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TECHNICAL NOTE 
HIGH-DAMPING RUBBER ISOLATOR LINK PROPERTY 

 

Overview  

This technical note describes the nonlinear behavior of the High-Damping 

Rubber Isolator link property. This is a model for the uniaxial or biaxial shear 

deformation of rubber isolators, specifically the high-damping rubber bearing. 

This model uses a deformation-history integral type model which is time-in-

dependent. Axial behavior of the model is linear elastic and the shear behavior 

is independent of axial deformation. 

Each shear deformation degree of freedom may be independently specified as 

either linear or nonlinear. In the usual case where both the u2 and u3 degrees 

of freedom are nonlinear, the shear properties are isotropic and the nonlinear 

behavior is coupled in the two directions. If one or both of the u2 and u3 de-

grees of freedom are defined as linear, the shear behavior in the two directions 

are independent.  

This technical note discusses the behavior of the model and its parameters. The 

following reference provides detailed information regarding the hysteretic for-

mulation of the model: 

N. Masaki, T. Mori, N. Murota, K. Kasai, 2017, “Validation of Hys-

teresis Model of Deformation-History Integral Type for High Damp-

ing Rubber Bearings,” Paper 4583, Proceedings of the 16th World 

Conference on Earthquake Engineering, Santiago, Chile. 

Additional resources will be provided as they become available that describe 

the formulation of the damage function, experimental determination of model 

parameters, and other modeling information. These can be found by searching 

the CSI Knowledge Base (wiki.csiamerica.com) for the terms “high damping 

rubber isolator”. 
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Nonlinear Properties 

The following parameters are required for the definition of the High-Damping 

Rubber Isolator nonlinear link property on the Link/Support Directional Prop-

erties form: 

 Isolator Cross-Sectional Area: The cross-sectional area of the isolator 

over which axial and shear stress acts. This area is used to convert the 

nonlinear shear stresses to shear forces in the link element. Shear 

stresses are assumed to be uniform over the cross-section.  

 Isolator Effective Height: The height of the isolator over which axial 

and shear deformations occur in the isolator. This would typically be 

the sum of the thicknesses of all rubber layers in the isolator. The 

thicknesses of any steel layers should be excluded. This length is used 

to determine the shear strains based on the deformations of the link 

element. 

 Added Elastic Stiffness: A property that affects the elastic portion of 

the isolator’s nonlinear shear behavior, discussed in the following sec-

tion. This parameter must be greater than zero. 

 Hysteretic Parameters: Properties that affects the hysteretic behavior 

of the isolator, discussed in the following section. 

o Number of Terms: The number of hysteretic terms (Control 

Strain and Control Strength) used for the nonlinear hysteretic 

behavior. This parameter can be assigned a value of 1, 2, or 3. 

o Control Strain: Referred to as the Hysteretic Control Strain. 

This parameter must be greater than zero.  

o Control Strength: Referred to as the Hysteretic Control 

Strength. This parameter must be greater than zero.  

 Damage Parameters: Properties that define the damage function and 

degradation of elastic stiffness, discussed in the following section. 

o Resistance Ratio: Referred to as the Damage Function Control 

Strain. This parameter can range from zero to unity, inclusive.  

o Control Strain: Referred to as the Damage Function Control 

Strain. This parameter must be greater than zero.  
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 Stiffness for Iteration: The stiffness of the element used when itera-

tively solving the nonlinear equations. This choice may affect the con-

vergence rate of the model. If convergence is reached, the differences 

in results from either option are normally within the specified conver-

gence tolerance.  

Nonlinear Shear Behavior 

The nonlinear shear behavior of the isolator is represented as a sum of terms, 

which can be interpreted as springs that are connected in parallel: one elastic 

term and n hysteretic terms, as shown in Figure 1.  

The behavior of this model is time- and rate-independent. In the formulation 

below, the value t represents a time-step or load-step number rather than actual 

time.  

At step t, for shear strain in the u2 and u3 degrees of freedom, 𝛾2 and 𝛾3, 

respectively, the shear stresses 𝜏2 and 𝜏3 are given as a sum of the elastic (𝜏2
𝑒, 

𝜏3
𝑒) and n hysteretic parts (𝜏2

ℎ, 𝜏3
ℎ): 

 𝜏2(𝑡) = 𝜏2
𝑒(𝑡) + ∑[𝜏2

ℎ(𝑡)]
𝑖

𝑛

𝑖=1

 (1a) 

 
𝜏3(𝑡) = 𝜏3

𝑒(𝑡) + ∑[𝜏3
ℎ(𝑡)]

𝑖

𝑛

𝑖=1

 (1b) 

Behavior of Elastic Term 

The following parameters are used to define the behavior of the elastic term: 

 Added Elastic Stiffness (𝐺𝑎), the initial stiffness of the linear elastic 

part of the model. This stiffness dictates the overall hardening of the 

bearing’s behavior. Note that this is not equal to the initial stiffness of 

the isolator element. 

 Damage Function Resistance Ratio (𝜃), a measure of damageability of 

the linear elastic part of the model. This value is the ratio of the isolator 

that cannot be damaged: zero indicates that full damage can occur, and 

unity indicates that no damage will occur.  



  Nonlinear Shear Behavior 4 

 Damage Function Control Strain (�̅�𝑑), a characteristic strain of the 

damage function. 

At step t, the elastic terms 𝜏2
𝑒 and 𝜏3

𝑒, for the u2 and u3 degrees of freedom 

respectively, represents a linear spring with damage based on maximum expe-

rienced strain: 

 𝜏2
𝑒 = 𝐺𝑎  Ξ(𝑡) 𝛾2(𝑡) (2a) 

 𝜏3
𝑒 = 𝐺𝑎  Ξ(𝑡) 𝛾3(𝑡) (2b) 

The damage function Ξ(t) is given as: 

 Ξ(𝑡) = 𝜃 + (1 − 𝜃) exp (−
𝛾𝑚(𝑡)

�̅�𝑑
) (3) 

 𝛾𝑚(𝑡) = max
𝑡

[√𝛾2(𝑡)𝛾2(𝑡 − 1) + 𝛾3(𝑡)𝛾3(𝑡 − 1)] (4) 

 

 

 

Figure 1  Visual representation of an elastic spring and n (≤ 𝟑) hysteretic 

springs in parallel. 
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Behavior of Hysteretic Terms 

The following parameters are used to define the number and behavior of the 

hysteretic terms: 

 Number of parallel hysteretic terms (n) 

 Hysteretic Control Strain (�̅�𝑖; 𝑖 = 1, … , 𝑛), a measure of the strain 

needed for significant hysteretic behavior to occur for the ith hysteretic 

term. 

 Hysteretic Control Strength (�̅�𝑖; 𝑖 = 1, … , 𝑛), a measure of the size of 

energy dissipation by the ith hysteretic term. 

At step t, the ith hysteretic terms [𝜏2
ℎ(𝑡)]

𝑖
 and [𝜏3

ℎ(𝑡)]
𝑖
 represent the hysteretic 

or dissipative behavior of the isolator. These terms are expressed incrementally 

as: 

[𝜏2
ℎ(𝑡)]

𝑖
= 𝑒

−Δ𝐿(𝑡)
�̅�𝑖 [𝜏2

ℎ(𝑡 − 1)]
𝑖

+
�̅�𝑖

3
{𝑒

−Δ𝐿(𝑡)
2�̅�𝑖  

∙ (𝛾2(𝑡)2 + 𝛾3(𝑡)2 − 𝑒
−Δ𝐿(𝑡)

2�̅�𝑖 [𝜂(𝑡 − 1)]𝑖 + 3) ∙ Δ𝛾2(𝑡)} 

(5a) 

[𝜏3
ℎ(𝑡)]

𝑖
= 𝑒

−Δ𝐿(𝑡)
�̅�𝑖 [𝜏3

ℎ(𝑡 − 1)]
𝑖

+
�̅�𝑖

3
{𝑒

−Δ𝐿(𝑡)
2�̅�𝑖  

∙ (𝛾2(𝑡)2 + 𝛾3(𝑡)2 − 𝑒
−Δ𝐿(𝑡)

2�̅�𝑖 [𝜂(𝑡 − 1)]𝑖 + 3) ∙ Δ𝛾3(𝑡)} 

(5b) 

where: 

 

[𝜂(𝑡)]𝑖 = 𝑒
−Δ𝐿(𝑡)

�̅�𝑖 [𝜂(𝑡 − 1)]𝑖 

+ 2𝑒
−Δ𝐿(𝑡)

2�̅�𝑖 [𝛾2(𝑡) ∙ Δ𝛾2(𝑡) + 𝛾3(𝑡) ∙ Δ𝛾3(𝑡)] 

(6) 

 Δ𝛾2(𝑡) = 𝛾2(𝑡) − 𝛾2(𝑡 − 1) (7) 

 Δ𝛾3(𝑡) = 𝛾3(𝑡) − 𝛾3(𝑡 − 1) (8) 

 
Δ𝐿(𝑡) = √(Δ𝛾2(𝑡))

2
+ (Δ𝛾3(𝑡))

2
 (9) 
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Parametric Behavior 

This section showcases the effect of each parameter individually on the shear 

stress-strain hysteretic behavior of the model. In each figure below, one pa-

rameter is varied while the other parameters are set to the following default 

values: 

𝐺𝑎 = 1 

𝜃 = 0.3 

�̅�𝑑 = 1 

𝑛 = 1 

�̅�1 = 0.1 

�̅�1 = 5 

 

 

Figure 2  Shear stress-strain hysteretic behavior with varying Added Elastic 

Stiffness: (a)  𝑮𝒂 = 0.01; (b) 𝑮𝒂 = 1; and (c) 𝑮𝒂 = 2. 

 

Figure 3  Shear stress-strain hysteretic behavior with varying Damage Function 

Resistance Ratio: (a)  𝜽 = 0; (b) 𝜽 = 0.3; and (c) 𝜽 = 1. 
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Figure 4  Shear stress-strain hysteretic behavior with varying Damage Function 

Control Strain: (a)  �̅�𝒅 = 0.01; (b) �̅�𝒅 = 1; and (c) �̅�𝒅 = 10. 

 

Figure 5  Shear stress-strain hysteretic behavior with varying Hysteretic Con-

trol Strain: (a)  �̅�𝟏 = 0.01; (b) �̅�𝟏 = 0.1; and (c) �̅�𝟏 = 0.2. 

 

Figure 6  Shear stress-strain hysteretic behavior with varying Hysteretic Con-

trol Strength: (a)  �̅�𝟏 = 1; (b) �̅�𝟏 = 5; and (c) �̅�𝟏 = 10. 


