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Abstract 

Steel-laminated elastomeric bearings are

are proven to be excellent isolators of 

increase the damping, hence mitigate sei

2010 Chile Earthquake in Chile, the 2011

elastomeric bearings require improvemen

within the elastomer of bearings, causing

proved an acknowledged gap regarding

investigates the response of steel-lamin

published numerical and experimental r

performed to better understand their resp

local tensile stresses. The hyperelastic 

material of the bearing. The study identi

local tensile stresses under multiple cy

conditions. Experimental tests are being 

validated. 
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are common structural components used in isolated stru

rs of vibrations for bridges, as they shift the fundamenta

ate seismic effects. However, recent failures of isolators in 

e 2011 Great Tohoku earthquake in Japan) have shown that 

vements. Under seismic excitations, global and local tensile

ausing fluctuations of their vertical load. An overall study 

arding the response of elastomeric bearings under varia

aminated elastomeric bearings through extensive numerical

ental results. Analyses with cyclic shear displacements an

ir response, i.e. their damping and stiffness at large strains

lastic Ogden model is used to simulate the mechanical p

identified the response of steel-laminated elastomeric bear

ple cycles of loading - unloading, variable combined lo

being conducted at the University of Surrey, in order for t

inated elastomeric bearings; damping; stiffness; local ten
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EARINGS SUBJECTED 

N LOCAL TENSION 

ed structures. Elastomeric bearings 

mental period of the structure and 

in South America and Asia (the 

n that the methods for the design of 

 tensile stresses might be developed 

 study of the international literature 

r variable axial loads. This paper 

erical modelling calibrated against 

ents and variable axial loads were 

strains and also the development of 

nical properties of the elastomeric 

ic bearings and the development of 

ned loads and different boundary 

r for the results of this paper to be 

al tension 



1. Introduction 

Elastomeric bearings are used

bridges [1-4]. They accommodate mo

due to thermal effects and seismi

movements and increase the fundame

periods of the seismic motions. Wid

1980s, multilayer rubber bearings ha

areas in many countries. Nonetheless

anti-seismic devices. Such devices

improving efficient energy dissipation

restraints). Their appeal in these appli

in the vertical direction and high f

stiffness with horizontal flexibility, a

vertical load [7]. With regard to int

response of the isolators under design

On the contrary little emphasis was p

tensile stresses within bridge beari

Nonetheless, the tensile stresses that 

Lindley [14]. Their study observed th

MPa of tensile stress was imposed to 

The role of steel-laminated elas

bridge deck, is to sustain the transmis

reconnaissance surveys, following m

the 2011 off the Pacific coast of To

subjected to tensile stresses, even wh

The studies by Kawashima and Matsu

occurred due to the subsequent tsunam

been designed by post-1990 Codes 

devices had been enhanced [17-18]. N

the 2010 Chile Earthquake was rem

actions, the unseating of the decks [15

Nowadays there are different 

complexity of the stresses and their d

these codes and standards. Accordin

loading. For such tensile stresses, rest

EN 1337-3 [19] allow the developme

shear modulus of the elastomer, and i

on AASHTO [21], tensile stresses up

tensile stresses, that AASHTO [21] se

Similarly, the JRA [22] allows small

design code of China, the tensile stre

under seismic excitations according t

that the tensile response of bearings is

requires further investigation. The res

deformation, is rather limited. Und

degradation of the stiffness, both com
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e used widely in base isolation schemes for mitigat

movements – horizontal, vertical and rotations - tha

seismic excitations [5-6]. More specifically, bearin

ndamental period of the structure hence the structure i

Widely used in civil, mechanical and automotive e

ngs have been used as seismic isolation devices for b

heless, the multilayer rubber bearings are not the only 

vices, which provide isolation to the structures, are 

ipation) or the Shock Transmitted Units (STU, which p

e applications comes from their ability to provide a com

high flexibility in the two horizontal directions. Thi

ility, achieved by reinforcing the rubber by thin steel s

o international literature, emphasis was placed on t

 design basis earthquakes by performing numerical tes

 was placed on the tensile response of the isolators 

 bearings exists and depends on the shape factor 

that are developed within the elastomer were initially

ved that the strength of the rubber was subjected to sev

sed to the elastomer. 

ed elastomeric bearings, when used as base isolation sy

nsmission of the compressive loads due to the self-we

ing major earthquakes in South America and Asia (th

 of Tohoku earthquake in Japan) [15-16], revealed t

en when the global response of the isolator is sheari

 Matsuzaki [17] and Kawashima et al. [18] revealed th

 tsunami waves, instead of the earthquake itself. The Ja

odes incorporated elastomeric bearings and the exis

]. Nonetheless, quite a few bridges did not avoid the

as remarked one of the most prevalent failure mode

15], an event which causes rupture of elastomeric b

ferent codes and standards available which cover the

their development within the isolators has led to diffe

cording to EN 1337-3 [19], the bearing is exposed to

restrainers or unseating prevention devices can be us

lopment of tensile stresses within elastomer of bearing

, and its value ranges between 0.55 MPa and 1.2 MPa

ses up to 2-3G might be developed within the bearing

] sets, is in the range of 2 to 3 MPa, assuming a typ

 small tensile stresses within the elastomeric bearings,

le stress is limited to 1 MPa [23]. Also, there should b

ding to Eurocode 8-Part 2 [24]. Based on the aforemen

ings is a matter that has different design approaches, as

he research of the mechanical properties of the bearin

. Under extreme displacements of the bearings, t

h compressive and tensile of the bearings. 
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itigating the dynamic loads on 

that are developed in bridges, 

bearings accommodate seismic 

cture is away from the dominant 

tive engineering since the early 

 for buildings in highly seismic 

e only devices which are used as 

are the viscous dampers (by 

hich provide additional dynamic 

 a component with high stiffness 

This combination of vertical 

 steel shims perpendicular to the 

d on the shear and compressive 

cal tests and experiments [8-10]. 

 [5, 12-13]. The potential of 

factor of the isolators [6, 11]. 

nitially investigated by Gent and 

 to severe degradation when 2.75 

ion system in order to isolate the 

weight of the deck. However,  

sia (the 2010 Chile Earthquake, 

aled that the bearings might be 

earing and axial compression. 

aled that damages on the bridges 

 The Japanese bridges which had 

e existing unseating prevention 

id the extensive damage [17]. In 

modes of bridges after seismic 

eric bearings. 

ver the design of bearings. The 

 different requirements between 

sed to the possibility of tensile 

 be used. BS EN 15129 [20] and 

earings up to 2G, where G is the 

MPa. On the other hand, based 

bearing, hence the limit value of 

g a typical value of G of 1 MPa. 

arings, up to 2 MPa. In aseismic 

ould be no uplift of the isolators 

orementioned codes, it is evident 

hes, as can be seen in Fig. 1, and 

 bearing, when it is under tensile 

ngs, there might be important 



Fig. 1 - Current codes of practice sho

The behaviour of steel-lam

displacements) in combination with

this paper. Such types of bearings a

bridges with I-beams. Validation of

literature [13]. Another issue, that 

elastomer for different boundary cond

of the deck impose relative movemen

the design of the model are the proper

2. Validation of the steel-lami

2.1  Use of steel-laminated elasto

A multi-span simply supported bridg

one modelled and analysed in this pap

paper, are simplified loading patterns

extensively in southern Europe. Ther

two lines of five elastomeric bearings

The total length of these bridg

varies between 20 m and 35 m. Each

where ordinary reinforcement and 

located at the top of the piers for th

elastomeric bearings on each pier an

depth of the slab which is 0.25 m thic

of the bridge are circular with diame

foundation is comprised of 3 by 3 pile

Fig. 2 – Elevation of a multi-span brid
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ice showing isolated deflected bridge pier-(a) AASHTO

[24] 

laminated elastomeric bearings under dynamic

 with variable axial loads, for extreme seismic displac

ings are used extensively in multi-span simply suppo

ion of the numerical models of this study was bas

 that is investigated, is the development of local t

y conditions of the isolator, given that the deflection o

vements and rotations to the bearings. The mechanical 

properties of the hyperelastic Ogden model [25]. 

laminated elastomeric bearing 

elastomeric bearings in multi-span simply supporte

ridge, like the one shown in Fig. 2, makes use of ela

his paper. The numerical models and the loading on the

atterns identified on the bridge of Fig. 2. This is a typ

. There are simply supported pre-stressed concrete I-

arings on each pier and one line of bearings at the abutm

 bridges depends on the number of the spans and sp

. Each span consists of in-situ concrete slab, of a tran

and five pre-cast I-beams are used. Two lines of five

for the support of the I-beams. Hence, there is a to

ier and five on each abutment. The total depth of the

m thick and of the depth of the pre-cast concrete beam

 diameter of 2.50 m and their height varies from H= 1

 3 piles groups. 

an bridge with steel-laminated elastomeric bearings and

on bearings. 
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SHTO [21] and (b) EN 1998-8 

namic loading (cyclic shear 

displacements, is investigated in 

 supported pre-stressed concrete 

as based on recently published 

ocal tensile stresses within the 

ction of the pier and the rotation 

nical properties that are used for 

pported bridges 

 of elastomeric bearings like the 

 on the bearings, analysed in this 

s a typical bridge which is used 

-beams which are seated on 

e abutments.  

nd span length, which typically 

a transverse width of 13.45 m, 

of five elastomeric bearings are 

is a total of ten steel-laminated 

 of the deck is comprised of the 

 beams that is 1.75 m. The piers 

 H= 10 m up to H= 30 m. The 

 

gs and detail of the deck support 



2.2  Numerical model of steel-lam

The geometry of the benchmark bear

of 700 mm. Circular anchor plates w

The bearing is comprised of two anc

shims. The 30 layers of elastomer hav

is reached. The thickness of each one

being 89.9 mm. The two top and bo

thickness of the benchmark bearing 

steel shims is 700 mm, the diameter 

hole with 15 mm diameter. 

The Ogden hyperelastic materi

benchmark bearing, which represents

– Part 2 [24] LDRBs have a damping

as the energy dissipation (hysteresis

material. The Eq. (1) defines the Ogde

 U= ∑�
���

The hyperelastic parameters fro

These values were obtained from ex

recent literature [26]. J is the elastic 

values of right stretch tensor. The sh

and are described by Eq. (2) and Eq. (

 

 

The FEA software program A

analyses as the software can take into

Fig. 3 – Meshin

Table 1 – Ge

 

diameter of the elast

diameter of the ancho

diameter of the ho

area of the elastomer
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laminated elastomeric bearing 

k bearing is given in Fig. 3 and Table 1. This is a circ

ates with a diameter of 1000 mm are used at the top a

o anchor plates with a total of 30 layers of elastome

er have 4 mm thickness each, hence a total thickness o

ch one of the 29 steel shims is 3.1 mm with the total th

nd bottom anchor plates have a thickness of 28 mm

 is 265.9 mm (Ø700 x 265.9 (4)). The diameter of

meter of the anchor plates is 1000 mm and at the centr

material [25] model was used for the modelling of the

esents Low Damping natural Rubber Bearings (LDRB)

mping ratio ξ < 6%.The stresses that are developed wi

teresis) within the bearing are described accurately b

e Ogden strain energy density function: 

��

��
� 	
̅�

�� � 
̅�
�� � 
̅


�� � 3� � 4.5���� � 1��

from Eq. (1) are µ1= 0.41 MPa, α1= 1.6,µ2= 0.0012

om experiments of a rubber bearing with variable pr

lastic volume ratio and 
̅�, 
̅�, 
̅
 are the deviatoric 

he shear modulus and the Poisson ratio are calculated

d Eq. (3), where B is the bulk modulus and is equal to 1

Gb= α1µ1+ α2µ2⇒Gb= 0.66344 MPa 

ν= (

�

��
- 2)/ (

��

��
- 2) ⇒ν= 0.49989 

ram ABAQUS ver. 6.13 was used to perform all n

e into account large geometric non-linearities. 

eshing of the benchmark bearing: 3D model and side v

Geometrical characteristics of the benchmark bearin

notation (unit) 

e elastomer Dr (mm) 

 anchor plate DAP (mm) 

 the hole Dh (mm) 

stomer layer Ab (mm
2
) 
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 a circular bearing with diameter 

e top and bottom of the bearing. 

stomer alternating with 29 steel 

ness of the elastomer of 120 mm 

total thickness of the steel shims 

mm each. Therefore, the total 

ter of the elastomeric layers and 

e centre of the bearing there is a 

 of the elastomeric layers of the 

DRB). According to Eurocode 8 

ped within the elastomer, as well 

ately by the hyperelastic Ogden 

� (1) 

0.0012 MPa, α2= 6.2 and β=1/3. 

ble pressure levels, similar to a 

toric stretches, i.e. the principal 

culated as per the reference case 

al to 1000 MPa: 

(2) 

(3) 

 all numerical simulations and 

 

side view 

 bearing 

value 

700 

1000 

15 

384845 



 

total height of the be

elastomer layer thick

number of elastomeric

total elastomer thick

single steel shim thic

number of steel sh

total steel shim thick

single anchor plate thi

number of anchor p

total anchor plate thic

 

2.3  Validation of the benchmark

The validation of the benchmark bear

anchor plate, of the bearing, is fix

simultaneous axial pressure of 14 MP

corresponding to a shear strain of 375

analysis with the benchmark bearing 

Fig. 4. It can be observed that the rep

line) and experimental (dashed lines)

accurate. The analyses that will be p

benchmark bearing described above

Fig
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notation (unit) 

 the bearing T (mm) 

er thickness tr(mm) 

omeric layers nr 

r thickness Tr (mm) 

im thickness ts(mm) 

teel shims ns 

m thickness Ts(mm) 

late thickness tAP(mm) 

chor plates nAP 

ate thickness TAP (mm) 

hmark bearing 

bearing against existing recent literature [13] can be 

 is fixed. Shear displacement of 450 mm (i.e. she

MPa are imposed to the bearing. One full cycle of l

of 375%, was imposed to the bearing. The comparison,

earing and the available results of the existing recent l

he reproduction of the force-deformation diagram of th

 lines) results of previous studies [13] with the benchm

ll be presented in the following sections of this paper

bove. 

 

Fig. 4 - Validation of the benchmark bearing 
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value 

265.9 

4 

30 

120 

3.1 

29 

89.9 

28 

2 

56 

an be seen in Fig. 4. The bottom 

.e. shear strain of 375%) with 

le of loading unloading in shear, 

arison, between the results of the 

ecent literature [13], is shown in 

 of the available numerical (red 

enchmark bearing (black line) is 

 paper were conducted with the 



3. Response of the elastomeric

3.1  Parametric study 

In this paper, the properties and respo

stiffness and dissipation capacity, a

examined. The loading conditions tha

with variable axial loads, compressiv

being 0 MPa, -2 MPa, -5 MPa and 

fixed, while the upper anchor plate o

given that, such loads are observed 

extreme shear strains above the code

When the isolators are subjecte

Therefore, in order to understand the

(375%) was chosen. Additionally, th

also studied. A shear displacement o

applied to the bearing to study in deta

Two full cycles of loading-unlo

hysteresis loops from the analyses t

hysteretic parameters of ABAQUS w

Bergström & Boyce [27]. 

Regarding the response of the 

results. It can be observed, in Table 

is increased. For example, when the 

decrease of 14.12% of the stiffness of

pressure is imposed, in comparison t

Regarding the influence of the secon

Table 2 show that there is negligible 

loading-unloading. For example, whe

to the second cycle of loading-unload

the first to the second cycle of loading

Regarding the damping ratio of

the axial load is increased. When the

negligible increase of the damping ra

increases from 2 MPa to 5 MPa, the

increase of the damping ratio is 23.55

percentage of increase of the damp

damping ratio of the isolator is decre

first to the second cycle of loading-un

decrease is 10.68%. 

It is observed in Fig. 5 that, w

to the isolator is increased, then the

former observation is in line with pre

the case when the target displacemen

where the shear strains are smaller, 

increased again for larger shear strai

bearing was found to be almost linea

hysteresis loops shown in Fig. 5 the d
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meric bearing and development of local tens

 response of steel-laminated elastomeric bearings were

city, as well as local effects e.g. concentration of 

ns that are applied to the benchmark bearing are: shea

ressive or tensile, ranging from 2 MPa to -14 MPa wi

and -10 MPa. For the parametric study, the bottom an

late of it is free to rotate. Large shear strain values w

 in large-scale structures like bridges. Also, bearin

codes provisions [10]. 

ubjected to large shear displacements they exhibit inst

nd the response of the isolators, under such conditions

lly, the response of the isolators when they are subjec

ent of 375% simultaneously with a maximum axial t

n detail the response of the isolators used in the bridge 

unloading at ±375% shear strain were imposed to th

yses to be obtained and to capture the damping prop

US were used. The values of the hysteretic parameters

of the isolator when the shear strain is 375%, Table 

able 2, that the stiffness of the isolator is decreased wh

n the imposed compression is increased from 5 MPa

ess of the isolator. The corresponding percentage of de

rison to 10 MPa axial pressure, to the isolator is alm

 second cycle of loading-unloading, on the stiffness of

igible increase of the stiffness of the isolator from the 

e, when the compressive load is 2 MPa, then there is 1.3

unloading, which is negligible. The corresponding pe

oading, when the compressive load is 5 MPa, is 2.43%.

atio of the isolator, it is observed that, there is increase 

en there is increase of the axial compressive load from

ping ration of the percentage of 4.7%. Additionally, w

, there is 6.15% increase of the damping ratio. Fro

23.55% and when the compressive load increases fro

damping ratio is 20%. Regarding the second cycle 

s decreased in all cases. The maximum decrease of th

unloading, is observed when there is tension of 14

, when the shear strain remains the same and the axi

en the value of the stiffness that is developed at the 

ith previous studies [8]. Nonetheless, the aforemention

cements are larger than 200 mm, i.e. shear strains larg

aller, the stiffness was found to be initially increased

r strains when the vertical compression is 14 MPa, w

t linear when the compression is relatively low, i.e. u

the damping ratio ξ is calculated based on Eq. (4): 

ξ= 
 

�∗"∗#$%%∗&' 
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al tensile stresses  

s were defined. In particular, the 

on of local tensile stresses are 

: shear strain of 375% combined 

with the intermediate values 

tom anchor plate of the model is 

s were applied to the isolator, 

bearings experience tension and 

it instabilities such as buckling. 

ditions, this value of shear strain 

subjected to tensile loading was 

axial tensile load of 2 MPa was 

ridge shown in Fig. 2. 

d to the isolator. In order for the 

g properties of the bearing, the 

meters derived from the paper of 

able 2 summarises the obtained 

sed while the imposed axial load 

MPa to 10 MPa, then there is a 

e of decrease when 14 MPa axial 

is almost the same, i.e. 13.94%. 

ess of the isolator, the results in 

m the first to the second cycle of 

e is 1.31% increase from the first 

ing percentage of increase, from 

%. 

crease of the damping ratio when 

d from 0 MPa to 2 MPa, there is 

ally, when the compressive load 

io. From 5 MPa to 10 MPa the 

ses from 10 MPa to 14 MPa the 

cycle of loading-unloading, the 

e of the damping ratio, from the 

14 MPa and the percentage of 

he axial pressure that is imposed 

at the isolator is decreased. The 

entioned finding was found to be 

s larger than 167%. In the cases 

reased, then decreased and then 

, whilst the behaviour of the 

, i.e. up to 2 MPa. Based on the 

(4) 



A is the area of the hysteresis loop w

measured at the maximum target disp

Table 2– Influence of the axial com

 
tension 

2MPa 

unload

0 MP

Cycles 1
st
 2

nd
 1

st
 

Keff 

(kN/m)
 

2327 2361 2318 

ξhyst 2.15% 1.98% 2.33% 

 

Fig. 5 - Response of the b

3.2  Influence of the boundary co

The analysis for shear strain of 375

conditions: (a) the bearing is fixed a

anchor plate is fixed, i.e. UX=UY=

remains parallel to the bottom one, i.

UY≠0, UZ≠0. The aforementioned bo

two cases that met in practical design

of the upper and the lower anchor pla

displaces almost parallel to the botto

limits [3]. 

The isolation bearings on buil

negligible. On the other hand, bearing

exhibit significant rotations due to 

hysteresis loop of the bearing, when 

MPa, is depicted in Fig. 6. It illustrat

the top anchor plate is free to rotate o

and damping ratio for the two analyse
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op which is extracted from Fig. 5, Keff is the effecti

t displacement of 450 mm and D is the displacement a

al compressive load to the response of the isolator (stiff

nloaded 

0 MPa 

compression 

2MPa 

compression 

5MPa 

comp

10

2
nd

 1
st
 2

nd
 1

st
 2

nd
 1

st

2349 2207 2236 2096 2147 1800

2.32% 2.44% 2.41% 2.59% 2.34% 3.2%

 

f the benchmark bearing under variable axial loads (she

ary conditions on the response of the isolator 

f 375% and compression of 10 MPa was repeated 

ixed at the bottom anchor plate but free to rotate at t

UY=UZ=RX=RY=RZ=0, and the top anchor plate 

one, i.e. RX=RY=RZ=0 and it is free to move along X

ned boundary conditions were chosen for this study, 

designs, i.e. when the bearing exhibits rotations, thus a

hor plates or the isolator exhibits negligible rotations, t

 bottom one. It is important to keep the rotation of the

n buildings have a predominantly translational move

earings that are used on piers in order for the bridge de

e to the deflection of the piers and the rocking of 

when it is subjected to shear strain of 375% and axia

llustrates the bearing responses for different boundary 

otate or its rotations are restricted. Table 3 shows the v

nalyses that were performed with different boundary co
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effective stiffness of the bearing 

ent amplitude. 

(stiffness and damping ratio) 

compression 

10MPa 

compression 

14MPa 

st
 2

nd
 1

st
 2

nd
 

1800 1829 1549 1569 

% 2.93% 3.84% 3.43% 

s (shear strain375%) 

 for two different boundary 

te at the top and (b) the bottom 

plate is restricted to rotate and 

long X, Y and Z axes i.e. UX≠0, 

tudy, given that they reflect the 

, thus allow for relative rotations 

ions, thus the upper anchor plate 

 of the isolator within allowable 

 movement, whilst rotations are 

idge decks to be supported might 

ng of the foundation [28]. The 

d axial compressive stress of 10 

ndary conditions of it, i.e. when 

s the values of the shear stiffness 

conditions. 



Table 3– Influence of the boundary

shear

 

Keff (kN/m)
 

ξhyst 

 

As it is shown in Table 3 wh

17.39% and the damping ratio is decr

based on the period of the isolated str

design of structures subjected to stat

bearings to the substructures are the

Additionally, the design of the expa

stiffness of the isolation system. It is 

the stiffness and the damping of the i

The stiffness of the isolator is increas

of the isolator is decreased. 

Additionally, Fig. 6 shows tha

strain of 375%, when the rotation of 

than 100%. Contrarily, the behaviour

been studied at the results of shea

displacement of 240 mm, i.e. after a s

shear strains, i.e. 250% that correspon

Fig. 6 - Response of the benchmark 

3.3 Influence of the boundary cond

In order to identify the development 

together with 10 MPa axial compress

plate free to rotate as shown in Fig. 

8 show vertical cuts, at the position 

loading-unloading, along the diamete
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undary conditions to the response of the isolator (stiffne

shear strain 375% and compressive load 10 MPa 

upper anchor plate free to 

rotate 

restraint of

the upper

1800 

3.2% 

when there is restraint rotation the stiffness of th

is decreased by 35.94%. The design of bridge abutmen

ted structure and hence, the stiffness of the isolator is 

to static or dynamic loads. On the other hand, the fo

re the ones used for designing the reinforcements an

 expansion joints is dependent on the displacements

. It is observed from Table 3 and Fig. 6 that there is sig

f the isolator, from the boundary conditions that are im

ncreased when there is additional restraint, whilst on 

that the response of the isolator is essentially line

ion of the upper anchor plate is restrained and the imp

aviour of the isolator when the upper anchor plate is

f shear tests [1]. In the latter case, the bearing stif

fter a shear strain of 200% is applied, whilst its stiffnes

responds to shear displacement of 300 mm. 

 

mark bearing for different boundary conditions (shear s

10 MPa) 

y conditions on the development of local tensile str

ment of tensile stresses shown in Fig. 7, 8 and 10 as S

pression and two different boundary conditions were 

Fig. 7 and (b) restraint rotation of the upper anchor pla

tion where 375% shear strain was imposed to the isolat

iameter of the reference circular bearing with the same
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(stiffness and damping ratio) – 

aint of the rotation of 

 upper anchor plate 

2113 

2.05% 

 of the isolator is increased by 

utments, piers and foundations is 

ator is of great importance to the 

the forces transmitted from the 

nts and the size of foundations. 

ments of the deck and thus the 

e is significant influence, both to 

 are implemented to the bearing. 

 the other hand the damping 

lly linear, for a maximum shear 

he imposed shear strain is larger 

late is free to rotate had already 

ng stiffness decreases after the 

tiffness increases again at higher 

 

hear strain 375% - compression 

ile stresses 

10 as S33, shear strains of 375% 

 were analysed: (a) upper anchor 

or plate as per Fig. 8. Fig. 7 and 

 isolator during the first cycle of 

 same axial compressive load of 



10 MPa and boundary conditions as 

within the elastomeric bearings did 

hypothetical in the sense that the elast

It is observed that when the upp

The grey areas that are shown in Fig.

that when there is restraint of the rot

that are developed within the isolator 

design guidelines of steel laminated ru

Fig. 7 - Vertical section for upper la

Fig. 8 - Vertical section for applic

Fig. 9 shows the steel shim an

local tensile stresses. Fig. 10 a, b, c

middle elastomeric layer, at the posi

cycle of loading-unloading, when th

restraint is applied on the upper an

development of local tensile stresses (

development of local tensile stresses 

7). 

The numerical results also show

bearing reduces drastically the tensil

Fig. 10c, tensile stresses of the value 

stresses that are developed at the e

magnitude and the distribution of the

the bearing boundary conditions. The

bearing were important with regard to

Fig. 9 – Indication of the position of t
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ns as described. It is noted that the values of the num

s did not consider the potential of local cavitation a

e elastomer remains elastic. 

he upper anchor plate is free to rotate, then the bearing

Fig. 7 and 8 are areas where local tensile stresses are

he rotation of the upper anchor plate then the values o

olator are significantly smaller. The latter explains the 

ated rubber bearings. 

per layer of the benchmark bearing free to rotate – hyp

remains elastic 

 application of rotational restraint to the upper layer of t

him and elastomeric layer which were monitored to a

, b, c and d illustrate the horizontal sections of the 

e position where 375% shear strain was imposed to th

hen the upper layer is free to rotate (Fig.10a and 10

er anchor plate of the bearing (Fig. 10c and 10d).

esses (grey colour). In the case that rotation of the uppe

esses only at the one edge of the isolator (Fig. 10a and

o showed that, the rotational restraint of the upper anch

 tensile stresses that are developed towards the centr

value of 1.43 MPa are developed at the edges of the st

 the edges of the elastomeric layer are approximat

 of the tensile stresses within the elastomeric bearing 

The analyses revealed that the boundary conditions

ard to the developed tensile stresses within the elastom

on of the steel shim and elastomeric layer which are us

rence on Earthquake, 16WCEE 2017 

tiago Chile, January 9th to 13th 2017 

e numerically calculated stresses 

tion and hence the stresses are 

earing is rotated by 4.66 degrees. 

ses are developed. It is observed 

alues of the local tensile stresses 

ns the rotation limits proposed in 

 

hypothetically the elastomer 

 

er of the benchmark bearing 

ed to assess the development of 

f the middle steel shim and the 

d to the isolator during the first 

10b) and when a rotational 

). Emphasis is given to the 

e upper layer is allowed, there is 

and 10b, left hand side in Fig. 

r anchor plate of the elastomeric 

 centre of the bearing. Based on 

 the steel shim, whilst the tensile 

ximately 1.62 MPa. Thus, the 

aring are influenced strongly by 

ditions that were imposed to the 

lastomer 

 

are used at the following figures 



Fig. 10 - Axial stresses within the

elastomeric layer when the upper lay

(d) middle elastomeric 

4. Conclusions 

The use of steel-laminated elastomer

dampers and Shock Transmitted Uni

large cyclic shear displacements com

conditions are presented in this pape

research. 

The following conclusions may be ob

• There is significant reduction,

time the dissipation capacity of the i

increases from 10 MPa to 14 MPa. 

• An increase in the shear stiffn

17.39% and 35.94% respectively, wa

bearings changed from free rotation t

of 10 MPa. 

• Despite the fact that only shea

375% and compressive load of 10 MP

exceeding 2 MPa were found to be d

local tensile stresses smaller than 2

design of elastomeric bearings shou

rotations under earthquake excitations

• Based on the numerical analyse

isolators. The stiffness of the isolator 

More specifically, when the compres

isolator increase from the first to the

However, this finding did not take int

the large tensile stresses that are deve
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