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4.1.1 Design shear strain due to compression by vertical loads 

The design local maximum shear strain due to the compressive strain ε
c,E , corresponding

to the maximum vertical load , NEd,max  , is given by: 

  
c

x

A     E
ε

ʹ
=

r

,dE am
,c E

6

S, the shape factor of the rubber layers, with internal reinforcing plates of diameter D’ and
rubber layer thickness 

D’S
r

=

Ar is the reduced effective plan area due to non-seismic actions only (e.g. thermally induced
actions).  E  ́ c  for rectangular devices, circular devices and annular devices with plugged hole is: 

c

4.1.2 Design shear strain due to earthquake-imposed horizontal displacement

The design shear strain, εq,E , due to the earthquake-imposed design displacement d bd , 

q

bd
,q E T

d
=

=

ε
where Tq  is the total thickness of the elastomer active during shear.

4.1.3 Buckling load at zero lateral seismic displacement

The buckling load for devices with a shape factor, S  > 5 is given by the expression: 

4.1.4 Design Shear Strain

      
q

r
cr

'λ
T
AG a SP =

For circular devices a´ is the effective diameter D´ of the device. For bearings with holes,
plugged or unplugged, Ar shall exclude the area of the holes.  

The shear strain, εq,max , due to the maximum horizontal displacement, d bd , shall be less

2,5,q xamε
than 2,5 ,

is given by: 

�������������
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4.1.5 Maximum Total Design Shear Strain

4.1.6 Buckling stability under seismic actions

4.1.7 Roll-over stability under seismic actions

The maximum total design shear strain t,d  is given by the expression: 

,t d   L ,c E   ,q   xam ,d   α= K

NEd,max  < P cr  2/

For crP
dE xamNcrP

, the following condition shall be satisfied: 

δ
2

1
cr

,dE xam

P
N

and for 
4
cr

,dE xam
PN <  the following condition shall be satisfied:  

δ

where 
a

d
ʹ

= Edδ . 

If recessed isolators or isolators with dowel connection are used by agreement of
the Structural Engineer, the roll-over stability shall be checked using the following
relation:  

( )b b ,dE nim

,dE nim

R
Ed

1d
+

ʹ.
≤
γ

where 

NEd,min  is the minimum vertical force at the design seismic situation; 

K b is the horizontal shear stiffness measured at the largest test displacement; 

T b is the total height of the device; 

and γR  is a partial factor, the recommended value of which is 1,5.  

43 65

10987

1211 1413

18171615

2019 2221

26252423

21



��
�
��
��
�
�

�
��

��
��
­��

��
��
�
��
��
�
��

��
�
��
�
��
��
��

��

�


�
�

��

�
�������������

4.1.8 Vertical stiffness

4.1.9 Horizontal stiffness

4.1.10 Data analysis

The total vertical stiffness, K v’ of a laminated elastomeric isolator is the sum of the
vertical deflections of the individual layers given by : 

∑
=

ci

i

'

v

E
t

A
K

where E
ci

 is the compression modulus.

The theoretical value of the horizontal stiffness is given by : 

qT
GA

K =b

where 

A is the total plan area of the device; 

G  is the shear modulus at the design shear strain due to earthquake-imposed
     horizontal displacement. 

d + and d - are the maximum and minimum values of displacement. 

The equivalent viscous damping ratio ξ , shall be expressed as: 

2

bπ
ξ

K

H

where 

H  is the area of the hysteresis loop. 
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