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Development of novel low‑cost 
isolator UMELI (unbonded mesh 
elastomeric layered isolator): 
experimental investigations
Zoheb Nawaz Md. * & Mohan S C 

Seismic isolation is a highly efficacious method for reducing the seismic load on structures. This 
technique is widely adopted to safeguard structures from earthquakes. Despite the promising 
results demonstrated by numerous isolation techniques, their implementation remains a significant 
challenge, particularly in developing countries, due to the high costs associated with manufacturing. 
Therefore, a novel and affordable base isolation technique has been proposed, namely unbonded 
mesh elastomeric layered isolator (UMELI). UMELI consists of steel mesh sandwiched between 
the unbonded layers of elastomers, resulting in an affordable isolator to be used for lightweight, 
low-rise structures. One of the crucial characteristics of this novel isolator is that it does not require 
a specialised manufacturing process unlike other elastomeric isolators. In the present study, 
experimental investigations are conducted to evaluate the dynamic characteristics such as dynamic 
vertical stiffness, equivalent lateral stiffness, and equivalent viscous damping ratio of UMELI. Its 
characteristics were studied for different layered isolators and are compared with the unreinforced 
elastomeric isolator. The investigations have demonstrated the effectiveness of the UMELI by 
increasing its vertical stiffness and reducing lateral stiffness, thereby enhancing the isolation period 
with the addition of a steel mesh layer.

Keywords  Seismic isolation, Experimental investigation, Unbonded mesh elastomeric layered isolator, 
Unreinforced elastomeric isolator

Unreinforced masonry (URM) structures are commonly constructed buildings that are typically located in rural 
regions of developing countries. This is attributed to their cost-effectiveness and their construction simplicity1. 
When this URM was designed, it was specifically focused on withstanding gravity loads. The structure does 
not possess the necessary structural system to endure horizontal forces. Therefore, these URM structures are 
extremely susceptible to earthquakes. It is estimated that approximately 75% of earthquake-induced fatalities in 
the past century have resulted from the collapse of masonry buildings2. Situated within numerous seismically 
active regions of developing countries, URM buildings often lead to significant social and economic losses owing 
to structural damage or collapse during earthquakes3,4. The utilization of locally available materials, traditional 
construction techniques, and the absence of standardized construction practices are considered to be the primary 
factors contributing to the inadequate seismic performance of URM structures5,6. Several developing countries 
do not follow the recommendations outlined in earthquake codes during the URM construction7,8. Such con-
structions are a major threat to people during earthquakes, thus highlighting the need for an effective technique 
to mitigate the vulnerability of URM buildings.

Traditional seismic-resistant design techniques basically depend on the structural strength to withstand 
seismic forces, stiffness to control the displacement of the structure, and ductility to allow for sufficient deforma-
tion without failure9. This traditional construction requires enhancing the strength and stiffness of the masonry, 
which in turn increases the overall cost of the structure. Along with that, it also attracts more inertia, which can 
be perilous for both the occupants and the contents. An alternative to this traditional technique is to utilize base 
isolation techniques, which can reduce the inertial load on a structure. These techniques decouple the vibration 
of the structure from the ground, resulting in a decrease in lateral force exerted on the structure. As a result, the 
force and deformation requirements on the structural components are reduced10–17.
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In light of the benefits of utilizing base isolation technology, a number of researchers have recently examined 
the mechanical properties of cost-effective isolation devices and endeavored to create constitutive models to 
describe their lateral response18–21. Among them are Recycled rubber elastomeric isolator24, annular unbonded 
elastomeric isolators22,23, and low-cost scrap tire pads25. Affordable isolation bearings with decreased displace-
ment capacities are also appealing in densely populated urban areas where it is not feasible or very costly to create 
seismic gaps as required by building codes26. Authors have recently investigated the behavior of the Unrein-
forced Elastomeric Isolator (UEI)27–29. The isolator has shown effective behavior in terms of lateral stiffness and 
equivalent viscous damping ratio. However, when compared with the other isolators, the vertical stiffness was 
several times lesser. This low vertical stiffness has produced rocking motion during the time history analysis of 
the masonry model in ABAQUS. Even though the stresses developed due to the rocking motion are within the 
capacity of the masonry, it still does not satisfy the serviceability criteria. To overcome this drawback, the authors 
of this paper have developed a novel low-cost base isolation technique, namely an unbonded mesh elastomeric 
layered isolator (UMELI). UMELI consists of steel mesh sandwiched between the unbonded rubber layers, result-
ing in a lightweight, cost-effective isolator for use in low-rise residential buildings. While previous research has 
demonstrated the effectiveness of steel mesh-reinforced elastomeric isolation bearings for bridges, these bearings 
are bonded between the steel mesh and elastomeric layers30,31. A key feature of the UMELI is that it does not 
require specialized manufacturing, as the rubber layers and steel mesh of the desired thickness can be readily 
sourced from stores. This makes UMELI particularly suitable for widespread use in underdeveloped rural regions.

Initially, the overall design of the UMELI is demonstrated along with its manufacturing process. Subsequently, 
the performance of the innovative isolator with varying numbers of layers is experimentally evaluated to charac-
terize mechanical behavior such as dynamic vertical stiffness, lateral stiffness, and equivalent viscous damping 
ratio. The results are then compared with the unreinforced elastomeric isolator.

Design of unbonded mesh elastomeric layered isolator
The proposed isolation technique is envisioned to be used for lightweight structures such as URM buildings. 
Therefore, the UMELI was specifically designed for a single-story URM building, a common structure often 
seen in developing nations such as India. The masonry building’s overall weight was determined to be 300 kN32. 
The structure is considered to be resting on six isolators, where each isolator is engineered to endure a compres-
sive load of 50 kN. To evaluate the equivalent lateral stiffness ( Kh ), it requires mass ( M ) acting on each isolator 
and the target time period (Th) . In this case, Th is assumed to be 1.6 s at a shear strain of 25%, and the M is the 
weight acting on the isolator, i.e., 5 tonnes. Then, using Eq. (1), the lateral effective lateral stiffness is calculated.

The lateral stiffness of the isolator is calculated to be 77.11 N/mm using Eq. (1). To determine the geometric 
parameters of the isolator, various researchers have developed analytical models that incorporate the warping 
deformation of fiber and the detachment of the contact area of the isolator from the surface during roll over. 
Initially, an equation for the effective shear modulus (Geff  ) was proposed (Eq. 6), which considers the effect of 
vertical pressure on the shear modulus33,34. In another study, the reduction in contact area during rollover defor-
mation was considered while maintaining the shear modulus constant. This led to the proposal of an equation 
for the effective contact area ( Aeff  ), which includes the projected length (d) (Eqs. 4 and 5)35,36. Similarly, another 
equation was proposed to calculate the effective contact area, where the reduced area is calculated as the product 
of the isolator’s side length and the perpendicular side length minus the projected length (Eq. 3)36. Finally, an 
expression was developed that incorporates both the effective shear modulus and effective area (Eq. 2)36.

Assuming the plan area ( A) of the isolator as 70 mm × 70 mm, the shear modulus as 0.98 MPa ( G ) and ini-
tial thickness of the rubber ( tr) as 15 mm, then the total height of the isolator ( h ) is calculated using following 
equations.

here a is the length of the isolator

γ refers to the constant that relates the projected length and it is given by Eq. (5). In this study, the γ is assumed 
to be 0.157 to simplify the expression and obtain the total height of the isolator.
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In the Eq. (6), Pcrit,0 represents the critical stress of the isolator and is defined by Pcrit,0 = Pcrit
a2

 . The critical 
load, Pcrit , is given by Pcrit =

√
2πGASr
tr

 , where r = a
2
√
3
 is the radius of gyration, G is the shear modulus obtained 

from the manufacturer, and u is the given lateral displacement. Given these values, the critical load of the isolator 
( Pcrit) is determined to be 55 kN, and the Geff  is found to be 0.26 MPa. Using the obtained lateral stiffness and 
effective shear modulus and by rearranging Eqs. (2)–(4), the total height of the isolator is calculated to be 31.17 
mm. For each of the manufacturing, this was rounded to 30 mm. In the current study, the performance of the 
UMELI is evaluated with varying number of layers of steel mesh. Hence, with the dimensions obtained, the 
primary shape factor S1 (S1 = a

4tr
) of UEI is determined to be 0.58 and for 2-layered and 3-layered UMELI it is 

determined to be 1.16 and 1.75. The secondary shape S2 (S2 = a
h ) remains same for all the cases i.e., 2.3337–40.

Manufacturing process of unreinforced mesh elastomeric layered isolator
Materials with simple and adaptable manufacturing technologies are best suited to the task of producing low-cost 
seismic isolators. As a result, the researchers contacted a nearby supplier named Kumar Rubbers to manufacture 
a rubber sample measuring 70 × 70 mm, with thicknesses of 10 mm and 15 mm and with a shore A hardness of 
40 (equivalent to a shear modulus of 0.98 MPa). The rubber isolator adhered to the established manufacturing 
procedures. RMA 5 (Rubber Manufacturing Association compound), sulfur, zinc oxide, and stearic acid are 
among the compounds employed in the mastication process. After 40 min of masticating process, the mixture is 
subjected to vulcanization in a rectangular mold measuring 500 × 500 mm of plan dimensions at a temperature 
of 110 degrees Celsius for 10 min. A cutting machine is used to precisely cut the material to the dimensions of 
70 × 70 mm (refer to Fig. 1). The same process is employed for different thicknesses. This isolator utilized a 0.5 
mm thick woven steel mesh of SS 304 grade. The tensile strength of the mesh is obtained to be 250MPa. The mesh 
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Fig. 1.   Different view of the isolators (a, b): UEI, (c, d): 2-layered UMELI, (e, f): 3-layered UMELI.
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was cut into 70 × 70 mm dimensions and arranged in an alternating pattern with the rubber layer, as depicted 
in Fig. 1. The physical properties of the isolators with varying thicknesses have been tabulated in Table 1. This 
technique is unique because the steel mesh and rubber are not bonded or vulcanised together. The cost associated 
with each UEI is $3.50 USD. In contrast, the costs for 2-layered and 3-layered UMELI are $3.75 USD and $4.00 
USD, respectively. These costs include the expense of the steel mesh incorporated in the UMELI. Unlike the 
strip isolation technique38,41, which does not require a plinth beam for load transfer to the isolator, this method 
necessitates the inclusion of an additional concrete beam to facilitate effective load transfer.

Experimental investigation
Experimental tests were conducted on the UEI and UMELI to assess their performance under compression 
and shear. A cyclic compression test was conducted on the isolators to assess their dynamic vertical stiffness. 
In contrast, a cyclic shear test was performed to determine the effective lateral stiffness and equivalent viscous 
damping ratio of the isolators.

Cyclic compression test
The UMELI and UEI isolator samples have been tested for their dynamic vertical stiffness with a Zwick 100 
universal testing machine (see Fig. 2a). The machine’s stroke length is 1450 mm, and it can exert a maximum 
force of 100 kN. The samples were compressed under a static load until reaching the specified design load. A 60-s 
pause was implemented with the design load to accommodate the viscoelastic effect. Subsequently, three cycles 
with an amplitude equivalent to 10% of the design load were imposed. After 60 s, the samples were unloaded at 
a rate of 500 mm/min. The profile of the force applied during the test is shown in Fig. 3.

Vertical stiffness is one of the essential properties of an isolator, which determines the relationship between 
deformation and applied load along the vertical axis. After an isolation system is installed, it’s crucial that the 
vertical stiffness be consistent and reliable. Differential settlements caused by variations in vertical stiffness could 
compromise the structure even without seismic activity. The isolators were subjected to cyclic loads to evaluate 
the vertical stiffness ( Kv ), and Eq. (7) is used to obtain the values.

When the forces F+v  and F−v  are applied to the isolator, the corresponding displacements are �+
v  and �−

v  were 
recorded and these values are used to calculate vertical stiffness ( Kv).

Following the calculation of the vertical stiffness, the vertical frequency ( fv ) were calculated using Eq. (8). 
To obtain the vertical frequency, it requires the vertical pressure ( P ) applied on the isolation, along with the area 
and acceleration due to gravity (g).

The isolators’ dynamic vertical stiffness was determined by calculating the tangent slope of the loading’s cyclic 
portions. Table 2 compares the variation of the dynamic vertical stiffness for the UEI and UMELI with varying 
number of layers. As rubber is highly nonlinear when the load is applied on the isolator, the voids present in the 
rubber close and offer resistance. This phenomenon is usually known as the run-in effect. Due to this run-in 
effect, the vertical stiffness of UEI is high. It is clearly observed that the dynamic vertical stiffness of the UMELI 
is greater than that of the UEI (see Table 2).

Even in the UMELI, the vertical stiffness increases with the increase in the number of steel mesh layers. This 
is due to the confinement of the bulging in the rubber by the steel mesh. As there is no bonding between the 
elastomer and the steel mesh, the confinement of the elastomer’s bulging is solely based on the frictional inter-
action between the elastomer and the steel mesh. Upon the application of vertical pressure to the UMELI, the 
gaps in the steel mesh are filled with the elastomer. The steel wires resist the bulging slot by slot, which, in turn, 
provides overall confinement to the bulging. Once the tensile stress generated by the elastomer on the steel mesh 
exceeds the frictional force between the steel wires, internal sliding occurs, resulting in partial confinement. The 
more the number of the steel mesh layers, the more the resistance offered to the bulging of rubber, which tends 
to increase the vertical stiffness. The force–displacement curves obtained from tests have been shown in Fig. 4. 
Figure 5 depicts the vertical deformation of the isolator during the compression test for UEI and UMELI. Even 
though the dynamic stiffness is high enough, higher flexibility is observed in the vertical direction under static 
loads, i.e., a static deformation of 20.88 mm was measured for the UEI. Meanwhile, for the UMELI—2 layers, 
it was 21.88 mm; for the UMELI—3 layers, it was 23.10 mm. It should be noted that the initial thickness of the 
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Table 1.   Physical properties of the isolators.

Isolator Overall Thickness (mm) Thickness of the rubber (mm) No. rubber layers No. of steel mesh layers

UEI 30.23 30.23 1 0

UMELI—2 layers 33.51 15 2 1

UMELI—3 layers 34.20 10 3 2
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isolators is not the same in all the cases. With the increase in the number of mesh layers, the overall thickness 
of the isolator increases accordingly. In order to make these isolators comparable, the UMELI’s thickness has 
been normalized to UEI, i.e., the excess thickness measured in the UMELI has been removed from both the 
thickness and the static deformation. Hence, the corrected static stiffness of the UMELI is 18.60 mm and 18.13 
mm for 2 layers and 3 layers.

From Table 2, the vertical stiffness of the UMELI—3 layers has increased by 47% compared to UEI. Similarly, 
an increase in vertical stiffness of 15% was observed for UMELI—2 layers compared to UEI. The increase in 
the vertical stiffness of UMELI compared to UEI shows the effectiveness of the proposed technique in terms 
of vertical stiffness. The following sections discuss the experimental characterization of isolators in the lateral 
direction. As the shape factor increases from 0.58 to 1.16 (2-layered UMELI), there is a 19% increase in vertical 
stiffness. Furthermore, when the shape factor increases from 0.58 to 1.75 (3-Layered UMELI), a 90% increase 
in vertical stiffness is observed.

Shear test with varying amplitude
Shear cyclic experiment on isolators is a reliable technique for precisely measuring the stiffness and damping 
ratio. In this test, Isolators are subjected to a series of controlled horizontal displacement and vertical load cycles. 
The test was carried out with equipment shown in Fig. 2b,c. Additionally, it is important to note that the tests 
were carried out at room temperature, and 200 samples were recorded every second. In order to test the shear 
cyclic behavior, the isolator was put under constant vertical pressure while it was moved horizontally in a cyclic 
pattern. The cyclic displacement was given in a sinusoidal waveform with three full cycles. The displacement 

Fig. 2.   (a) Zwick Z100 UTM, (b, c) arrangement for Shear cyclic test.
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amplitude has been varied in increased order, such as ± 25%, ± 50%, ± 75%, and ± 100% of the thickness of the 
isolator as shown in Fig. 6.

Equation (9) is used to calculate the effective lateral stiffness (Kh) of the isolator for each cycle of the test.

here, �+
h  and �−

h   represents the applied displacement to the isolator and F+h  and F−h  are forces recorded during 
the test. Equation (10) is used to calculate the equivalent viscous damping (ξ) of the isolator.
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Fig. 3.   Loading profile for the compressive test.

Table 2.   Comparison of dynamic vertical stiffness for UEI and UMELI.

Isolator Thickness (mm) Static deformation (mm)
Vertical stiffness, Kv (kN/
mm) Vertical Time Period, 1/ f v (s)

Vertical Natural 
frequency, f v (Hz)

UEI 30.23 20.88 19.86 0.10 10.03

UMELI—2 layers 33.51 21.88 23.64 0.09 10.94

UMELI—3 layers 34.20 22.10 37.68 0.07 13.82

Fig. 4.   Force–displacement curves obtained from the compressive test.
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where Wd is the area under the curve obtained from the test and �max denotes the maximum displacement 
applied during the test.

As the isolation period of the isolator is the crucial parameter in the design, following the calculation of the 
equivalent lateral stiffness (Kh) , the isolation period of the isolator ( Th ) is calculated using Equation (11).

Equation (11) can also be written in terms of shear modulus (G). The modified equation is shown in Eq. (12).

An ascending loading path was employed to examine the impact of varying strain levels on the lateral response 
of the isolator, as illustrated in Fig. 6. Figure 7 depicts the Lateral force–displacement curves obtained from the 
test for different cases. The two crucial mechanical properties of the isolator, i.e., Equivalent lateral stiffness (Kh) 
and the equivalent viscous damping ratio (ξ), are evaluated from the force–displacement curves obtained. As 
the three cycles are obtained from the test, Kh and ξ are calculated for the third cycle to reduce the relaxation 
effect. Kh is determined by considering the third cycle’s maximum and minimum lateral forces for the given 
displacement. Similarly, calculating the area under the third curve determines the viscous damping ratio. Similar 
procedure has been repeated for various strain levels. These two crucial parameters were obtained using Eqs. (9) 
and (10). Figure 8 shows the deformed views of isolators at various shear strain levels. For all the cases, during 
the experiment, the isolators were observed to have returned to their original position.

UEI
A shear cyclic test was performed on the UEI with progressively increasing shear strain under a vertical compres-
sive force of 50 kN. The force–displacement curve from this test is illustrated in Fig. 7a. As indicated in Fig. 10a,b, 
there is a noticeable decrease in both Kh and ξ as shear strains increase. For example, when shear strains rise 
from 25 to 100%, the ξ drops from 14.24 to 6.37%, and the Kh reduces from 0.206 to 0.155 kN/mm. This decline 

(10)ξ =
Wd

2πKh�max
2

(11)Th = 2π

√

P · A
Kh · g

(12)Th = 2π

√

P · tr
G · g

(All dimensions are in mm)
(a) (b) (c)

Fig. 5.   Comparison of vertical deformation (a) UEI; (b) 2-layered UMELI; (c) 3-layered UMELI.

Fig. 6.   Amplitude profile with varying shear strain.



8

Vol:.(1234567890)

Scientific Reports |        (2024) 14:19801  | https://doi.org/10.1038/s41598-024-70927-0

www.nature.com/scientificreports/

in Kh with higher shear strain is due to the material’s softening behavior, which is associated with the ends of the 
isolator rolling over. During this, the ends of the isolator are detached from the contact surfaces. At 100% shear 
strain, the horizontal stiffness (Kh) is notably 128 times lower than the previously measured vertical stiffness (Kv) 
from compression tests. The decreasing trend in the damping ratio shown similar behavior with High Damping 
Rubber fibre-reinforced elastomeric isolator21,28. This can be attributed to the rubber compound used in the study.

2‑layer UMELI
2-layer UMELI showed a similar trend to that of the UEI. With the increase in the shear strain, the Kh and ξ 
decrease, as shown in Fig. 10a,b. The ξ reduced from 19.26 to 9.13%, whereas Kh reduced from 0.113 to 0.074 kN/
mm. The decrease in Kh with increasing shear strain level can be attributed to decreases in contact area. Includ-
ing a single steel mesh layer has reduced the Kh of the isolator by 34.5% (at 100% shear strain) and increased 
the Kv by almost 16%. As the primary shape factor increased from 0.58 to 1.16, the lateral stiffness decreased 
from 0.155 to 0.113 kN/mm (Fig. 10c). Meanwhile, the damping ratio increased from 8.37 to 11.10% (Fig. 10d). 
Figure 7 shows the pictorial view of the isolators at 50% and 100% shear strains. For the 50% shear strain, the 
isolator has not shown any form of internal deformation. At 100% shear strain, debonding was observed at the 
edge of the isolator, where it is touching the upper surface, and a slight sliding was observed at the edge, where 
it was touching the bottom surface. Due to the shear strain, the steel woven mesh wire strings get detached at 

Fig. 7.   Force–displacement curves obtained from the shear cyclic test (a) 2-layered UMELI. (b) 3-layered 
UMELI and (c) UEI.
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the edges; the sliding occurs in the isolator (see Fig. 8). Even with this minor failure, the behavior of the isolator 
seems to be effective as the stiffness ratio (Kv/Kh) obtained for this 2-layer UMELI is 319.

3‑layer UMELI
The shear cyclic test of 3-layer UMELI reveals a decrease in Kh as the shear strain increases. A similar trend 
was observed in the ξ (Fig. 10a,b). The ξ decreased from 19.51 to 14.90%, while the Kh decreased from 0.111 to 
0.067 kN/mm. The addition of a two-steel mesh layer has resulted in a 56.8% decrease in the Kh of the isolator 
(at 100% shear strain) and a nearly 47.2% increase in vertical stiffness compared to UEI. As the primary shape 
factor increased from 0.58 to 1.75, the lateral stiffness decreased from 0.155 to 0.067 kN/mm (Fig. 10c). Concur-
rently, the damping ratio increased from 8.37 to 15.50% (Fig. 10d). Figure 8 depicts the visual representation of 
the isolators at 50% and 100% shear strains. The isolator has not exhibited any internal deformation for the 50% 
shear strain. Debonding occurred at the edge of the isolator when it experienced a shear strain of 100%. This 
debonding was observed between the second and third layers. Additionally, sliding was observed between the 
first layer and the second layer. Similar to the 2-layer UMELI, the steel woven mesh wire strings become separated 
at the edges, causing sliding to occur in the isolator (refer to Fig. 9). Despite this setback, the performance of the 
isolator appears to be efficient, as evidenced by the stiffness ratio (Kv/Kh) of 562 achieved for this 3-layer UMELI.

Considering a vertical design load of 50 kN, the variation of the fundamental time period is shown in Fig. 11a. 
This time period is obtained based on the values of effective horizontal stiffness obtained from the experiment. 
The effective area of the isolator is considered when calculating the isolation period. As seen in Fig. 11a, after 50% 
shear strain, the time period remains almost constant for all the cases. Since the lateral stiffness of the UMELI 
decreases with the addition of the steel mesh, the isolation time period also increases. The isolation time period 
of UEI for 100% shear strain is obtained as 1.13 s. Nonetheless, 1.6 s under 50 kN of vertical load was the initial 

(a) (b)

(c) (d)

Debonding

Debonding

Sliding

Fig. 8.   Close up view of the isolator at 50% (a, c) and 100% (b, d) strain. (a, b): 2-layered UMELI, (c, d): 
3-layered UMELI.

Fig. 9.   Debonding of the steel mesh wire.
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design period that was considered for 25% strain. The design equations used could not accurately replicate the 
behavior of the proposed technique, as they predicted the same behavior as U-FREI. Since this technique does 
not involve bonding between the elastomer and steel mesh and internal sliding within the steel mesh is observed, 
the current expressions require modification. Addressing these discrepancies is left for future research in this 
study. Meanwhile, for the UMELI—2 layers, the isolation time period reached 1.72 s. Similarly, for UMELI—3 
layers, the isolation period is found to be 1.64 s. The variation of the isolation period with respect to the shape 
factor is shown in Fig. 11b. Hence, the addition of the steel mesh between the rubber layers has improved the 
isolation time period (Figs. 10, 11).

From the experimental investigations, the performance of UMELI is superior to that of the UEI. The UMELI 
offers higher dynamic vertical stiffness than UEI. A significantly larger isolation period and higher energy dis-
sipation capacity were achieved compared to the UEI. Even though sliding of the layer were observed due to the 
detachment of the steel mesh wire, this detachment of the wires can be prevented by using the welded mesh. 
Layer separation has been observed at 100% strain and can be anticipated at higher strain levels as well. However, 
as previously mentioned, the isolator returns to its original position after each cycle without causing permanent 
dislocation of the layers. At lower strain levels, the layers remain intact despite numerous cyclic reversals, without 
any permanent dislocation within the isolator. Still, at higher strain levels, permanent dislocation may occur. 
To prevent this, the isolator displacement should be limited to a specific strain level. Therefore, separation of 
layers is permissible up to the point of permanent dislocation; beyond this, the technique may be considered 
unsuitable. Nevertheless, until 100% shear strain, UMELI has proven effective and has higher efficacy than UEI. 
Still, the performance of UMELI under higher shear strains and with an increased number of steel mesh layers 
need to carried out, alongside conducting a stability analysis. A design expression needs to be developed that 
considers frictional interaction and internal sliding, enabling the proposal of upper limits for the technique to 
avoid the permanent deformation. Additionally, shake table testing of the masonry model with UMELI needs 
to be performed.

Conclusion
The primary objective of this study is to evaluate the effectiveness of an unbonded mesh elastomeric layered 
isolator (UMELI) as a low-cost isolation technique for masonry structures. The isolators are investigated for their 
effectiveness in terms of equivalent lateral stiffness, equivalent viscous damping ratio, and vertical stiffness. Using 
the initial design, the isolators were procured and assembled. It was then tested for its mechanical properties. The 
response characteristics of the UMELI with varying steel mesh layers were evaluated and compared with those 
of an unreinforced elastomeric isolator (UEI). All of the isolator’s thicknesses were normalized as the addition 
of the steel mesh layer increased the thickness of UMELI. The key findings of the study is summarized below.

1.	 The vertical stiffness of the 2-layered UMELI is found to be around 16% higher than the UEI. Whereas 
3-layered UMELI has 47% higher stiffness than the UEI.

2.	 The vertical frequency of 2-layered and 3-layered UMELI is 8% and 27% higher than the UEI. This frequency 
is higher than the frequencies, which causes rocking instability.

3.	 At 100% shear strain, UMELI has 52–56% greater lateral flexibility compared to the UEI.
4.	 At 100% shear strain, the isolation period of UMELI is 30–34% longer than the UEI.
5.	 The effective damping ratio of UMELI is found to be larger than the UEI.

The proposed UMELI is shown effectiveness till 100% shear strain with two and three layer elastomers. 
Further, the performance of UMELI with higher shear strains and an increased number of steel mesh layers 
needs to be assessed. In addition to that, shake table testing of the masonry model with the UMELI needs to be 
studied in detail.

Data availability
The datasets used and/or analyzed during the current investigation are available from the corresponding author 
upon reasonable request.
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