14], modeled unbonded FREI
bearings under lateral loads of different orientations [15], simulated rocking modes of
isolated frames using FE-modeled elastomeric bearings [16], and examined the interaction
of bearing rotation and lateral displacement [17]. Internal stresses and force—displacement
response of FREI bearings in bonded and unbonded conditions have also been analyzed
[18]. After two decades of development, design principles for FREB bearings are now
available [19,20], and finite-element modeling of hysteresis behavior has been documented
[21,22]. Full-scale shake-table tests on a two-story reinforced-concrete frame isolated with
unbonded FREB bearings have demonstrated their efficiency [23], and FREB bearings have
even been used for seismic isolation of a power transformer in Iran [24].

This study investigates and compares the internal stress fields of unbonded SREB and FREB
bearings using finite-element analysis. Internal stress demand strongly influences material
selection, manufacturing tolerances, and overall cost. Although many studies have examined
elastomeric bearings, no previous research has focused specifically on how the type of
internal reinforcement affects stress distribution and force—deformation behavior in
unbonded SREB and FREB bearings. The novelty of this work lies in addressing this gap
through a direct finite-element comparison.

Method
In this study, two groups of unbonded elastomeric bearings—FREB and SREB—are

examined. The bearings within each group are distinguished by their shape factor. A two-
dimensional finite-element model is employed to evaluate their performance. This model is
suitable for analyzing strip-type bearings and demonstrates good agreement with
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experimental results even when simulating the behavior of square bearings [18]. The
thickness of the fiber layer, tf, is taken as 0.55 mm for all FREB bearings, while the
thickness of the steel shims in all SREB bearings is t; = 3 mm. The total thickness of the
elastomer layers, t,, is 100 mm for all bearings considered, and the bearing width is 2a =
400 mm. The material properties used in the bearings (elastic moduli and Poisson’s ratios),
adopted in accordance with the assumptions in Reference [18]. The bulk modulus of the
rubber is taken as K, = 1900 MPa. All bearings are subjected to a vertical pressure of 3
MPa in the analyses. In the finite-element simulations, each bearing is loaded under a
horizontal displacement equal to 1.5H, where H is the total height of the corresponding
bearing.

The bearings were modeled in MSC MARC, chosen for its ability to simulate rubber as a
nearly incompressible material under large deformations with automatic mesh updates.
Elastomer layers were represented by four-node plane-strain elements, and FREB fiber
layers by 2D truss elements. The Neo-Hookean constitutive model, commonly used in prior
studies, was adopted. For unbonded bearings, the “Touching” contact option allowed only
shear stresses (via Coulomb friction) and compressive normal stresses to be transmitted.

Results

Under purely vertical loading, the internal normal stress values in SREB and FREB bearings
are similar, and variations in the shape factor have no significant effect on the normal stress
distribution. Under lateral displacement, tensile stresses appear at the ends of the bearings.
FREB bearings exhibit negligible tensile stress, while SREB bearings reach up to 1.5 MPa.
Increasing the shape factor raises both tensile and compressive stresses, especially in SREB
bearings. In FREB bearings, the low bending stiffness of the fiber layers makes shear strains
insensitive to the shape factor S 1. In contrast, SREB bearings show significant sensitivity,
with maximum shear strains increasing by about 27% as S _1rises from 10 to 40, due to the
bending stiffness of the steel reinforcement layers.

Conclusions

Considering the widespread use of SREB bearings in important structures and bridges, this
study investigates a novel application of both SREB and FREB bearings under unbonded
support conditions with a vertical pressure of 3 MPa, and compares their finite-element
models. Overall, FREB bearings exhibit greater lateral flexibility (better performance
efficiency) and lower internal stress demand compared to equivalent SREB bearings. In
addition, they have reduced thickness and lower overall weight.
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