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Abstract
Using the perforated yielding shear plates as an energy dissipated device instead of lead core in rubber bearing is assessed 
in this paper. The advantage of this innovative isolator compared to lead rubber bearing is the ability of being replaced eas-
ily and its less displacement with high ability of energy dissipation. Three different isolators with perforated shear plates 
with hole cross-section of 15%, 18%, and 33% of cross-sectional of plate surface area are investigated. Three types of shear 
plates of 2, 3 and 4 mm thicknesses made of two types of steel with different yield stress are assessed. By decreasing the 
shear plate thickness and increasing the number of the plate holes and selecting the shear plate with lower yield stress, the 
effective stiffness and the amount of energy dissipation and lateral force in the isolator are reduced. Changing shear plate 
thickness and number of holes do not affect the viscous damping, while increasing the plate yield stress increases viscous 
damping. Therefore the choice of the shear plate with appropriate thickness, number of holes and plate yield stress can lead 
to an isolator with acceptable behavior. The suggested isolator can achieve similar characteristics of lead rubber bearing at 
50% shear strain and therefore its design basics should be defined differently rather than lead rubber bearing.
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1  Introduction

Seismic-base-isolation of buildings and bridges is one of the 
most commonly adopted methods in controlling structures 
against sever earthquakes. This method is usually divided 
into two groups of rubber bearing and friction pendulum 
bearing. The record of seismic-base-isolation is provided by 
Warn and Ryan (2012). Rubber bearing consist of: natural 
rubber bearings (NRBs) (Iizuka 2000; Sanchez et al. 2012) 
lead rubber bearing (LRB) (Ghobarah and Ali 1990; Ryan 
et al. 2005) and high-damping rubber (HDR) bearing (Bhui-
yan et al. 2009). A method considered in seismic-base-isola-
tion design is the transition of fundamental natural period of 
a structure into a greater period. In this method, the behavior 
of the superstructure is mostly of linear nature. The base 
isolation, in addition to having the ability to move, must be 

equipped by the means of an energy dissipation device to 
prevent large displacements.

In a LRB, lead core is considered as an energy dissipater 
which provides the necessary damping for the bearing. In a 
HDR bearing, additional materials are injected into the rub-
ber to provide the necessary damping for bearing. In severe 
ground motion, the lead in the rubber bearing undergoes 
deformation (Paul 2016) and loses its efficiency. Because 
the core of lead is located in the interconnected layers of 
rubber and steel, it is hard to replace it. In HDR bearings, the 
high deformation of rubber and its cyclic behavior in strong 
earthquakes can damage the rubber and ultimately change 
the entire bearing.

There exist many studies on the energy-dissipating 
devices application other than lead core in rubber bearing. 
For example the U-shaped damper is used in rubber bear-
ing to stabilize the hysteretic response with large deforma-
tion (Oh et al. 2013). In another study Dezfuli and Alam 
(2013, 2015), applied shape memory alloy (SMA) wire as a 
damper in rubber bearing which can restore the initial form 
after being deformed. Dezfuli et al. (2017) have assessed 
the effect of (SMA–LRB) on bridges. Applying SMA in 
this study lead to an increase in the horizontal stiffness of 
bearing which has reduced the strain demand of LRB and 
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the displacement of the bridge deck. In another study Dez-
fuli and Alam (2017), application of SMA–LRB on bridges 
reduced strain demand by 46% and increased energy dis-
sipation by about 31% compared to the LRB. Wall damping 
system with steel damping is proposed and tested by Ahn 
et al. (2016). This device could not only provide good seis-
mic performance but could also be easily repaired after an 
earthquake. Shear panel dampers (SDPs) installed in frame 
bridges piers are assessed by Ge et al. (2012) and the sen-
sitivity of two quantities of the SPD’s capacity (maximum 
shear deformation and cumulative in elastic deformation) 
is studied.

The yielding shear devices (YSD) are another type of 
dampers that are mostly applied on top of an inverted-V 
brace (Chan et al. 2009). YSD is located in a hollow section 
which provides a continuous support to the diaphragm plate 
and at the same time provides an interface to connect to the 
main structure. Due to the slenderness of these plates, they 
tend to buckle out-of-plane and produce pinched hysteresis. 
High initial stiffness and low yield stress are their two unique 
properties compared to the flexural and axial yielding of 
steel components. The stiffness of these plates controls the 
structure movement.

In this study, shear plates are applied instead of lead core 
in a rubber bearing. These shear plates are welded on the 
four sides of the isolator to the top and bottom steel plates of 
the bearing. Because of the need for minimal displacement 
in the bearing, perforated yielding shear devices (PYSD) are 
applied. The stiffness of PYSD (Chan et al. 2013; Formisano 
et al. 2016) is reduced in relation to the non-perforated shear 
plates and the plate displacement increases before rupturing.

First, experimental models of a LRB and a PYSD are 
assessed numerically using finite element method (FEM). 
This is done by obtaining the cyclic behavior of LRB and 
PYSD and comparing the results with the experimental 
results and finally the accuracy of the numerical models is 
obtained. Next, by removing the lead core and adding the 
perforated shear plates to the bearing, the cyclic behavior of 
the displacement force of the new bearing is obtained. Then, 
in addition to effective stiffness, the energy dissipation and 
equivalent viscous damping of the bearing is obtained and 
compared for LRB and PYSD bearing. Finally, the effects of 
steel plate thickness, mechanical properties and the percent-
age of plate perforation on the special characteristics of the 
bearing are analyzed and examined.

2 � Formulation of YSD

YSDs were first examined (Williams and Albermani 2003; 
Chan et al. 2009) on top of inverted-V braces. This device 
consists of a square-shaped plate welded into a box at 
its edges. Compared to other dampers, the shear plates 

have high elastic stiffness, which is considered important 
in controlling the relative displacement of floors. Yield 
strength is obtained according to von Mises criterion from 
the following equation:

where d is the width of the steel plate and t is the thickness 
of diaphragm plate and fy is its tensile yield stress. For a 
device with a slender diaphragm plate, elastic shear buck-
ling occurs prior to yielding. The critical shear stress τcr is 
obtained by the following equation:

where t, d, E, υ are the thickness, the width of the steel plate, 
the modulus of elasticity and the Poisson’s ratio of the shear 
plate respectively. According to the theory (Roberts and Sab-
ouri-Ghomi 1992), for square shape steel plates, the shear 
capacity and stiffness of the plates are obtained, through the 
following equations, respectively:

where b and G, are the length of steel plate and its shear 
modulus, respectively. The tension field stress develops 
on YSD with an angle θ with horizontal orientation of the 
plate, Fig. 1. Components of stress in different directions are 
shown in Fig. 1 and used in Eqs. 3 and 4.

Sometimes due to the shear plate with excessive thick-
ness, application of perforated shear plates becomes neces-
sary. There also exist numerical and experimental studies 
on PYSD to achieve proper stiffness and strength for this 
device. For PYSDs, a decreasing coefficient (1 − A

A
0

) is 

proposed for Eqs. 3 and 4 (Formisano et al. 2016), where 
A is the opening area and A0 is the plate area. Vian et al. 
(2009) studied the strength and stiffness of perforated 
shear walls. Purba and Bruneau (2009) run numerical stud-
ies to provide an appropriate equation for the design of 
perforated shear walls. Valizadeh et  al. (2012) run an 
experimental study to assess the effect of holes and slen-
derness ratio of plates on the shear behavior of seismic 
steel walls. De Matteis et al. (2016) run an experimental 
study to optimize the PYSD performance.
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3 � Verification

3.1 � PYSD Verification

Experimental studies are run on three types of (PYSD) 
by Chan et al. (2013). By choosing one of these plates 
and modeling it in Abaqus software and comparing the 
numerical results thereof with the experimental study, the 
validity of this newly proposed model is examined.

The selected shear plate is 3 mm thick welded inside 
a short length square hollow section. The square hollow 
section thickness is 4 mm and the side length shown in 
Fig. 2 with D, is 100 mm. The edges of the shearing plate 
are welded into the inner space of the square hollow sec-
tion. The diameter of the holes in the plate is 5.5 mm. 
This plate is modeled through C3D8R solid elements in 
the Abaqus software. Running sensitivity analysis, it is 
revealed that 5 mm dimension is appropriate for the ele-
ments size. Material properties are assumed to be elastic-
perfectly plastic with yield stress of 320 MPa of Mises 
plasticity. An elasto-plastic behavior with kinematic hard-
ening is considered for steel to perform numerical simu-
lation in the cyclic field. By restraining the degrees of 

freedom at the lower surface of the box, the bottom of the 
shear plate remains constant and the upper surface moves 
under a specific loading protocol. There exists an initial 
imperfection in these plates caused by manufacturing or 
installing processes. This is assigned in the model by an 
initial out-of-plane imperfection proportional to the first 
buckling mode with amplitude of 1 mm. The comparison 
between experimental and numerical deformation of a 
sample tested by Chan et al. (2013) is shown in Fig. 3. The 
experimental-to-numerical comparison in terms of both 
hysteretic curves is shown in Fig. 4. The vertical axis of 
this diagram shows the normalized shear force through 
yield strengths and the horizontal axis of the shear strain 
of the plate. Numerical and experimental results reveal 
acceptable adaptation.

3.2 � LRB Verification

Abe et al. (2004) have run studies on an experimental sam-
ple of LRB illustrated in Fig. 5. The bearings designed to 
have a size of one-third of the real bearings installed at a 
highway bridge in Japan. Detailed design components of 
the bearings are tabulated in Table 1.

The bearing shown in Fig. 5 is modeled in Abaqus soft-
ware. The natural rubber used in this bearing has viscous 
damping ratios about 2–3%. Neo hook model (Asl et al. 
2014) is adopted for modeling rubber. The hybrid C3D8H 
element is applied to model rubber. The lead is modeled 
with 16 MPa Young modulus and 10 MPa yield stress and 
considered to have a bilinear kinematic hardening behav-
ior. Steel plates are assumed to be isotropic material with 
a Young modulus of 210 MPa and a Poisson’s ratio of 0.3. 
The C3D8R element is applied to model these plates. By 
assuming that the 7 MPa vertical stress is applied to the 
bearing, cyclic behavior of isolator is obtained for shear 
strains of 50% and 150% of the rubber. A comparison 
of this cyclic behavior of the numerical model with the 
experimental sample indicates the accuracy of the numeri-
cal results, (Fig. 6).

Fig. 1   a Onset of buckling, 
b post-buckling tension field 
(Chan et al. 2013)

Fig. 2   Perforated yielding shear device (Chan et al. 2013)
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4 � Description of the Proposed FEM Model

Since PYSDs are the subject of discussion of this study, 
the lead core of the LRB introduced in the previous sec-
tion is removed and these plates replace it. As the vertical 
distance of the upper and lower steel plates is 92.8 mm, 
the shear plate dimensions are considered as square of 
92.8 mm. These plates are arranged on both sides of the 
bearing, in a symmetrical manner (Fig.  7a). To mini-
mize analysis time, half of the bearing together with the 
shear plate is modeled in one direction. Since the flexural 
strength of the shear plate in other directions is negligible 

in comparison with the original direction, the shear plate 
in the bearing is examined in one direction. Three types 
of perforated shear plates accompanied with the bearing 
are considered, (Fig. 7b).

The percentage of holes in PYSD1 (Type1), PYSD2 
(Type2) and PYSD3 (Type3) are about 15%, 18% and 33% 
cross-section of shear plate, respectively. Shear plates are 
modeled by the C3D8R element. The mechanical prop-
erties of these plates are assumed as a bilinear model 
with kinematic plastic behavior. Three types of shear 
plates of 2, 3 and 4 mm thicknesses are assessed for the 
bearing. Two yield stresses of 240 MPa (st37 type) and 
360 MPa (st52 type) are considered for the plates. Effects 

Fig. 3   Experimental-numerical comparison in terms of deformed shape for the PYSD specimen tested by Chan et al. (2013)

Fig. 4   Numerical calibration 
of experimental results on the 
PYSD specimen tested by Chan 
et al. (2013)
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of different parameters of PYSD on the performance of 
the bearings are discussed in the next section. Name of the 
bearings introduce their specifications. As an example, the 
PYSD1-st37-t2 is Type 1 PYSD with a thickness of 2 mm 
for the plates and assuming st37 material type.

5 � Discussion and Results

In order to assess the hysteresis behavior of bearings, hori-
zontal stiffness, energy dissipation (energy dissipated per 
cycle, EDC), equivalent viscous damping (β) and lateral 
forces in each cycles are investigated. The effective horizon-
tal stiffness of the elastomeric isolator subjected to a specific 
shear strain amplitude is obtained from Eq. 5 (Naeim and 
Kelly 1999):

where Fmax and Fmin are the maximum and minimum shear 
forces in the direction of the horizontal cyclic loading, 
respectively. Symbol Δmax and Δmin are the maximum and 
minimum lateral displacements, respectively. The equivalent 
viscous damping is obtained through the following equation:

where EDC is the dissipated energy per cycle equal to the 
area inside the lateral force–deflection hysteresis curve in 
each cycle. Ur is the restored (elastic) energy in the rubber 
bearing, which can be measured through Eq. (7) (Toopchi-
Nezhad et al. 2008).

In which

The lateral force transferred to the structure on the isola-
tor in each loading cycle is obtained through the following 
equation:

(5)KHeff
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Fig. 5   Size of laminated rubber bearing used in experiments (Abe et al. 2004)

Table 1   Size of the Laminated Rubber Bearings

Type of bearing Lead rubber bearing

Cross-section (mm) 200 × 200
Shear modulus (MPa) 0.78
Number of layers rubber 7
Thickness of one layer rubber (mm) 5
Number of inner steel plates 6
Thickness of inner steel plates (mm) 2.3
Diameter of lead plug (mm) 40
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Fig. 6   Comparison of numerical and experimental hysteresis of LRB 
at 50% and 150% shear strains (Abe et al. 2004)
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Shear plates do not exhibit high displacement due to their 
high initial stiffness in comparison to the lead core. Since 
the dimensions of the shear plates considered in the isolator 
are similar to that of the shear damper tested in the V curved 
bracket, the maximum displacement of this shear plate is 
1.75 cm. This displacement is approximately equal to 50% 
of the shear strain of the laminated rubber. For this purpose, 
protocol load for the rubber bearing with shear plate is con-
sidered in accordance with BSI BS EN 15129 for 10, 20 
and 50% of the shear strain of the rubber. The LRB tested 
by Abe et al. (2004) is assessed for shear strain of 50 and 
150% of the rubber. By computing the characteristics of each 
isolator in each loading cycle, the behavior of isolator with 
shear plate and the LRB are compared. First, three types of 
isolator are compared with thicknesses and percentage of 
holes and steel types in shear strains of 10%, 20% and 50%, 
respectively. Next, the special characteristics of the isolator 
are compared with the LRB characteristics in shear strains 
of 50 and 150%. Considering the three variables at hand, 
the thickness and the percentage of holes and material type 
of shear plate, 18 different isolators are analyzed separately.

5.1 � Effect of Shear Plate Thickness on Isolator 
Behavior

The PYSD1-st37 lateral force–deflection curves of the rub-
ber bearing, assuming three different thicknesses of 2, 3 
and 4 mm are shown in Fig. 8. It can be seen that the yield 
strength of the isolator with thicker shear plates is higher 
than that of the thinner plate isolator. This fact is justified by 
applying relations Eqs (1) and (3), which indicate the direct 

(9)F = KHeff
Δ̄max

relation between the yield strength and shear capacity of the 
plate with its thickness. Similar results are obtained in terms 
of the effect of shear plate thickness on the behavior of the 
isolators PYSD2-st37 and PYSD3-st37. The four effective 
horizontal stiffness properties, energy dissipation, viscous 
damping and the lateral force input to the PYSD1-st37, 
PYSD2-st37 and PYSD3-st37 isolators for 2, 3 and 4 mm 
thicknesses are tabulated in Tables 2, 3 and 4.

A comparison of horizontal stiffness of the isolators 
is observed in Fig. 9. By increasing the thickness of the 
plate, the effective stiffness of the isolator increases due 
to the direct relationship between the thickness and yield 
strength of the plate. For example, the effective stiffness of 

             Type1                                                Type2                                                  Type3 

(a)

(b)

Fig. 7   a Full view of the bearing with perforated shear plates, b half of the three types of rubber bearing accompanied with a perforated shear 
plate

Fig. 8   Lateral force–deflection curve of PYSD1-st37 with shear plate 
with different thicknesses of 2, 3 and 4 mm
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the PYSD1-st37-t3 isolator is about 60% higher than that 
of the PYSD1-st37-t2 isolator in the shear strains of 10, 20, 
and 50%, and the effective stiffness of the PYSD1-st37-t4 
isolator is about 30% higher than the PYSD1-st37-t3 isola-
tor. As the shear strain of the isolator increases, the effective 
horizontal stiffness decreases due to the formation of plastic 
strain on the plate. The lowest effective horizontal stiffness 
of the isolators is related to the PYSD3-st37-2 isolator in 
the shear strain of 50%, which is about 49% higher than the 
horizontal stiffness of LRB in the shear strain of 50%.

By increasing the thickness of the shear plates, the dis-
sipated energy increases. For example, energy dissipation 
rate of PYSD1-st-3 isolator is about 75% higher than that 

of the PYSD1-st3t-2 isolator in shear strain of 50% and the 
dissipated energy of PYSD1-st37-4 isolator in relation to 
PYSD1-st37-3 isolator in the shear strain of 50%, increases 
about 33%. The lowest energy dissipation related to the 
PYSD-st37-2 isolator is at 50% shear strain, which is about 
23% higher than the LRB energy dissipation.

By comparing the results of the viscous damping of the 
isolators, it is observed that the viscous damping of the iso-
lator with different thickness plates does not vary signifi-
cantly, which is justified through Eq. (4). The energy dissipa-
tion and effective stiffness of the isolator with a thicker shear 
plate is higher than that of the isolator with a thinner shear 
plate. Viscous damping has a direct and inverse correlation 

Table 2   Operational 
characteristics of PYSD1-st37-
NRB for different thicknesses

γ (%) PYSD1-st37-t2 PYSD1-st37-t3 PYSD1-st37-t4 LRB

Horizontal stiffness (kN/mm) 10 8.5 13.6 16.83 2.26
20 4.83 7.9 10.3 1.69
50 2.85 4.33 5.7 1.23

150 – – – 0.8
Dissipated energy (kJ) 10 2.91 .45 0.56 0.074

20 0.57 0.992 1.21 0.178
50 1.36 2.4 3.19 0.708

150 – – – 2.4
Viscous damping (%) 10 44 43 43 42

20 38 40 38 34
50 24 29 29 29

150 – – – 17
Lateral force (kN) 10 31 45 58 7.5

20 34 55 72 11.25
50 50 72 103 20

150 – – – 43

Table 3   Operational 
characteristics of PYSD2-st37-
NRB for different thicknesses

γ (%) PYSD2-st37-t2 PYSD2-st37-t3 PYSD2-st37-t4 LRB

Horizontal stiffness (kN/mm) 10 7.80 12.7 16.6 2.26
20 4.34 7.7 10.10 1.69
50 2.57 3.8 5.40 1.23

150 – – – 0.8
Dissipated energy (kJ) 10 0.28 0.427 0.53 0.074

20 0.53 0.941 1.17 0.178
50 1.25 2.22 3.17 0.708

150 – – – 2.4
Viscous damping (%) 10 47 44 41 42

20 40 39 37 34
50 25 30 30 29

150 – – – 17
Lateral force (kN) 10 27 44 58 7.5

20 29 54 71 11.25
50 46 65 96 20

150 – – – 43
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with energy dissipation and effective stiffness, respectively. 
Consequently, an increase in energy dissipation increases 
viscous damping while an increase in effective stiffness 
decreases viscous damping. As a result, viscous damping is 
almost identical at the specific displacement of the isolator 
for different thicknesses.

It is observed that the lateral force transmitted to the 
superstructure increases with an increase in shear strain of 
rubber in isolator samples with different shear plates. The 
thicker the shear plate, the higher the lateral force in the 
shear strain of the rubber bearing. The PYSD3-st37-3 isola-
tor increases in lateral force by 38% in relation to PYSD3-
st37-2 isolator and the PYSD3-st7-4 isolator increases by 
40% compared to the PYSD3-st37-3 lateral force. By com-
paring the lateral force of the PYSD-NRBs with the LRB, 
the lateral force of the PYSD3-st37-3 isolator in the shear 

strain of 50% of the rubber is approximately the same as that 
of a LRB in the shear strain of 150% of the rubber. Simi-
lar results are obtained for the effective horizontal stiffness, 
dissipated energy, viscous damping and the lateral force for 
PYSD-st52 isolators. The effect of plate thickness on the 
PYSD3-st52 isolator behavior is observed in Figs. 9, 10, 
11 and 12.

5.2 � Effect of Shear Plate Holes on Isolator Behavior

The PYSD-st37-t2 isolator lateral force–deflection curve 
for three different types of perforated shear plates with a 
thickness of 2 mm is shown in Fig. 13. By comparing the 
results of the effective stiffness of the isolators according 
to Fig. 14, the effective stiffness of the PYSD1-st37-t3 
and PYSD2-st37-t3 isolators is not significantly different 

Table 4   Operational 
characteristics of PYSD3-st37-
NRB for different thicknesses

γ (%) PYSD3-st37-t2 PYSD3-st37-t3 PYSD3-st37-t4 LRB

Horizontal stiffness (kN/mm) 10 4.6 6.7 9.46 2.26
20 2.76 4.34 5.77 1.69
50 1.84 2.68 3.48 1.23

150 – – – 0.8
Dissipated energy (kJ) 10 0.16 0.252 0.32 0.074

20 0.34 0.540 0.71 0.178
50 0.87 1.42 1.94 0.708

150 – – – 2.4
Viscous damping (%) 10 46 48 44 42

20 39 40 40 34
50 24 27 29 29

150 – – – 17
Lateral force (kN) 10 15 20 32 7.5

20 18 30 40 11.25
50 32 44 61 20

150 – – – 43
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due to the low difference in the perforated section of the 
two shear plates. However, the effective stiffness of the 
PYSD3-st37-t3 isolator is decreased by about 40% in rela-
tion to the stiffness of the PYSD2-st37-t3 isolator at 50% 
shear strain. The least effective stiffness of the isolators 
is due to the PYSD3-st37-t2 isolator at 50% shear strain, 
which is about 49% higher than the effective stiffness of 
the LRB at 50% shear strain.

The energy dissipation of isolators decreases by an 
increase in perforation of the shear plate (Fig. 15). In this 
case, because of the approximate uniformity of the perfo-
ration section of PYSD1 isolators and PYSD2 isolators, 
the energy dissipation is not significantly different. In the 
PYSD3 isolator, due to a significant increase in the perfo-
rated section of the shear plates, compared with the other 
two isolators, significant energy dissipations are noticeable 
compared to the other two isolators. The PYSD3-st37-t3 
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Fig. 13   Lateral force—deflection curve of PYSD-st37-t2-NRB for 
three different types of perforated shear plates
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Fig. 14   Effective horizontal stiffness of PYSD-st37-t3-NRB for three 
different types of perforated shear plate; γ = 10%, 20% and 50%
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Fig. 15   Dissipated energy of PYSD-st37-t3-NRB for three different 
types of perforated shear plate; γ = 10%, 20% and 50%
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isolator in comparison with the PYSD1-st37-t3 isolator at 
50% shear strain, indicate a decrease of about 70%.

By considering an increase in cross-sectional area of 
the holes, the effective stiffness of the isolator, which is of 
inverted viscous damping ratio, decreases and the energy 
dissipation, which is directly proportional to viscous damp-
ing decreases; thus, the viscous damping does not change 
significantly with the increase of the perforation of the shear 
plates (Fig. 16). Viscous damping of PYSD3-st37-t4 isolator 
with viscous damping of LRB at 50% shear strain are equal.

The lateral force transmitted to superstructure decreases 
with an increase in the perforation of the shear plates 
(Fig. 17). This reduction value is justified by the reduction 
coefficient (1 − A

A
0

) for plate shear capacity according to 

Eq. (3). The minimum lateral force at 50% shear strain of the 
PYSD3-st37-t2 is 32 kN.

5.3 � The Effect of the Shear Plate Material Type 
on Isolator Behavior

The PYSD3 isolators are modeled and illustrated by st37 
and st52 for shear plates (Fig. 18). The effective stiffness 
of the isolators made of st52 are compared to that of st37. 
Where, it is revealed at low strain st52 is of a higher effec-
tive stiffness. Since the shear yield strength of the plate 
is proportional to tensile yield stress in accordance with 
Eq. (1), an increase in the effective stiffness of the isolator 
is justified by an increase in the tensile yield stress. The 
effective stiffness of isolators with a thickness of 2 mm 
for shear plate made of steel st37 and st52 are shown in 
Fig. 19.
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Fig. 16   Equivalent viscous damping of PYSD-st37-NRB for three 
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Fig. 18   Lateral force—deflection curve of PYSD3-NRB with shear 
plate with different material and different thickness
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The energy dissipation of the PYSD-st52 isolator is sig-
nificant compared to that of the PYSD-st37 isolator. The 
energy dissipation of PYSD3-st52-t3 isolator is about 50% 
higher than that of the PYSD3-st37-t3 isolator (Fig. 20).

Although a change in plate thickness and the variation 
in the perforation of the shear plates is of little effect on the 
viscous damping, a change in plate material is affected by 
the viscous damping. For example, the equivalent viscous 
damping of PYSD3-st52-t3 isolator is about 50% higher than 
the PYSD3-st37-t3 isolator (Fig. 21). An increase in the dis-
sipating energy by changing the plate material is more than 
the increase in the stiffness of shear plate. Since viscous 
damping is directly related to the energy dissipation and 
inversely related to stiffness, the greater dissipating energy 
leads to an increase in the viscous damping of isolator.

The lateral force transmitted to superstructure for the 
PYSD-st52 isolator increases compared to that of the PYSD-
st37 isolator (Fig. 22). For example, the lateral force of the 
PYSD3-st52-t3 isolator is about 23% higher than that of the 
PYSD3-st37-t3 isolator in the 50% shear strain.

6 � Conclusion

In this paper, performance of an innovative perforated yield-
ing shear device isolator is assessed. In this isolator, the lead 
core in rubber bearing is replaced by the perforated yield-
ing shear plates as an energy dissipated device. One of the 
advantages of rubber bearing with shear plates in relation 
to the LRB is its easy manufacturing process, placement, 
replacement. Another advantage of this isolator is the abil-
ity to dissipate energy in a smaller displacement than that 
of LRB. Isolators are compared with different plate thick-
nesses, hole area percentage and steel type at shear strains of 

10%, 20% and 50%. The special characteristics of this newly 
developed isolator are compared with the LRB characteris-
tics at shear strains of 50% and 150%.
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Fig. 20   Dissipated energy of PYSD-t3-NRB for different material of 
shear plate; γ = 10%, 20% and 50%
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The following are considered as the outcome of this 
study:

1.	 By increasing the thickness of the plate, the effective 
stiffness, dissipated energy and lateral force of the iso-
lator increase due to the direct correlation between the 
thickness and yield strength of the plate. It is observed 
that the viscous damping of the isolator with different 
plate thicknesses does not vary significantly. The lowest 
energy dissipation and horizontal stiffness related to the 
PYSD-st37-t2 isolator at 50% shear strain are about 50 
and 23% higher than that of the LRB. PYSD3-st37-t3 
lateral force at 50% shear strain is the same with the 
LRB lateral force at 150% shear strain. With regard to 
the acceptable dissipated energy of the shear plate iso-
lator at 50% shear strain, it can be concluded that the 
function of this isolator is appropriate compared to the 
LRB at 150% shear strain.

2.	 By increasing the perforation of the shear plate, the 
effective stiffness, dissipated energy and lateral force of 
the isolator decrease, with a slight change in viscous 
damping. Movement ability of isolator is an important 
issue. Due to high percentage of holes area of PYSD3, 
the displacement of the isolator is much higher than that 
of two other isolators with less holes area. By comparing 
the isolators in terms of percentage of perforated plate, 
the PYSD3-st37-t3, in addition to the proper displace-
ment, has sufficient energy dissipation, with acceptable 
lateral force.

3.	 When yield stress of shear plate changes from st37 to 
st52 steel types, the effective horizontal stiffness, the 
dissipated energy, viscous damping and the lateral force 
increase. The amount of dissipated energy of PYSD-st52 
isolators is higher than that of the PYSD-s37 isolators, 
which is noticeable in comparison with the change in 
plate thickness and perforation percentage. Because vis-
cous damping has a direct correlation with dissipated 
energy, changing yield stress of shear plate from st37 
to st52 leads to an increase in viscous damping. The 
PYSD3-st52-t3 dissipated energy and viscous damp-
ing ratio is about 50 and 30% higher than that of the 
PYSD3-st37-t3, respectively.

4.	 The PYSD3-st37-t3 outperforms other isolators. 
Although the amount of energy dissipation at 50% shear 
strain is about 70% lower than LRB at 150% shear strain 
but viscous damping is 60% higher. The PYSD3-st37-
t3 lateral force at 50% shear strain is the same as LRB 
lateral force at 150% shear strain. In the PYSD3-st52-t3, 
the energy dissipation at 50% shear strain is approxi-
mately equal to that of LRB at 150% shear strain. The 
amount of lateral force transferred to the superstructure 
is about 25% higher.

5.	 Although this study shows the capability of using per-
forated yielding shear device in isolators, experimental 
evaluation is needed to prove its practical application. 
Also due to the limitation of shear strain in this type of 
isolator, design basics of this type should be defined 
differently rather than LRB.
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